
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



PURIFICATION, CHARACTERIZATION AND eDNA CLONING 
OF TWO FILAMENTOUS VIRUSES FROM NERINE 

A thes i s presented i n  parti a l  ful fi l ment of 

the requi rements for the degree of 

Doc tor of Phi l osophy 

at 

Massey Un i versi ty, 

Pa l merston North , 

New Zea l and . 

God w i n B a l asi ngam 

Jul y, 1989 



( i i )  

ABSTRACT 

Vi r us-l i k e symptoms were evi d en t  i n  many of t h e  c l on a l l y  mass 
p r op ag at ed l i nes of t h e  b u l b ous ornament a l  Nerine , cul t i vated i n  
New Zea l and f or cut f l ower and bul b produc t i on .  Al though 
f i l amentous v i r us p ar t i c l es were common i n  el ectron mi c r oscop e 
i nvest i g at i on of Nerine t i ssue , cucumber mosai c  vi rus was t h e  
on l y  vi r us mec h an i cal l y  t r an smi t t ed to herbaceous i nd i cator s .  

Two o f  t h e  f i l amentous v i r uses f r om Nerine wh i c h wer e n ot 
amen ab l e  t o  mech an i c a l  t r an smi ssi on were puri f i ed f rom f i el d­
i nf ec t ed Nerine t i ssue , c h ar ac t er i z ed and cDNA c l oned i n  t h i s 
st ud y .  An i so l ate of n er i n e vi rus X ( NeVX ) ,  a p ot ex vi r us ,  was 
pur i f i ed f rom Nerine fo therg illi � Major � l eaf t i ssue showi ng n o  
vi rus-l i ke sympt oms . An i so l ate of a h i therto unn amed and 
unc h ar ac t er i z ed potyv i r us was pur i f i ed f r om c l on a l l y  mass 
p r op agated Nerine sarniensis h yb r i d  l eaf t i ssue showi n g  sever e 
yel l ow mosa i c  sympt oms p r i or t o  senesc en c e .  Ner i ne vi rus V 
( NeVY) i s  t h e  n ame p roposed f or t h i s  potyvi rus .  

T h e  NeVX i sol ate was a sl i g h t l y  f l ex uous f i l ament ous p ar t i c l e 
wi t h  a normal l en g t h  of 540n m .  The mol ecul ar wei gh t  of t h e  
si n g l e  c oat p rotei n subun i t  was 29 . 5kd and t h e  s i z e  o f  t h e  
genom i c RNA was 6 . 3 k b . T h e  NeVX RNA in vit ro t r ansl at i on 
p r of i l e r esemb l ed those of t h e  potex v i ruses potato vi rus X and 
daphne v i rus X wi t h  a maj or 180k d  nonstructural p r ote i n b an d  and 
a n umber of m i nor bands w i t hout a vi ral c oat p r ot e i n b an d . 

Doub l e-stranded cDNA t o  t h e  6 . 3 k b  genomi c RNA was c l oned i nt o  
t h e  P s t  I s i t e  of t h e  p l asm i d  vector pBR322 . N i c k-transl ated 
pBR322 DNA contai n i ng a 1 . 8 k b  i nsert , represen t i n g  28 . 5% of t h e  
vi r a l  genome , was f ound t o  b e  h i g h l y  spec i f i c  and sensi t i ve t o  
NeVX i sol ates i n  dot-b l ot assays . The c l on ed cDNA probe d i d  n ot 
hybr i d i z e  t o  seven ot her p o t ex v i ruses , i nc l ud i ng a c a  540nm 
pot ex vi rus f r om Rgapanthus wh i ch ,  on the b asi s of ser o l og i c a l  
react i vi ty ,  was p r ev i ousl y d esc r i bed as an agap an t hus strai n of 
NeV X . A survey usi n g  t h e  c l oned c DNA i n  dot-b l ot assays of 
Nerine spec i es i nd i c ated t h at NeVX was prevalent i n  Nerine 
p l ants c u l t i vated i n  d i f f erent p arts of t h e  Nor t h  I sl and of New 
Zea l an d . 

Ner i n e vi rus V was f ound t o  b e  a t yp i c a l l y  f l ex uous potyvi r us 
w i t h  a n ormal l en g t h  of 800nm ,  a si n g l e c oat p r ot e i n subun i t  
w i t h  a mol ec u l ar wei gh t  of 33.26kd and a g enomi c RNA of 1 0 . 0 k b . 

Ner i ne vi rus V-i n f ec t ed t i ssue had c haracter i st i c  Typ e I 
potyv i rus cyl i nd r i cal i nc l us i on bod i es .  S i z e  f r ac t i onated vi r a l  
RNA w a s  c l on ed i nto t h e  l ambd a  vec tor s  g t l 0  and L47AB . Two cDNA 
c l ones of si z e  1 . 54kb and O . 56k b  der i ved f rom l ambda g t l 0  and 



(iii ) 

a 9 . 8 k b  c DNA c l one der i ved f r om l ambda L47AB wer e sub c l oned i nto 
the p l asm i d vector pGEM3 . I n  d ot-b l ot assays cDNA f rom al l 
c l ones hybr i d i z ed to t h e  homol ogous v i rus but n ot t o  n er i ne 
yel l ow st rip e vi rus, anot h er mor e  c ommon p otyvi r us i n  ner i nes . 
The 1 . 54 k b  c DNA c l oned probe was f ound to b e  hig h l y  specif ic and 
sen si t i ve and did not hybr i d i z e  i n  dot-b l ot assays to f our 
other potyvi ruses . A sur vey usi ng t h e  1 . 54 k b  c l oned c DNA p r ob e  
i n  dot-b l ot assays i nd i c at ed t h at NeVV was n ot c ommon i n  Herine 
sp ec i es c u l t i vated i n  d i f f er e n t  p arts of t h e  Nor t h  I sl and of New 
Z e a l and . 

T h e  use of r ec omb i nant tec h n o l ogy made i t  possi b l e  t o  deve l op 
hig h l y sen s i t i ve and sp ec i f i c  diagn ost i c  tool s f or two 
f i lament ous v i r uses f r om Herine. These c l oned c DNA p r obes were 
f ound t o  b e  wel l suited f or c on d ucting f i el d  sur veys to study 
t h e  p r eva l e n c e  of t h e  vir us .  The p r obes coul d be used i n  
subsequent studies i n  scr ee n i ng f or v i r a l  resi stance and i n  
v i r us e l i mi n at i on stud i es .  Fur t h er , t h e  c l oned c DNAs may i n  t h e  
f ut ur e  p r ove usef ul i n  t h e  c h ar acter i z at i on o f  t h e  g enomes of 
NeVX and NeVV . 
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1 . 1 I NTRODUCT I ON 

CHAPTER 1 

V I RUSES I N  THE GENUS NERINE 

1 

Nerine Her b . i s  a g en us of per en n i al b ulb ous pla n t s  belon g i n g  to 
the Amarylli d ac eae f am i ly .  The Amar yll i d aceae i s  q u i te a d i ver se 
f am i ly w i t h  some 85 g enera and ab out 1 1 00 spec i es ( H i c k ey & 
K i n g , 1 98 1 ) .  Some of t h e  other g ener a of t h i s  f am i ly of 
pr i nc i pally orn amen t al plants i n clud e :  N arcissus, Hippeastr u., 
� l s t r o .eria, H y.eno ca l l is, Crin u., Ga l an t h us, Br unsvigia, 
�a l l o t a, L yco ris, Zeph yran t h us, L e uco ju., C yr t an t h us, Spil o xene, 

a n d  St ernberg ia. Althoug h  memb er s of the Amar yll i d ac eae h ave 
or i g i n ated f r om a r a n g e  of loc at i on s  around t h e  world , t h e  40 or 
so Nerine spec i es are all i n d i g e n ous to sout h er n  Af r i c a .  Det a i ls 
on t h e  botan i c al an d hi st or i c al aspects of Nerine are 
pr esen t ed i n  Sec t i ons A 1  and A2 of Appen d i x  I .  

Some o f  t h e  Nerine spec i es have a h i g h ornamen t al value a s  cut 
f lower s wi t h  g ood k e ep i n g  qual i t y . T h e  best k n own of t h ese 
spec i es are N . bowdenii W .  Wat s. and N . sarniensis L .  ( 'Guer n sey 
L i ly' ) , compr i s i n g 851. of t h e  n er i n es g r own i n  t h e  Net h erlan d s  
( For t an i er e t  al , 1 979 ) , t h e  world's lar g est producer of thi s 

relat i vely n ew commer c i al c r op .  T h e  t ot al area under 
c ult i vat i on i n  t h e  Net h erlan d s  i s  ab out 60 h e c t ar es ( WP I , 1 98 7 ) . 
On a muc h smaller sc ale , Nerine i s  also g r own i n  West er n Europe , 
Per u ,  Portug al , Columb i a ,  Sout h A f r i c a ,  Un i t ed St ates� J apan, 
Aust r al i a and New Zealan d .  Fur ther i n f or m at i on on t h e  c ommer c i al 
cult i vat i on of Nerine i s  g i ven Sec t i on s A3 and A4 of Appen d i x  I .  

I n  New Zeala n d  t h er e  has b een i n c r e as i n g  r ecent i n t er est i n  t h e  
cult i vat i on o f  var i ous Nerine spec i es a n d  the i r h y b r i d s f or c ut 
f lower produc t i on f or t h e  loc al and ex port mar k et . Li k e  many 
ot h er b ulbous or n amen tals ( eg Lil iu. and Narcissus) selected 
Nerine c ult i vars a r e  propag ated veg etat i vely t h r ough d a ug h t er 
( of f set ) bulbs , t w i n -sc ales or m i c r opropagat i on .  However , as i n  

most oth er vegetat i v ely propa g at ed b ulb ous spec i es stud i ed ,  
pat h o g en s  are f r eq ue n tly d i ssem i n at ed on b ulb s and v i r us 
d i seases are pr evalen t ( Moor e ,  1 979 ; Ch ast agner & Byt h er , 1 985 ) .  
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1 . 2  V I RUSES I N  HERIHE - A L I TERATURE REV I EW 

1 . 2 . 1 Chron o l ogi c a l  presen t at i on of researc h 

The l i terat ure on v i ruses oc c urr i ng i n  Her i ne i s  somewhat 
sc anty w i th only s i x publi shed papers (Ha k k aart , 1 972 ; 
Koen i g  e t  al , 1 973 ; Ha k kaart e t  aI, 1 975 ; Maat , 1 976 ; Maat e t  aI, 
1 978 a n d  Phi l li ps and Brun t ,  1 980 ) . A l l of t hese were 
pub l i shed b y  researchers i n  the Nether l ands a n d  i n  Eng l an d . 
There have b een several m i n or sec t i ons on vi ruses of n er i nes i n  
the a n n u a l  reports of the G l asshouse Crops Research I n st i tute 
(GCR I ) i n  L i tt lehampt on , Eng l an d  a n d  K S M i l n e (Depart ment of 

P l ant Hea l th , Massey Un i vers i t y ,  New Zea l an d ) has c orrespon d e d  
wi th F A Ha k k aart (Research I n st i tute f or P l ant Protec t i on 
( I PO ) , Wag en i n g en , Netherl a n d s ) , 0 Z Maat ( I PO ) , a n d  A A Brun t 
(GCR I ,  n ow k nown as the Hort i c ultural Research I n st i tut e )  

respec t i ve l y on thi s subject .  The f ol l owi n g  sec t i on con s i d ers 
the research f i n d i n g s  c hron o l og i c a l l y .  

Brunt e t  a l  ( 1 970 ) report ed that e l ec tron m i croscop i c 
i nvest i g at i ons of several H . bowdeni i and H . sarn i ensi s  hybr i d  
c u l t i vars revea l ed the presen c e  of three c l asses of vi ruses 
wi t h  part i c l e  len g ths of : ca 550n m ,  650nm and 750n m .  I t  was 
n ot ed t hat t hese f i l amen tous v i ruses of ten occur as a c ompl ex . 
The 750n m v i rus was assumed t o  b e  n arc i ssus ye l l ow stri pe 
vi rus (NaYSV ) ,  previ ously d et ec t ed i n  Harc i ssus. 

Koen i g  e t  al ( 1 973 ) report ed f i n d i n g 550nm a n d  660n m part i c l es 
i n  n atura l l y  i n f ec t ed H . bo wden i i 'Rose Queen' .  Severa l  at tempt s 
to transm i t  v i ruses f rom n er i n es show i n g c onspi c uous l eaf 
mot t l i n g t o  i n d i c at or p l an t s ,  usi n g  crude sap as the i n oc u l um ,  
f a i l ed .  Pur i f i ed v i rus preparat i on s , however , c o n s i stent l y  
i n d uced a f ew l oc a l  l es i on s i n  Go .phrena g l o bo sa L .  whi c h  on 
sub c u l ture i n d uced loc al and syst em i c i n f ec t i on i n  G . g l o bo sa a n d  
l oc a l  i nf ec t i on s  i n  Chenopo d i u. a.aran t i c o l o r  Coste � Reyn i er 
an d Phase o l us v u l g ar i s  L .  The sympt oms i n  these i n d i c at or p l ants 
were t yp i c a l  of those i n duc ed b y  n arc i ssus mosa i c vi rus (NaMV ) . 
The n ormal l en g t h  of part i c l es f rom i n f ected G . g l o bo sa l eaves 
was a l most i dent i c a l  to NaMV i n  G . g l o bo sa. The puri f i ed 
vi rus f rom H . bowden i i and those f rom mechan i c all y  i n oc ulat ed 
G.g l o bo sa were serolog i c all y i n d i st i n g u i shab l e  f rom NaMV . The 
pur i f i ed v i rus f rom H.bowden i i  d i d  n ot react w i th an an t i serum 
to NaVSV , n or to an t i sera to e i g ht c arlav i ruses ; n amel y c ac t us 
vi rus 2 ,  c arnat i on l at ent , c hrysan themum B ,  n arc i ssus lat en t , 
pass i f lora latent , pot ato v i rus M ,  pot ato v i rus S and red 
c l over ve i n  mosa i c .  Usi n g  50S-PAGE Koen i g  et al also showed 
that the c oat protei n of the 550n m v i rus f rom H . bowden i i b ehaved 
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i den t i c ally t o  those of NaMV but d i f f ered i n  c oat protei n 
mob i li t y f r om a n umber of other potex v i ruses . I t  was concluded 
that the 550n m potex v i rus i n  H . bo Hden i i was an i solate of NaMV . 

Ha k k aart e t  a l  ( 1 975 ) repor ted that elec tron m i c roscopi c stud i es 
of clar i f i ed sap and par t i ally pur i f i ed prepar at i on s  mai nly f rom 
H . bo wdeni i r evealed f i lamentous par t i cles of c a  545� 660 and 
780n m lon g . For the 660n m par t i cle t he n ame ner i ne latent v i rus 
( NeLV ) was proposed earli er ( Ha k k aar t , 1 972 ) , bec ause they were 

f i r st f ound i n  H . boHden i i plan t s  wi thout v i r us symptoms . I n  thi s 
stud y NeLV was present i n  both leaves w i th mosa i c symptoms , and 
symptomless leaves . A n  an t i ser um was prepared t o  t h i s v i r us and 
i t  was f oun d to reac t wi th clar i f i ed ex t r ac t  f rom n er i ne 
c on t a i n i n g NeL V . Clar i f i ed ex trac t  cont a i n i n g the 545 n m  and 
780 n m  par t i cles d i d  not react to an t i sera to NaMV and to NaYSV , 
r espec t i vely . From leaf samples con t a i n i n g the 545nm par t i cles 
no v i r us other than cucumber mosa i c  v i rus ( CMV ) c ould be 
t r a n s m i tted to G . g l o bo sa, C . a.arant i co l o r, Cheno po d i u. q u i noa 
Wi lld . ,  or Hi co t i ana c l eve l and i i Gray . , plants whi c h  are hosts 
to NaMV . No consi stent assoc i at i on was f ound b etween an y of 
these v i ruses and t he symptoms ob served . I n  H . b o wden i i  
seed l i n g s ,  none o f  the v i r us par t i cles men t i oned i n  thi s study 
were f ound . However , v i r us part i cles were f ound i n  mer i stem t i p  
c ultures of the i n f ected ner i ne plan t s .  

Maat ( 1 976 ) desc r i bed t wo potex v i ruses i n  ner i nes . The sour ce 
plan t s  i n  thi s study were H . sarn i ens i s  and H •• anse l l i  Hor t . 
show i n g  var i ous t ypes of symptoms . The v i rus par t i cles i n  
H . sarn i ens i s  had an aver age par t i cle len gth of 54 1 n m .  From c r ude 
prepar at i ons of ner i ne t i ssue no v i rus could be t r ansmi tted . 
Seven par t i ally pur i f i ed prepar at i on s  of H . sarn i ens i s  were 
tested on G . g l o bo sa, C . a.aran t i co l o r, C . qui noa� and 
H . cl eve l and i i .  No symptoms were i n duced and only i n  ex t r a c t s  of 
C . qu i no a  some P V X -t ype par t i cles were observed . Wi t h  one 
ex c ept i on ,  the v i rus could not be f urther t r an smi tted to 
C . qu i n o a. Vi r us par t i cles were also observed i n  t wo out of ten 
H . bo Hden i i seed l i n g s  i noc ulated w i th par t i ally pur i f i ed 
prepar at i on s .  

The f i lamentous v i r us i n  H .  .anse l l i  had an aver age par t i cle 
len g t h  of 554n m .  Two par t i ally pur i f i ed v i rus prepar at i on s  f rom 
H . Manse l l i , at pH 7 a n d  pH 9 ,  were tested f or i n f ect i v i ty • • 
G . g l o bo sa, C . a.aran t i co l o r, C . qu i no a  showed local les i on s  1 0- 1 2  
d ays a f t er i noc ulat i on .  Symptoms on H . c l eve l and i i wer e desc r i bed 
as n ot c lear . G . g l o bo sa and H . cl eve l and i i bec ame system i c ally 
i n f ec t ed by t he v i rus . 

Serolog i c al stud i es usi n g  m i c ro-prec i pi t i n  test s showed that the 
homologous an t i ser a f or t he two ner i ne -v i r uses could be used to 
d etect v i r uses i n  clar i f i ed ex t r ac t s  of leaves as well as 
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flower s of the i r r espect i ve n er i n e hosts. The two v i r uses wer e 
f ou n d  to be d i s t antly r elat ed t o  each other an d to PY X ,  and the 
v i r u s  i n  N . s ar n i ens i s  also reacted to clover yellow mosa i c  v i rus . 
The v i rus i n  N •• anse l l i  was closely r elated to NaMV. Based on 
host pl an t r e ac t i on s  a n d  on serolog i c al t ests the v i r us f rom 
N . s arni ens i s d i f f ered f rom all other well-k nown potex v i r uses 
a n d  i n  the ab sen c e  of any symptom assoc i at i on ,  the name n er i n e 
v i r us X ( NeV X ) was p roposed b y  Maat . Con ver sely , t h e  v i r us f rom 
N •• ansel l i ,  on the b as i s of par t i cle s i z e ,  host r a n g e  and 
serolog i c a l  r eact i v i t y ,  was con s i d er ed a st r a i n of NaMV . 

Brunt ( 1977 ) r epor t ed that on e or mor e v i r uses were detec t ed i n  
p lan t s  of four teen out of n i n et een H . sarn i ens i s  c u l t i var s 
t ested . E i ght c ult i var s were f ound to have NeV X , ar ab i s  mosa i c 
v i r u s  ( ArMV ) a n d /or an un d esc r i b ed pot yv i r us .  Four c u l t i var s 
c o n t a i ned NeLV alon e ,  on e c on t a i n ed both NeV X an d NeLV an d 
a n other con t a i n e d  NeLV an d a pot yv i r us .  NaMV was not d et ected i n  
a n y  of the plan t s .  I t  was stated that i n  the Un i ted .K i n g d om ,  as 
i n  the Nether l an d s  ( Maat , 1 976 ) , NeLV an d NeV X  are the c ar l av i rus 
a n d potex v i r us r espec t i v ely pr evalent i n  n e r i n e s .  

Ph i ll i p s and B r un t  ( 1 978 ) r ep or t ed that NeV X  was detec t e d  i n  
three �g apan t h u s  afr i c an u s  Hoff man n s  p l ant s .  I solat es f rom 
Ner i ne an d �9apan t h u s  were r epor t ed to be serol og i c ally 
i n d i st i n g u i shable and had i d en t i c al but rest r i c t ed host r an g es . 
The v i rus was d escr i b e d  as b e i n g  ver y stab le i n  vi t r o ,  was 
r e ad i l y  pur i f i ed and had par t i cles mostly ca 550n m l on g . No 
serolog i c al r elat i on shi p could b e  establi shed w i th seven s i m i l ar 
v i r uses : c l over yellow mosa i c v i r us ,  cymb i d i um mosa i c ,  hyd r an g ea 
r i n g spot , n ar c i ssus mosa i c, pot ato X ,  v i ola mot t le and whi t e. 
c lover mosa i c. I t  was st ated that thi s v i r us i s  prob ably a n ew l y 
r ec og n i sed memb e r  of the potex v i rus g r oup . 

Maat e t  aI ( 1 978 ) f ound v i r us par t i cles w i th an aver age l ength 
of 664n m a�d 780 n m  i n  H . bo wdeni i '63� show i n g  no v i rus symptoms 
and H.boHden i i  'Van Roon' w i th sever e mosai c. Par t i cles w i th an 
aver a g e  l en g t h  of 660n m ,  named earli er as n er i n e lat en t 
v i r us ( NeLV ) , were also fou n d  i n  N . fl ex uo s a  'Alba' , N •• anseIl i ,  
N . sarn i ensi s a n d  i n  H i ppeas t r u.. Usually the h i g hest 
concentrat i on of thi s c lass of rods wer e f ound i n  Hi ppeas t r u  •• 
The v i r us con c en t r at i on was foun d to b e  much lower i n  n atur ally 
i nfected N. bo wden i i '63' than i n  H .  bo wden i i  'Van Roon'. 
Mechan i c al i noc ulat i on s  w i th c r ud e  ex t r ac t s  f rom H . b o wden i i 
w e r e  somet i me s  f ound t o  c ause 'non -vi r al yellow i n g '  of t est 
plants thus poss i bly mas k i n g  v i r us symp toms. Local les i on s  were 
oc c as i onal l y i nd u c ed w i th c r ud e  sap i noculat i on s  on 
C . a.aran t i c o l o r, G . g l o b o s a  an d C . qu i no a  b ut jud g ed to be too 
i n c on s i stent to b e  sui t able as d i agnost i c  t est plan t s . W i th 
par t i ally pur i f i ed v i r us pr epar at i on s  the followi n g loc al les i on 
symptoms were ob served t wo to thr ee wee k s  af t er i noc ulat i on :  
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C . qu i noa - small d ar k g r een r i n g s  or poi n ts wh i c h b ec ame vi s i ble 
three wee k s  af t er i noculat i on on i noculated leaves 
wh i c h turned yellow 

C . a.arant i c o l o r  - t i n y ,  chlorot i c ,  d ar k -edged les i on s  d eveloped 
i n  t h e  older , st i ll g r een i noculated leaves t h r ee 
wee k s  af t er i noculat i on 

G . g l o b o sa small b rown n ec rot i c  r i ngs m i g h t  d evelop t wo 
wee k s  af t er i noculat i on 

H i c o t i ana c l eve l and i i b ecame locally i n f ected w i t hout show i n g  
symptoms . H i ppeast r u .  seedli n g s  were read i ly syst emi cally 
i nf ec t ed symptomless h ost s ,  and mec han i c ally i noculat ed 
H . bo wden i i �63� seedli n g s  had a ver y low level of i n f ec t i on. 
An t i ser a was prepar ed to v i rus prepar at i ons f rom H . bo wden i i .  T h e  
f i r st an t i ser um prepared w a s  f ound to con t a i n ant i bod i es t o  CMV 
and n ormal plant ant i g e n s .  An t i ser a pr epared f rom v i r us 
prepa r at i on s wh i c h h ad b een subjec t ed to two sucrose g r a d i ent 
c ycles and one c aes i um c hlor i d e cycle m i n i m i z ed the level of 
con t am i n at i n g ant i bod i es .  Serolog i cally , usi n g  EL I SA and t h e  
m i cro-prec i pi t i n  t est , NeLV was f ound t o  be i n d i st i n g u i sh ab le 
f rom the par t i ally c h aracter i z ed h i ppeastrum lat en t v i rus ( HL V )  
( Br olman -Hupkes , 1 975 ) .  I t  was closely related t o  c ar n at i on 

lat ent v i r us ( CLV ) b ut d i f f ered f rom t h e  lat t er i n  h ost plant 
r e act i on s .  On t h e  b as i s o f  serolog i c al and h ost r an g e  cr i t er i a ,  
Maat e t  a l  con s i dered HLV to b e  an i solate of NeLV , a n d  bec ause 
t h e  descr i pt i on of HLV by Brolman -Hupk es was somewh at 
t e n t at i ve ,  sug g ested t h a t  t h e  n ame n er i n e latent v i rus should 
h ave pr i or i t y to h i ppeastrum lat ent v i r us .  Th i s  study also 
h i g h l i g h ted t h e  c ult i var d i f f er en c es , i n  terms of v i r us 
susc ept i b i li ty ,  bet ween H . bo wden i i �63' and H . bo wden i i  �Van 
Roon�. Her i ne bo wden i i �63' was mor e resi stant to i n f ec t i on ,  n ot 
only t o  NeLV but also to NeV X , NaMV and t wo potyv i r uses . Ner i n e 
latent v i rus was d escr i b e d  i n  t h i s  study as h a v i n g  an ave r a g e  
par t i cle len g t h  of 664n m ,  a sed i men t at i on coef f i c i ent of 1 55 S 
and b uoyan t d en s i t y  i n  c aesi um c hlor i d e of 1 . 298g / c m3• Ner i n e 
latent v i rus was con s i d er e d  as a memb er of the carlav i r us g r oup . 

Ph i lli ps and Brunt ( 1 980 ) r epor t ed t h at a potexv i r us i n  
�g apan t h us praec o x  Le i g h ton subsp . o r i en t a l i s  f rom S. E .  
En g lan d w as serolog i c ally i n d i st i ng u i sh able f rom NeV X  i solat ed 
f rom H . sarn i ensi s. The part i cle s i z e  was g i ven as ca 1 1  X 525-
550n m . Unli ke NeV X t h i s  v i r us was r ead i ly sap t r an sm i ssable , 
ma i n t a i n ed i n  t est plan t s  and pur i f i ed w i t hout d i f f i culty. It 
was m echan i c ally transm i t t ed to 1 4  spec i es ,  i n duc i n g syst e m i c 
i n f ect i on s i n  � . praec o x  subsp . o r i en t a l i s, H . sarn i ens i s  a n d  



C.q u i no a  and loc al i n f ec t i ons i n  1 1  other susc ept i ble h er b ac eous 
spec i es of the f ollowi n g  f am i li es :  Chenopod i ac eae , 
Amaran t h aceae , A i z oac eae , Solan ac eae , Composi tae a n d  
Papi li onaceae . Based pr i mar i ly on t h e  ser olog i c al r elat i on sh i p ,  
Ph i ll i ps and Brun t c o ncluded t h at t h i s  potex v i r us i n  Rg apan t h u s  
was an i solat e o f  NeV X , alt h ough i t  d i f f er e d  mar k ed ly i n  i t s 
ease of i solat i on f r om pla n t s  and i ts ex per i men t al h ost r an g e .  
It was ref erred t o  a s  t h e  Rgapant h us st r a i n o f  NeV X ( NeV X -A ) . 
Bec ause NeV X -A was r ead i ly i solated and pur i f i ed i t  was 
part i ally c h ar ac t er i z ed .  The par t i cles sed i men t ed as a s i n gle 
compon ent w i t h  a sed i men t at i on c oef f i c i ent of 1 20 S, and had a 
b uoyan t densi t y  i n  c aesi um c hlor i d e of 1 . 3 1 g / c m3• They c on t a i n ed 
a c a  5% s i n gle-st r an d ed RNA w i t h a molecular wei g h t  of 2 . 5 
m i lli on a n d  a s i ngle polypept i d e of 25 , 600 . NeV X -A was f ound t o  
b e  ser olog i c ally d i stan tly r elated t o  potat o v i rus X ,  v i ola 
mottle v i rus , h yd r an g e a  r i n g spot v i r us and commel i n a  v i r us X a n d  
unrelated t o  n i n e ot her d i st i n c t  pot ex v i r uses i n clud i n g NaMV . 

Maat ( per s c omm to Mi ln e ,  1 983 ) r epor ted t h at CMV, t ob a c c o  
r attle vi rus ( TRV ) and two f lex uous elon g ate par t i cles of c a  
740nm a n d  800n m wer e d et ected i n  ner i n es . T h e  740nm v i rus was 
noted to produce loc al les i on s  i n  H yo s c ya.us n i g er L .  
'Palli d es' and reacted w i t h  a n t i ser a t o  o r n i th og alum mosa i c 
v i rus , pot at o v i rus A ,  c elery mosa i c v i r us a n d  lettuce mosa i c 
v i rus b ut n ot w i t h  ant i ser a to 1 4  other potyv i ruses . T h e  800nm 
v i r us c aused yellow str i pe symptoms i n  H.sarn i ens i s  h yb r i d s. An 
ant i serum was prepar ed to t h e  740nm v i r us . No ser olog i c al 
r elat i on sh i p  was f ound b et ween NeLV and NaMV or b etween NaMV a n d  
NeV X . 

Brunt ( per s c omm t o  Mi ln e ,  1 98 3 )  stated t h at t h e  750n m v i r us 
par t i cle , or i g i n ally beli eved to b e  NaYSV , was r ecog n i sed as 
q u i t e  d i st i n c t  and d e s i g n at ed i t  as ner i n e yellow str i pe 
( NeYSV ) . He noted that NeLV , NeV X an d NeYSV , were common i n  some 

st oc k s ,  and NaMV and n ar c i ssus lat ent v i rus ( NaLV ) were f ou n d  
only r a r ely . Arab i s  mosa i c v i rus w a s  f ound i n  plants of one 
c ult i var . It was also st a t ed t h at Olwen Stone ( GCRI ) , obt a i n e d  
v i r us-f r ee plan t s  o f  H.bo wden i i  'Gi ll' b y  mer i stem t i p  c ultur e, 
an d t h ese g r ew "superbly well". 

1 . 2 . 2  An alys i s  of r esear c h  

Elec t r on m i c r oscopi c i n vest i g at i on s  i n  most of t h ese stud i es 
h ave r evealed f i lamen t ous par t i cles i n  t h e  potex v i rus, 
carlav i rus and potyv i r us g r oups . Two d i st i n ct potex v i r uses wi t h  
par t i cle len g t h s  i n  t h e  530-555nm ran g e  h ave b een clearly 
i d en t i f i ed .  T h ese were NeV X ( Maat , 1 976 ) and NaMV ( Koen i g e t  
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a l ,1973; Maat , 1 976) . Reports f rom th e Neth erlan d s  and the Un i ted 
K i n g d om i n d i c ate th at NeV X i s  common i n  N . bo wden i i an d 
N . sarn i ensi s stoc k s ,  w h er eas NaMV is f ou n d  r ar ely . Nar c i ssus 
mosa i c  v i rus h as r e c e i ved g r eater attention i n  Br i ta i n, not only 
b ec ause i t  i s  w i d espr ead i n  an econom i c ally i mportant c rop suc h 
as Narc i ss us, b ut also b ec ause i t  h a s  b een f ound to be amen able 
to m ec h an i cal tr ansmi ssion to a number of h erbaceous d i ag nost i c 
a n d  propagat i on h osts ( B r unt , 1 966 ; Mowat , 1 97 1 ) .  Ner i n e v i rus X 
f rom n e r i nes , h owever, h as not b een r ead i ly transmi tted to 
h er b ac eous h osts . Th e r e  i s  only on e r eported i n stan c e  of th e 
mec h an i c al transm i ss i on of NeVX f rom Ner i ne t i ssue to C . qui noa 
i n  wh i c h it multi pl i ed poorly an d could not b e  r ead i ly f urth er 
tran smi tted to C . qu i no a ( Maat , 1 976) . Resear c h e r s  h ave not been 
able to ch ar acter i ze th i s  v i r us f rom n er i n es .  

Th e f i n d i n g b y  Ph i ll i ps and Br unt, i n i ti ally r eported i n  1 978 
( Ph i lli ps and Brunt, 1 978) and sub sequently i n  1 980 ( Ph i lli ps an d 

Brun t ,  1 980) , th at NeV X  was serolog i c ally in d i stin g u i sh able f rom 
a mor e amenable potex v i r us i n  Rgapanthu s  led to f urth er wor k on 
wh at was bel i eved to be an i solate of NeV X. There ar e however 
some i n consi sten c i es b etween these two r eports . In the 1 97 8  
r eport ,  Ph i lli ps and Br unt i n d i c ated that the potex v i rus 
d etected i n  three R . afr i canus plants was serolog i c ally 
i n d isti n g u i shable f rom NeV X . It was also stated that the v i r uses 
f r om Neri ne an d Rgapa n t hu s  had i d enti c al b ut r estr i c ed host 
r an g es . No serolog i c al r elat i onsh i p  was f ound to seven other 
potex v i r uses i n clud i ng v i ola mottle v i r us an d h yd r an g ea r i n g spot 
v i r u s . I n  th e 1 98 0  pub l i cati on the potex virus f rom R . praeco x 
sub sp . o r i en t a l i s , wh i c h was also serolog i c ally in d i sti n g u i sh able 
f rom NeV X and ther ef or e  c on s i d er ed an i solate, h ad a d i f f er ent 
ex per i mental host r a n g e. Further th i s  i solate was r eported to be 
d istantly r elated serolog i cally to a number of potex v i r uses 
i n c lud i n g v i ola mottle vir us and h y d r an g ea r i n g spot v i r us .  Th ese. 
appar ent c ontradicti on s h ighli g h t  th e dif f ic ulties that con f ront 
r esear c h er s  on vir uses i n  n e r i nes d ue pri mar i ly to a lac k of 
specific a n d  sen s i t i ve diagnostic tec h n iques. 

The situati on w i th th e potyv i r uses i n  n erines i s  even 
mor e conf used . The 750n m part i c le ,  or i gi n ally b eli eved to b e  
NaYSV on the bas i s o f  parti cle s i z e  b y  B r unt e t  a l  ( 1 970), h a s  
not b een supported b y  serolog i cal r elation ships ( Hak kaart e t  
a l , 1 975). T h e  evid en c e  strong ly suggests th e pr esen c e  of two 
d i st i n ct potyv i r uses in n e r in es, on e i n  the 740-750n m parti cle 
length r an g e  an d the oth er i n  t h e  780-800nm r a n g e .  The 750n m 
par t i cle h as b een ref er r ed to as NeYSV b y  Brunt ( per s comm to 
K S M i ln e ,  1 985) wher eas Maat ( pers comm to K S M i lne, 1 983) h a s  
r eported th at t h e  800n m  c auses yellow stripe symptoms in 
N . sarn i ens i s  h yb r i d s. For the purposes of the present study the 
740-750n m parti cles f rom n er i n es w i ll b e  taken as NeYSV. 
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T h e  evid en c e  presented by Maat e t  a l  ( 1 978 ) on t h e  r elation ship 
between NeLV a n d  HLV is supported by t h e  d ual c riteria of close 
ser ological association a n d  an identic al h ost r a n g e . Th us� it 
seems likely t h at NeLV is an isolat e of HLV but t h e  f or mer name 
s h ould t ake priorit y .  

Alt h ough t h e  emph asis o n  n erine virus r esear c h  h a s  been f ocused 
on f ilament ous vir uses , primarily bec ause t h ey are r eadily 
d etected by ele c t r on mic r osc opy , t h e  presen c e  of CMV is repor t ed 
in mor e t h an o n e  stud y ( Hakkaar t e t  aI, 1 975 ; Maat e t  a l � 1 978 ) 
a n d  antiser a supposedly pr epared t o  t h e  f ilamen t ous viruses has 
been f oun d t o  be c on t amin ated by antibodies f or t h is virus . The 
dif f ic ulties associated wit h d et ec tin g CMV in nerine crude sap 
or in

' 
clarif ied prepar ation s ,  electron mic r osc opic al ly or 

ser ologic ally , h ave r esult e d  in t h e  in ciden c e  of t his virus in 
n erin es bein g somewhat n e g l ected . Little can be d eter mined f r om 
t h e  lit erature on the ef f ec t s  of CMV in t er ms of symptom 
e x pr ession , prevalen c e ,  o r  t h e  ef f ec t s  o f  it s association with 
o t h er n erin e viruses on t h e  c r op .  Similar ly , ArMV h as been 
r ar ely f ound in n erines ( Br un t , 1 976 ) but it s pr evalen c e  h as n ot 
been t h or oug h ly investigat ed . 

Studies of vir uses in f ec t i n g  n erines so f ar h ave est ablish ed 
t h e  prese n c e  of nine d istin c t  vir uses in various Neri ne 
c ultivar s .  This inf or mation is summariz ed in T able 1 .  

Resear c h  on vir uses in f ec t in g  nerines ref l ec t s  t h e  r elatively 
min or econ omic impor t a n c e  of t h is c omparatively new c ommercial 
o r n amental c r op ,  c ompared t o  o t h er bulbous o r n amen t als such as 
Narc i s sus. I n d ee d , t h e  study of n erin e viruses , at least in 
Brit ain , was un d e r t aken mainly to d etermine whether t h ere was 
any epidemiologic al associat ion between viruses infec tin g Neri ne 
and Narci s s us ( Br un t , per s c omm t o  Miln e , 1 983 ) . Fur t h er , t h ese 
r esea r c h  ef f or t s  h ave been sever ely h amper ed by man y of t h e  
n e r i n e  vir uses pr oving t o  be most intr ansig ent i n  mec h anic al 
t r an smission trials . T h e  f ailure to r eadily t r an smit t h e  
filamen t ous vir uses from n erin e c r u d e  sap i n t o  h er baceous 
diag n ostic or propag ation h osts was , in man y c ases , n ot r esolved 
by using partially purif ied or even purif ied pr epar ation s .  This 
applies to NeV X , NeLV and to the two potyviruses .  

This pr oblem was c ompoun d e d  by t h e  f in din g that in man y 
in st an c es vir uses in n erin es were present as a c omplex , wit h 
two or mor e d istin c t  vir uses present in t h e  same plan t s .  Thus , 
purif ic ation of vir uses d ir ectly f r om n erine tissue to a 
homogen eous stat e ,  whic h in some c ases in volved separating 
par t icles o f  similar siz es , proved t o  be most d eman ding usin g 
conven tion al purific ation pr o t oc ols . Conseq uently , an tiser a 
pr epa r e d  were of t en n ot specif ic to one class of antig en s. 
Fur t h er c h ar a c t eriz ation of these viruses has only been possible 
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Table 1 :  The r elat i ve prevalen c e  of vi r uses r epor ted 
assoc i at i on w i th Her i ne spp . 

i n  

V i rus Gr oup V i rus Pr evalen c e  Heri ne spp . 

Carla v i rus n er i n e lat ent c ommon 
( h i ppeast rum lat en t ) 

H . bowdeni i 
H . sarn i ensi s 

Ref eren c e  

Maat e t  a l ,  1 978 

H •• anse l l i  
H . fl ex uosa 'Alba' 

n ar c i ssus lat ent u n c ommon H . sarn i ensi s  

Cucumov i r us c u c umber mosai c c ommon H . sarn i ens i s  

Nepov i r us arab i s  mosa i c 

Potex v i rus n er i n e v i rus X 

n a r c i ssus mosa i c 

Pot yv i r us n er i n e yellow 
stri pe ( 75 0n m )  

uncharacter i z ed 
v i rus ( 800n m ) 

Tobrav i rus t o b a c c o  rattle 

H . bowden i i  

un common H . sarn i ensi s 

common H . sarn i ensi s  

u n c ommon H.bo wdeni i 
H . 1Itanse l l i  

c ommon H . sarni ensi s 

H . sarni ens i s 

H . bowden i i 

un c ommon 

Brunt , 1 977 

Ha k k aart e t  a l ,  
1 975 
Maat et a l ,  1 978 

Br un t ,  1 977 

Maat , 1 976 

Koen i g  et a l , 1973 
Maat , 1 976 

Brun t , pers c om m , 
1 985 

Maat , per s  comm , 
1983 
Brun t , pers c om m , 
1 987 

Maat , per s comm , 
1 983 
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i n  i n stances w h e r e  st r ong ser o l og i c a l  assoc i at i on s  were f ound 
between v i ruses i n  ner i nes and v i r uses i n  ot h er bul bous spec i es 
suc h as Narc i ss us ,  H i ppeastrum and �g apan thus. T h e  i so l ates of 
mor e amenabl e v i r uses f r om t h ese other bu l bous spec i es suc h as 
NeV X f r om �g a panthus ( Ph i l l i ps & Brunt , 1 980 ) and NeLV f r om 
H i ppeas t r u. ( Maat e t  aI, 1 978 ) , h ave been i n vest i g a t ed f urther 
and at l east par t i a l l y c h ar a c t er i z ed .  The pot yv i r uses f r om 
n er i nes are l east un d er st ood and r emai ned u n c h a r ac t er i z ed .  
Con s i d er ab l e g aps ex i st i n  t h e  k n owl edge of v i r uses i n  ner i n es 
i n  t er ms of v i r us et i o l og y ,  sympt om assoc i at i on s ,  r at e  of 
i n f ec t i on an d e f f ec t s  on t h e  c r op . Most of the stud i es r epor t ed 
wer e c ar r i ed out i n  t h e  1 970 ' s w i t h  l i t t l e evi d en c e  of c urrent 
i n ter est by sc i en t i st s  i n  t h e  n o r t h e r n  hemi sph er e .  N o  r out i n e 
d i agnost i c  proc edures ex i st f or t h e  l ar g e  sc a l e t est i n g f or 
spec i f i c  v i r uses i n  t h i s c r op .  

1 . 3  OBJECT I VES OF TH I S  RESEARCH PROJECT 

I n t er est at Massey U n i ver si t y ,  P a l mer ston Nor t h , New Zea l and i n  
v i ruses occur r i n g  i n  Ner i ne was a r esu l t of an e x p an d i n g l oc a l  
n er i n e i n d ust r y  w i t h  i t s c on c om i tant d eman d s  f or pat h og en 
i d en t i f i c at i on ,  e l i mi n at i on and contr o l . A l t h ou g h  a l l Ner i ne 
stoc ks i n  New Zea l and or i g i n a l l y  c ame f r om B r i t a i n or t h e  
Net h er l an d s ,  n o  stud i es o n  v i r uses i n  New Zea l a n d  n er i nes h ad 
been undertaken pr i or t o  t h i s  stud y .  The pr i mar y objec t i ves of 
t h i s  r esear c h  pr oject were t o  att empt to d eter m i n e  t h e  i dent i t y 
of v i r uses i n f ec t i n g  n er i nes and to d evel op spec i f i c  d etect i on 
met hods f or s ome of the f i l ament ous v i r uses so t h at t h e  
d i agnost i c  t ec h n i ques c oul d subsequent l y  b e  used i n  r ap i d v i r us 
i n d ex i n g proc e d ur es and f or v i rus e l i m i n at i on stud i es .  Att empt s 
at v i r us e l i m i n at i on do not c ompr i se par t of t h i s  stud y .  
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CHAPTER 2 

MATER I ALS AND METHODS 

2 . 1  MATER I ALS 

2 . 1 . 1  Sourc e  of n er i ne v i r us i so l ates f or pre l i mi n ary stud i es 
and c DNA t ests 

Neri ne sarni ensi s  hybr i ds f rom a c ommer c i a l  nursery i n  
Pal merston Nor t h , and , H . fo t herg i l l i  Roem . � Major ' and 
N . bowden i i typ es f r om home g ardens i n  the Manawatu r eg i on were 
the source of the v i r us i so l ates used i n  the prel i mi nary 
e l ectron m i c r oscope survey and i n  mechan i ca l  t r ansmi ssi on 
stud i es .  Dot-b l ot assays usi n g  c l oned cDNA probes were 
c onducted w i t h  samp l es of n er i ne l eaves obta i n ed f r om 
c ommer c i al g r owers i n  Auc k l and , New Pl ymouth and Pal merston 
North . The Neri ne spec i es assayed were N . bowdeni i ,  N . sarn i ensi s  
hybr i ds ,  H . f l ex uosa ' Al ba' , H . fo t herg i l l i  ' Maj or ' , ' N . corusca 
' Maj or ' and H • •  ansel l i .  

2 . 1 . 2 Sourc e  of other vi rus i so l ates used i n  t his study 

Tab l e  2 d etai l s  t h e  source of potex vi rus and p otyv i rus i sol ates 
t ested agai nst the c l oned cDNA probes devel oped i n  th i s  stud y .  
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Tab l e  2 :  Sourc e  of potex vi rus and potyvi rus i sol at es tested 
agai n st c l oned cDNA probes . 

Vi rus Group : Potex vi rus 

Vi rus member Host pl ant Suppl i ed by 

Cymb i d i um mosai c  v i rus C y.b i d i u. sp . ( hybr i d )  R L S Forster 1 

Daphne v i r us X H i c o t i ana c l evel andi i R L S Forster 

Narci ssus mosai c vi r us H . c l evel andi i R L S Forster 

Ner i ne vi r us X 
( Agapanthus str a i n )  

Chenopodi u. a.arant i co l or R L S Forster 

Potato vi rus X H i co t i ana g l ut i nosa R L S Forster 

Tul i p  vi r us X C . a.arant i co l or R L S Forster 

Wh i t e  c l over mosai c 
vi rus 

H . c l evel andi i R L S Forster 

Vi rus Group : Potyv i rus 

Bean yel l ow mosai c  v i rus Pi su. sat i vu. 

Hi ppeast r um mosai c v i rus H i ppeastru. sp . 

Ner i ne yel l ow  str i pe Heri ne sarn i ensi s  
vi rus ( 750nm p art i c l e )  

Potato v i r us Y H . g l ut i nosa 

Uncharacter i z ed potyv i rus Heri ne bowden i i 
f r om ner i n es 

R L S Forster 

A A Brunt:2 

A A Brunt 

K S Mi l n e3 

A A Brunt 

1 R L S Forster , Mt A l bert Research Centr e ,  Department of 
Sc i ent i f i c  and I nd ustr i al Research , Auc k l an d , New Zeal and . 

:2 A A Brunt , Hor t i cul tural Research I nst i t ut e ,  Li t t l ehampton , 
Sussex , Eng l and . 
K S Mi l ne ,  Department of P l ant 
Pal merston North , New Zeal and .  

Heal th , Massey Un i versi t y ,  
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2 . 1 . 3  I n d i cator pl ant s  

I n d i c at or p l ants wh i ch were general l y  sensi t i ve to a w i de range 
of v i ruses, bel ong i ng to a number of host f ami l i es ,  were 
sel ect ed f or mechan i ca l  transmi ssi on t r i al s .  Some of t h e  t est 
p l ants used were k nown t o  be l ocal l es i on hosts of , or c apab l e  
of becom i ng systemi c a l l y  i nf ected by , some of the vi r uses i n  
n er i n es .  I n f ormat i on o n  t h e  i nd i cator p l ants used i s  g i ven i n  
Tab l e  3 .  

2 . 1 . 4  Sourc e  of ant i sera 

Ant i sera to cucumber mosa i c v i rus was obtai n ed f r om K S Mi l ne ,  
and t o  n er i ne vi r us X ( ag apanthus stra i n )  f rom A A Brun t . 

2 . 1 . 5  Bi ochemi c a l s 

The names and sourc es of some b i oc hemi cal s used are g i ven i n  
the t ex t .  Other chemi cal s used were of anal yt i cal reagent g r ad e .  
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Table 3 :  V i r us i n d i c ator spec i es tested i n  
t ran sm i ssi on stud i es .  

mec h an i cal 

Host Fam i ly Spec i es V i r us 1  Symptoms2 Ref eren ces 

Ai z oac eae T e t rag o n i a  
expansa Mur r .  

NaMV 
NaYSV 

LL 
LL 

NaLV 
( un r eli able 

LL 
Amar an t h ac eae Go .phrena 

g l o bo sa L .  
NaMV 
NaMV 
HLV 

( syn. NeLV ) 
Chen opod i ac eae Cheno po d i u. TRV 

a.aran t i co l o r NeLV 
Coste & Reyn. ArMV 

Cheno po d i u .  
qu i no a  W i lld . 

Leg um i n osae 
sa t i vus L .  
Phaseo l us 
vu l g ar i s  L .  
H i co t i ana 
c l eve l and i i 
Gray . 

Solanac eae 

H. g l u t i no sa L .  
H .  t abacu. L. 
'Wh i te Burley ' 
H .  t abacu. L .  
'Samsun' 
Pe t un i a 
h ybr i da 

( Hoo k ) V i ln .  

NaMV 
CMV 
HLV 
CMV 
NaMV 
ArMV 
TRV 
CMV 

T RV 
NaMV 
HLV 
NaMV 
ArMV 
NaLV 
TRV 
CMV 
ArMV 

CMV 

ArMV 
ArMV 

LL 
S I  
LL 

LL 
L L  
L L  
LL 
LL 
L L  
LL 
LL 
LL 
L L  
S I  

LL 
LL 
S I  
S I  
S I  
S I  
S I  
S I  
LL 

LL 

LL 
S I  

Brunt , 1 966 
Brunt , 1 97 1  

i n  summer ) 
Brun t , 1 976 
Maat , 1 976 
Brunt , 1 966 
Brolman -Hupk es � 1 975 

Harr i son , 1 970 
Maat et aI, 1 978 
Murant , 1 970 
Maat , 1 976 
Fran c k i  et a l � 1 979 
B r olman-Hup k es , 1 975 
Fran c k i  et a l , 1 9 79 
Maat , 1 976 
Mur ant , 1 970 
Mowat , 1 980 
Franc k i  et al , 1 979 

Har r i son , 1 970 
Koen i g  e t  a t ,  1 973 
Br olman -Hup k es , 1 975 
B r un t , 1 966 
Murant� 1 970 
B r un t , 1 977 
Har r i son , 1 970 
Fran c k i  e t  aI, 1 979 
Murant , 1 970 

Forst er , 1 974 

Murant , 1 970 
Murant , 1 970 

1 V i r us ab b r ev i at i on :  ArMV = arab i s  mosa i c v i rus ; 
CMV = c uc umber mosa i c v i r us ;  HLV = h i ppeast r um lat en t v i r us ;  
NaLV = nar c i ssus latent v i r u s ;  NaHV = nar c i s sus mosa i c v i r us ; 
NaYSV = n ar c i ssus yellow str i pe v i r us ;  NeLV = n er i n e lat ent 
v i r us ;  TRV = tobac c o  r at tle v i rus . 
Coded sympt om descr i pt i on :  LL=local lesi on ; S I =syst em i c i n f ec t i on .  
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2 . 2 METHODS 

2 . 2 . 1 Ner i n es 

Ner i nes wi th var i ous vi rus-l i ke symptoms were c o l l ected f rom a 
commer c i al nursery and home-gard en s ,  potted i n  pumi ce/peat med i a 
(SO: 20 ) , an d  mai nt a i ned i n  a t emperature control l ed g l asshouse 

un i t  at 20C ( +/ - 4C ) . 

H . boNden i i seeds were col l ected f r om a home-garden and g rown on 
i n  a d i f f erent g l asshouse und er si mi l ar growth con d i t i ons to 
that used f or the i nf ected p l an t s .  Th i s  mi n i mi z ed t h e  
possi b i l i ty o f  cross i nf ect i on to seed l i ng s .  

2 . 2 . 2 P l ants f or exper i ment a l  host r ange tests 

Test p l ants were grown i n  a t emperature-control l ed g l asshouse at 
20C (+/- 4C ) , or i n  a growth c ab i net mai ntai ned at an average 
temperature of 20C . (+/- 2 C.) • 

2 . 2 . 3 I nocul at i on 

I n ocul um was prepar ed by g r i nd i ng f r esh l y  harvested and d i c ed 
n er i ne l eaf or f l ower t i ssue i n  a sma l l vol ume of c o l d buf f er 
contai n i ng add i t i ves and c e l i te i n  a pre-ch i l l ed ster i l e  mortar 
and pest l e .  I n d i cator p l an t s  wer e  i nocul ated by gent l y  rubb i ng 
the l eaves wi t h  the pest l e  or a ster i l i z ed cotton bud d i pped i n  
t h e  i nocul um , and then wash i ng the l eaves wi th water . I n  some 
t ests 400-mesh carborundum was used as the abrasi ve .  Th i s  was 
dusted onto l eaves r ather than mi xed wi th the i nocul u • •  

Part i al l y  pur i f i ed ,  or pur i f i ed vi rus prepar at i ons of n er i ne 
v i rus X and the h i therto unnamed SOOn. potyvi rus , and , vi r a l  
nuc l ei c  ac i ds ( RNA ) ex tracted f r om both these v i ruses were al so 
used as i nocu l um .  Vi ral RNA preparat i on s  were d i l ut ed w i th O . 02M 
phosphate buf f er pH 7 . 2 ,  con t a i n i ng d i sod i um ethyl ene-d i ami n e­
t etra-acetate ( EDTA ) treated benton i te (Fr aen kel -Conr at e t  
al , 1 96 1 ) and d i spensed wi t h  a m i cro-p i pette on to young l eaves 
wh i ch ,  p r i or to app l yi ng RNA , had been gent l y  abraded wi th 
c arborundum and rubbed wi th ster i l e  cotton-bud s .  The l eaves were 
then r i nsed wi t h  tap water to r emove ex c ess i nocu l um .  
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2 . 2 . 4 El ectron m i crosc opy 

i n t egr i ty and pur i t y  of f i l amentous v i ruses i n  
crud e sap, part i al l y  puri f i ed and puri f i ed 
was d etermi n ed w i t h  a Phi l i ps mod e l  20 1 C  

e l ectron m i croscope (EM ) . Formvar- and c arbon­
mesh c opper gri d s  were used i n  a l l c ases . T h e  

st a i n s  were t ested : 

The presen c e �  
n eri n es f rom 
preparat i on s  
tran sm i ssi on 
coated 200 
f o l l ow i n g  

(a ) 21. pot ass i um ph osphotun g st i c  ac i d  (PTA ) , pH 7 
(b ) 21. sod i um s i l i cotun g st at e  
(c ) 2 1.  urany l  acetat e 

The most c ommon l y  used sta i n  i n  t h i s  study was 21. PTA , pH 7 .  

2 . 2 . 4 . 1 El ectro n  m i croscope gri d preparat i on 

(a ) Crud e sap 

Samp l es of n er i n e  t i ssue were d i ced a n d  crushed i n  c h i l l ed 
mortars an d pest l es w i t h  ab out t h r ee vol umes (w / v )  of O . l M  
pot ass i um phosph ate buf f er, pH 7 .  T h e  h omog enates were l ef t  t o  
sett l e  f or ab out 1 / 2 h our a t  4C . About 250u l o f  t h e  
supernatant was drawn out wi t h  a G i l so n  p i petman w i t h  d i sposab l e  
t i ps and pl aced i n  numbered wel l s  of a porc e l ai n spott i n g t i l e . 
Formvar-c oated c opper gri d s were f l oated f ace d own o n  t h e  
sol ut i on .  T h e  t i l e  was c overed w i t h  pol yethyl ene f i l m  ('GLAD­
Wrap' ) or paraf i l m  "M " and l ef t  i n  t h e  ref r i gerator at 4C f or 1 -
2h . The gri d s  were removed, ex c ess l i q ui d drai n ed by t ouc h i n g 
t h e  s i d e  on a Wh at man No 4 f i l ter paper and g en t l y  at t ac h ed t o  
t h e  e d g e  o f  a d oub l e- s i d ed adhes i ve t ape f i x ed o n  a s l i d e .  A 
drop of d i st i l l ed water was p l aced on eac h gr i d  a n d  dra i n ed b y  
touc h i n g  t h e  s i d e  w i t h  a f i l ter paper w i c k .  Th i s  proc ed ure was 
repeated at l east t hree t i mes . The f i n a l  ri nse was wi t h  a drop 
of st a i n , usual l y  PTA pH 7, l ef t  on f or about 2mi n .  T h e  g r i d s  
were a i r-dri ed a t  room t emperature an d v i ewed wi t h  t h e  e l ectron 
m i croscope as soon as possi b l e, b ut usual l y  wi th i n  a f ew h ours . 

The same procedure was used f or e l ec tron m i croscopy o f  t h e  
i n d i c at or pl a n t s  used i n  t h e  experi men t a l  i nocul at i on stud i es .  
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The gri ds were att ached to the edge of a doub l e-si ded t ap e  as 
d escri bed ear l i er .  A drop of d i l uted vi rus p r eparat i on was 
p l aced on the g r i d and l ef t  f or about f i ve mi nutes . Ex c ess f l ui d 
was drai ned , t h e  g r i ds r i nsed wi th d i st i l l ed water and stai ned 
as bef or e .  

2 . 2 . 4 . 2  Part i c l e  si z e  determi nati on 

The approx i mate si z e  of f i l amentous vi rus part i c l es i n  
prel i mi nary surveys was determi ned by measur i ng p art i c l e  l ength 
f r om el ectron m i crographs at a mag n i f i c at i on of X48 , 600 . 

For accurate s i z e  determi nat i on v i rus parti c l es i n  crude sap 
p r eparat i ons were prepared usi ng the method desc r i bed by 
S R Chr i st i e  ( pers comm 1 986 , Un i versi ty of F l or i da ,  
Gai nesvi l l e ,  USA ) . I n f ected n er i ne t i ssue was d i c ed wi t h  a new 
razor b l ade on a c l ean g l ass s l i de contai n i ng several drops of 
0 . 2M neutral p otassi um phosphate buf f er .  A drop of t h i s 
suspensi on was t ransf erred to a supported EM gr i d  f or 2-3mi n and 
b l otted dry. The gr i ds were r i n sed dropwi se wi th 20 drops of 
d i st i l l ed water and sta i n ed f or l mi n  w i th PTA , pH7 .  

A Pol aron cross-l i ne d i f f ract i on g r at i ng wi th 2 1 60 l i n es/mm was 
used as a stan d ard f or accurate d etermi n at i on of mag n i f i c at i on 
of el ectron mi c rographs . Af ter cal c u l at i ng part i c l e  si z es f rom 
e l ectron mi crograp h s ,  the n ormal l ength of the f i l amentous 
vi ruses was determi ned by the method of Brandes and Wetter 
( 1 959 ) . The part i c l es were grouped i nto 40nm d i vi si on s  and t he 

normal l en g th obtai ned as the mean of the d i str i but i on ,  assum i ng 
a normal d i str i b ut i on .  

2 . 2 . 4 . 3 Ul trath i n  sec t i on i ng and stai n i ng procedure 

Leaf t i ssue was f i x ed i n  31.g l utaral dehyde + 21.f orma l d ehyd e  i n  
O . l 1.phosphate buf f er ,  pH 7 . 2  ( Karnovsky , 1 965 ) , vacuum 
i nf i l trated , and stored i n  the p r i mary f i xat i ve at 4C f or 24h . 
Spec i mens were t hen transferred to f r esh buf f er ( t hree buf f er 
washes i n  30mi n )  and postf i x ed f or 1 h  i n  1 1.  osmi um tetrox i de at 
4C . 
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Follow i n g three buf f er washes , the f i x ed mater i al was d ehyd r at ed 
i n  an acet one ser i es ( 25�50 , 75�95� 1 00Y. ) ,  t r eated wi th pr opylen e 
ox i d e ( 1 5m i n ) ,  i n f i lt r a t e d , embed d ed i n  Polar b ed 8 1 2  a n d  cured 
at 60C f or 72h . Bef o r e  elec t r on m i crosc opy , g r i d -moun t ed 
sec t i on s  were s t a i ned 5-7m i n w i th saturated uranyl acet ate i n  
50Y. ethan ol , washed i n  50Y. ethan ol and then d i st i lled wat e r , and 
st a i n ed 5-7m i n w i th lead c i t r a t e  ( Venab l e  � Cog g eshall , 1 965 ) ; 
they were then washed wi t h  d i st i lled water . Transm i s s i on EM 
sec t i on s  ( 85n m thi c k )  wer e c ut wi th a d i amon d kn i f e  on a 
R e i cher t-Jung Ult r acut E m i c r ot ome and mounted on f or mvar - a n d  
c ar b on-coat e d  2 0 0  mesh c opper g r i d s .  

2 . 2 . 4 . 4  L i ght m i c r oscopy 

L i ght m i c r os c op i c r e c og n i t i on of i n clusi on b od i es was b y  the 
method d esc r i b e d  b y  Chr i st i e  a n d  Ed war d son ( 1 986 ) . Ep i d ermal 
str i ps f r om the lower sur f ac e  of n er i n e leaves wer e ob t a i n ed b y  
i n ser t i n g  the t i ps o f  sharp poi n t ed t weez er s under the ep i d ermi s 
and str i pp i n g  i t  at an acut e angle f r om the under ly i n g  t i ssue . 
The epi d er mal str i ps were f loated w i th the t or n  sur f ac e  i n  
c o n t a c t  w i t h  the st a i n i n g solut i on ( Az ur e  A or 0-6 , a 
comb i n at i on of c alcom i n e  or a n g e  2RS and Lux ol b r i lli ant g r een BL 
dyes ; E. I du Pont d e  Nemour s � Co ) i n  a watch glass . Af t er f i ve 
to ten m i n u t es , the st a i n was removed w i th a m i c r op i pet t e .  
Ex c ess st a i n was eli m i n a t ed b y  sever al qui ck chan ges o f  95Y. 
ethanol ( f i ve t o  ten sec on d s  per chan g e ) , f or a t o t al of c a  30 
sec on d s .  The epi d er mal s t r i ps were c aref ully l i f t ed w i thout· 
f old i n g a n d  mounted i n  a d r op of Euparal ( Car oli n a  B i olog i c al 
Supply ) on a g lass sli d e . Regular Eupar al was used w i th Az ure A 
an d Euparal " Ver t "  w i th 0-6 c omb i n at i on .  A c over sli p was plac ed 
over the t i ssue , ex c ess med i um r emoved , and the t i ssue flattened 
by g en tle blot t i n g .  

For d et ec t i n g c yl i n d r i c al i n c lus i ons of the pot yv i r us g r oup the 
plast i d s were r emoved b e f or e  st a i n i n g by f loat i n g the epi d ermal 
st r i ps on a 57. solut i on of T r i t on X - l 00 f or 5mi n b ef ore st a i n i ng 
wi th the 0-6 c o mb i n at i on .  The s t a i n i n g t i me af t er Tr i t on X - l 00 
treatment was a b out on e-half that f or untreated t i ssue . Af t er 
st a i n i ng ,  the t i ssue was d ehydr ated and mount ed as previ ously 
desc r i b ed . 

The t i ssue was 
magn i f i cat i on o f  
i n clus i ons . The 
Polacolor 2 t ype 

ex ami n ed w i th a li ght m i c r osc ope , at a 
X l 000 under o i l  i mmer s i on ,  f or the pr esen c e  of 

colour ed l i ght m i crographs were recor d ed on 
58 Lan d f i lm usi n g  appr opr i at e  f i lt er s .  
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2 . 2 . 5 Vi rus pur i f i cat i on 

Fai l ure to read i l y  tran smi t t h e  f i l amentous vi ruses f rom ner i nes 
i nto h erbaceous hosts l ef t  no opt i on but to att empt to p ur i f y  
vi ruses d i rect l y  f rom systemi cal l y  i nf ected n er i ne t i ssue . I n  
the prel i mi n ary phase of t h i s  p r oj ect severa l  p ur i f i cat i on 
methods were attempted to g a i n f ami l i ar i ty wi t h  t h e  protoc o l s 
and to assess vi rus yi el d ,  aggreg at i on and f rag mentat i on 
character i st i cs .  

The var i ous c l ar i f i cat i on and pur i f i cat i on p rocedures used are 
out l i ned bel ow .  I n  al l cases 3ml o f  buf f er was used f or each 
gram of t i ssue . 

( a )  Buf f er :  0 . 5M potassi um d i hydrogen orthop hosphate and 
d i -potassi um hydrog en phosphate ( KP04 ) , p H  7 . 6 

Sol vent : Ch l orof orm ( 0 . 5 vol ume ) 
Add i t i ves : 0 . 1 1.  2-mercaptoethanol ( 2-ME ) , 

0 . 05M ethyl ene-d i ami ne-tetra-acetate ( EDTA ) , 
O . O l M  sod i um d i ethy l -d i t h i oc ar bamate ( D I ECA ) , 
1 1.  Tr i ton X - 1 00 

Centr i f ugat i on :  two cyc l es of d i f f er ent i al c en t r i f ug at i on 
8 , 000g , 1 0mi n ;  80 , 000g , 90mi n 
sucrose d ensi ty grad i ent c ent r i f ug at i on 
251. sucrose f r eez e-thaw g r ad i ent ( Davi s 
and Pearson , 1 978 ) 
Ref eren c e :  mod i f i c at i on of Mossop , 1 977 

( b )  Buf f er :  0 . 5M KP04 , p H  7 . 6 
Sol vent : Ch l orof orm ( 0 . 5 vol ume ) 
Add i t i ves : 0 . 1 1.  2-ME , 0 . 05M EDTA , O . O l M  D I ECA , 

1 1.  Tr i ton X- 1 00 
Prec i p i tat i on :  51. pol yethyl ene g l yc o l  MW 6000 ( PEG 6000 ) / 

1 . 751. NaCl ( w / v )  
Centr i f ugat i on :  two cyc l es of d i f f er ent i al centr i f ugat i on 

sucr ose d ensi ty grad i ent centr i f ugat i on 
Ref erenc e :  mod i f i c at i on of ( a )  

( c )  Buf f er :  0 . 5M KP04 ,  p H  7 . 6 
Sol vent : Ch l orof orm ( 0 . 5 vol ume ) 
Add i t i ves : 0 . 1 1.  2-ME , 0 . 05M EDTA , O . O l M  D I ECA , 

1 1.  Tr i ton X - 1 00 
Prec i p i tat i on :  5X PEG 6000/ 1 . 751. NaCl 
Centr i f ugat i on :  i sopycn i c ,  caesi um c h l or i de ,  d i r ec t l y  af ter 

PEG prec i p i tat i on ( H i ebert , pers comm , 1 986 ) 
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(d ) Buf f er :  2 0  m M  N-2-h ydrox yet h y l pi per az i n e-N-2'-et hanesu l f on i c 
ac i d  (HEPES ) , pH 7 . 5 

So l vent : c h l orof or m / c ar b on t et r ach l or i d e ( 1 : 1 ; 0 . 5  vol ume ) 
or 8% n -b ut an o l  

A d d i t i ves : 0 . 1 %  sod i um su l p h i t e ,  1 %  Tr i ton X - l 00 ,  
P r ec i pi tat i on :  4% PEG 6000 / 0 .  1 M  NaCl 
Cen t r i f ug at i on :  i sopycn i c ,  c aesi um c h l or i d e 
Ref eren c e :  b ased on Doug h er t y  & Hi ebert , 1980 

(e ) Buf f er :  O . l M  (h y d r o x ymet h y l ) ami noet h ane (Tr i s ) -c i tr i c ac i d ,  
pH 9 

So l vent : c h l orof orm (0 . 5  vol ume ) 
A d d i t i ves : 0 . 1 %  sod i um t h i og l yc o l at e ,  0 . 02M D I ECA 
P r ec i pi t at i on :  5% PEG 6000 / 0 . 2M NaCl 
Cen t r i f ug at i on :  on e c yc l e  of d i f f erent i a l centr i f ug at i on 

f o l l owed b y  suc rose d en s i ty g r ad i ent 
c e n t r i f ug at i on 

Ref eren c e : Maat e t  al , 1978 

( f ) Buf f er :  O . l M  Tr i s-HCl , pH 9 
So l ven t :  c h l or of or m / c ar b o n  tetrac h l or i d e ( 1 : 1 ;  0 . 5 vol ume ) 
Ad d i t i ves : 0 . 1 %  t h i og l yc o l l i c ac i d  
Cen t r i f ug at i on :  two c yc l es of cen t r i f ug at i on (r e l at i vel y l ow 

speed ; 8 , 000g , 1 0m i n ;  26 , 500g , 90mi n )  
Ref er enc e :  Hut t i n g a , 1 973 

By mon i t or i n g t h e  v i r us pr epar at i on s by e l ectron m i c r oscopy, 
pr ocedures were sel ected wh i c h ,  at t h e  cor r ect physi o l og i c a l  
state o f  t h e  i n f ec t e d  p l a n t s  (youn g l eaves f r om pl ants g r own i n  
a g l assh ouse at about 20C ) , suf f i c i en t  un f r ag mented f i l amentous 
v i r us part i c l es c ou l d be ob t a i n ed f or RNA ex t r act i on .  Th ese 
met h od s  var i ed w i t h  t h e  t ype of v i r us par t i c l e  to be pur i f i ed .  
The pr ocedures d escr i b e d  b e l ow are the s i mpl est on es 
suc c essf u l l y  used to y i e l d suf f i c i ent v i rus f or RNA ex t r act i on 
f r o m  1 50-200g of systemi c a l l y  i nf ected n er i n e t i ssue . 



2 . 2 . S . 1 Pur i f i c at i on of ner i ne vi rus X 

The f ol l owi ng p r ocedure was used t o  ex tract vi ruses 
c l ump of H . fo t herg i l l i  � Maj or � t i ssue systemi cal l y  
wi th NeVX . 
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f rom one 
i nf ected 

Approx i matel y  l S0-2009 of f r esh l y  h arvested system i c a l l y  
i nf ec ted ner i n e  t i ssue ( l eaves or f l ower s )  were cut i nto 2-3cm 
p i eces and homogen i z ed i n  a pre-ch i l l ed b l ender wi th t hree parts 
( w/ v )  of col d O . SM KP04 buf f er ,  pH 7 . 6 ,  contai n i ng O . 05M EDTA , 

O . O l M  D I ECA and 0 . 1 %  2-ME . The resul t i ng ex tract was f i l t er ed 
through a doub l e  l ayer of cheese-c l oth i nto a f l ask p l aced on 
i ce .  Hal f  vol ume c h l oroform and 1 %  Tr i ton X - 1 00 was added and 
the m i x ture gent l y  st i rr ed f or 3h at 4C . The coagul ated g r een 
debr i s  obtai n ed was r emoved by l ow speed centr i f ug at i on at 
1 2 , 000g i n  a Sorval l Centr i f ug e  ( Sorval l Superspeed RC2-B 
Automat i c  Ref r i g er ated Centr i f uge )  f or  l Smi n .  The c oagu l ated 
i nterphase was r e-ex t r acted by add i ng two vol umes of b uf f er ,  
hal f vol ume of c h l orof orm and 1 %  Tr i ton X - 1 00 and st i rr ed f or 2h 
at 4C . Af ter separ at i ng the phases by l ow speed cent r i f ugat i on 
the two supernatant s  wer e  comb i ned and the vi r i on s  p r ec i p i t ated 
by the add i t i on of SX ( w/ v )  powdered PEG 6000 , 1 . 7S% sod i um 
ch l or i de and p l aced on a shaker at l ow speed f or 3h at 4C . The 
prec i p i tated Vl r l on s  were col l ected by c entr i f ugat i on at 
1 3 , SOOg f or 20m i n .  The resul t i ng pel l et was resuspe n d ed i n  a 
smal l vol ume ( about 1 m l / 1 00g of t i ssue ) of col d 0 . 02M KP04 
buf f er , pH 8 . 2 contai n i ng O . O l M  EDTA and subj ected t o  g en t l e  
ag i tat i on over n i ght at 4C . The vi rus was separated f rom t h e  host 
components by i sopycn i c  centr i f ugat i on i n  caesi um ch l or i de 
(CsCI ) .  

Grad i ents were pr epared accord i ng to t he method of Brun k and 
Lei c k  ( 1 969 ) . A stoc k sol ut i on of CsCl at app r ox i mate l y  
1 . 7Sg /ml was d i l ut ed i n  the buf f er t o  g i ve a 1 2ml bot t om l ayer 
wi th a densi ty of 1 . 4Sg / m l  and a 1 2ml top l ayer contai n i ng the 
vi rus wi th a densi t y  of 1 . 2Sg /ml . The centr i f uge tubes w i t h  a 
nomi nal capac i ty of 38 . Sml were over l ayed wi th par af f i n  oi l .  
Centr i f ugat i on was at 1 20 , 000g i n  a Bec kman SW 28 r otor f or 
1 6h .  Af ter centr i f ug at i on the vi rus z on e  was l ocated wi t h  a 
d i f f use beam of l i ght about 4 . 3cm f rom the bottom of t h e  tube 
and col l ected manua l l y  w i th a hypodermi c syr i nge . The v i rus was 
d i l uted wi th 0 . 02M KP04 , pH 8 . 2 contai n i ng 0 . 1 %  2-ME and 
c l ar i f i ed by centr i f ugat i on at 1 2 , 000g f or 1 0m i n and 
r econcentr ated by centr i f ugat i on at 8S , 000g for 90mi n .  The f i na l  
v i rus pel l et was r esuspended i n  water f or RNA ex trac t i on .  The 
vi r i ons were al so c hec k ed f or pur i ty and i nteg r i ty by e l ectron 
mi croscopy. 
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2 . 2 . 5 . 2  Pur i f i c at i on of ner i ne v i r us Y 

The procedure out l i ned above h ad to be mod i f i ed f or t he 
pur i f i cat i on of a potyvi rus f r om l eaves of one c l on e  of a 
systemi cal l y  i nf ected H. sarn i ensi s  hybr i d .  Pre l i mi n ary 
i nvest i gat i ons i nd i c ated that when the vi rus concentrat i on i n  
the t i ssue was r e l at i vel y h i g h  i t  was c l osel y assoc i at ed w i th 
much l arger prot e i naceous i nc l usi on b od i es .  Fai l ur e  to separate 
the vi rus f rom t he i nc l usi on bod i es r esul ted i n  consi derab l e  
l oss of vi rus i n  the ear l y  stages of the puri f i c at i on procedur e .  
T h e  si mp l est p r ocedure devel oped f or the pur i f i c at i on of 
potyv i ruses i n  n er i n es , wh i ch yi e l d ed unf r agment ed part i c l es f or 
RNA ex tract i on ,  i s  desc r i bed bel ow . 

About 200g of f resh l y  harvested systemi cal l y  i nf ected n er i ne 
l eaves were cut i nto 2-3cm p i eces and homogen i z ed i n  a pre­
c h i l l ed b l ender wi t h  three parts of O. SH KP04 , pH 7 . 6  
contai n i ng Smg of sod i um sul p h i te p er gram of t i ssue and O . OSH 
EDTA . Hal f  a vol ume of a l c h l orof orm : l carbon tetrach l or i de 
mi x ture and 1 %  Tr i ton X - 1 00 was add ed to the b l ender and r e­
homogen i z ed at l ow speed usi ng a power control l er f or 1 -2mi n .  
The mi x ture was l ef t  i n  a f l as k  on i ce wi t h  gent l e  ag i tat i on f or 
2-3h . The mi x ture was centr i f uged i n  a Sorval l Centr i f uge usi ng 
a GSA rotor at 4000g f or Smi n  and t h e  pel l et contai n i ng the 
organ i c  sol vent s  was d i scar ded . The aqueous p h ase was 
centr i f uged at 1 3 , 200g f or 1 Sm i n to prec i p i tate t h e  v i rus 
i nc l usi on bod i es .  Vi rus part i c l es i n  t he supernatant were PEG 
prec i p i tated and pur i f i ed as descr i bed i n  Sect i on 2 . 2 . 5 . 1 .  The 
pel l et contai n i ng the i nc l usi ons was r esuspended i n  O . OSH KP04 , 
pH 8 . 2 ,  con tai n i n g  0 . 1 X  2-HE , b r i ef l y  vort exed and Tr i t on X - 1 00 
was added to make a f i nal concen t r at i on i f  SX ( v /v ) . Af t er 
st i rr i ng f or one hour at 4C t h i s  mi x ture was subj ected to a l ow 
speed centr i f ug at i on of 27 , 000g f or 1 Sm i n to prec i p i t ate the 
i nc l usi on bod i es .  The pel l et was r esuspended in 1 0ml of 0 . 02H 
KP04 , pH 8 . 2 ,  contai n i ng 0 . 1 1.  2-ME vortex ed , and i nc l usi on 
bod i es f ur ther pur i f i ed accord i ng to the method desc r i bed by 
Li ma et a1 ( 1 979 ) . The i nc l usi on bod i es were r esed i mented by 
cen tr i f ugat i on at 27 , 000g f or 1 Sm i n ,  r esuspended i n  the same 
buf f er and l ayer ed on a sucrose step gradi ent made up of 1 0m l  of 
80X , 7ml of 60X , and 7ml of 501. ( w / v )  sucrose i n  0 . 02M KP04 , pH 
8 . 2 .  The grad i en t  was centr i f ug ed f or one hour at 4S , 000g . The 
i nc l us i ons l ayered on top of the 80X sucrose z on e  were c o l l ected 
wi th a hypodermi c syr i nge . To remove the sucrose , the i nc l us i on 
bod i es were d i l ut ed i n  0 . 02M KP04 , pH 8 . 2 ,  and prec i p i tated by 
centr i f ugat i on at 27 , 000g f or 1 Sm i n .  The pel l et was r esuspended 
i n  0 . 02M Tr i s-HC1 , pH 8 . 2 and used f or el ectron mi croscop i c  
observat i on s  and f or sod i um dodecyl sul ph ate ( SD5 ) ­
pol yacryl ami de g e l  anal ysi s .  
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Cl ar i f i c at i on and con centrat i on of vi ruses f rom smal l 
sampl es f or dot-b l ot assays 

Two procedures were deve l oped f or the c l ar i f i cat i on and 
con c entrat i on of v i ruses from neri n es and other spec i es f or use 
i n  dot-b l ot assays . Both these proc edures were mod i f i cat i ons of 
the c l ar i f i ed vi ral c oncentrates ( CVe ) method devel oped by 
S R Chr i st i e  ( pers c omm , 1 986 ) at the Un i versi ty of F l or i da ,  
Gai n esvi l l e ,  USA .  

( a )  Procedure f or t he c l ar i f i cat i on and concen trat i on of 
vi ruses f rom � mi n i -samp l es � . 

About 5g of n er i ne l eaf t i ssue were cut i nto smal l p i eces and 
p l aced i nto boi l i ng tubes hel d on i ce .  Approx i mat e l y 50ml of 
c o l d 0 . 5H KP04 , p H  7 . 6 ,  and 5ml of a 1 07. sod i um sul ph i te stoc k 
sol ut i on was added to each tub e .  The t i ssue was homogen i z ed i n  a 
PCU-2 pol ytron ( K i nemat i ca )  and poured i ntoJ50ml f l as k s .  Twenty­
f i ve ml of c h l orof orm was added and t h e  f l asks p l aced on a 
sha k er f or one hour at 4C . Twenty-f i ve m l  samp l es were dr awn out 
f r om the top of the f l asks and centr i f ug ed at 1 2 , 000g f or 1 0m i n .  
To the supernatant , 307.PEG / 0 . 6M sod i um c h l ori de stoc k sol ut i on 
was added to g i ve a f i nal concentrat i on of 67.PEG and 0 . 1 2  
sod i um ch l or i de .  The suspen s i on was al l owed to stand f or one 
hour on i ce and c entr i f uged at 1 2 , 2OOg f or 5mi n .  The pel l et was 
r esuspended i n  400ul of O . l M  KP04 , pH 7 . 5 . The r esuspended 
p e l l et was spun i n  a mi crof ug e  f or 5mi n and the supernatant 
l oaded on Zeta-Probe membranes f or dot-b l ot assays . 

( b )  Procedure f or the c l ar i f i c at i on and c oncentrati on of v i r uses 
f rom � mi cro-samp l es � . 

About 1 5  ner i ne l eaf d i scs ( approx i mate l y O . l g )  were punched out 
wi th a 4mm cor k borer and p l aced i nto 1 .  5ml mi crof uge tubes . Tw.o 
hun dr ed ul of col d 0 . 5M KP04 , pH 7 . 6 contai n i ng 1 7.  sod i um 
sul p h i te was added and the mi x tur e  qui c k l y  homogen i z ed i n  the 
mi crof uge tubes usi ng a ara l d i te mou l ded h omogen i z i ng c on e  
attached to a metal shaft wh i ch f i tted i nto a power d r i l l .  A 
c l ean homogen i z i ng cone was used f or each samp l e .  An equal 
vol ume of c h l orof orm was added to the mi x ture and i t  was br i ef l y  
vortexed and l ef t  on i ce f or l h .  The mi crof uge tub es were 
c en t r i f uged f or 1 0mi n i n  a mi c r of ug e .  To the supernatant ,  one 
f ourth vol ume of 30XPEG/0 . 6M NaCI stoc k was added , �i x ed by 
i nver t i ng and l ef t  on i ce f or 30mi n .  The suspensi on was 
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c ent r i f uged i n  a mi crof uge f or 5mi n and the pel l et was r etai n ed 
and r esuspended i n  200ul of 0 . 05M KP04 , p H  7. 5 and l ef t  on i ce 
f or 1 h .  The suspens i on was thoroug h l y  vortex ed and r e­
c ent r i f uged f or 5mi n .  The supernatant was l oaded on t o  a Zeta­
Probe membr an e  f or dot-b l ot assays . 

2 . 2 . 6 Mol ecul ar weigh t  determi nat i on o f  vi ral coat and 
i nc l usi on body protei ns 

2 . 2 . 6 . 1 Protei n d i ssoc i at i on 

Pur i f i ed vi rus part i c l es or i nc l us i on bod i es were d i ssoc i ated by 
the SDS method ( Weber & Osborn , 1 969 ) . To 1 00ul of prot e i n ( conc 
l mg /ml ) i n  a mi c r of uge tube was added 6ul of 0 . 3M NaH2P04-
Na2HP04 , pH 7 . 0 ,  20ul of 1 0% SDS stoc k ,  2ul of 2-ME and 0 . 096g 
of urea . The mi x ture was br i ef l y  vortex ed and made up t o  200ul 
w i t h  water . I t  was boi l ed f or 2mi n and an a l i quot used f or 
p ol yacryl ami de g e l  ana l ysi s of the prot e i n .  The r emai n d er was 
stored at -20C unt i l r equi red . 

2 . 2 . 6 . 2  Ana l ysi s of protei ns on SDS-polyacryl ami de gel s 

D i scon t i nuous SDS pol yacryl ami de g e l  e l ectrophoresi s ( SDS-PAGE ) 
was per f ormed usi ng a system based on t hat of Laemml i ( 1 970 ) . 
The apparatus was constructed accor d i ng to the method desc r i bed 
by S l ac k  et a l  ( 1 985 ) . The run n i n g  gel was prepared b y  add i ng 
33 . 5  ml of stoc k sol ut i on of 36% acr y l ami de ,  t o  37 . 5ml 1 M  Tr i s­
HCl < pH 8 . 8 )  and 27 ml of water and the mi x ture br i ef l y  
degassed under vacuum i n  a 250ml round-bottomed f l as k . One m l  of 
1 0% 50S , 0 . 05m l  of TEMEO and 2 . 5ml of 2% ammon i um p er sul phate 
was added , the sol ut i on mi x ed and pol ymer i z ed i nto a s l ab gel 
1 . 5mm t h i c k ,  1 5 . 5c m  l ong and 1 3 . 5cm wi d e .  A 0 . 1 %  SDS sol ut i on 
was l ayered above the acryl ami de sol ut i on to ensure an even t op 
and to ex c l ude a i r .  The runn i ng g e l  was l ef t  to pol ymer i z e f or 
about 90mi n .  The SDS sol ut i on was t hen poured of f ,  t h e  sur f ace 
of the gel washed wi th d i st i l l ed water and the gel i nverted . 

The stac k i ng g e l  was prepared by mi x i ng 6ml of a 2 1 %  stoc k 
acr y l ami de sol ut i on w i th 6ml of Tr i s-HCl (pH 6 . 8 ) , 1 2 . 2m l  of 
water and deg assed as bef ore . Then 0 . 25ml of 1 0% 50S , 0 . 02ml 
TEMED and 0 . 8m l  of f r esh l y  made 2% ammon i um per su l p hate was 
mi x ed i nto t h e  sol ut i on and l ayered above the runn i ng g e l  t o  
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wi th i n  0 . 5cm of the top . A 1 . 5mm tef l on samp l e-s l ot f ormer w i t h  
0 . 4c m  wi de c ombs was i mmersed i nto t h e  stac k i ng g e l  s o  that the 
base of the s l ots was about 1 cm f rom the t op of t h e  runn i ng g e l . 
Af t er about 90mi n t h e  comb moul d was r emoved and the s l ot s  
r i nsed car ef u l l y  t hr ee t i mes wi th t h e  e l ect r ode buf f er 
cons i st i ng of 0 . 025M Tr i s , 0 . 19M g l yc i n e , and 0 . 1 7.  SDS . The 
e l ectrode buf f er was poured i nto the upper and l ower e l ect r od e  
baths and ai r bubb l es removed f rom t h e  bottom o f  t h e  run n i ng g e l . 

F i ve and 1 5ul a l i quots of the protei n samp l es were mi x ed wi th an 
equal vol ume of runn i ng buf f er ( 1 5ul of 0 . 057. b r omophen o l  b l ue 
i n  water , 5 drops of g l ycerol , 25ul of mercaptoethanol and 250ul 
of e l ectrode buf f er ; Weber & Osborn , 1 969 ) and l oaded i nto the 
samp l e  s l ots usi ng a 1 00ul hypodermi c syr i nge . Current was h e l d 
at 20mA/gei f or 1 h  and then rai sed to 35-40mA/gel f or 4-5h unt i l 
the trac k i ng dye had r each ed the bottom of the g e l . Gel s  were 
run at r oom t emperature or at 4C . 

Fol l ow i ng e l ectrophoresi s ,  the gel s wer e  i mmersed i n  
5methanol : 5water : l ac et i c  ac i d  ( v/v/v) , f or 30m i n t o  prec i p i tate 
prot ei n s ,  then washed wi th at l east three changes o f  d i st i l l ed 
water f or 30mi n wi th gent l e  ag i tat i on to r emove SDS wh i ch 
i nt er f er es w i th stai n i ng of t he protei ns .  Prot e i ns were t hen 
stai n ed wi t h  sol ut i on con tai n i ng 0 . 027. Coomassi e B l ue R, 57. 
abso l ut e  eth ano l , 67. t r i ch l oroacet i c  ac i d  and 257. methanol i n  
water . Prec i p i tated d ye f rom the gel surf ac e  was removed by 
r ap i d l y  r i nSi n g  the gel wi th methanol and t hen t r an sf err i ng the 
gel to water . Af ter wash i ng the gel over n i ght i n  water , i t  was 
doub l e  stai n ed w i th Coomassi e  B l ue 6-250 ( Bl a k es l ey and Boez i ,  
1 977 ) to r educe bac kg r ound col our and to i ntens i f y  the stai n i ng 
of t he ban d s .  Th i s  stai n was prepared i n  b u l k by m i x i ng 
over n i ght 1 000ml of water contai n i ng 2g Coomassi e  Bl ue 6-250 
w i th 1 000ml 2M sul phur i c  ac i d .  The sol ut i on was f i l t ered t hrough 
Whatman No . 1  paper , and , 220m 1 10M potassi um hyd rox i de and 300g 
t r i c h l oroac et i c  ac i d  i n  300ml water was subsequen t l y  added . 
Th i s  mi x ture was f i l t er ed through Whatman No . 1 paper and stored 
i n  the dar k .  

The gel s were photographed on f r osted g l ass , l i t f rom b e l ow ,  
usi ng Kodak 35mm col our f i l m . 
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2 . 2 . 7  RNA ex t r act i on 

Severa l  RNA ex t ract i on proc edures were attemp t ed f or NeVX and 
the potyvi rus i n  n er i n es ,  but espec i al l y  for the potyvi rus . 
These i nc l uded t h e  methods desc r i bed by Xu et .1 ( 1 986 ) and t h e  
l i th i um ch l or i de method o f  Franc k i  and HcLean ( 1 968 ) a n d  the 
proc edures desc r i bed h er e .  

2 . 2 . 7 . 1 RNA ex tract i on f rom ner i ne v i rus X 

The v i rus was pur i f i ed as shown i n  Sect i on 2 . 2 . 5 . 1 and 
r esuspended i n  water . The RNA was ex tracted by t h e  SDS-ph en o l ­
ch l orof orm method desc r i bed by Pal mi ter ( 1 974 ) . Pur i f i ed vi rus 
was mi x ed wi t h  an equal vol ume of 2X ex trac t i on buf f er 
con si st i ng of 0 . 2H NaCl , 0 . 02H Tri s-HCl pH 8, O . O l H  EDTA , 27. SDS 
and 0 . 1 7.  EDTA-tr eated benton i te .  Two vol umes of 
phen o l / c h l orof orm ( 1 : 1 )  were added per one vol ume of r esuspended 
vi rus . The suspensi on was b r i ef l y  vortex ed and h eated at 37C f or 
20mi n .  The suspensi on was re-vortex ed and spun at 1 0 , 000g f or 
20mi n i n  a mi crof ug e .  To the supernatant an equal vol ume of 
phenol / ch l orof orm was added and i mmedi atel y  r espun at 1 0 , 000g 
f or 1 0m i n .  Two vol umes of 1 007. ethanol k ept at -20C were add ed , 
gent l y  mi x ed and stored at -20C over n i ght . The eth an o l  
p r ec i p i tated RNA was p e l l eted b y  centr i f ugat i on at 1 2 , 000g f or 
40mi n .  The RNA p e l l et was washed wi th 707. ethan o l , vacuum d r i ed ,  
r esuspended i n  a smal l vol ume of ster i l e  doub l e-d i st i l l ed water 
and stored at -70C unt i l  requi red f or mol ecul ar wei gh t  
determi n at i on o r  cDNA c l on i n g .  

To mi n i mi z e  r i bonuc l ease degradat i on of RNA , a l l RNA ex t r ac t i on 
proc edures were perfor med i n  g l assware t hat had b een r i n sed w i t h  
1 07. hydroc h l or i c  aC i d ,  thorough l y  r i nsed wi th ster i l i z ed 
d i st i l l ed water and h eated to 200C overn i gh t . The 1 . 5m l  
pol ypropyl ene eppendorf m i crof uge tubes were treated w i t h  
d i met h y l d i ch l or osi l ane to i ncrease t h e  hydroph ob i c i ty of t h e  
p l ast i c  sur f ac e  to mi n i mi z e l osses o f  RNA b y  adsor pt i on .  
Th i s  was d on e  b y  i ntroduc i ng a 57. sol ut i on of 
d i methy l d i ch l orosi l i cane i n  c h l orof orm i nto i nd i vi dual t ubes f or 
several mi nutes . The sol ut i on was removed , the tubes r i n sed 
thor oug h l y wi th d i st i l l ed water , autoc l aved and oven-d r i ed .  
Di sposab l e  g l oves were used i n  al l procedures i nvol v i n g  v i r a l  
RNA to prevent contami n at i on o f  t h e  samp l e  wi th s k i n  RNase . 
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2 . 2 . 7 . 2 RNA ex t r act i on f rom n er i ne potyvi rus 

The f o l l owi ng procedure was used to ex trac t  RNA f rom p otyvi r uses 
i n  ner i nes . The f resh l y  pur i f i ed v i rus , r esuspended i n  
water ( desc r i bed i n  Sect i on 2 . 2 . 5 . 2 ) ,  was ex t r acted b y  
d i ssoc i at i ng i t  wi t h  a n  equal vol ume of 200mM ammon i um carbonate 
pH 9 ,  2mM EDTA , 2% SDS , 0 . 2% sod i um d i ethyl d i th i ocarbamate 
( Brak ke and Van Pel t ,  1 970 ) and 1 00ug EDTA-treated benton i te per 

mi l l i l i t re of vi rus sol ut i on ( Tai wo et a l , 1 982 ) . Protei nase K at 
a concentrati on of 1 0ug /ml was added and the mi x ture gent l y  
vortex ed and l ef t  at room temperature f or 20mi n .  The m i x ture was 
deprotei n i z ed by phen o l / c h l orof orm ex t r ac t i on and the RNA was 
ethanol prec i p i tated as descr i bed i n  Sec t i on 2 . 2 . 7 . 1 .  

2 . 2 . 8  Agarose gel e l ectrophoresi s of nuc l ei c  ac i ds 

2 . 2 . 8 . 1 Non-denatur i ng gel s  

( a )  Agarose gel e l ectrophoresi s of DNA 

The standard method used f or the ana l ysi s of DNA i n  t h i s  study 
was by gel e l ect r op h oresi s on 1 %  agarose ( l ow EEO , Type 
1 , Si gma ) . 0 . 7g of agarose was comp l et e l y d i ssol ved i n  70ml of 
Tr i s-acetate buf f er ( 40mM Tr i s-OH , 20mM acet i c  aC i d ,  2mM EDTA p H  
8 . 1 )  contai n i ng 0 . 5ug / m l  eth i d i um bromi d e .  The agarose was 
cool ed to about 60C and c ast i nto a sl ab gel i n  c l ear 
pol ystyrene trays measur i ng 1 2 . 5 X 8 . 5 X 0 . 5cm wi th a t ef l on 
gel comb set i n  posi t i on .  The agarose was l ef t  t o  set at room 
temperature f or about l h  bef ore the comb was c ar ef ul l y  r emoved 
and the gel tray p l aced i n  the el ectrophoresi s appar atus . The 
buf f er reservoi rs were f i l l ed w i t h  Tr i s-acetate buf f er unt i l t h e  
g e l  was j ust submerged . DNA samp l es d i ssol ved i n  ster i l e  T E  wer e 
made up to 1 0-20ul i n  the f ol l owi ng � st op mi x � :  30% F i c o l l 
( Pharmac i a  Fi ne Chemi cal s ) , 0 . 25M EDTA , 0 . 1 %  SDS , 0 . 25% 

bromophenol b l ue and l OX e l ectrophoresi s buf f er pH 8 .  The 
samp l es i n  mi crof uge t ub es were br i ef l y  vortex ed , heated at 65C 
f or 5mi n ,  l oaded w i t h  d i sposab l e  mi crop i pette t i ps i nt o  t h e  
wel l s  and e l ectrophor esed at about 30V f or approx i mate l y 20mi n .  
When the trac k i ng dye h ad mi grated out of the wel l t h e  vol tage 
was i ncreased to 1 00V and el ectrophoresi s cont i nued unt i l t h e  
trac k i ng dye had m i grat ed to w i t h i n  2-3cm o f  the end of t h e  g e l . 
The gel was gent l y  r i n sed wi th ster i l e  d i st i l l ed water and 
vi ewed und er a UV t r an s i l l umi n ator ( U l tra-Vi ol et Products I n c ) 
and photographed w i t h  a Pol aro i d  MP-4 l and camera usi ng a red 
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f i l ter . I f  the bac kground i l l umi nat i on was too h i gh the g e l  was 
i mmersed i n  ster i l e  d i st i l l ed water f or about hal f an hour . 

( b )  Non-d enatur i ng gel f or vi ral RNA concentrat i on 
determi nat i on 

The method used f or the determi n at i on of the con c entrat i on of 
v i ral RNA was essen t i a l l y  t h e  same as the procedur e d esc r i b ed 
f or DNA wi th the except i on that TBE buf f er ( 0 . 089M Tr i s-borate ,  
0 . 089M bor i c  ac i d  and 0 . 002M EDT A p H  8 . 3 )  was used i nst ead of 
Tr i s-acetate and the e l ectrophoresi s equ i pment was t reated wi t h  
0 . 1 %  d i ethyl pyrocarbon ate sol ut i on overn i ght and thorough l y  
r i nsed wi th ster i l e  d i st i l l ed water as a p recaut i on agai n st 
c ontami n at i ng r i bonucl eases . 

2 . 2 . 8 . 2  Denatur i ng agarose gel e l ectrophoresi s 

( a )  Al kal i ne agarose gel s  f or DNA 

A l kal i ne agarose gel s wer e run accor d i ng to t h e  proc edure 
out l i ned by Man i at i s  et al ( 1 982) to deter mi ne the si z e  of t h e  
f i rst and second strands i n  the cDNA synthesi s p r oc ess . The 
standard protoco l  out l i n ed i n  Sect i on 2 . 2 . 8 . 1 ( a )  was mod i f i ed by 
usi ng an a l kal i ne agarose buf f er consi st i ng of 30mM NaOH and 1 mM 
EDT A and the agarose was d i ssol ved i n  SOmM NaCI and 1 mM EDTA . 
The buf f er was a l l owed to soak i nto the set gel f or at l east 
30mi n b ef ore l oad i ng the [ 32P l -I abel l ed DNA samp l es .  The ethanol 
prec i p i tated DNA samp l es were d i ssol ved i n  10-20u1 of al k a l i ne 
l oad i ng buf f er consi st i ng of SOmM NaOH , 1 mM EDTA , 2 . 4% Fi col l 
and 0 . 02S% bromocresol green as the trac k i ng dye . The gel was 
r emoved f rom t h e  t an k  at the end of the run and mounted on a 
t hree l ayers of Whatman 3MM paper and covered wi t h  a 
pol yethyl ene sheet ( � Cl i ng-f i l m � ) and dr i ed on a g e l  d r i er .  The 
d r i ed gel was t h en autorad i ograp h ed wi t h  Kodak X AR-S , at -7OC 
w i th an i ntensi f y i ng screen . 
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( b )  Denatur i ng gel s  f or vi ral RNA 

Two denatur i ng g e l  systems were used i n  t h i s  stud y .  Formal dehyd e  
g el s were used f or mol ecul ar wei ght d et ermi nat i on o f  vi ral RNAs 
and methyl mercur i c  hydrox i de g e l s were used f or si z e­
f r act i onat i on and pur i f i cat i on of vi ral RNA . 

( i ) Formal d ehyde gel s  f or mol ecul ar weight deter m i nat i on 
of vi ral RNA 

The procedure desc r i bed by Ger ard and Mi l l er ( 1 986 ) was used f or 
si z i ng v i r a l  RNAs . Ethanol prec i p i t ated , vacuum dr i ed RNA 
samp l es ( 1 -3ug ) i n  mi crof uge tubes were d i ssol ved i n  2 . 2u l  of 
Buf f er A .  Th i s  consi sted of 294ul of l OX MDPS/ EDTA ( O . SM MOPS pH 
7 ,  O . O l M  EDTA pH 7 . S ) and 706ul of water . Then 4 . 8ul of 
f ormal dehyde/ f ormam i de ( f i na l  c oncentrat i on s  of 2 . 2M 
f orma l dehyde and 50% f ormami d e )  was added and t h e  m i x tur e  heated 
to 70C f or 1 0mi n and quenched on i ce .  A l . Sul al i quot of g e l  
l oad i ng buf f er ( mi x tur e  of 322ul of Buf f er A ,  5mg x y l ene cyanol ,  
Smg b r omocresol green , 400mg sucrose , 1 78u1 of 37% f orma l d ehyde 
and SOOul of f ormami d e )  was added and l i ght l y  vortex ed . 
El ectrophoresi s was perf ormed i n  a hor i z ontal submar i ne gel 
desc r i bed in Sect i on 2 . 2 . 8 . 1 .  A 1% agarose gel was prepared i n  
l X  MDPS/EDTA b uf f er by mi x i ng O . Sg of agarose , 5ml of l O X  
MDPS/ EDTA buf f er and 36ml of water . Af ter d i ssol v i n g  t h e  
agarose , t h e  sol ut i on was a l l owed to cool t o  60C a n d  9 m l  o f  37% 
f ormal dehyde ( f i na l  concentrat i on 2 . 2M )  was added . The g e l  was 
mi x ed ,  al l owed to set and pre-e l ectrophor esed i n  t h e  
el ect rophoresi s b uf f er at 60V f or 30mi n .  T h e  RNA samp l es 
i nc l ud i ng mar k ers ( Bethesd a Researc h  Laborator i es RNA l adder ) 
were el ectrophoresed at 60V f or l h  and 1 00V f or about 2h unt i l 
the l ead i ng dye h ad mi grated at l east 9cm. Constant buf f er 
c i rc u l at i on was c ar r i ed out usi ng a pump . The g e l  was stai ned i n  
the dark f or a max i mum of Smi n i n  Sul /ml ethi d i um brom i d e  i n  
water and destai ned f or 2h i n  ster i l i z ed d i sti l l ed water . The 
gel was vi ewed on a short-wave UV transi l l umi n at or and 
photog r aphed as desc r i bed ear l i er .  
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( i i )  Methylmer c ur i c  hyd r ox i d e gel f or si z e  f r ac t i onat i on o f  
v i r al RNAs 

The methylmer c ur i c  hyd r ox i d e g el method f or s i z e  f r act i onat i n g  
RNA developed b y  Bai ley and D av i d son ( 1 975 ) was used t o  pur i f y  
t he 1 0  k i lob ase ( k b )  potyv i r al RNA f or c DNA clon i n g .  

A 1 . 2% low melt i n g po i n t ag arose ( FMC Seaplaque ) g el was 
pr epared i n  the r un n i n g buf f er c o n s i st i n g of 50mM b or i c  ac i d �  
5mM sod i um b o r ate , 1 0mM sod i um sulphate and 5mM methyl mer cur i c  
hyd r ox i d e ( Serva ) . Equal volumes of vi r al RNA d i ssolved i n  
water was m i x ed w i th 2 X  load i n g buf f er contai n i n g 25ul 
met hylmec ur i c  hyd r ox i de� 500ul 4X r u n n i n g  buf f er ,  200ul 1 00% 
glycerol , 275ul water and 0 . 2% ( w / v )  b r omophen ol blue . Twenty ul 
al i q uots ( 2-3u g / sample ) were load ed i n t o  s i x wells , three wells 
were lef t empt y a n d  wells 1 0  a n d  1 1  were f i lled w i th an RNA 
sample and mar k er s  respec t i vely . Elec trophor esi s was at 25V f or 
ab out 1 6h w i th b uf f er r ec i r c ulat i on .  Af ter elec t r ophor esi s the 
g el str i p  c o n t a i n i n g  wells 1 0  a n d  1 1  were c aref ully cut out and 
st a i n ed f or 3 0m i n i n  0 . 5M ammon i um acet ate and 0 . 5ug / ml ethi d i um 
b r om i d e .  The g el str i ps wer e vi ewed under the UV 
t r an s i llum i n at or to loc ate t he h i g h  molecular wei g ht pot yvi r al 
RNA and the pos i t i on mar k ed w i th a f i n e syr i n g e  needle 
c o n t a i n i n g I n d i an i n k .  The g el str i p  was li ned up w i th the r est 
of the gel slab a n d  a n ar r ow hor i z on t al str i p  i n  li n e  w i th the 
mar k ed posi t i on was ex c i sed a n d  t reated as d escr i b ed by Man i at i s  
e t  a 1  ( 1 982 ) . The g el p i eces were soa ked i n  0 . 1 M  d i thi othrei t ol 
f or 30-40m i n .  Appr ox i mately f our volumes ( w / v ) of 0 . 5M ammon i um 
acetate preheat ed t o  65C was a d d ed . The m i x ture was heat ed t o' 
65C unt i l  all the g el melted a n d  g en tly vor tex ed . The m i x t ure 
was phenol ex t r ac t ed at room t emper atur e �  centr i f ug ed at 2000g 
f or 1 0  mi n at 4C . The aq ueous phase was re-ex tr acted t w i c e  mor e 
w i th c hlor of or m an d the RNA ethanol pr ec i pi tated a n d  washed w i t h 
70% ethanol a n d  0 . 05M ammon i um acet at e .  The vacuum dr i ed si z e­
f r ac t i on ated RNA was d i ssolved i n  20ul of ster i le d i st i lled 
water and stored at -70C . An ali q uot (2 ul ) was r e-run on a 
f or mald ehyde g el t o  c hec k t he RNA f or c on c en t r at i on and 
i n tegr i ty .  

The hi ghest saf ety precaut i on s  were ob served i n  all procedures 
i n volv i ng methylmer c ur i c  hydrox i d e usag e .  The gel was r un i n  a 
f ume-hood . All elec tr ophor et i c  eq u i pment was tr eated as 
d esc r i b ed earli er f or possi ble RNase c o n t ami n at i on .  
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2 . 2 . 9 . 1 

3 1  

Transf er of nuc l ei c  ac i ds f r om agarose gel s  t o  sol i d  
support s  

Southern b l ots 

Southern b l ot t i ng i s  a techn i que used t o  tran sf er DNA f rom i ts 
posi t i on i n  an agarose g e l  t o  a sol i d  support such as a 
n i t rocel l ul ose ( NC )  f i l ter or Zeta-Probe nyl on membrane 
( Bi orad ) . In th i s  study Zeta-Probe membranes were used . The DNA 

f rom the g e l  was denatured and transf erred to the memb r an e  by 
the cap i l l ary act i on of an al kal i ne sol ut i on .  The d enatured 
si n g l e-stranded DNA coval en t l y  b ound t o  the membrane and was 
subsequent l y  hybr i d i z ed to a rad i ol ab e l l ed p r obe t o  d etect 
comp l ementary DNA spec i es .  The hyb r i d i z at i on pat tern was then 
estab l i shed by autorad i ograp h y .  

T h e  f ol l owi ng proc edure b ased o n  the protoc o l s d evel oped by 
Reed ( 1 986 ) spec i f i cal l y  f or Zeta-Probe membran es was used i n  
th i s  stud y .  

Agarose g e l  el ectrophoresi s o f  DNA was car r i ed out acc ord i ng t o  
the procedures out l i ned ear l i er .  The g e l  was f i r st p h otographed 
and then t r ansf erred f r om the suppor t i ng tray t o  a g l ass p l at e .  
The unused areas o f  the g e l  were t r i mmed away wi t h  a r az or 
b l ade . A Zeta-Probe membrane was cut to the d i mensi ons of the 
gel and mar ked wi th a sof t pen c i l to i dent i f y  b oth t h e  gel and 
t h e  or i entat i on of the membrane . The membrane was f i r st wetted 
by caref u l l y  f l oat i ng i t  ont o  d i st i l l ed water and then 
c omp l etel y i mmer s i ng i t .  

The gel t r ansf er apparatus consi sted of two g e l  cast i ng trays 
g l ued end-to-en d .  The trays were f i l l ed wi th 0 . 4M NaOH . An 
i nverted gel c ast i ng tray was p l aced l engthwi se over the wel l  
trays f or suppor t i n g  the g e l . A Whatmann 3MM f i l ter paper was 
cut to serve as a w i c k  and t ransf er med i um f or t h e  al k a l i ne 
denatur i ng agen t .  When the f i l ter paper was comp l etel y saturated 
t h e  gel was c ar ef u l l y  transf erred on to the mi d d l e  of the 
support tray wi th i ts wel l -si d e  up . The pre-wet ted Zeta-Probe 
membrane was p l aced over the gel and over l ai d  b y  t wo l ayers of 
3MM paper . Str i ps of paraf i l m  were p l aced al ong the edg e  of the 
gel to prevent d i rect transf er of t he f l ui d .  A stac k of f ol ded 
paper towel s ,  cut to the appr op r i ate si z e ,  was p l aced on top and 
h e l d i n  p l ac e  by a 200g even l y  d i st r i buted wei ght . 

Af ter about 6-8h the stac k of absorbent paper was r emoved , the 
Zeta-Probe membr an e  g ent l y  peel ed f r om the gel sur f a c e ,  r i nsed 
i n  2X SSC ( 20X stoc k :  3M NaCl , 0 . 3M sod i um c i t r ate) and b l otted 
d r y .  For shor t -term storage ( l ess than 3 days ) the membrane was 
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seal ed i n  a p l ast i c  b ag between two l ayers of 3MM paper . For 
prol onged storage, the membr ane was f i rst baked i n  an oven at 
80C f or 1 . S-2h . 

2 . 2 . 9 . 2  Northern b l ots 

The transf er of denatur ed RNA f rom agarose g e l s ,  t o  a sol i d  
phase such as Zeta-Pr obe membrane or NC f i l t er i s  known as 
northern b l ott i ng . The RNA can subsequen t l y  be hyb r i d i z ed wi th a 
r ad i o l abel l ed probe of i nterest . 

The p r ocedure used f or n or thern b l ots i n  t h i s  study was 
essen t i al l y  the same as f or southern b l ot s  ex c ep t  SOmM NaOH was 
used as the transf er med i um i nstead of O . 4M NaOH . The RNA was 
e l ectrop horesed on a f or ma l d eh yde gel as d escr i bed ear l i er and 
tran sf erred t o  a Zeta-Probe membrane . 

2 . 2 . 9 . 3  Dot-b l ott i ng pr ocedure 

The techn i que of nuc l ei c  ac i d  hybr i d i z at i on or dot-b l ot 
hybr i d i z at i on i nvol ves the f ormat i on of d oub l e-str anded 
mol ec u l es b etween the v i ral nuc l ei c  ac i d  under t est and and a 
comp l ementary probe nuc l ei c  ac i d .  I n  t h i s  case vi r a l  n uc l ei c  
ac i ds or i ntact vi rus contai n i ng nuc l ei c  ac i ds were d i r ect l y  
l oaded on t o  a sol i d  mat r i x  such as NC or Z eta-Probe memb r an e  as 
spots or d ots . The si n g l e-str anded nuc l ei c  ac i ds were b ound t o  
the sol i d  phase b y  b ak i n g  at 80C f or 2h . The remai n i ng nuc l ei c­
ac i d-b i nd i ng si tes were then b l oc ked by prehyb r i d i z at i on wi th a 
non -spec i f i c  nuc l ei c  ac i d  ( eg sal mon sperm DNA ) and a p r otei n 
( eg n on-f at d i ssol ved mi l k  powder ) . The spec i f i c  c l oned c DNA 

r ad i oact i ve l y l abel l ed p r ob e  was added and al l owed to hybr i d i z e  
t o  any homol ogous sequences i n  the i mmob i l i z ed nuc l ei c  ac i ds 
f ormi ng a c DNA : RNA h yb r i d .  Af ter wash i ng of f the unhybr i d i z ed 
prob e ,  the spots t o  wh i ch i t  hybr i d i z ed were detected b y  
autorad i og r aph y .  

T h e  d ot-b l ott i ng protoco l s used i n  th i s  study were 
those d evel oped by Maul e et a l  ( 1 983 ) and Reed ( 1 986 ) . 
made mi crof i l trat i on apparatus si mi l ar t o  the B i o-Dot 
( Bi o-Rad , 1 98S ) was used i n  most of the dot-b l ott i ng .  

based on 
A l oc a l l y  
appar atus 

A Z et a-Probe membr an e  was cut to the approp r i at e  si z e  and 
i mmersed i n  ster i l e  d i st i l l ed water . The mi crof i l trati on 
apparatus was assemb l ed wi th the pre-wetted membr ane i n  posi t i on 
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and al l screws t i ghtened under vacuum to prevent or m i n i mi z e 
cross-wel l contami n ati on .  One h undred mi crol i tres of c l ar i f i ed 
v i ral preparat i on or pur i f i ed v i rus or vi ral RNA was l oaded i nto 
the wel l s  under l ow vacuum . The wel l s  were l ef t  unt i l a l l the 
f l ui d  had passed through the membran e .  The wel l s  were r i nsed 
w i th 1 00ul of ster i l e  TE , agai n under l ow vacuum unt i l a l l the 
wel l s  were j ust dry. The vacuum was d i sconnected , the 
m i crof i l tr at i on apparatus d i sassemb l ed and the membrane removed 
and l ef t  to c omp l etel y ai r dry b ef ore bei ng p l aced i n  an oven at 
80C f or l h .  The membrane was br i ef l y  r i nsed i n  2 X  PE ( 0 . 1 33 
sod i um phosph ate , pH 6 . 9 ;  O . OO l M  EDTA ) contai n i n g 1 %  SDS , a i r 
d r i ed ,  seal ed i n  a p l ast i c  b ag and used the n ex t  d ay f or 
hybr i d i z at i on ana l ysi s .  I f  hyb r i d i z at i on was n ot g o i ng to b e  
undert aken on the nex t  day t h e  membrane was baked d r y  a t  80C f or 
30mi n and stored between two p i eces of f i l ter p aper i n  a seal ed 
p l ast i c  b ag at 4C . 

2 . 2 . 1 0  Preparat i on of cDNA and mol ecul ar c l on i ng 

D i f f erent strateg i es were adopted f or c DNA preparat i on and 
mol ecul ar c l on i ng of the two f i l amentous vi ruses f r om ner i nes .  
c DNA f or ner i ne v i rus X was prepared and c l oned i nto p l asmi d 
pBR322 usi ng procedures desc r i bed by Baul combe & Buf f ar d  ( 1 983 ) 
and Man i at i s  e t  al ( 1 982 ) . cDNA f or ner i ne vi rus Y was prepared 
b y  a mod i f i cat i on of the procedure descr i bed b y  D � A l essi o  et al 
( 1 987 ) and Watson & Jac kson ( 1 985 ) . 

2 . 2 . 1 0 . 1 cDNA synthesi s and mol ecul ar c l on i ng of n er i ne vi rus X 
RNA 

O l igo d T ( 1 2- 1 8 )  pr i mi ng 

A l l react i on s  were carr i ed out i n  mi crof uge tubes . Vacuum-dr i ed 
NeVX RNA was pr i med for reverse transc r i ptase act i vi ty by 
anneal i ng to an ol i go d T  p r i mer ( Boeh r i nger Mannhei m )  b y  
i ncubat i ng 5 u l  ol i go dT c 1 2- 1 8 )  ( l ug /ul ) ,  0 . 5ul 2mM EDTA and 5ul 
v i ral RNA < 2 . 5 ug ) at 70C f or 1 0mi n and then l eavi n g  i t  at room 
temperature f or 1 0mi n .  
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F i r st strand cDNA synthesi s 

The c DNA react i on mi x t ure and react i on con d i t i on s  were based on 
t h e  p r ocedure out l i ned by Man i at i s  e t  a l  ( 1 982 ) . The 1 0 . Su l  of 
the o l i go dT pr i med vi ral RNA was added t o  a separate m i c r of uge 
t ube c ontai n i ng 30ul of the cDNA reac t i on mi x ture consi st i ng of 
t h e  f o l l owi ng compon ent s :  

O . S ul 

O . S ul 

2 . S ul 
S . O ul 
S . O ul 
S . O u l  
1 . 2Sul 
1 . 2Sul 
1 . 2Sul 
1 . 2Sul 
6 . S ul 

p l acental r i bonuc l ease i nh i b i tor ( 30u/ul ) 
( Bethesda Research Laborator i es )  

bovi n e  serum al bum i n ( SOug /u l ) 
( Bethesda Research Laborator i es )  
1 M  Tr i s-HC I , pH 8 . 1 
1 00mM MgCl 2 
1 00mM DTT 
40mM sod i um pyroph osphate 
SOmM dATP 
SOmM dGTP 
SOmM dTTP 
SOmM dCTP 
water 

A l l t h e  components were gent l y  vortex ed and 7 . Sul of 1 M  KCI 
( l S0mM f i nal con c ) and 2ul of avi an myel ob l astosi s vi r us r everse 

t r an sc r i ptase (Li f e  Sc i enc es ; 40 un i ts )  were add ed , mi x ed and t h e  
total vol ume o f  5 0 . �u l , was i ncubated a t  42C f or 2 h  and the 
r eact i on stopped by add i ng EDTA ( pH 7) to a f i na l  concen t r at i on 
of 20mM . The products were ex trac t ed wi t h  an equal vol ume of 
one-to-one m i x tur e  of phenol /ch l orof orm , usi ng a mi crof ug e  t o  
separate t h e  phases . The phenol /ch l orof orm phase was re­
ex tracted by the add i t i on of hal f -vol ume water . The supernatants 
wer e  pool ed and re-ex trac t ed wi t h  an equal vol ume of c h l orof orm .  
T h e  RNA : cDNA hybr i d  was r ecovered b y  ethanol prec i p i t at i on 
usi ng an equal vol ume of 4M ammon i um acetate and two vol umes of 
ethanol . 
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Second strand c DNA syn th esi s 

The RNA : cDNA hybr i d  was vacuum dr i ed and d i ssol ved i n  62ul of 
water . Second strand syn thesi s was car r i ed out b y  add i ng 38ul of 
a reac t i on m i x t ure c onsi st i ng of : 

5 u l  
5 u l  

1 0  u l  
1 ul 

10 ul 

1 u l  

5 ul 

1 u l  

1 M  Tr i s-HCl , pH 7 . 5 
0 . 1 M  MgC 1 2  
1 M  KCI 
BSA ( 50mg /ml ) 
20mM each d eox ynuc l eot i de t r i phosph at e  m i x ture 
( dNTP � s ;  dATP , dGTP , dTTP & dCTP ) 

8 . 5 un i ts/ml r i bonuc l ease H 
( Beth esda Research Laborator i es )  

230 un i ts/ml DNA pol ymerase I 
( Beth esda Research Laborator i es )  
1 0  un i ts/ml T4 DNA l i gase 
( Beth esda Research Laborator i es )  

The 1 00ul t ot a l  reac t i on vol ume was sequent i al l y  i nc ubated f or 
2h at 1 4C and 2h at 2 1 C .  EDTA was add ed t o  a f i na l  
c on c entrat i on o f  20mM t o  stop t h e  react i on .  The d oub l e-st r anded 
c DNA r eact i on products were phenol / c h l or oform ex t r acted and 
ethanol prec i p i tated usi ng ammon i um acetate as shown above . 

dCTP-tai l i ng of the d oub l e-stranded DNA 

The d oub l ed-stranded 
b e  annea l ed t o  the Pst 
dC-tai l i ng proced ur e  
d sDNA i n  1 4u l  o f  water 

c DNA was pol y dC-t a i l ed so t h at i t  c ou l d 
I c ut d G-tai l ed p l asmi d p BR322 DNA . The 
i nvol ved resuspend i ng the vacuum dr i ed 
and add i ng the f ol l owi n g  c omponen t s :  

4 . 0 ul 5 X  Beth esda Researc h  Laborator i es t ai l i ng buf f er 
( 1 X= 1 00mM p otassi um cac odyl ate pH 7 . 2 ,  2mM CoC I 2 ,  0 . 2mM DTT ) 

0 . 5 u l  50mM d CTP stoc k 
0 . 5  u l  BSA ( 45-50mg /ml ) 

Th i s  mi x t ure was i nc ub ated at 37C f or about 1 0mi n t o  warm t h e  
sol ut i on b ef or e  star t i n g  the t i med r un wi th the enz yme . O n e  u l  
o f  Bethesda Researc h  Laborat or i es t ermi nal d eox ynuc l eot i dyl 
t r an sf er ase ( 1 5 un i ts )  was added to the 1 9u1 mi x ture and the 
react i on al l owed t o  proceed at 37C f or 1 2mi n .  The r eac t i on was 
stopped by t h e  add i t i on of 3ul of 0 . 5M EDTA pH 8 . 0 and 2ul 1 M  
NaCI and heated t o  65C f or 1 0mi n t o  i nact i vate t h e  enz yme . 
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Anneal i ng of doub l e-str anded d C-tai l ed c DNA to vector 

The l ow bac kground t r an sf ormat i on c l on i n g vector pBR322 ( Gub l er 
& Hof f man , 1 983 ) was used . A 0 . 5ul vol ume of Beth esda Researc h  
Laborat or i es Pst I -cut d G-tai l ed pBR322 vector ( 1 00ng ) was added 
t o  the f ol l owi ng c omponen t s :  

25 ul 
1 99 . 5 ul 

25 ul 

dC-tai l ed d oub l e-stranded DNA ( f r om above ) 
water 
l OX anneal i ng b uf f er 

( 5M NaCI , 0 . 5M Hepes pH 7 . 6 and 0 . 5M EDTA p H  7 . 5 )  

The 250ul of the ann eal i ng r eact i on m i x ture was sequen t i al l y  
i ncubated at 70C f or 25mi n and at 37C f or 3h . The r ec omb i nant 
p l asmi ds were then l ef t  at r oom temperature over n i ght and c oo l ed 
to 4C f or at l east 30m i n b ef ore use i n  t r ansformat i on .  

Transf ormat i on of E .  co l i  RR I 

The recomb i nant pBR322 p l asmi d DNA i s  a c i rcul ar mol ecu l e  
c ontai n i ng sel ect ab l e  mar kers f or ant i b i oti c r esi stan c e .  The 
p l asmi d contai n s  r esi stance genes f or t etracy l i ne and 
amp i c i l l i n .  Cl on i ng i nt o  the Pst I s i te i nact i vates the 
amp i c i l l i n gene but not the tetracyc l i ne gene . 

The procedure used t o  transf orm bacter i a essen t i al l y  i nvol ves 
mak i ng l ogar i thmi c a l l y  g r owi ng cel l s  permeab l e  to DNA by 
i ncubat i on i n  CaCl 2 ( Man i at i s  et al , 1 982 ) . The uptake of p l asm i d 
DNA f r om the sur roun d i ng med i um i s  f ac i l i tated b y  a b r i ef h eat 
shoc k treatment . Bact er i al c e l l s  wh i ch have successf u l l y  t aken 
up the p l asmi d DNA are then sel ect ed f or growth on an agar 
p l ate c ontai n i ng t h e  ant i b i ot i c .  Cel l s  not conta i n i ng t h e  
p l asmi d wi l l  n ot grow o n  these p l ates , and the successf ul 
t r ansformants wi l l  f orm bacter i al col on i es .  

Three ml of prewarmed BH I b r oth was i nocul ated wi th E .  c o l i RR I 
and vi gorousl y shaken over n i ght at 37C . Th i s  over n i ght b ac t er i al 
c u l ture was used t o  i nocul ate 1 00ml of p rewarmed BH I broth i n  a 
500ml f l ask and the c e l l s  were grown b y  vi gorous shak i ng at 37C 
f or about lh ( c e l l s  are i n  mi d-l ogar i t h m i c phase of g r owth ; A66o 
= 0 . 4 ) . The c e l l suspensi on was centr i f uged at 4000g i n  
autoc l aved 50rva l l 5534 tubes f or 1 0m i n at 4C . The supernatant 
was d i scarded and the c e l l s  were r esuspended i n  1 0ml ( per t ub e )  
o f  i ce-col d ,  ster i l e  sol ut i on of 50mM CaCI 2 • The cel l suspensi on 
was p l aced on an i ce b ath f or 20mi n and then re-centr i f ug ed at 
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4000g f or Smi n  at 4C . The supernatant was d i sc ar d ed and t h e  
cel l s  were resuspended i n  2 m l  ( per tub e )  of i ce-col d ,  ster i l e  
sol ut i on of 50mM CaCl 2 and stored on i ce unt i l used . 

Two hundred ul of competent c e l l s  were added to SOul of anneal ed 
p l asmi d  and p l aced on i ce f or 30mi n .  The cel l s  were h eat t r eated 
at 42C f or I . Sm i n i n  ster i l e  si l i con i z ed corex tubes . One ml of 
BH I b roth per 250ul of cel l s  was added and the cel l s  i ncubated 
at 37C f or 30mi n wi thout sh ak i ng .  Usi ng the spread i ng t ec h n i q ue 
( Man i at i s  e t  al , 1 982 ) the cel l s  were p l ated on f resh l y  made LB 

agar p l ates ( 250ul /p l at e )  contai n i ng a f i nal concentrat i on of 
I Sug /ml tetrac y l i ne .  The p l ates were i nverted and i ncub ated at 
37C over n i ght . 

Col on i es were subsequen t l y  chec k ed f or tetracyl i ne r esi st an c e  
and amp i c i l l i n  sensi t i vi ty by t h e  r ep l i ca p l at i ng method usi ng a 
f i nal concentrat i on of SOug /ml amp i c i l l i n .  Col oni es whi ch wer e  
f ound to be tet racyl i ne resi stant a n d  amp i c i l l i n  sens i t i ve were 
then cul tured f or p l asmi d DNA extrac ti on .  

2 . 2. 1 0 . 2 c DNA synthesi s and mol ecul ar c l on i ng of the 
potyvi rus f rom n er i n es 

I n i t i al att empt s  to obtai n c DNA c l ones f rom the potyv i ral RNA i n  
pBR322 f ai l ed t o  y i e l d transf ormant s  w i th det ec t ab l e  i nser t s .  
To overcome t h i s prob l em t h e  strategy of c l on i ng i nt o  phage 
vector s  was att empted to i ncrease the transformat i on ef f i c i en c y  
of the c l on i ng system . The p h age vector s  used were l ambda g t 1 0  
and L47AB . 

cDNA syn th esi s 

A mod i f i c at i on of the one-tube c DNA synthesi s protocol d er i ved 
from the Gub l er and Hof f man method ( 1 983) , d escr i bed ear l i er ,  
was used f or c DNA synthesi s .  The one-tube r eac t i on procedures 
were a mod i f i c at i on of those d esc r i bed by D � Al essi o e t  al ( 1 987 ) 
and Watson and J ac kson ( 1 98S ) . 
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To approx i matel y 5ug of vacuum dr i ed poty-vi ral RNA , 
assumed to be pol yaden y l ated , 1 9u1 of water was add ed 
t o  65C f or 5mi n .  The tub e  was i ce c h i l l ed and the 
r eagents added : 

wh i ch was 
and h eated 

f ol l owi n g  

1 0  u l  

5 u l  
5 u l  

1 1  u l  

5X R T  b uf f er ( 250mM Tr i s-HCI p H  8 . 3 a t  42C , 
40mM MgCI 2 ,  250mM KCI ) 

5mM d NTP � s 
ol i go d T  ( 200ug /m l ) 
reverse transc r i ptase ( 9u/m l , Promega-Bi otec ) 
[ Avi an mye l ob l astosi s vi rus ] 

The mi x ture was b r i ef l y  vortex ed and i nc ubated at 42C f or 2h to 
synthesi z e  the f i rst c DNA stran d . To synthesi z e  the second cDNA 
strand the f o l l owi n g  r eagents were add ed to the 50UI c DNA 
m i x ture f rom above : 

64 ul 

8 ul 
1 ul 

1 2  ul 
1 85 ul 

second strand buf f er ( 5X stoc k :  94mM Tr i s-HCI 
pH 8 . 3 , 470mM KCI , 20mM MgCI 2 ,  1 9mM DTT ) 
DNA p o l ymerase 1 ( New Eng l and Bi oLabs ,  1 0u/ul ) 
r i bonuc l ease H ( Bethesda Research Lab . , 2-3u / u l ) 
5 mM d NTP � s 
water 

Th i s  mi x ture was i nc ub ated at 1 6C f or 2h . The d oub l e-str anded 
eDNA was phenol / c h l orof orm ex tracted as d escr i bed previ ousl y and 
f urther pur i f i ed by usi ng � GENECLEAN � ( Bi o  1 0 1 ) - a powder ed 
g l ass preparat i on wh i ch b i nds DNA on l y  at h i gh sal t 
eoncentrat i ons- and e l uted w i t h  25ul of water . Any � ragg ed end s �  
t o  the cDNA were f i l l ed i n  b y  add i ng t h e  f ol l owi ng reac t i on 
r eagent s :  

2 5  u l  
1 u l  
1 u l  
3 ul 

c DNA 
5mM d NTP � s 
T4 DNA pol ymerase ( Pr omega-Bi otec , 1 0u/u l ) 
l OX T4 Pol ymerase b uf f er 

The mi xture was i nc ub ated at 37C f or 30mi n ,  pheno l / c h l orof orm 
ex tracted and f urther pur i f i ed wi th � GENECLEAN � . The b l unt-en d ed 
c DNA was e l uted f r om the � GENECLEAN � i n  1 0ul of water . 
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To prot ect i nternal E c o  R I  si t es wi t h i n  the cDNA f r om subsequent 
c l evage wi th Eco R I , the cDNA was methyl ated by usi ng Eco R I  
methyl ase . The f ol l ow i ng methy l at i on r eagents were added t o  t h e  
1 0ul o f  DNA i n  water : 

2 ul 
4 ul 

O . S ul 
3 . S ul 

800 uM S-adenosyl -meth i on i ne ( New Eng l and Bi o l ab s )  
S X  methyl ase b uf f er 
( O . SM NaCl , O . SM Tr i s-HCI pH 8 ,  SmM EDTA , SOOug /ml BSA ) . 

Eco R I  methyl ase ( New Eng l an d  B i o l ab s ,  20u/ul ) 
water 

The mi x tur e  was i ncub ated at 37C f or 30m i n ,  phenol / c h l orof orm 
ex tracted and � GENECLEAN � t r eated . The methyl ated c DNA was 
e l uted f rom the � 6ENECLEAN� w i th Sul of pol yn uc l eot i de k i nase­
treated l i n kers ( SOOn g ; f o l l ow i ng proc ed ure desc r i bed by Watson 
& J ac kson , 1 98S ) and e l uted wi t h  SuI of water . The 1 0ul vol ume of 
k i n ase-treated l i n kers and d oub l e-stranded DNA were c omb i ned 
w i th the f ol l owi ng l i g at i on m i x tur e :  

2 ul S X  l i gase b uf f er ( Bethesda Research Laborator i es )  
1 . 2  ul T 4  DNA l i gase ( Bethesda Researc h  Lab . ; 0 . 72u / u l ) 

The mi x ture was i ncubated at 1 4C over n i g h t . The l i gated 
cDNA / l i n ker s was heat treated at 6SC f or 1 0mi n t o  i nact i vate t h e  
T4 DNA l i g ase and centr i f ug ed br i ef l y  i n  a mi crocen t r i f ug e  t o  
c o l l ect t h e  condensate . To t h i s  was add ed 1 . Su l  of 1 M  Tr i s-HCI 
pH 7 . S ,  1 . 0u l  of 1M NaCI and S . 6ul of water . 

The l i nker ed c DNA was c l eaved w i th Eco R I  to r emove a l l b ut t h e  
t ermi nal un i t  of the o l i gomer i c  l i n k er add i t i on t o  generate 
c ohesi ve Eco RI termi n i  on the mol ecul es . Th i s  was ach i eved b y  
add i ng 1 30 un i ts of E c o  R I  ( Boeh r i nger Mannhei m ) to t h e  l i n kered 
c DNA f r om above and i ncubat ed at 37C f or 2h . The mi x ture was 
phen o l / c h l oroform ex tracted and ' GENECLEAN ' treated . The c DNA 
was el uted twi ce wi th 48ul of TE , 4ul of SM NaCI was added and 
ex c ess l i n kers removed by passi ng the i t  through a PREPAC m i n i ­
c o l umn ( Bethesda Research Laborator i es ) . The c DNA wi th c ohesi ve 
c l on i ng end s  was el uted f r om the PREPAC m i n i -c o l umn w i t h  
2 X l 00ul o f  1 M  NaCI i n  TE ( 1 0mM Tr i s-HC I , l mM EDTA , p H  8 . 0 )  
f ol l owed b y  2X l 00ul of 2M NaCI i n  TE . 
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The cDNA was co-p r ec i p i tated w i th the vec t or l ambda gt l 0  arms by 
add i ng the 400ul of c DNA t o  1 0ug of l ambd a  gt l 0  arms . Th i s  was 
ethanol prec i p i tated , centr i f ug ed i n  a mi crof uge f or 20mi n and 
vacuum dr i ed .  Li gat i on of the cDNA i nt o  the l ambda gt l 0lEco R I  
arms was ach i eved b y  r esuspen d i ng the p e l l et i n  3 . 5ul o f  water 
and hol d i ng i t  at 42C f or 5mi n  to anneal l ambda cos ends and 
add i ng the f ol l owi ng c omponen t s :  

0 . 5 ul 
0 . 5 ul 
0 . 5 ul 

l OX l i g ase buf f er ( Bethesda Researc h  Laborator i es )  
1 0mM ATP 
T4 DNA l i g ase ( 200U ; Bethesda Researc h  Labor ator i es )  

The reac t i on mi x ture was l ef t  at 1 4C over n i ght . The enz yme was 
i nact i vated by h eat treat i ng the m i x ture at 65C f or Smi n .  The 
r ec omb i nant DNA ( l i n kered and l i g at ed ) was pac kag ed i nt o  l ambda 
gt l 0  part i c l es i n  v i t ro usi ng the � Pac kgene� ( Pr omega-B i otec ) 
extract system . Fi ve ug of r ec omb i nant DNA was added t o  one 
v i a l  of � Pac kgen e �  extract and i nc ubated at 22C f or 2h . Then 
0 . 5ml of SM ( SOmM Tr i s-HCl pH 7 . S ,  1 00mM NaCI , 1 0mM MgC1 2 and 
0 . 1 %  gel at i n )  and 25 ul of c h l orof orm was added , m i x ed by 
vortex i ng and debr i s  removed by centr i f ug i ng f or 30 secon d s  i n  
an eppendorf centr i f ug e .  

The l ambda gt l 0  r ecomb i nants were d i l ut ed wi th SM . I n f ect i on of 
E .  co l i  C600 was carri ed out by mi x i ng 1 0ul of d i l uted 
phage ( 1 02/ml ) w i th 1 00ul of c oncentrated over n i ght c u l ture of 
c e l l s  i n  l 00mM MgCl 2 i n  capped ster i l e  1 6mm pyrex tubes and 
i ncubated at 37C f or 1 5mi n .  To each tube 3 m l  of LAM medi um 
( Hohn , 1 979 ) contai n i ng mel ted 0 . 77. agar warmed at SSC was added , 

poured onto a l ab e l l ed p l ate contai n i ng 30-3Sml of h ar dened agar 
bottom med i um .  The p l ates were gen t l y  swi r l ed to ensure an even 
d i st r i but i on of bac t er i a  and t op agar . The p l ates were c l osed 
and l ef t  f or a f ew mi nutes f or the t op agar to h ar den and 
i nverted and i ncubat ed at 37C f or 6h . 

On C600 , both r ec omb i nant and non r ecomb i nant phag e  
p l aques . I n sert -bear i ng l ambd a  gt l 0  f orms a c l ear p l aque 
non-i nsert bear i ng l ambda gt l 0  f or ms a turb i d  p l aque .  

f or m  
and 

Ei ght of the c l ear p l aques that appeared were r andom l y p i c ked 
and each transferred i nto 40ul of PSB ( 1 0mM Tr i s-HCI pH 7 . 5 ,  
1 00mM NaCl , 1 0mM MgC 1 2 and 0 . 1 7.  gel at i n )  and 1 00ul of E .  co l i  
and i ncubated at 37C f or 1 5mi n .  The mi x ture was t r an sf err ed 
i nt o  30ml of p rewarmed LB and i ncubated at 37C over n i g h t  wi t h  
v i gorous shak i ng .  600ul of ch l orofor m ,  30ug o f  DNase I ,  30ug of 
RNase and 1 . 7g of NaCI was added and i ncubat i on c ont i nued at 37C 
f or 1 5mi n wi th shak i ng .  The mi x ture was c entr i f ug ed at 6000g f or 
1 0mi n at 4C . To t h e  supernatant 3g of PEG ( MW6000 ) was added , 
d i ssol ved by gent l e  shak i ng and i ncub ated on i ce f or l h .  The 
m i x ture was c entr i f ug ed at 6000g f or 20mi n at 4C to p e l l et t h e  
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DNA . The pel l et was r esuspended i n  1 ml of PSB and red i gested 
wi th Sug /ml DNase I and 1 00ug /ml RNase by i ncubat i ng at 37C f or 
30 mi n .  Hal f  a ml of a 30XPEG stoc k and 2 . SM NaCI was added , 
gent l y  m i x ed and centr i f uged at for Smi n i n  a mi c r of uge and t h e  
pel l et resuspended i n  200ul o f  PSB . Ten ul o f  l OX SDS , 4ul of 
O . SM EDTA , pH 8, 20ul of l mg /ml protei nase K was added and 
heated to 68C f or 30mi n .  The m i x ture was ex t r ac t ed once wi th 
phenol , once wi th pheno l / ch l or of orm and f i nal l y  wi th c h l orof orm .  
One hundred ul of 7 . SM ammon i um acetate and t wo vol umes of 
eth anol was added and c en t r i f uged i n  a mi crocen tr i f uge f or 1 Smi n 
to pel l et the DNA . The pel l et was r i nsed wi th 70X ethanol , spun 
i n  mi crof uge f or two mi nutes and the supernatant c aref u l l y  
removed wi thout d i srupt i ng t he pel l et .  The p e l l et was d r i ed 
under vacuum and resuspen d ed i n  SOul TE b uf f er . A two ul al i quot 
of t h e  suspensi on was r un on a gel to chec k i ntegr i ty and 
pur i ty .  The rest was used f or anal ysi s of i nsert si z e  and f or 
subc l on i ng i nto a p l asm i d vector . 

Cl on i ng i nto l ambda L47AB 

The bacter i ophage l ambd a  L47AB was desi gned f or c l on i ng l arge 
f r agments of DNA ( Loenen & Brammar , 1 980) . It has a l ower l i mi t  
of 8 k b  f or the f r ag ment t hat c an be c l oned i nto i t .  I t  was used 
i n  th i s  study to attempt to atta i n  near f u l l l ength i nser t s  of 
c DNA deri ved f rom t h e  v i r a l  genome of 1 0kb . 

Hal f  the doub l e-stranded eDNA synthesi z ed above was c l oned i nto 
l ambda L47AB . The procedur e  used was the same as used above wi th 
gt l 0  ex cept 400ul of doub l e-str anded cDNA was co-prec i p i t ated 
wi th l ambda L47 arms i nstead of gt l 0  arms . 

Restr i ct i on analysi s of t h e  i nserted cDNA c l ones 

The s i z e  of the eDNA i nserts was determi ned by £eo R I  d i gest i on 
of t h e  recomb i nant DNA . About 3ul ( O . Sug ) of i nsert-contai n i ng 
l ambd a  gt l 0  was d i gested i n  a 20ul vol ume cont a i n i ng h i gh sal t 
buf f er ( 1 00mM NaCl ) , 1 0  un i ts of Eeo R I  and water . The mi x ture 
was i ncubated f or 2h at 37C and run on an agarose gel as 
descr i bed i n  Sec t i on 2 . 2 . 8 . 1 wi th H i nd I I I  cut l ambd a  DNA as 
mar ker s .  
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Subc l on i ng of l ambda gt 1 0  i nsert i nt o  pl asmi d pGEM3 . 

A l though l ambda vectors g eneral l y  have a h i gher c l on i ng 
ef f i c i ency than p l asmi d s ,  p l asmi d vectors are useful f or the 
amp l i f i cat i on and pur i f i cat i on of r e l at i ve l y l arge quant i t i es of 
c l oned cDNA . Further , the rat i o  of � i n sert � to vec t or DNA i s  
substant i al l y l ower wi th p l asmi d s ,  enab l i ng one to use the 
ent i re recomb i nant DNA ( vector p l us i nsert ) in n i c k-transl at i on 
r eac t i on s .  

The l ambd a  gt l 0  i nsert were f ound t o  b e l ong t o  two c l asses 
( 1 . 5 � b  and 0 . 56kb ) , on the basi s of si z e .  Both of t h ese wer e  

sub c l oned i nto t h e  p l asmi d pGEM3 (Promega-Bi otec ) .  

Ten ul of r ecomb i nant gt l 0  DNA was d i gested wi th 2ul of E e o  R I  
( 40 un i ts )  and 2ul of l OX E e o  R I  d i gest b uffer ( 1 M Tr i s-HCI , pH 

7 . 5 ; 0 . 5M NaCI , 50mM MgCI 2 )  and i ncubated at 37C f or 2h . The 
d i gested DNA was run on 0 . 7% agarose and the i nserts wer e 
ex c i sed , ex t r ac ted w i t h  phenol and f urther pur i f i ed w i th 
� GENECLEAN � ( d escr i bed i n  Sec t i on 2 . 2 . 1 0 . 2) and el uted twi c e  
w i th 5ul of water . The l i gat i on r eac t i on was c arr i ed out as 
descr i bed by K i ng and Bl akesl ey ( 1 986 ) i n  a 20ul vol ume 
contai n i ng 1 0u l  of i nsert DNA i n  water , l ul of Eeo R I -c l eaved 
pGEM3-b l ue DNA , 4ul of 5X T4 DNA l i gase buf f er ( supp l i ed b y  
Bethesda Researc h  Laborator i es ) , 1 . 4u l  ( 1  un i t )  o f  T 4  DNA 
l i gase ( Bethesda Research Laborator i es) i n  a ster i l e  
p o l ypropyl ene m i croc entr i f ug e  tub e .  The components were m i x ed 
br i ef l y ,  cent r i f ug ed f or 5sec , t h en i ncubated at r oom 
temperature f or 4h . One ul of 0 . 5M EDTA (pH 8) was added , the 
react i on was mi x ed ,  and then stored at 4C . 

DNA transf ormat i on was perf ormed essent i al l y  as desc r i bed 
ear l i er f or pBR322 usi ng the CaCl 2 , heat shoc k t r eatment method . 
A 5ul ( 1 -2ng ) samp l e  was r emoved from the c omp l eted l i g ase 
react i on and added to 200ul of competent E .  eol i J M 1 09 cel l s  i n  
a pre-ch i l l ed p o l ypropyl ene t ub e ,  m i x ed g ent l y  and i ncub at ed on 
wet i ce f or 30m i n .  The tub e  was p l aced at 42C f or 45sec and t hen 
i mmed i atel y r et urned to wet i ce .  Af ter several mi nut es 800ul of 
LB med i um was add ed and the tube was i ncubated at 37C f or l h  i n  
a shak i ng i ncubator , spun down and resuspended i n  50ul of LB and 
spread onto to LB agar contai n i ng 1 00ug /ml amp i c i l l i n  and 
previ ous l y treated wi th 30ul of X-Gal and I PTG ( 20mg /ml ) to 
serve as i nd i cator s .  Bacter i al c e l l s  harbour i ng r ecomb i nant 
pGEM3-b l ue vect or were wh i te whereas those contai n i ng p GEM3-b l ue 
vector l ac k i ng i nserts were b l ue .  

Rap i d  p l asmi d prepar at i on s  were made f rom t h e  c o l on i es as 
d escr i bed ear l i er ,  and the recomb i nant DNA f r om t h e  p l asmi d was 
d i gested wi th E e o  R I  ( New Eng l and Bi ol ab s )  and character i z ed as 



previ ously d esc r i b ed. Lar g e  sc ale plasm i d DNA p r eparat i ons 
mad e b y  i noculat i n g  250ml of LB c onta i n i n g 50n g amp i c i lli n 
a s i n gle c olon y  of J M 1 09 tr an sfor mants and i ncub ated at 
over n i g ht w i th v i g orous ag i tati on and the DNA ex tr acted b y  
Promeg a-B i otec method desc r i b ed b elow. 
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wer e 
w i th 

37C 
the 

The 1 . 54 k b  i n sert DNA was n i c k -tran slated and used as a p r ob e  
f or s c r een i n g the L47 li b r a r y  f or p osi ti ve clon es . The 
proc e d ur es used were essent i ally those d escr i b ed b y  Dav i s  et al 
( 1 986 ) . From the L47 li b r ar y  on e c lon e w i th a 9. 8kb i n sert was 

sub cloned i nto p GEM3 and DNA ex tr acted f or use i n  d ot-blots . 

Plas m i d DNA pr epar ati on 

Recomb i n ant plasm i d DNA f or use as a p robe was e x tr acted by the 
L i Cl-boi li n g  method ( W i li mz i g , 1 985 ) f or an alyti c al p ur p oses and 
the method d evelop ed by Krei g & Melton of Har var d Un i ver s i ty and 
descr i b ed i n  the Promeg a-Bi otec c atalogue ( 1 985/'86 ) f or large­
scale prepar at i ons. 

Li Cl-b o i li ng method f or plasm i d  m i n i -preparati on s 

An E .  co l i  p ellet f rom a 1 ml over n i g ht cultur e was r esusp ended 
i n  1 00ul of TELT b uf f er ( 50mM Tr i s-HCl p H  7 . 5 ,  62. 5mM EDTA , 0 . 41-
Tr i ton X - 1 00, 2 . 5M L i Cl ) . Ten ul of f r eshly p r ep ared aq ueous 
solut i on of lysoz yme ( Si g ma ,  1 0mg / ml )  was added , b r i ef ly 
vortex ed and left at room temper ature for about 1 0m i n and placed 
i n  a b o i l i n g  water b ath for 1 m i n .  Af ter cool i n g  on i c e f or 5mi n ,  
the p r ec i p i tate was removed b y  centr i f ug at i on i n  a 
m i c rocentr i f ug e  for 8mi n at r oom temp er atur e .  The DNA i n  the 
sup e r n atant was p r ec i p i tated w i th ethanol , vac uum d r i ed and 
r esuspended i n  a s mall volume ( about 50ul ) of water or TE ( 1 0mM 
Tr i s-HCl , pH 7. 5 ,  1 mM EDTA ) .  

Lar ge-sc ale pr eparati ons 

The E .  co l i  c ells, g r own over n i g ht i n  250ml of the approp r i ate 
selec t i ve med i um ,  were centr i f ug ed at 4000g f or 1 5m i n at 4C. The 
c ultur e  pellet was resusp ended i n  6ml of f r eshly p r ep ar e d  
soluti on con s i st i n g  of 25mM Tr i s-HCl p H  7. 5, 1 0mM EDTA, 1 51-
sucrose and 2mg / ml lysoz yme. The c ells wer e r esuspended 
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, 

thor oughly b y  p i pett i n g t h em up a n d  d own wi t h  a 1 0ml pi pette . 
The m i x ture was i n c ubated i n  i c e wat er f or 20m i n  and 1 2ml of 
0 . 2M NaOH an d 1% SDS was a d d ed to i t ,  mi x ed c ar ef ully but 
thoroug h ly b y  i n v er s i on an d i ncubated i n  i ce water f or a f ur t h er 
1 0m i n .  To t h i s was add ed 7 . 5 ml of 3M sod i um acet at e ,  pH 4 . 6 ,  
m i x ed b y  i n ver s i on a n d  i n c ub a t ed i n  i c e wat er f or 20mi n .  Th e 
m i x t ur e was c en t r i f ug ed at 12 , 000g f or 1 5mi n and t h e  super n atant 
r emoved t o  anot h e r  tube avoi d i n g t h e  wh i t e pr ec i pi t ate . F i f t y ul 
of b o i led RNase A ( l mg / ml ) was ad d ed to t h e  super n atant and 
i n cubated at 37C f or 20m i n .  T h e DNA was extracted t w i c e  w i th an 
eq ual volume of l ph e n ol : l c hlorof or m ,  t h e  ph ases sepa r ated b y  
c ent r i f ug at i on a t  12 , 000g f or 1 0m i n a n d  et h an ol prec i pi t ated b y  
add i n g 2 . 5 volumes o f  ethanol a n d  on e-t enth of on e vol ume o f  3M 
sod i um acet ate. The pr ec i pi t a t e  w as c ollec ted by c en t r i f ug at i on 
at 1 2 , 000g f or 10mi n ,  vacuum d r i ed and r esuspen d ed i n  1 . 6ml of 
wat er . To t h i s  was ad d ed 0 . 4 ml of 4M NaCl and 2ml of 1 3% PEG 
( MW6000 ) ,  m i x ed and i n c ub at ed on i c e water f or l h .  Th e DNA 

pellet was c ollec ted by cen t r i f ug at i on at 9 , 000g f or 1 0mi n ,  
washed wi t h  70% et h a n ol ,  vacuum d r i ed and r esuspen d ed i n  a 
appr opr i at e  volume ( usually 0 . 5ml ) of water or TE. A small 
ali q uot was d i lut ed and t h e  i n t e g r i ty and pur i ty of t h e  DNA 
c h ec k e d  on a s t a n d ar d  agarose g el as pr evi ously d e sc r i b ed. 

Ni c k -t r an slat i on of clon e d  cDNA 

The n i c k - t r a n slat i on r eact i on i s  used t o  i n t r o d u c e  r ad i oact i ve 
nucleot i d e p h o sph ates i n t o  unlab elled DNA f or t h e  purpose of· 
ma k i n g a pr o b e. T h e  r ea c t i on d epen d s  on t h e  ab i li ty of t h e  
enz yme DNA polymer ase I t o  i n i t i at e  DNA synt h e s i s a t  f r ee 3�OH 
gr oups , wh i c h a r e  ex posed a s  n i c k s  i n  t h e  unlab elled DNA . T h e  
n i c k s are g e n e r ated i n  r a n d o m  locat i on s  b y  t h e  l i m i ted d i g est i on 
of DNA w i t h  DNase I .  T h e  DNA polymer ase syn t h es i z es n ew DNA i n  
a 5' t o  3' d i r ec t i on ,  i n c orporat i n g lab elled tr i ph osph at es . 

T h e  protocol used f or t h e  n i c k -t r an slat i on r e ac t i on i n  t h i s  
st u d y  was b ased on t h e  pr oc edures d eveloped b y  R i g b y  e t  a I  
( 1 977 ) . Sub strate DNA at a c on c en t r at i on o f  a b out 0. 2ug / ml was 

pr e -i n c ub ated a t  1 4C f or 1 5m i n w i t h  l n g of DNase I ( b ov i ne 
pan c r eas , Si g m a ) i n  a total volume of 35ul c on t a i n i n g 50mM Tr i s­
HCI ( pH 7 . 5 ) , 7 . 5mM mag n es i um acet ate , 4mM d i t h i ot h r e i tol , 1 00 
ug / ml of n uclease-f r ee BSA ( Boeh r i n g er Man n h e i m ) , 25mM each of 
d AT P , d GT P , d TTP and 20uC i of [ a-32P J d CTP ( Nuclear Suppli e s  
Lt d ) . T h e  DNase I was t h en i n a c t i vated b y  h eat i n g at 70C for 
5m i n  and c h i lled on i c e. Repa i r  syn t h es i s was star t ed by t h e  
ad d i t i on of 1 . 5ul o f  DNA polymerase I ( 5  un i ts 'nuclease-f r ee' , 
Boeh r i n g er Man n h e i m )  a n d  c o n t i nued at 1 4C f or 1 5m i n. React i on 
was st opped b y  t h e  add i t i on o f  EDTA a n d  SDS to 20mM a n d  5% ( w / v )  



respec t i vel y .  

I mmed i at e l y before use t h e  l abel l ed probe 
i ncubat i ng wi th 3ul of 4M Hel ( f i nal conc 
temperature f or 5- 1 0mi n < Reed & Mann , 1 985 ) . 
den atured b y  add i ng 9ul of 4M NaOH , br i ef l y  
stand at r oom temperature f or 1 0mi n .  
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was f ragmented b y  
of 0 . 25M ) at room 

The c DNA probe was 
vor t e x ed and l ef t  t o  

Hyb r i d i z at i on r eact i on s  on Z eta-Probe membr ane 

Zet a-Probe membranes were dot-b l otted as d esc r i b ed i n  Sect i on 
2 . 2 . 9 . 3 . The pre-hybr i d i z at i on sol ut i on was f r e sh l y  prepared and 
consi sted of the f ol l owi ng c omponents : SO% dei on i z ed f ormami d e ,  
2X PE ( 0 .  1 33M sod i um p h osphate p H  6 . 9 ,  O . OO l M  EDTA) , 7% ( w/ v ) 
SDS , O . SX ( w / v  P Anchor P sk i m  mi l k ) and O . Smg / m l  son i cated sal mon 
sperm DNA . The dot-b l otted membrane was seal ed i n  a p l ast i c  bag 
wi th the appropr i at e  vol ume of pre-hybr i d i z at i on sol ut i on 
( var i ed wi th the si z e  of the membran e ,  gener a l l y  about 1 0ml ) ,  

t aped t o  a metal p l at e  and p l aced on a shak er i n  an i ncubator at 
SOC f or at l east 1 h .  

The p r e-hybr i d i z at i on sol ut i on was drai n ed and r ep l aced wi th t h e  
hybr i d i z at i on sol ut i on consi st i ng o f  t h e  same c omponent s  as 
above ex c ept the sk i m  mi l k  and the sal mon sperm DNA were 
omi tt ed . The probe was add ed and the seal ed b ag was enc l osed i n  
a second b ag and seal ed . The b ags were p l aced i n  an i ncubator at 
SOC over n i ght f or hybr i d i z at i on to occur . 

Not e :  S i n c e  f ormami d e  i s  h i gh l y  tox i c  and the probe was 
r ad i oact i ve standard saf ety procedures wer e  adopted . 

Af t er hybr i d i z at i on t h e  membrane was c aref u l l y  removed and 
washed i n  the f o l l owi n g  wash i ng sol ut i on preh eated to 42C : two 
h a l f -h our cyc l es of 2XSSC ( SSC= O . l SM NaC l , O . O l SM sod i um 
c i trat e ) , 0 . 1 %  SDS wi t h  v i g orous ag i tat i on f ol l owed by two h a l f ­
h our c yc l es w i th O . l X  SSC , 0 . 1 %  SDS . The membr an e  was p l aced on 
a paper t owel and wrapped wi th a pol yethyl ene f i l m  ( eg P Gl ad­
Wrap P and autoradi ogr aphed w i th Kodak XAR-S f i l m  usi ng an 
i nt ensi f yi ng screen , at -70C . 

I f  t h e  membrane was t o  be re-used f or add i t i on a l  hybr i d i z at i on 
anal ysi s ,  the probe was r emoved by heat i ng t h e  membrane i n  O . l X  
SSC , O . l X  SDS to boi l i ng i n  a mi crowave oven and chec ked f or 
probe r emoval b y  ex posure t o  X-ray f i l m  under the standard 
cond i t i on s  used i n  th i s  study . 
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2 . 2 . 1 1  I n  qi tro transl at i on of ner i ne vi rus X RNA 

Transl at i ons i n  messeng er -dependent rabb i t  r et i cu l ocyte l ysates 
( Pe l h am & Jac kson , 1 976; Forster et aI , 1 987 ) of n er i ne vi rus X 

RNA was done i n  the presence of [ 3eS J meth i on i ne .  Fol l ow i ng 
transl at i on at 30C f or 50mi n ,  products were separ ated on 1 2 . 5% 
pol yac r y l ami de gel s and t hen autorad i ograph ed ( Forster e t  
a l , 1 �87 ) . 

2 . 2 . 1 2  Serol ogy 

2 . 2 . 1 2 . 1 Ouchter l ony d oub l e-d i f f usi on test 

The two-d i mensi onal i mmunod i f f usi on test ( Oucht er l on y , 1 962 ) was 
conducted to c onf i rm t h e  i dent i ty of i sometri c part i c l es i n  a 
number of test p l ants showi ng v i rus symptoms . The pr ocedure used 
was based on Hor r i s-Krsi n i ch et al ( 1 978 ) usi ng 0 . 97. agar i n  
0 . 05H p hosphate buf f er pH 7 . 8 contai n i ng 5mH EDTA . T h e  ant i serum 
was l oaded i n  a 4mm d i ameter central wel l and t h e  ant i gens 
i nc l ud i ng appropr i ate c ont r o l s were l oaded in the outer wel l s .  

2 . 2 . 1 2 . 2 I mmuno-dot b l ot t i ng 

Pur i f i ed ner i ne vi rus X d i l uted i n  O . l H  sod i um p h osph ate b uf f er ,  
pH 7 . 5 was l oaded i n  a 5cm square Zeta-Probe membrane usi ng the 
method descr i bed i n  Sect i on 2 . 2 . 9 . 3 .  Af ter ai r -dryi ng the 
membrane was p l aced i n  a p l ast i c  bag and i ncubated w i th gent l e  
ag i tat i on i n  5ml of TBS ( 0 . 02H Tri s-HCl pH 7 . 5 ,  0 . 5H NaC l ) 
contai n i ng 1 . 257. � An c h or ' non-f at mi l k  powder f or 3h at 37C t o  
b l oc k  n on-spec i f i c  b i n d i ng si tes .  The bag was drai n ed a n d  the 
sol ut i on repl aced wi t h  TTBS ( 0 . 02H Tr i s ,  0 . 5H NaCl , 0 . 27. Tween 
20 ) contai n i ng 30ul of pur i f i ed pri mary ant i body ( n er i ne vi rus X 

agapanthus strai n ex A A Brunt ) ,  1 %  BSA and i ncub ated wi th 
ag i tat i on f or 2h at r oom temperatur e .  T h e  membrane was r emoved 
f r om the p l ast i c  bag and washed three t i mes ( 1 0mi n /wash ) wi th 
50ml of TTBS . The membran e  was p l aced in a new b ag and i ncub at ed 
wi th TTBS contai n i ng 3ul of al kal i ne phosphatase conj ugated 
secondary ant i body ( g oat ant i -rabb i t  I g6 ( I mmuno-Chemi c al 
Produc t s ) , 1 %  BSA and i nc ubated for 2h at toom t emperature wi th 
gent l e  ag i tat i on .  The membrane was removed f r om the bag , washed 
w i th t hree cyc l es of TTBS and devel oped by add i ng the enz yme 
substrate , contai n i ng 1 5mg of Fast-red ( S i gma ) d i ssol ved i n  5ml 
of 0 . 2H Tr i s , pH 8 and 200ul of Napthol /AS-MX ( S i gma ) , unt i l the 
col our change occurred . 



CHAPTER 3 

SYMPTOMATOLOGY, ELECTRON M I CROSCOPY AND MECHAN I CAL 
TRANSM I S S I ON STUD I ES 

3 . 1 I NTRODUCT I ON 
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A vi sual i nspect i on of commerc i al and home-gr own ner i n es 
undertaken at t h e  c ommencement of t h i s  study sugg ested t h at 
vi ruses were preval ent i n  ner i n es i n  New Zea l and . Th i s  c h apter 
provi des detai l s  of vi rus-l i ke symptoms i n  var i ous Heri ne 
spec i es and cul t i vars i n  New Zeal and , and r esul t s  of surveys f or 
vi ruses by el ect r on mi c r oscopy and by mechan i cal t r ansmi ssi on to 
herbac eous i nd i cat or p l an t s .  

3 . 2 SYMPTOMATOLOGY 

Fi gure 1 [ A-E l shows some of t h e  more obvi ous vi r us-l i ke symptoms 
seen on l eaves , f l ower stems and f l owers ,  espec i al l y i n  
H . sarni ensi s  hybr i ds and i n  H . bowdeni i  types . These symptoms 
i nc l uded d i st or t i on of the f l ower stem ( Fi gure 1 [ A l ) ; c o l  our­
break i n  the pet a l s ( Fi gure 1 [ B l ) ; mott l i ng ,  strea k i ng ,  
yel l owi ng , mar g i nal c h l orosi s and b l each i ng of l eaves ( Fi gure 
1 [ C l , [ D l  & [ E l . 

The most str i k i ng v i rus-l i ke symptoms on l eaves and f l or a l  parts 
were seen in n er i ne p l ants i nf ected wi t h  more t h an one c l ass of 
f i l amentous v i r uses . Mosai c and streak i ng was evi dent even i n  
very young l eaves of a H . bowdeni i hybr i d  i nf ected wi t h  a 540nm 
potex v i rus ( l ater d escr i bed as n er i ne vi rus X [ NeV X l  and a 740nm 
potyvi rus, presumab l y  n er i ne yel l ow str i pe vi rus [ NeYSV ] ,  F i gure 
1 [ C l  & [ D l . No v i r us-l i ke symptoms were seen in t h e  f l or al par t s  
of th i s  cul t i var . However , col our-break i n  t h e  p et a l s was 
evi dent ( Fi gure 1 [ B ] ) i n  a H . sarn i ens i s  hybr i d  w i t h  p i n k  f l owers 
i nf ected wi t h  t h e  same two vi r us g roup s ,  al though n o  obvi ous 
vi rus-l i ke symptoms wer e  seen i n  t h e  l eaves . 
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F i g u r e  1 :  Some v i r u s - l i k e sym p t om s  i n  n er i n e f l ower s �  
stems an d l eaves . 

f l ower 

F i g u r e  l [ A ] : D i stor t i on of f lower stem of a Neri ne sarn i ens i s  

h y b r i d  i n f ec t ed wi t h  BOOn m pot yvi r us par t i cles . 

F i gure 1 [ 8 J : Colour -break i n  pet als of a Ner i ne sa r n i e n s i s 

h yb r i d  i n f ec t ed w i t h  a 540n m pot ex v i r u s a n d  a 
740n m pot yv i r us . 
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F i g ur e  l [ C )  

F i gure l C D )  

F i gure 1 C C ]  & C D ) : Mot t l i n g , s t r ea k i n g  and y l l ow i n g  of H r l n 
bo�den i i  hybr i d  l eaves i n f c t ed w i t h  a 5 40nm 
p o t ex v i r u s  and 740n m pot yv i rus . 
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Fi g ur e  l [ E J : Mar g i n a l  c h l or o s i s a n d  b l ea c h i n g i n  Her i ne bo wden i i 

l eaves i n f ec t ed w i t h  540n m potex v i r us p ar t i c l es .  



3 . 3  ELECTRON M I CROSCOPY 

5 1  

A r an ge of tissue t ypes and procedures f or preparing nerine 
tissues f or electron microscopy was tested . This inc luded t he 
dip method ( Noordam , 1 973 ) of slicing the leaf with a r az or blad e  
and sq ueez ing a d r op of sap directly ont o  the g r id ;  g r indin g 
leaf , pet al or bulb t issue with a mortar and pestle i n  a low 
molarity buf f er ( eg 0 . 02M potassium phosphate, pH 7 )  and placi n g  
a d rop of the c r ude homogen ate o n  t he g r id ; and , using t he 
procedure outlined in Section 2 . 2 . 4 . 1 ( a ) . The high level of 
mucilaginous material in n erine leaf tissue interf ered wit h , and 
r educed the level of virus t r apped on the g rid s using the leaf 
dip method . Unaccept ably high levels of tissue component s  were 
t rapped when a drop of c r ude homogenate was loaded directly on 
the g rid .  The procedure d es c r ibed in Section 2 . 2 . 4 . 1 .  ( a )  of 
f loating g r id s  in spot ting tiles c on t ainin g c r ude homogen ates 
and n eg atively st aining with 21. PTA ,  pH 7 . 0 ,  proved to b e  
a satisf ac t or y  method f or b atch index ing c r ud e  sap with the 
elect ron mic roscope . Potassium phosphotu n g stic acid g ave better 
contr ast f or the f ilament ous viruses f rom n erines than either 21. 
sodium silicotung state or 21. uranyl acetate. In most n erine 
plants tested the c on cent r at ion of f ilamentous virus was higher 
in f loral and leaf t issue than in b ulb tissue . Althoug h  f lor al 
t issue was a good sou r c e  of virus with minimal levels of host 
c omponents , the seasonal nature of this tissue precluded it f rom 
b ei n g  used more ex tensively in the elec tron microscope survey . 
Thus , most of the elect r on mic roscope index ing f or f ilamentous 
viruses was conduct ed using n er ine leaf tissue . 

A survey of more than 1 60 c ommer cial and home-g arden leaf 
t issue samples f rom 1 4  cultivars of three Ner i ne spp < Table 4 )  
was under ta ken . With very f ew ex ceptions ,  f ilament ous viru s  
par ticles were observed in var ying con cen t ration s on the 
elect r on microscope g r id s . Only in a group of H . bo wden i i 
seedling s  were f ilament ous vir us particles not detec t ed . 

T able 4 shows the n umber of c ultivar s and samples processed and 
result s of particle length r an ges observed durin g the elect ro n  
mic roscope survey . Although a relatively small n umber o f  
part icles b elow 4S0nm were evident ,  these were assumed t o  b e  
f ra g mented rods and are not shown i n  Table 4 .  
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Tab l e  4 :  Part i c l e  l en g t h  r anges f or f i l amentous v i ruses f rom 
t h r ee Ner i ne spec i es and hybr i ds i ndex ed by e l ect r on 
m i croscop y .  

Ner i ne spp . No . of No . of No . of Part i c l e  l en g t h  
cul t i var s  samp l es part i c l es r ange ( nm )  

measured 

H . sarni ensi s  9 1 1 9 486 480-840 
( hyb r i d s )  

H . bowdeni i 4 32 1 43 480-760 
and hybr i ds 

H . fo t he rg i l l i  1 1 7  97 480-580 
� Major � 

Two n er i ne cul t i vars were consi sten t l y  f ound to h ave 
f i l amentous v i rus part i c l es b e l on g i ng on l y  to a s i ng l e  s i z e  
c l ass ; a c l ump of N . fo therg i l l i  � Maj or 7 f rom a h ome-garden h ad 
v i rus p ar t i c l es w i th a modal l ength of 540nm ( F i gure 2 )  and a 
H . sar n i ens i s  h ybr i d  wh i ch had been mass p r op ag ated b y  twi n ­
sca l i ng h ad part i c l es wi t h  a modal l ength of aOOnm .  

A h i stog r am of the l en g t h  d i st r i but i on of f l ex uous f i l amentous 
vi rus p ar t i c l es ,  c l assi f i ed at 40nm c l ass i nter val s ,  i s  
presen t ed i n  Fi gure 3 .  The r esul ts of t h e  e l ect r on mi c r oscope 
survey , bes i des show i ng the p r eval ence of f i l amentous p ar t i c l es 
i n  many of t h e  cul t i vars surveyed , al so r eveal ed t h at v i rus ( es )  
bel ong i ng t o  the potex v i r us g r oup were q u i te c ommon . Further , i n  
man y  of t h e  ol d er H . sarni ens i s  hybr i ds ,  m i x ed i nf ec t i on s  of 
vi ruses p r obab l y  b e l on g i ng to t he potex v i rus and potyv i r us 
g r oups were al so evi d en t . 
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1 000nm 

F i g u r e  2: Potex v i r us-l i ke i c l es ,  i n  c rude sap of 

n er i ne l eaf t i s su e , w i t h  a mod a l  l en g t h  of 540n m .  
Sta i n :  2% p o t a ss i um i c  ac i d ,  p H  7 .  
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F i gur e 3 :  Leng t h  d i st r i but i on o f  f i l amentous v i rus part i c l es 

f ound i n  c r ud e  h omoge nates of n er i ne l ea f  t i ssue 
t ested dur i ng surveys usi ng t h e  e l ect r on mi croscope 
( Apr i l -Novemb er , 1985 ) . Cl ass i nt er v a l : 40n m .  



3 . 4  MECHAN I CAL TRANSM I SS I ON 
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Three meth od s  were t ested f or p r ep ar i ng l eaf t i ssues f or 
mec h an i c a l  transm i ssi on .  T h ese wer e :  

( a) c r us h i ng t i ssue i n  potassi um p h osph at e  b uf f e r  contai n i ng 
b e n t on i te ( Yarwood , 1 972 ) 

( b )  2 %  n i cot i ne sol ut i on ( Th un g  & Van d er Wan t , 195 1 )  
( c )  p ar t i al p ur i f i cat i on b y  c l ar i f i c at i on wi t h  c h l orof orm 

f ol l owed by pol yehtyl e n e  g l ycol p r ec i p i t at i on and 
r esuspen s i on i n  O . O l M  p ot ass i um p h osphate b uf f er .  

The r esu l ts of t h ese tr i al s  usi n g  t h e  test p l an t  spec i es 
men t i o n ed i n  Sec t i on 2 . 1 . 4  ( Tab l e 3) , are g i ven i n  Tab l e  5 .  A l l 
attempt s  t o  transm i t t h e  f i l ament ous v i r uses f rom n er i ne t i ssue 
usi n g  t h e  t wo b uf f er systems , and f rom p ar t i a l l y  pur i f i ed 
p r ep a rat i ons ,  f ai l ed t o  i nduce any v i r us-l i ke sympt oms on 
h er b ac eous t est p l an t s .  Furt h er , el ect r on m i c r oscop e  
i nvest i g at i ons o f  l eaf samp l es of test p l ants f or t h e  
poss i b i l i ty o f  l at en t  i nf ec t i ons d i d n ot r evea l  a n y  f i l amentous 
part i c l es .  Both i nocul ated l eaves and new g r owth were t ested f or 
f i l ament ous vi r us p ar t i c l es approx i matel y t wo weeks af t er 
i noc u l at i on .  I n  c ontr ast , c uc umber mosa i c vi r us ( CMV) was 
succ esf u l l y  t r an sf er r ed f rom N . sarn i ensi s hybr i d  l eaf t i ssue t o  
a n umber of h er baceous i nd i c ators usi n g  p ar t i a l l y  p ur i f i ed v i r us 
p r ep a r at i on s  w h i ch a l so c on t a i n ed f i l amentous v i r us part i c l es .  
Cuc umber mosai c v i r us was t r an sf e r r ed f r om H . sarni ensi s  h yb r i d  
l eaf c r ude sap t o  N . debne y i  and N . tabac u. � Samsun � i n  t wo 
i nocu l at i on tests < Tab l e  5) . Furt h er d et a i l s  on t h e  mech an i c al 
transm i ssi on and serol og i ca l  tests f or CMV i so l ate s  f r om n er i n es 
are p r esented i n  Chapt er 4 .  

3 . 5 D I SCUSS I ON 

Maat ( 1 976) 
f l ower sta l k 
vi r uses i n  t h e  
Norr i s  ( 1974) 

ment i oned vi r us-l i ke d i sease sympt oms on l eaves , 
and f l owers of n er i n es i nf ec t ed w i t h  v ar i ous 
Neth er l an d s  but p rovi ded no d et a i l s .  In E ng l and , 

r ep or t ed t hr ee v i rus-l i ke sympt oms i n  Neri ne 
spec i es .  These wer e :  

( a) mosai c a n d  str ea k i n g  o f  t h e  l eaves 
( b )  s t r i p i ng o r  f i ne i rr e g u l ar l i nes r un n i ng across t h e  w i d t h  

o f  t h e  l eaves 
( c )  c o l our b r ea k  o r  b l otch i n ess i n  t h e  f l ower s .  

A l t h ou g h  f i l amentous v i rus par t i c l es ,  b el ong i ng mai n l y  t o  t h e  
potex v i rus and potyv i r us g r oups ,  were c ommon l y  observed b y  
e l e c t r on m i c r oscopy i n  t i ssue wi t h  t h e  v i r us-l i ke sympt oms 
desc r i b ed ,  i t  was not possi b l e t o  def i n i te l y estab l i sh symptom 
assoc i at i on b ec ause of t h e  possi b i l i ty of m i x ed i nf ec t i ons .  
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Tab l e  5: Resul ts of mechan i cal transmi ssi on stud i es w i t h  Herine crude 
sap or part i al l y  p ur i f i ed v i rus preparat i on .  

Spec i es Number I n ocu l uM Inocu l um Samp l e  Buf f er  " SYlllptoms'" 
I n ocul ated Type ' Source'" Number Add i t i ves 

Tetragoni a 9 c: . s .  1 , 2, 3  4 Yarwood ' s'" 
IIrxpansa 4 c . s . 1 2 2% n i c ot i ne 

6 p . p . 1 2 0 . 0 1 1'1  KPO .. 

(Jo.phrllrna 1 7  c . s . 1 , 2 , 3  8 Yarwood ' s  
g l obosa 6 c .  s .  1 3 2% n i c ot i ne 

Chenopodi u. 46 e . s . 1 , 2, 3 1 8  Yarwood ' s  
a.arilnt i c o l or 1 7  c . liI . 1 9 2% n i c ot i ne 

6 p . p .  1 2 0 . 0 1 1'1  KPO ... 
4 p . p .  1 2 0 . 0 1 1'1  KPO ... 

Chllrno podiu. 69 c . s . 1 , 2, 3  34 Yarwood ' s  
q u i no a  28 c . s . 1 1 6  2 %  n i c ot i ne 

4 p . p .  1 2 0 . 0 1 1'1  KPO ... 
:5 p . p .  1 2 0 . 0 1 1'1  KPO ... 

Cuca. i s  1 3  C . s . 1 , 2, 3  6 Yarwood ' s  
sa t i v as 4 C . s  1 2 2% n i c ot i ne 
' Sl i cemaster ' 3 p . p .  1 1 0. 011'1 KPO ... 

2 p . p .  1 1 0. 0 11'1 KPO .. 

Phaseo l as 1 2  c . s . 1 , 2, 3  4 Yarwood ' s  
v u l g ar i s  3 c . s . 1 2 2% n i cot i n e  

H i c o t i ana 89 c . s . 1 , 2, 3  42 Yarwood ' s  
c l e ve l andi i 26 c . s . 1 1 9  2 %  n i c ot i ne 

4 p . p .  1 2 0 . 0 1 1'1  KPO ... 
8 p . p .  1 2 0 . 0 1 1'1  KPO ... 

H i c o t i ana 1 8  c . s . 1 , 2 , 3  6 Yarwood ' s  
dllrbnllryi 4 c . s .  1 2 Yarwood ' s  

6 p . p .  1 2 0 . 0 1 1'1  KPO .. 
4 p . p .  1 2 0 . 0 1 1'1  KPO ... 

H i c o t i ana 36 c . s . 1 , 2, 3  21  Yarwood ' s  
g l u t i nosa 8 c . s .  1 3 2% n i c ot i ne 

5 p . p .  1 2 0 . 0 1 1'1  KPO .. 
4 p . p .  1 2 0 . 0 1 1'1  KPO .. 

H i c o t i ana 1 4  c .  s .  1 , 2 , 3  8 Yarwood ' s  
tabacu. 4 c . s .  1 2 2% n i c ot i ne 
' Wh i te Burl ey' b p . p .  1 2 0 . 0 1 1'1  KPD ... 

2 p . p .  1 1 0 . 0 1 1'1  KPO ... 

H i c o t i ana 8 c .  s .  1 , 2, 3  3 Yarwood ' s  
tabaca. 2 c . s . 1 1 Yarwood ' s  
' Samsun' 3 p . p . I 1 0 . 0 1 1'1  KPO ... 

2 p . p .  1 1 0 . 0 1 1'1  KPO ... 

Pet an i a  8 c .  s .  1 , 2, 3  3 Yarwood ' s  
hybrida 2 p . p .  1 1 0 . 0 1 1'1  KPO .. 

, :  c . s . �crude sap I p . p . =part i al l y pur i f i ed preparat i on .  
2 :  I-H. sarnillrns i s ;  2-H . bo�deni i & hyb r i d s ;  3-H. fo th,rg i J l i  

' Major ' • 

3. Yarwood ' s-potass i um phosphate buff er conta i n i ng benton i te 
( Yarwood, 1966l • 

N i l 
N i l 
N i l 

N i l 
N i l 

N i l  
N i l 
N i l  
LL" 

N i l 
Ni l 
Ni l 
LL'" 

Ni l 
N i l 
Ni l 
LL 3. 

Ni l 
N i l 

N i l 
N i l 
Ni l 
S" 

N i l 
S" 
N i l 
S'" 

N i l 
N i l 
Ni l 
LL'" 

Ni l 
N i l 
Ni l 
S" 

N i l 
LL'" 
N i l 
LL'" 

N i l 
N i l 

N i l -no v i s i b l e  symptoms; LL-local l es i ons; S-systemi c symptoms 
a. V i rus conf i r med .s cucumber mosa i c  vi rus by Ouch t er l ony doub l e  

d i f f usi on t ests. 

S .. 



However , some t e n t at i ve 
present ed i n  C hapt er 6 
H . sarn i ens i s h yb r i d .  

ev i d en c e  f or symptom assoc i at i on 
f or an 800n m potyv i r us f ou n d  

S 7  

i s  
i n  

There are some r epor t s  i n  t h e  l i t er at ur e  of poss i ble s ymptom 
assoc i at i on .  Koen i g  e t  a 1  ( 1 973 ) r epor ted t h at H . b o Nd en i i c v  
� Rose Queen' i n f ec t e d  w i t h n ar c i ssus mosai c v i r u s  ( NaMV ) 
d i splayed conspi c uous l eaf mottli n g . Fur t her , H . b o Nden i i c v  ' Van 
Roon' i n f ec t ed w i t h  n er i n e l at en t  v i r us ( NeLV ) was r epor t e d  b y  
Maat e t  a 1  ( 1 97 8 ) t o  expr ess sever e mos a i c symptoms a l t hough i n  
oth er c u l t i var s such as H . boNden i i ' 63' n o  appar ent symptoms 
wer e evi dent . I n  t h e  i n stances where symptom assoc i at i on was 
i mpl i c ated , the poss i b i li ty of the s i mu l t aneous oc c ur r e n c e  of 
mor e t h an on e i n f ec t i ous ent i ty was n ot est abli shed . 

The l i t er atur e on n er i n e  v i ruses r ev i ewed i n  Ch apter 1 i nd i c at es 
t h at sever a l  of t h e  f i l amen tous v i r uses h ave not b ee n  amenab l e  
i n  mec h an i c a l  t r a n sm i ssi on stud i es ( eg ner i ne st r a i n of n er i n e 
v i r us X ( NeVX ) ;  n er i ne yel low str i pe v i rus ( NeYSV ) . However, 
there are a number of v i r uses i n  n e r i nes w h i c h h ave b een f ou n d  
t o  b e  mec h an i c ally t r an sm i ssi b l e ,  espec i a l l y f rom p ar t i ally 
pur i f i ed prepar at i on s . I n  t h i s c ategory a r e  suc h  v i r uses as CMV , 
NeLV , NaMV , a n d  ar ab i s  mosa i c v i r us ( Ar MV ) . 

Yar wood's solut i on was c h osen f or mech an i c a l  t r an sm i s s i on t est s 
bec ause i t  h as b ee n  ob ser ved to i n c r e ase t h e  i nf ec t i v i t y of man y 
p l ant v i r uses ( Ya r wood , 1 972 ) . The h i g h pH ( pH 8 . 7 > may prevent 
act i v i t y of i nh i b i tor s or i n ac t i v ator s of v i rus i n f ec t i on .  
Fur t h er t h e  a d d i t i ve benton i t e i n  Yar wood's solut i on b i n d s  a n d  
i n h i b i t s r i bon uc leases wh i ch m a y  i nh i b i t  v i r u s  i n f ec t i on 
( Fr a n c k i  � McLean , 1 968 ; Si n g e r  � Fr aen k e l -Conr at , 1 9 6 1 ) . A 2 1.  

n i c ot i ne sol ut i on w a s  also used b ec ause n i cot i n e h as b ee n  shown 
to c omb i ne w i t h  and pr ec i pi t at e  t a n n i n s ,  wh i c h c an also b e  
i n h i b i tor s of v i rus i n f ec t i on ( Th u n g  & Van d er Wan t , 1 9S 1 ) . 
Part i al ly pur i f i ed v i rus prepar at i ons r esuspen d e d  i n  O . O l M  
pot ass i um phosph ate , p H  7 ,  wer e a l so used a s  i noc ulum t o  t o  
r educe or e l i mi n at e  i n h i b i tor s or i nac t i vator s t h at may h av e  
b een present i n  c r ude n er i n e sap . Further , pot ass i um phosphate 
b uf f er s  have b ee n  f oun d to i nc r ease t h e  i n f ect i v i ty of some 
v i r uses ( Th or n b er r y , 1 935 ; Yarwood , 1 9S 2 ) . 

The resu l t s of t h e  mech an i c al t r an sm i ssi on stud i es c on f i r me d  t h e  
f i n d i n g s  r epor t e d  i n  t h e  li t er ature ( Ch apter 1 )  t h at a n umber of 
f i l amentous v i r uses common l y  f ou n d  i n  n e r i n es a r e  n ot 
t r an sm i ssi b l e  to a r a n g e  of h er b ac eous i n d i c ators ( Tab l e  5 ) . I t  
seems unli k ely t h at i nh i b i tor s or i nac t i vator s prevent ed 
mech an i c al t r a n s m i ss i on b ec ause e x tracts wer e pr epa r ed i n  
sol ut i on s  c on t a i n i ng a dd i t i ves to m i n i mi z e  t h ese . Fur t h er mor e ,  
CMV was succ essf u l l y  t r an sm i t ted , espec i al ly f rom part i al l y 
pur i f i ed v i r u s  pr eparat i on s  w h i c h were shown b y  e l ectron 
m i c r oscopy t o  c on t ai n f i l amentous v i r us par t i c l es .  
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T h e  f ai l ur e  t o  t r ansmi t any of t h e  f i l amentous v i r uses f r om 
n er i ne t i ssue s h ow i n g  consp i c uous vi r us-l i ke sympt oms and i n  
wh i ch vi rus p ar t i c l es c ou l d r e ad i l y  b e  det ec t ed b y  e l e c t r on 
m i c r oscopy wou l d sugg est t h at sap-t r an sm i ssi b l e  v i r uses such 
NaMV , NeLV and t ob ac c o  r att l e  v i rus were not p r ev al en t  i n  t h e  
c u l t i vars i ndex ed . Thus , t h e  540nm potex v i r us f ou n d  t o  b e  q u i t e  
p reval ent i n  t h e  c u l t i vars i ndex ed was un l i kel y t o  b e  NaMV o n  
t h e  b asi s o f  i t s l ac k  o f  sap-tr an smi ssi b i l i ty t o  c ommon 
herbaceous i nd i c at or p l ants < T ab l e  5 ) . 

A l though some c ar l avi r us-l i ke p a r t i c l es ( 620-690nm ;  Wett er � 
Mi l ne ,  1 98 1 )  were d et ec t ed i n  t h e  e l ectron mi c r osco p e  survey 
( F i gure 3) i t  was n ot p ossi b l e  to deter m i n e  wheth er t h ese were 

f ragmented potyvi r uses . The mech an i c a l  transmi ssi on r esu l t s  
woul d agai n sugg est t h at NeLV , t h e  sap-transmi ssi b l e  c ar l avi rus 
f ound to c ommon l y  i nf ect Neri ne s p ec i es overseas ( Ha k k aart , 1 972 ; 
Maat et a I , 1 978) was not c ommon i n  t h e  cul t i vars i ndex ed . 

As men t i oned i n  Sec t i on 3 . 2 ,  a 740nm potyv i rus ( p resumab l y  
NeYSV) was f ound i n  a N . boHdeni i  h y b r i d  cul t i var wh i ch was a l so 
i nf ected w i th t h e  540nm p ot ex v i r us , and , an unnamed aOOnm 
p ar t i c l e  was d e t ec t ed i n  one of t h e  N . sarn iensi s h yb r i ds .  T h e  
f ai l ur e  t o  mech an i c a l l y  t r an sm i t a n y  o f  t h ese v i r uses t o  
h er baceous t est p l ants i s  c on s i stent wi t h  the f i nd i n g s  i n  t h e  
l i t er ature r ev i ewed i n  Chap t er 1 .  
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CHAPTER 4 

I DENT I F I CAT I ON OF CUCUMBER MOSA I C  V I RUS I N  HER IHE I N  NEW ZEALAND 

4 . 1 I NTRODUCT I ON 

T h e  presence of cucumber mosa i c  vi srus ( CMV ) i n  ner i nes h as b een 
r eported i n  stud i es i n  Europe ( Ha k k aart et aI , 1 975 ; Maat et 
a I , 1 978 ) and was f ound t o  be c ommon i n  H . sarni ens i s  and 
H . boHdeni i  cul t i var s  ( Tab l e  1 ,  Chapt er 1 ) . Hak kaart et al ( 1 975) 
r epor t ed that f r om l eaf samp l es contai n i ng S4Snm f i l amentous 
part i c l es no v i rus other than CMV c ou l d be tran smi tt ed t o  
6 . g l obosa , C . a.aran t i co l o r ,  C . q a i no a ,  and H . c l evel and i i .  

T h i s  c hap ter p r ov i des evi denc e  t h at the mech an i cal l y  
t r ansmi ssi b l e  v i rus i so l ated f rom natural l y  i nf ected 
H . sarni ens i s  hyb r i ds i s  a strai n of CMV. 

4 . 2  SYMPTOMATOLOGY I N  HERBACEOUS I ND I CATORS 

A l though 1 2  d i f f erent h er baceous i nd i cator spec i es were used i n  
t h e  mechan i cal t r an smi ssi on stud i es ,  t he i nd i cators used most 
of ten were C . q a i na a ,  C . a.arant i co l o r ,  H . c l evel andi i ,  
H . g l at i nosa , H . debn e y i  and H . t abac a. � Wh i te Bur l ey' ( Tab l e  5 ,  
Chapter 3 ) . A t ot a l  of 4 2  ner i ne crude sap i nocul at i ons usi ng 
Yarwood ' s  sol ut i on and 1 9  usi ng 27. n i c ot i ne was att emp t ed . On l y  
on two occasi ons was CMV transf err ed t o  H . debne y i  and onc e  to 
H . tabac a. · Samsun ' .  In al l these i nstances the i nocul um was 
obtai n ed f r om H . sarn i ensi s  hybr i d  l eaf t i ssue usi ng Yarwood ' s  
sol ut i on < Tab l e  5 ) . Cucumber mosai c v i r us was al so t r an smi tted 
t o  a r ange of i nd i c ator spec i es f rom two out of f our p ar t i al l y 
pur i f i ed vi rus p r eparat i ons ( ch l or of orm c l ar i f i ed and 
pol yethyl ene g l yc o l  p r ec i p i t ated ; Sec t i on 2. 2 . 5 [ c l ) , f rom 
H . sarn i ens i s  h yb r i d  l eaf t i ssue contai n i ng f i l amentous vi r us 
par t i c l es .  

The n er i ne i so l ates of CMV i nduced l oc a l  l esi on reac t i on s  on 
C . q ai no a ,  C . a.aran t i co l o r ,  C ac a.i s  sat i vas ' Sl i c emaster ' , 
H . g l at i nosa and H . t abac a. ' Samsun ' ,  and , syst em i c sympt oms i n  
H . c l evel andi i ,  H . debne y i  and H . t abac a. ' Wh i te Bur l ey ' . F i gure 
4 [ A J  shows n ec r ot i c  l ocal l esi ons on C . q ai na a ,  F i gure 4 [ 8 )  
shows l ocal etch ed f l ec ks f or mi n g  concent r i c  r i ngs on H . tabac a. 
' Samsun ' ,  Fi g ur e  4 [ C J  shows l oc a l  l esi ons and systemi c necrosi s 
i n  C ac a.i s  sat i v as ' Sl i c emaster ' , and F i gure 4 [ D ]  shows f awn 
' t arget-spot s '  i n  H . g l a t i nosa . 
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Fi gure 4: Loc a l  l es i ons i n  t e s t  p l an t s  i no c u l ated w i t h  v i rus 
p r ep ar at i on c o n t a i n i ng the n er i n e i so l a t e  of c uc umber 
mosa i c  v i r us ( CHV ) . 

F i gur e 4 ( A J : Necrot i c  l ocal l es i o n s  i n  Chenopo d i u. q u i no a  

1 5  d ays af ter i n oc ul at i on w i t h  par t i a l l y  pur i f i ed 
v i rus p r epar at i on f r om Her i ne sarn i ens i s  l eaf 
t i ssue c o n t a i n i ng CMV . 

F i gur e  4 [ B ] : Loc a l  etc h ed f l ec k s  f or m i n g  c o n c en t r i c  r i n gs i n  
H i c o t i ana t abac u. 'Samsun ' 23 d ays af t er i n ocul at i on 
w i t h  n er i n e c r ud e  sap pr ep ar a t i o n  c ontai n i ng CMV . 
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F i gure 4 ( C ) : Loc al les i ons and systemi c necros i s i n  C uc u.i s 
sat i v us ' Sli cemaster ' 22 d ays af ter i noculat i on 
w i t h  par t i ally pur i f i ed ner i ne vi r us p r epar at i on 
con t ai n i n g CMV . 

F i gure 4 ( 0 ) : Fawn ' targ t -spot s '  i n  H i c o t i  na g l ut i no s a  1 0  d y 
af ter i noc ulat i on w i t h  par t i  lly pur i f i ed ner i n e 
v i r us prepar t i on c a n t  i n i n g CMV . 

6 1  
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Ouchter l ony d oub l e  d i f f usi on tests were used t o  c onf i rm t h at 
t h e  symptoms ex pressed i n  the test p l ants were caused by CMV 
( F i gure 5 ) . The g e l  d i f f usi on tests show t hat the prec i p i t i n 
l i n es f r om wel l s  4 , 5 and 6 i n  Fi gure 5 are c onf l uent i nd i c at i ng 
t h at CMV was present i n  the sap of the t hr ee i nocul ated spec i es ;  
H . debne yi , H . tabac u. � Wh i te Bur l ey �  and H . t abac u. · Samsun ' . 

4 . 4  PART I AL PUR I F I CAT I ON 

A n er i ne i so l ate of CMV was p ar t i al l y  p ur i f i ed f rom H . tabac u. 
' Wh i te Bur l ey �  by c l ar i f i c at i on wi th c h l orof orm ,  p o l yet h y l ene 
g l ycol p r ec i p i tat i on ( Sect i on 2 . 2 . 5  [ c l )  and r esuspensi on i n  
O . 0 1 M  p ot assi um p h osphate buf f er c ontai n i ng O . 05M EDTA . El ect r on 
mi croscopy reveal ed t h e  p r esence of i sometr i c  CMV-l i ke p ar t i c l es 
( F i gur e  b ) . 

4 . 5  D I SCUSS I ON 

The r esu l ts of mechan i ca l  transmi ssi on stud i es ,  serol ogy and 
e l ectr on mi croscopy c onf i rmed the presen c e  of CMV i n  ner i n es i n  
New Z ea l and .  The f i nd i ng that CMV w�s t ransf erred at a much 
l ower r ate f r om H . sarni ensi s  hybr i d  c rude sap prepar at i on s  
c ompared to par t i a l l y  pur i f i ed prep ar at i ons suggests that CMV 
occurs at a rel at i ve l y l ow concentrat i on i n  t h e  n er i ne t i ssue 
t ested . Because t h i s  study was f ocused on f i l ament ous v i r uses i n  
neri n es the i nc i d en c e  of CMV i n  l ocal l y  grown Her i ne spp and 
c u l t i vars was not pur sued any f urther . 
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F i g u r e  5 :  Ouc h t er l on y  d o ub l e-d i f f us i on t est i n  ag ar . Cen t r e  
we l l was c h a r g ed w i t h  c u c um b e r  mosa i c  v i r u s  a n t i ser um . 

Per i p h e r a l  w e l l s  1 ,  2 and 3 c on t a i n ed sap f r om n o n - i n oc u l ated 

N i c o t i ana t a bac u m  ' Wh i t e Bur l ey ' , N . t a bac um ' S amsun ' an d 

N . debne y i  r es p e c t i ve l y .  W e l l s 4 ,  5 an d 6 c on t a i n ed sap f r om 

t est p l an t s  i n o c u l at ed w i t h  n er i n e c r u d e  sap or p ar t i a l l y  

p ur i f i ed v i r us p r ep ar at i on .  

F i g u r e 6 :  Par t i a l l y p ur i f i ed p r ep ar at i on of a N er i ne sarn z ens i s  
i so l a t e  o f  c uc umber mosa i c v i r us f r om N i c o t i ana 
t abac uB ' Wh i t e Bur l ey ' . 



CHAPTER 5 

PREL I M I NARY PUR I F I CAT I ON STUD I ES OF F ILAMENTOUS V I RUSES 
FROM SYSTEM I CALLY I NFECTED HERIHE 

5 . 1 I NTRODUCT I ON 
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The f ai l ur e  t o  t r an smi t any of the f i l amentous v i ruses f rom 
n er i ne t i ssue to herbaceous t est p l an t s  p r esented n o  opt i on but 
t o  att empt t o  p ur i f y the vi r us ( es )  d i rect l y  f r om f i el d- i n f ected 
n er i ne t i ssue . However , t h i s  g ave r i se to severa l  p r ob l ems� I t  
was not possi b l e  t o  obtai n substan t i al q uan t i t i es o f  n er i ne l eaf 
t i ssue f r om c ommer c i al l y  c u l t i vated ner i n es or f rom val uab l e  
col l ec t i on s  i n  h ome-gardens . Thus , v i rus p ur i f i cat i on p r ocedur es 
h ad to be d eve l oped wh i ch opt i mi z ed v i rus yi e l d  f r om r e l at i ve l y 
sma l l quant i t i es ,  i n  most cases l ess than 200g , of l eaf t i ssue . 
Fur t h er , n er i ne l eaf t i ssue was f ound t o  be h i gh l y muc i l ag i n ous 
and f i brous wh i ch c ou l d have r esul ted i n  subst ant i al l oss of 
v i r us i f  ex p l oratory stud i es were n ot undertaken to mi n i mi z e  
t h i s  l oss . 

5 . 2 PUR I F I CAT I ON STUD I ES 

The prel i mi nary p ur i f i cat i on stud i es were under t a k en w i th l eaves 
f r om a c l on a l l y  mass propagated H . sarn i ens i s  hybr i d  cul t i var 
f ound to b e  sever e l y i nf ected w i t h  ca 800nm f i l ament ous v i rus .  
Leaves , showi n g  severe yel l ow mosai c symptoms j ust p r i or t o  
senescence were harvested s o  t h at t h e  ef f ects on b u l b l et and 
f l ower p r od uc t i on woul d have b een mi n i mal . The l eaves were 
stored e i t her at -70C or at -20C f or a p er i od of up t o  si x weeks 
whi l e  t h e  var i ous p ur i f i c at i on met h od s  descr i bed i n  Sec t i on 
2 . 2 . 5  were attempted usi ng about 1 00g of l eaf t i ssue on each 
occasi on .  Tab l e  6 summar i z es t h e  mai n f i nd i ngs f rom t hese 
stud i es .  

I n i t i al att emp t s  were made t o  p ur i f y v i r uses f rom about 1 00g of 
i nf ected l eaf t i ssue . The d i c i n g of n er i ne l eaves i nt o  2-3cm 
p i ec es p r i or t o  h omogen i z at i on was f ound to be an i mp or t an t  step 
to prevent f i b r ous l eaf mater i al b e i n g  t an g l ed i n  t h e  b l ades of 
t h e  War i ng b l ender . The use o f  T r i ton X - 1 00 was f ound t o  r educe 
c ontami nat i on by muc i l ag i n ous f i b r ous host mater i al as 
determi n ed by e l ectron m i c r oscop y .  Re-ex t ract i on of t he 



Tab l e  6 :  Pur i f i cat i on stud i es on p otyv i rus-l i ke p art i c l es f ro m  f i el d - i � f ec ted Heri ne sarniensis l eaf t i ssue . 

Extract i on 
Buf f er 

( a )  0 . 5M p otassi um 
p h osphat e ,  pH 7 . 6  

( b ) 0 . 5M potassi um 
phosphat e ,  pH 7 . 6  

( c )  0 . 5M potass i um 
p hosphat e ,  pH 7 . 6  

Sol vent 

0 . 5 vol 
c h l or of orm 

0 . 5 vol 
c h l orof orm 

0 . 5  vol 
c h l or o f or m  

0 . 5 vol 

Add i t i ves 

0 . 1 %  2-ME 
0 . 05M EDTA 
0 . 0 1 M  D I ECA 
1% T r i ton X- 1 00 

0 . 1 %  2-ME 
0 . 05M EDTA 
O . O l M  D I ECA 
1 %  Tr i ton X - 1 00 

0 . 1 %  2-ME 
0 . 05M EDTA 
0 . 0 1 M  D I ECA 
1% Tr i ton X - 1 00 

0 . 1 %  sod i um ( d )  20mM HEPES , 
pH 7 . 5  c h l o r o f o r m / carbon sul p h i te ,  

t et rac h l or i de ( 1 : 1 )  1 %  Tr i ton X - 1 00 
or 81. n-butanol 

(e) O . l M  Tr i s­
C i t r i c  ac i d ,  
p H  9 . 0 

0 . 5  vol 
c h l orof orm 

0 . 1 1.  sod i um 
th i og l yc o l ate 

( f ) O . l M  T r i s-HCI 0 . 5 vol 0 . 1 %  th i o-

E:DTA 
D X ECA 

c h l o r of o r m / c ar bon g l yc o l i c  ac i d  
tetrach l or i de ( 1 : 1 )  

_ t h y 1 _n_-d � .m . n _-t_tr_-_c _ t _ t _  
_�d � um d � _ t h y 1 -d � t h � oc _� b .m_t_ 

Concen t r at i on 
Procedure 

2 cyc l es of 
d i f f er ent i al 
centr i f ug a t i on 

51. PEG/NaC I , 
2 c yc l es o f  
d i f f er en t i al 
centr i f ug at i on �  
sucrose g r a d i ent 

51. PEG l NaCl , 
i sopycn i c  
c aesi um c h l or i de 
centr i f ug at i on 

41. PEG / NaC l , 
i sopycn i c  
caes i um c h l or i de 
centr i f ugat i on 

51. PEG/ NaC I , 
1 cyc l e  of 
d i f f er en t i al 
centr i f ug at i on ,  
suc r ose g r ad i en t  

2 cyc l es of 
r e l at i ve l y l ow 
speed 
centr i f ug at i on 

E l ec t r on mi croscop i c  assessment of 
pur i ty ,  i nteg r i ty ,  aggregat i on and yi e f d  

Heavi l y  contami nated wi th host mater i al ; 
Fragmentat i on of v i rus part i c l es ;  
Par t i c l es not agg regated ; 
Rel at i ve l y l ow v i rus y i el d .  

Rel at i ve l y  free of host contami nants; 
Fragmentat i on of v i rus p ar t i c l es ;  
End-to-end aggr egat i on ;  
Rel at i ve l y  l ow vi rus y i e l d .  

No d etectab l e  host con t ami n an t s ;  
Rel at i ve l y  l ow f r agmen t at i on ;  
End-to-end aggregat i on ;  
Rel at i ve l y  h i gh vi rus y i el d .  

No d etectab l e  host contam i nant s ;  
Rel at i ve l y  l ow f r agmen t at i on ;  
End-to-end aggreg at i on ;  
Rel at i ve l y  l ow vi rus y i e l d .  

No d etectab l e  host contam i nants; 
Some p a rt i c l es f ragmented ; 
End-to-end aggregat i on ;  
Re l at i ve l � l ow vi rus y i el d .  

Heavi l y  contam i n ated wi th host mater i al ; 
Rel at i ve l y  l ow f r agment at i on ;  
Par t i c l es not aggregated ; 
Very l ow vi rus yi el d .  
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coagul ated i nt erphase af t er t h e  f i rst l ow speed c e n tr i f ug at i on 
was f ound t o  i nc r ease v i r u s  yi e l d .  From e l e c t r on mi c r oscop i c  
observat i on s  i t  was est i mated t h at up t o  20% of t h e  v i rus coul d 
b e  l ost i n  t h e  f i b r ous i nt er p hase i f  r e-ex t r act i on was not 
attempted . Over n i ght c h l orof orm c l ar i f i cat i on o f  t h e  p r eparat i on 
on a s l ow s h a k er at 4C as opposed to 3h t reatment s was f ound t o  
h ave n o  apparent d e l eter i ous ef f ec t s  on t h e  i nt eg r i ty o f  t h e  
p ar t i c l es .  

The most sui t ab l e  vi rus p ur i f i c at i on p r oc edure f or max i mi z i ng 
v i r u s  yi e l d of unf r ag ment ed part i c l es i nvol ved t h e  use of a 
h i gh mol ar i ty ( 0 . 5M )  potassi um phosphat e  buf f er ( p H  7 . 6 ) w i t h  
p o l yet h y l e n e  g l yc o l  ( tPEG J ; MW6000 ) p r ec i p i t at i on f ol l owed 
d i r ec t l y  by i sopyc n i c  c ae s i um c h l or i de c en t r i f ug at i on ( procedure 
t c l , Tab l e 6 ) . Th i s  f or med the b asi s of t h e  p ur i f i c a t i on methods 
subsequen t l y  used i n  t h i s  stud y .  Procedures i nvol v i n g  h i gh speed 
c en t r i f ug at i on to p e l l et the vi rus ( p r ocedures t a l , [ b l  and t e l ; 
Tab l e  6 ) , usual l y  r esu l t ed i n  f r ag mentat i on of many of t h e  vi r us 
p ar t i c l es as shown i n  F i g u r e  7 .  The use o f  suc rose g r ad i e n t s  
af t er PEG p r ec i pi t at i on d i d  n ot g i ve t h e  sharp sep ar at i on 
o bt a i ned b y  usi n g  i sopyc n i c  c aesi um c h l or i de centr i f ug at i on .  
O n e  hundred g r ams o f  systemi c a l l y  i nf ec t ed l eaf t i ssue was 
sUf f i c i en t  i n  most c ases to f or m  a d i st i n c t  opa l escen t b an d  i n  
caes i um c h l or i de ( F i gure 8 ) . A l though t h e  use of PEG was f ound 
t o  be a c onven i en t  and r e l at i ve l y  r ap i d  techn i que f or t h e  
p ur i f i c at i on o f  unf r ag me n t ed f i l amentous v i r us p ar t i c l es f r om 
n er i ne t i ssue , i t  was f ound t o  i nduce sever e end-to-e n d  
agg r eg at i on i n  many of t h e  p r ep ar at i on s  ( F i g ur e  9 ) . 

5 . 3 D I SCUSS I ON 

T h e  f ai l ur e  t o  t r a n sm i t any of the f i l ament ous v i ruses t o  

h er b ac eous i nd i c at or p l an t s  c omb i n ed w i t h  t h e  p ossi b l i l ty of 
m i x ed i nf ect i on s ,  p resent ed the g r eatest c h a l l enge i n  t h i s  
stud y . The p r e l i mi nar y  e l ectron mi c r oscope survey p r ovi d ed a 
usef u l  star t i ng p o i n t  t o  d et er m i n e  t h e  morp h o l og i ca l  and s i z e  
c h ar ac t er i st i cs of some of t h e  f i l amentous vi r uses i n  l oc al l y  
c u l t i vated Her i ne spec i es .  The f i nd i n g o f  two Her i ne cul t i var s 
w i t h  p redomi n an t l y  o n e  c l ass of f i l ame n tous v i rus p ar t i c l es 
p roved usef ul f or determ i n i ng wh i ch of t h e  f i l ament ous v i r uses 
i n  n er i n es were sel ect ed f or f ur ther stud y .  Thus the 540nm 
p o t ex v i r us f ound i n  H . fo t herg i l l i  7 Maj or 7 and the 800nm 
p ot yv i r u s  f ound i n  a H . sarni ensi s h yb r i d  were c hosen f or more 
i ntens i ve stud y .  Si n c e  t h e  H . sarn i ensi s h yb r i d was c l on a l l y  mass 
p r op ag a t ed f or c ommer c i a l  c ut f l ower p r od uc t i on ,  suf f i c i en t  
q u an t i t i es o f  l eaf mater i al were avai l ab l e dur i ng t h e  end of t h e  
g r ow i ng season t o  u n d er t a k e  pur i f i c at i on stud i es f r om f i el d-
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i nf ec t ed l eaf mater i al . 

Procedures out l i ned i n  Sec t i on 2 . 2 . 5  were f o l l owed i n  attemp t s  
t o  p ur i f y  f i l ament ous vi r uses f rom n er i ne l eaf t i ssue . Most of 
t h e  meth od s  were n ot sui t ab l e f or y i e l d i ng suf f i c i en t  quant i t i es 
of unf r a g mented v i rus f or c h ar ac t er i z at i on .  Fur t h er , t h e  
mec h an i ca l  bansmi ssi on stud i es r eported i n  Chapter 3 i nd i c at ed 
t h at cucumber mos a i c vi r us c ou l d b e  a l ow l evel c on t am i n an t  i n  
t h e  v i rus p r ep ar at i on s . T h e  possi b i l i ty of m i x ed v i rus 
i nf ec t i ons g ave t wo opt i on s  f or the d evel opment of spec i f i c  
v i rus i nd e x i ng methods f r om f i el d - i n f ec t ed t i ssue . T hese were 
monoc l onal ant i bod i es or n uc l e i c  ac i d  p r ob es f rom c l oned vi r a l  
cDNA . A l t h ough b ot h  t h ese app r oach e s  wou l d h ave g i ven r ap i d ,  
stan d ar d i z ed and sen s i t i ve d i agnost i c  p robes wh i ch c oul d b e  
p ropagated i ndef i n i te l y ,  t h e  c l oned v i r a l  c DNA method was 
sel ected i n  t h i s stud y ,  d ue to the avai l ab i l i ty of t h e  r eq u i red 
l ab or atory equ i pmen t . 

For t h e  c l on i ng o f  v i r a l  c DNA , t h e  vi rus h a d  t o  b e  p ur i f i ed i n  
suf f i c i en t  quan t i t i es ,  w i t h out f r ag mentat i on ,  s o  t h at adequate 
quant i t i es of und eg r aded v i r a l  RNA cou l d be obt a i n ed f or c DNA 
synt h es i s .  The pur i f i c at i on stud i es attempted i n  t h i s  c h ap ter 
were a i med at obtai n i ng max i mum quant i t i es o f  unf r agmen t ed 
vi rus p ar t i c l es .  Gent l e  p r oc edures usi n g  p o l y et h y l e n e  g l ycol 
p r ec i p i t at i on and i sopycn i c  c ae s i um c h l or i de centr i f ug at i on were 
f ound t o  y i e l d opt i mum q uant i t i es of unf r ag m en t ed v i r us 
part i c l es sui t ab l e  f or RNA ex t r ac t i on .  The p h enome n a  of end-t o­
end aggregat i on observed i n  some v i rus preparat i on s  was of n o  
p r ac t i c a l  s i g n i f i c an c e .  T h e  p r oc ed ures reported i n  t h i s  chapter 
t o  b e  ef f ec t i v e  i n  max i mi z i ng v i rus y i e l d wer e  used i n  t h e  
pur i f i cat i on schedu l es adop t ed f or t h e  p ur i f i c at i on o f  NeVX 
( Ch ap t er 6 )  and NeVY ( Ch ap t er 7 ) . 



1 000nm 

F i gure 7 :  Frag men t at i on o f  f i l amentous vi rus p a r t i c l es af t er 
two c yc l es of d i f f er ent i al c entr i f ug at i on .  
Sta i n :  2% pot ass i um p h osphotungst i c  ac i d ,  p H  7 .  

F i gure 8 :  A d i st i nc t  op a l escent v i rus b and af ter i sopycn i c  
caes i um c h l or i de centr i f ugat i on .  
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F i gure 9 :  End-to-e n d  
t reatment w i th p o l  
St ai n :  2% 

i c l es f o l l ow i n g  
( MW 6000 ) . 

7 .  

6 9  



CHAPTER 6 

PUR I F I CAT I ON ,  CHARACTER I Z AT I ON AND c DNA CLON I NG OF 
N E R I NE V I RUS X 

6 . 1 I NTRODUCT I ON 

70 

Two p ot ex v i r uses h ave b een r eported i n  n e r i n e s  f r om t h e  
Nether l an d s  a n d  t h e  U n i t ed K i n g dom ( Maat , 1 976 ;  P h i l l i ps & 
Brun t , 1 980 ) . T hese ar e n er i ne v i rus X ( NeVX ) ,  w i t h  an aver a g e  
p ar t i c l e  l en g t h  o f  54 1 n m a n d  n ar c i ssus mosa i c v i r us ( NaMV ) w i t h  
a p ar t i c l e  l en g t h  o f  5 54 n m  ( Ma at , 1 9 76 ) . Ner i n e v i r us X h a s  b een 
r ep or t ed t o  be r e l at i ve l y c ommon i n  n er i nes w h er eas NaMV was 
f ound to be r e l at i ve l y unc ommon ( Tab l e  1 ) . 

Due t o  t h e  f a i l ur e  t o  m ec h an i c al l y ban sm i t  NeVX f r om n er i n e s  
i nt o  h e r b ac eous h o s t s  ( Maat , 1 976 ) , n er i n e  i so l ates o f  t h e  
v i r us r emai n ed p oor l y  c h ar a c t er i z ed .  However , a s t r a i n  o f  NeVX 
( on the b as i s o f  c l ose ser o l og i c a l  r e l at i onsh i p s ) , i so l ated f r om 

Rgapa n t h us praeco x subsp . o r i ental i s  ( Ne V X - A )  w h i c h was 
mec h an i c a l l y  t r ansmi s s i b l e  t o  h er b ac eous i nd i c at or p l an t s ,  was 
p ar t i a l l y c h ar a c t er i z ed ( Ph i l l i p s and Br unt , 1 98 0 ) . 

I n  c on t r ast , NaMV i n  n er i nes was f ound t o  b e  r ead i l y  sap 
t r an sm i s s i b l e  to a n um b er of h er b ac eous hosts ( r ev i ewed i n  
Sect i on 1 . 5 ) .  N ar c i s sus mosa i c v i rus h as b ee n  w e l l 
c h ar ac t er i z ed ( Brunt , 1 96 6 ; Koen i g  et a l , 1 973 ; S h or t &Davi es , 1 983 ) 
a n d  i t ' s  c omp l et e  n uc l eot i de sequenc e  r ec en t l y  d e t er m i n e d  
( Z u i d ema e t  a l , 1 989 ) . 

A n umber of N . fo t herg i l l i  ' Maj or ' p l an t s  ( F i g u r e  1 0 ) , f r om a 
h ome g ar d en i n  Pal mer st on N or t h , d er i ved f r om a s i n g l e moth er 
b u l b wer e f ound t o  b e  i n f ec t ed w i t h  one c l ass of f i l amen t ou s  
v i r us p a r t i c l es b e l o n g i n g t o  t h e  p otex v i rus g r oup . O n  t h e  b as i s 
of p ar t i c l e  mor p h o l o g y ,  sap t r an smi s s i on c h ar acter i st i c s a n d  
ser o l og y ,  t h e  N e w  Z e a l a n d  p o t ex v i r us w a s  i d ent i f i ed a s  a n  
i so l a t e  of NeV X . T h i s  i so l ate of NeV X was p ur i f i ed f r om f i e l d­
i nf e c t ed H.fo t herg i l l i  ' Maj or ' t i ssue , c h ar a c t er i z ed a n d  cDNA 
c l o n ed i n  t h i s  stud y .  



\ 
F i gure 1 0 :  C l uster of Her i ne fo therg i l l i  ' Maj or ' b u l b s  

i n f ec t ed w i t h  an i so l at e o f  n r i n e v i r us x .  

7 1  



6 . 2 PART I CLE MORPHOLOGY 
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Crude sap ex t r a c t s  of l eaf and f l or a l  t i ssue f rom t h e  
i nf ec ted H . fo therg i l l i  ' Ma j or ' p l ants were f ound t o  c on t a i n 
o n e  d i st i nct popu l at i on of f i l ament ous v i rus part i c l es w i t h  a 
n or mal l en g t h  of 540n m .  When g r ouped i nt o  20nm categor i es 80% of 
t h e  97 part i c l es measured h ad a l en g t h  d i st r i but i on of 5 1 0  t o  
550nm and 64% wi t h i n  t h e  530 t o  550nm r an g e  ( F i g ur e  1 1 ) . T h e  
part i c l e  wi d t h  was est i mated t o  b e  c a  1 1 n m .  

T h e  part i c l es wer e sl i gh t l y  f l ex uous and no ul t r astruct u r a l  
d e t a i l s , suc h  as a n  ax i al channel or subun i t s ,  wer e observed 
when stai n ed wi t h  2% PTA ( pH 7 ) , 2% sod i um si l i c ot un g s t at e ,  or 
2% uran y l  acetat e .  

S l i gh t l y  f l ex uous par t i c l es 1 1 - 1 3n m  i n  d i ameter and l en g t h  
r ang i ng f rom 480-580nm h ave b een def i n ed a s  bel ong i ng t o  t h e  
p ot ato v i rus X or p ot e x v i rus g roup < Br an d es & Ber c k s , 1 965 ; 
Lesemann & Koen i g ,  1 977 ; Purc i f u l l & Edwar dson , 1 98 1 ) .  

6 . 3 MECHAN I CAL TRANSM I SS I ON E XPER I MENTS 

Furt h er to t h e  p r e l i mi nary mec h an i c a l  t ransmi ss i on stud i es u si ng 
crude sap f rom l eaf and f l or a l  p ar ts of H . fo t herg i l l i  ' Ma j or ' 
r ep or ted i n  Chap t er 3 ( Tab l e  5 ) , r e p eated ef f or t s  were mad e  t o  
t r an smi t t h e  p o t ex v i rus usi ng p ur i f i ed p r ep arat i on s  t o  t h e  
f ol l owi n g  i nd i c a t or s :  G . g l obo sa, C . a.aran t i c o l o r, C . qu i n o a, 
H . c l e ve l and i i ,  H. g l ut i no sa, H . t abac u. ' Wh i te Bur l ey ' , 
H . bentha.i ana Domi n .  and Cass i a  o c c i den t a l i s  L .  I n oc u l at i o n s  on 
a total of n i ne t est p l ant s on t h r ee separate occ as i ons f ai l ed 
t o  i nduce any v i rus-l i ke symp t oms o n  any of t h e  i nd i c a t or s .  
E l ect r on mi c r osc ope i nvest i gat i on of crude sap p r ep a r at i on s  of 
l eaf t i ssue of a l l t est p l a n t s  f ai l ed to show t h e  p r esenc e  of 
any f i l ament ous p art i c l es .  

An RNA prepar at i on f rom t h e  p ot ex v i rus p ur i f i ed f rom t he 
H . fo therg i l l i  ' Maj or ' was a l so used as i noc ul um on two 
H . c l e v e l and i i and three C . qu i no a  p l an t s .  Agai n n o  v i rus-l i k e 
symptoms were i nduced and n o  p ar t i c l es were obser ved wi t h  t h e  
e l ect r on mi c r oscope . 
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Len g t h  of p a r t i c l es ( n m )  

Leng t h  d i str i buti on of an i sol a t e  of n er i ne v i r us X 
f ound i n  Ner i ne fotherg i l l i  ' Ma j or ' . 



6 . 4  SYMPTOMATOLOGY 
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The H . fo therg i l l i  � Ma j or ' p l a n t s  i nf ec t ed w i t h  t h e  p ot ex vi rus 
s howed no v i r us-l i ke symptoms on the l eaves or f l or a l  p arts 
( F i g ur e  1 2 [ A J  & [ B l ) . 

6 . 5  CYTOPATHOLOGY BY L I GHT AND ELECTRON M I CROSCOPY 

I nc l usi on b od i es ,  such as t h e  b a n d ed vi ral agg r e g ates assoc i at ed 
wi t h  man y  other p ot ex v i ruses ( Ed ward son & Chr i st i e , 1 978 ; Hi ebert 
e t  al , 1 984 ) , were n ot observed i n  f i el d - i n f ec t e d  H , fo therg i l l i  
� Maj or ' ep i d ermal t i ssue f r om young and ol der l eaves af t er 
f i ve i ndependent att emp t s ,  usi n g  t h e  l i gh t  mi c r oscopy 
tec h n i ques d evel oped by Chr i st i e  ( descr i b ed i n  S ec t i on 2 . 2 . 4 . 4 > . 
A si mi l ar r esul t was obt a i n ed b y  R G Chr i st i e ( Un i v er s i ty of 
Fl or i da ,  Gai n esvi l l e ,  F l or i d a )  usi n g  the same t i ssue ( pe r s  
comm ) . 

Ul trat h i n  sect i on s  of vi r us-i n f ected ner i ne l eaf t i ssue a l so 
f ai l ed t o  s h ow any c h aracter i st i c  p ot ex vi rus i nc l us i on b o d i es i n  
the ep i dermal or mesop h y l l c e l l s .  



F i g u r e  1 2 [ A J : C l ose-up of Her i ne fo the rg i l l i  ' Ma j or ' l eaves 
syst emi c a l l y  i n f ec t ed w i t h  an i so l a t e  of n er i n e 
v i r us X b u t  show i n g  n o  v i r us- l i k e symp t oms . 
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F i g ur e  1 2 [ B ) : F l o we r s  of Her i ne fo therg i l l i  ' Ma j or ' i n f ct d wi t h  
an i so l ate of n er i ne v i r us X show i n g  n o  v i r u  - l i k  

symp t oms . 
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6 6 

T h e  p ur i c at i on p r oc ed u r e o u t  i n e d  i n  S ec t i on 2 . 2  5 .  was 
used t o  p ur i f y  N eV X . T h e u s e  o f  t h e  en e 
p r ec i p i t at i on f o l l ow e d  i so p yc n i c c en t r i f  i on 
u s i n g  c aes i u m  c h l or i d e d es c r i b e d  i n  S ec t i on 2 . 2 . 5 . 1 g av e  a 
d i s t i nc t  o p a l e s c e n t  v i r u s  b an d  w h i c h c o u l d b e  r ead i l y  c o l l e c t ed 
m a n u a l  1 w i t h  a s y r i n g e  a n d  r ec on c en t r at ed 

f i on at T h  s was a s i mp l e  and r ap i d 

v i r us 
e l e c t r on 
a g g r  

e w h i c h g av e  a r e l at i ve l  h i  e i d o f  u n f  
i c l es t h  n o  d e t ec t ab e l ev e l s o f  h os t  c 
m i c r os c o p e  o b s e r vat i on s  F i g ur e  1 3  

i on h owever was e v i d en t  i s om e  o f  t h e  i on s . 

i on s  a b o u t  0 1 6-0 . 3 d e t e r m i n at i on s  o f  I n  r ou t i n e 
r e  a t  v e l y  
a b out 

u n f  
o f  

v i r u s  ( F i g u r e  1 3  w a s  r ec overed f r om 
h ar vest e d  f i e l d  n f ec t ed n er i n e l ea f  

t ssue 
e x t 
o t h e r  

d ur i ng a t e  w i n t er a n d  
t i on c oe f f c en t  a t  2 60 n m  

r uses Mowat 1 982 ] )  

ear y s p r  n g  assum i n g  a n  
A O _ 1 %  o f  3 a n a l o g y  w i t h  I e m  

F i g u r e  1 3 :  P ar t i e  e s  o f  n er i n e v i r us X i so l at e  p u r i e d  r om 
Ner i ne fo i I i ' o r ; s t a i n ed w i t h  2Y. P T A  7 



77 

6 . 7 MOLECULAR WE I GHT OF COAT PROTE I N  

Sod i um d od ec y l sul phate ( SDS ) d i ssoc i at ed NeVX c oat pr ot e i n f r om 
pur i f i ed v i r us par t i c l es was e l ec t r oph or esed i n  SDS-Pag e sl ab 
g e l s usi n g  a SDS-70L molec u l ar we i g h t  k i t  ( S i g ma ) as st andar d s  
( F i gure 1 4 ) . T h e  mob i l i t y o f  t he mar k ers g ave t h e  mol ec ul ar 

wei g h t  c ali b r at i on data shown i n  T ab l e  7 .  

1 2 3 4 5 

M .  w .  (kd) 

6 6  

4 5  

3 6  

2 9  
2 4 

2 0 .1 

1 4. 2  

F i gure 1 4 :  Sep ar at i on o f  SDS-d i ssoc i ated mar ker p r ot e i n s  ( l anes 
1 &5 )  an d v i r al c oat prot e i n of n er i ne v i r us X i so l at e 
( l anes 2-4 ) e l ec t r ophor esed on a 1 2 . 5'l. po l yac r y l am i d e 

g e l . T h e  g e l  was s t a i ned f i rst wi t h  Coomassi e B l ue R 
and d oub l e  st a i n e d  w i t h  Coomass i e  B l ue G-250 and 
phot o g r aph ed w i t h  Kod a k  35mm f i l m . 



Tab l e 7 :  Cal i brat i on data used � or mol ecul ar wei ght ( MW )  
determi nat i on o� n er i ne v i rus X c oat protei n .  

Componen t  MW ( kd )  

( a )  A l b um i n 66 
( b ovi n e  serum ) 

( b ) Ova l bumi n 45 

( c )  Gl yceral dehyde 36 
-3-phosphate 
dehydrogenase 

( rabb i t  musc l e )  

( d )  Car b on i c  anhydrase 29 
( b ov i ne eryt h r oc yt es ) 

( e )  Trypsi nogen 24 
( bovi ne pan c r eas ) 

( �  ) Trypsi n i nh i b i tor 20 . 1 
( soybean ) 

( g )  tA - Lactal bum i n 1 4 . 2 
( bovi ne mi l k )  

Log 1 o  MW 

4 . 8 1 9  

4 . 653 

4 . 556 

4 . 462 

4 . 380 

4 . 303 

4 . 1 52 

Di stan c e  
mi grated ( mm )  

20 

4 1 . 5  

53 

67 . 5  

75 

92 . 5  

1 07 

78 

-------------_._-_ .. -... _._ .. _._ ... _._------------_. --- ._------_. __ ._--------_._._ ..•.. _ .. __ . 

A c al i brat i on curve o� d i st an c e  mi g r at ed versus mol ecul ar wei ght 
( l og scal e )  was p l otted ( F i gure 1 5 )  and the mol ecul ar wei ght o� 

the vi ral coat p r ot e i n d etermi ned by i nverse est i mat i on � rom the 
r egressi on o� the e l ectr ophoret i c mob i l i ty o� the mar k er s .  
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Q 

y = 
r = 

79 

0 . 007x + 4 . 96 
0 . 997 

tTl ,lin ry � .. ' o "'Ir • Jl;" 
-' 

� ij"i: :U'l 
J!. L tli  

D i st ance mi gr ated ( mm J  

F i gure 1 5 :  Cal i b r at i on cur ve f or mol ecu l ar wei g h t  d etermi nat i on 
of n er i ne v i r u s  X coat prot e i n .  T h e  d i st ance m i g r at ed 
b y  t h e  mar k er p r ot e i n s  ( SDS-70L , S i gma ) was p l ott ed 
ag ai n st t h e  mol e c u l ar wei g h t  ( l og sc a l e ) . 

A si n g l e v i r a l  coat prote i n  b an d  ( Fi gure 1 4 ) w i t h  an est i ma t ed 
mol ec u l ar wei ght of 29 . 5k d  was obtai ned . 
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A s i ng l e  RNA spec i es was observed by agarose gel e l ectr ophores i s  
under n on -d en at ur i ng cond i t i on s  ( Fi gure 1 6 )  of RNA ex t r ac t ed 
f r om pur i f i ed vi rus p ar t i c l es .  The mol ecul ar wei gh t  of t h i s RNA 
was det er mi n ed by t h e  f or mami d e / f ormal d ehyde method d esc r i b ed i n  
Sec t i on 2 . 2 . 8 . 2 .  An RNA l ad d er ( Be t h esda Researc h  Labor at or i es )  
was used t o  obt a i n t h e  mol ecul ar w e i ght d ata p r esen t ed i n  Tab l e 
8 .  The c a l i br at i on curve of d i stance mi g r ated p l otted aga i n st 
mol ecul ar wei gh t  ( l og sca l e )  i s  shown i n  Fi gure 1 7 .  

6 k b  

1 2 3 4 5 6 

F i gur e  1 6 :  Agarose g e l  e l ect r op hores i s of vi r a l  RNAs und er non­
den atur i ng cond i t i on s . The gel was stai n ed w i t h  eth i d i um b r omi d e  
and p h ot og r ap h ed usi n g  shor t wave ul travi o l et ( 254nm )  
transi l l umi n at i on .  
Lane 1 :  wh i te c l over mosa i c v i rus RNA 
Lane 2 & 3 :  n ar c i ssus mosa i c v i rus RNAs 
Lane 4 , 5  & 6 :  n er i n e vi rus X .  
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8 1  

Tab l e  8 :  Cal i brat i on d ata f or mol ecu l ar wei ght determi n a t i on 
o f  n er i n e v i rus X RNA . A RNA l ad der < Bet h esda Researc h  
Laborator i es )  was c o-mi g r at ed w i t h  v i r a l  RNA on a 
1 %  agar ose g e l  c on t a i n i ng f or ma l d ehyd e .  

Mol ecu l ar Wei g h t  

( bases ) 

'''
ul !tom 

9490 
7460 

vi ral RH� 
4400 
2370 
1 350 

330 

i��\ • �1 .. . 

Log 1 o  MW 

3 . 977 
3 . 873 

3 . 643 
3 . 375 
3 . 1 30 
2 . 5 1 9  

Di stance m i g r at ed 
( mm )  

1 2 . 50 
1 5 . 20 
17 . 6  
23 
35 
4 1  
70 . 5  

y = - O . 25 1 x  + 4 . 243 
r = - 0 . 996 

D i stance m i g r at ed ( mm J  

F i gure 1 7 :  Cal i br at i on 
mi g r at ed b y  
Laborator i es 

( l og sca l e > . 

curve obt a i n ed b y  p l ott i ng d i stance 
RNA spec i es i n  Bethesda Researc h  
RNA l ad der versus mol ecu l ar wei g h t  



A s i n g  e c R N A  sp ec i es w i t h  a n  e s t i m a t e d  m o l ec u l ar w e i  
o f  6 . 3 k b  w a s  o b t a i n e d  f or t h e  N e V X  i so l a t e .  

6 . 9 

T r an s l at i on of N e V X  R N A  i n  r ab b i t  r et i c u l oc 1 
as d esc r i b ed i Sec t i on 2 . 2 . 1 l ed t o  t h e  syn t h es i s 

n on s t r uc t u r a l  p r ot e  of m o l ec u l ar w e i  1 < La n e  
1 8 ) s i m i l ar t o  t h ose ob ser v e d  f or a n um b e r  of o t h er 

B en d en a  e t  a l , 1 98 5 ; B en d e n a  & M ac k i e ,  1 98 6 ; Mac k i e  
1 986 ; l f or d  & F o r s t e r , 1 98 6 ; F o r s t er e t  a l , 1 987 ) . 

i n  v i t ro 
o f  a l ar g e  
1 ,  F i g u r e  

v i r uses 
& B an c r of t ,  

A r an g e  o f  m i n or w a s  a l s o o b ser v e d  { La n e  1 , F i gu r e  1 8  
T h e  N e V X  R N A  t r an s l a t i o n  p r of i l e  r esemb l es t h e  i l es o f  t h e  

i r u ses v i r us X ( La n e  2 F i g u r e  1 8  v i r us 
Lan e 3 , F i  b ut d f f er s  f r om n ar c  ssus m o sa i c v i r us 

( La n e  4 , F i g u r e a n d  w h i t e c l over mosa i c v i r u s  [ i so l a t e  
Lane 5 , F i g u r e  w h i c h c a n  d i r ec t  t h e  s o f  t h e i r 

ve c oa t  n S  i n  v i tro S h or t & D a v i e s , 1 98 3 ; F o r st er 
e t  a 1  1 98 7  N ar c i ssus m o sa i c v i r us a n d  wh i t e c l o ve r  mosa i c 
v i r us R N A s  d i r ec t  t h e  s o f  a 2 6 k d  a n d  a 2 5 k d  c oa t  

n i ve l  ( La n e s  4 & 5 , F i g u r e  1 8 ) . 

1 8 0  k d  

2 3 4 

2 6  k d  2 5 k d 

5 
F i g u r e  1 8 :  A u t o r a d i o g r am o f  t r an s l a t i on s m a d e  i r ab b i t  

r et c u  1 o f  RNAs f r om p ur i f i ed v i r u s  l es o f  
n e r  n e  , v i r us X ( l an e  2 ) , v i r us 

l an e  n ar c i ssus mosa i c  v u s  a n e  4 a n d  c l over 
mosa i c  v i r us [ i so l a t e  M ( a n e  5 
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6 . 1 0  SEROLOG I CAL RELAT I ONSH I P  TO THE AGAPAH THUS STRA I N  
O F  NER I NE V I RUS X 

I mmunodot-b l ot s  wer e c ar r i ed out us i ng t h e  met hods descr i bed i n  
Sect i on 2 . 2 . 1 2 . 2 .  Ant i ser um t o  t h e  agapathus str a i n of NeVX 
( g i f t  f rom A A Brunt ) was f ound to react wi t h  t h e  i sol at e of 

NeVX p ur i f i ed f r om H . fo t herg i l l i  � Maj or ' i n  th i s  study ( F i gure 
1 9 ) . Th i s  c on f i r ms the serol og i c a l  r e l at i onsh i p  usi ng tube 
p r ec i p i t i n  tests b et ween the ca 540nm p otex v i rus i n  agapanthus 
and n er i nes obser ved by Ph i l l i ps & Brunt ( 1 980 ) . 

A B c 

Fi g ure 1 9 :  I mmunodot-b l ot assays usi ng ant i ser um p r ep ar ed t o  the 
agap an thus str a i n of n er i ne v i rus X ( NeVX-A ) a g a i nst : 
NeVX -A ( A l  & A2 ) ; h e a l t h y  n er i n e sap ( B 1  & B2 ) ; and 
NeVX f rom Her i ne fo t herg i l l i  � Maj or � ( C l  & C 2 ) . 
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6 . 1 1  cDNA SYNTHES I S  AND MOLECULAR CLON I NG OF V I RAL RNA 

Deta i l s  of the c DNA c l on i ng p rocedures used are g i ven i n  Sect i on 
2 . 2 . 1 0 .  The c DNA was made d oub l e-str an d e d  w i th DNA pol ymer ase I ,  
d C-ta i l ed usi ng t er m i n a l  deox y n uc l ot i dy l  tran s f er ase , a n d  c l oned 
i nt o  Pst I cut , dG-ta i l ed p l asmi d p BR322 ( 4 . 363kb ; Fi gure 2 0 ) . 

Part o-f 
v i r a l  genome 
i nser t ed here 

F i g u r e  20 : 

EeoR 1 4361 

fag 1 939 
Nru I 972 
BspM 1 1 063 

PfJM J i3 iS  
Bsm I ; 353 

PI/II, 1 1 36, Sly 1 , 3€9 
Ava 1 1�25 

BspM 11 1 664' 
AI/ III 2.; 75 Xmr; I 2031 

Nde I 2297 
H",E I I  2295 Ace I 

Rest r i ct i on endonuc l ease map of 
showi n g  Pst I c l on i ng si t e .  

p BR322 DNA ,  



85 

Recomb i n ant c l ones wer e i d ent i f i ed on the b a s i s of amp i c i l l i n 
sen s i t i v i t y and t et r ac y l i n e r e s i stan c e .  T h e  c DNA c l on e s  wer e 
an a l yz ed b y  Pst I d i g es t i on and agarose g e l  e l ec t r op ho r es i s 
usi n g  Hind I I I  c ut l am b d a  DNA as mar k er s .  One c l on e ,  c o n t a i n i n g 
a 1 . 8k b  ( + / - 0 . 04 k b ; 3 d e t er m i n at i on s )  i n ser t , was s e l e c t e d  
f or f ur t h er c h ar a c t er i z at i on ( F i gur e 2 1 ) .  T h e  s i z e  o f  t h e  
r em a i n i ng l i near i z ed p BR 322 DNA was e st i mat ed t o  b e  4 . 36 k b  
i n d i c at i n g t h at n o  v i r a l  c DN A  r ema i n ed att ac h e d  t o  t h e  
p l asmi d .  

Lamb d a  mar k e r s  
23 . 1 3 k b  � 

9 . 4 2 k b  
6 . 56 k b  
4 . 3 6 k b  
2 . 3 2 k b  

4 . 3 6 k b  p BR322 DNA 

2 . 03 k b  � 1 . 8 k b  i n sert 
O . 56 k b � 

1 2 

F i g ur e  2 1 : Agar ose g e l  e l ec t r op h or es i s f or s i z e  d et er m i n at i on of 
cDNA c l oned i n ser t s .  Lan e 1 :  S i z e  mar k er s  usi n g  H i nd I I I  
d i g est ed l amb d a  DNA . Lane 2 :  Pst I d i g est of r ec omb i n a n t  p l as m i d 
D N A . E l ectrophor e s i s was on 1 1.  agarose g e l  r u n  f or 2 . 5h at 60V 
an d st a i n e d  w i t h  e t h i d i um b r om i d e .  

Based o n  an est i mat ed mol ecul ar wei gh t  of 6 . 3 k b  
g e n om i c RNA , t h e  s i z e  of t h e  c DNA i nser t c l oned i n t o  
r e p r esen t ed ab out 28 . 5'l. o f  t h e  v i r a l  g en om e . 

f or t h e  
p BR322 
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T h r e e  r es t r i c t i o n e n d on u c l ea s e s ; 
a l  t h  5 1  e r ec og n l  o n  
d e t e r m i n e  w h e t h er t h er e  w e r e 
v i  e DNA i r� s e r t ... 

-4 261<: 0  

t e  w i t  n t h e  v i r 

l amb D a  D N A  mar k er s  

23 . 1 3k b  

9 . 4 2 k o  

6 . 5 6 k b  

4 . 36 k b  

2 . 32 k b  

2 . 03 k b  

O . 56 k b  

H i nd 
1 . 9m;:b i 

i n s e r t  

t e o  
e s  i n  

2 3 4 5 6 

F i g ut-e 
n er 

BR322 
r ec omb i 

Ba:1If H I  a n d  H i nd 

e l d e d  t wo 
a n  i n t er n a l  

4 � 2 6kb 

1 9 

u s e d  t o  
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( a '  p ElR322 DNA 

o 3609 
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3409 6 1 63 
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o 360"T 3409 
- *-- - -- - -------------_ . .  _ - - - - - . .. - / _ ... ..... *- , •••• • _. '�" _ " ,  .M" _� __ • ___ , ._ •

• 
/ 

F i g u r e  23 : Ap p r ox i ma t e  p os i t i on 
en d onuc l ease s i t e  i n  

of H i nd I I I  
n er i ne v i r u s  X 

6 :1 63 

r estr i c t i on 
c DNA c l on e . 
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6 

I n  o r d er t o  e s t ab l i sh t h e  i de n t i t y o f  t h e  c l o n e  a s  a c op y  o f  
n er i ne v i r us X R N A  t h e  c l o n e d  c DN A  w a s  l ab e l l ed w i t h  [ 32P J -dCTP 

n i c k -t r an s l a t i on and i d i z ed t o  RNA wh i c h h a d  b een 
f r a c t i o n a t e d  on a d en a t ur i ng a n d  b l o t t ed o n t o  Z e t a - P r o b e  
memb r an e .  T h e  memb r an e  was w a s h e d  a f t er i d  z at i on a n d  
aut o r ad i og r  t o  s h ow t h at t h e  c l o n e d  e D N A  i d i z ed 

y t o  t h e  6 . 3 k b  v i r a l  R N A  ( F i g u r e  2 4 ) . 

F i g u r e  2 4 : 
t r an s l a t e d  
e l  

> 

o g o u s  v i r a  

i d i z at i on o f  c l o n e d  c DN A  

6 ,  

[ 32P J - l a b e l l ed n i c k -
w i t h  h om o l o g ou s  r a l  R N A . T h e  R N A  was 
on a 1 %  a g a r o s e  f d e n a t u r i n g 

l ot t ed 
t h e  

o n  t o  Z et a-Pr ob e  membr an e  N o r t h e r n  b ot )  a n d  i i z ed 
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i i t  OT t h e  c oned e DNA p r ob e  w a s  d e t er m l n eo T h e  
t es t  n g  
mosa i 

t h e  p r o o e  n st s ev e n  o t h er i r u s e s : n ar c i s s u s  

o f  
t o  

Og OtlS 

t h o s e  of t h e  

m o sa I C v i  
\/ i  r us �  
a r  f l ed 

i r u s  a n d  t h e  
e a c n  r a l  c o n c en t r at es 

v i r us e s  w e r e  ex trac t ed and 

i d  z a t 
u n d e r  h i  

o n  

d e sc r i b e d  

a n a l  s 
s t r  n g en e ,;!  

u s i n g  
c an d  t i oriS 

i d i z at an t o  a n y  of t h e  
h om o l o g o u s  

w a s  t r-� u s  

1 
t es t ed 

Pur f ed n e r i n e  v i  

eve o f  n e r i n e  v i r us 

t u s  s t r a  o f  

i S S U E;  rn o s  c r ll S  

v i r u s  X 

d i um m o s a  v i r  

l ov e r  m o s a i  v i  

P o t  v i r u s  

o n t o  Z et a-Pr- ob e  

( 4  
e o  

a ss a y s  
t o  

v A 

e r  

\/ i r u. s e s  
25 ) • 

i f  e t h e  
t h e r e  wo.S 

RNA an d t h e  

�,f l r US X 
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DETERM I NAT I ON OF SENS I T I V I TY OF T H E  c DNA CLONED PROBE FOR 
D�TECT I ON OF N ER I NE V I RU S  X I N  SAP 

The sen s i t i v i t y and l i mi t s of d e t e c t i on of the c l oned c DNA p r o b e  
was est i mat ed us i n g p ur i f i ed v i r us p r ep a r at i on s  and vi r u s  
e x t r ac t ed f r o m  measur e d  q ua n t i t i es o f  f i e l d - i n f ec t ed n er i n e l ea f  
t i s su e . 

T h e  p ur i f i ed h om o l ogou s  v i r u s  w a s  l oaded on t o  Z eta-Pr o b e  
memb r an e  a t  var i ous d i l ut i on s  a n d  t h e  l i m i t s o f  d et ec t i on of t h e  
c DNA p r ob e  a t  a p p r ox i mat e l y 1 X 1 07 c p m  was d et er m i n ed i n  t h r ee 
s e p ar at e ex p er i men t s .  T h e  r e su l t s  ( F i g ur e  26 ) show that t h e  
p r ob e  w a s  a b l e  t o  d et ec t  l es s  t h an 0 . 08ug of t h e  h omo l ogous 
p ur i f i ed v i r us . S i n c e  on l y  about 5-61. of t h e  v i r u s  i s  RNA ( b y  
a n a l ogy w i t h  o t h er p otex v i r uses ; Pur c i f u l l & Ed war d son , 1 98 1 ) t h e  
l i m i t  o f  d e t ec t i on o f  t h e  v i r a l  RNA woul d b e  ap p r ox i mat e l y 2-
4n g .  

Hyb r i d i z at i on a n a l y s i s o f  t h e  c l o n ed c DNA p r ob e  t o  sap ex t r ac t ed 
f r om m i c r o s am p l es of syst e m i c a l l y  i n f ec t e d  n er i n e t i ssue 
c o n t a i n i n g t h e  h o mo l og ous v i r u s  ( us i n g  met h o d s  d esc r i b ed i n  
Sect i on 2 . 2 . 5 . 3 )  showed t h at t h e  p r o b e  ( sp ec i f i c  ac t i v i t y 
l X 1 07 c p m )  was a b l e  t o  d et e c t  v i r us f r om an eq u i v a l ent of l es s  
t h an O . 3mg o f  t i ssue ( F i g ur e  2 7 ) af t er 2 4 h  ex p osure of t h e  
memb r a n e t o  Kod a k  X AR-5 f i l m  i n  a n  i n t e n s i f y i n g  s c r een at -70C . 
E x p osur e of t h e  autor a d i og r ap h i c  f i l m  f or 48h i n c r eased t h e  
s e n s i t i v i t y t o  t h e  e q u i v a l e n t  o f  1 2ug o f  l eaf t i ssu e . N o  
b a c k g r oun d p r ob l ems o r  n o n -sp ec i f i c  h y b r i d i z at i on w a s  ob served 
u s i n g Z e t a-Pr o b e  n y l on b l ot t i n g  memb r anes and ' An c h or ' s k i m  m i l k  
a s  a b l oc k i n g a g e n t  f or n o n - s p ec i f i c  b i n d i n g s i tes . 
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Amount o f  vi rus 

D 
i 1 2ug 
1 
u 1 / 5 O . 4ug 
t 
i 1 / 25 O . 08ug 
0 
n 1 / 1 25 O . 0 1 6ug ( 1 6ng ) 
s 

A B 

F i g u r e  26 : Aut or a d i og r ap h  of d ot -b l ot h yb r i d i z at i on of p ur i f i ed 
n er i n e v i r u s  X at var i ous amoun t s .  D i l ut i on 1 equates t o  2ug o f  
p ur i f i ed v i r us .  The vi r us p r eparat i on was l oad ed on t o  Zeta­
Probe memb r an es an d h y b r i d i z ed w i t h  n i c k -t r an s l at ed [ �2P ] _  
l ab e l l ed c l oned n er i n e v i r us X c DNA p r ob e . X - r ay f i l m was 
ex p osed t o  t h e  memb ran e  f or 1 2h ( A )  and 24h ( B )  at -70C w i t h  
i n t en s i f y i n g  sc r een s . 



Leaf t i ssue 
val en t  

D 1 
i 
1 1 /5 
u 
t 1 e 

i 
0 1 / 1 25 o .  
n 
s 1625 o .  

1 1 25 0 . 0 1  

A B c D 

B . l n f ec t ed . • •  Heal 

s c r een s .  
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6 . 1 5  D I SCUSS I ON 

On t h e  b as i s o f  p ar t i c l e  s i z e  a n d  mor p h o l og y �  m ec h an i c a l  
t r an sm i ssi on c h ar a c t er i st i c s ,  s e r o l og i c a l  r e l at i on sh i p  an d 
h y b r i d i z at i on a n a l y s i s �  t h e  p o t e x v i r u s  c h a r a c t er i z ed a n d  c DN A  
c l o n ed i n  t h i s s t u d y  i s  b e l i eved t o  b e  an i so l ate of NeV X . 

U n l i k e most p o t ex v i r uses ( eg n ar c i ssus mosa i c v i r us �  c ymb i d i um 
mosa i c v i r u s , p ot a t o  v i r us X ;  see r e v i ew b y  Purc i f u l l & 
Edward s on � i 98 1 ) ,  N e V X f r om n er i n e s  p r oved t o  b e  i n t r an s i g e n t  i n  
mec h an i c a l  t r a n sm i s s i on t r i a l s , b ot h  i n  t h e  p r esen t study ( se e  
S ec t i on 6 . 3  a n d  Tab l e  5 �  Ch a p t e r  3 )  a n d  i n  stud i es overseas 
( Maat , 1 9 76 ; P h i l l i p s  & B r un t , 1 980 ) . 

P r e l i m i nary p ur i f i c at i on ef f or t s  t o  o pt i m i z e  v i r u s  y i e l d f r o m  
l i m i t e d  q ua n t i t i es o f  n er i n e l ea f  t i ssue , c omb i n ed w i t h  t h e  
f i n d i n g of N e V X i n  a n  � o l d �  N . fo t herg i l l i  ' Maj o r ' c l on e  wh i c h 
h ad m ul t i p l i ed n at u r a l l y  b y  o f f set f or mat i on ,  r esu l t ed i n  
s uf f i c i en t  q uan t i t i es o f  v i r us b e i n g  p ur i f i ed f or 
c h ar ac t er i z at i o n  a n d  c DN A  c l on i n g . 

R e l at i ve l y un f r ag me n t ed NeV X p a r t i c l es wer e p ur i f i ed f r om 
system i c a l l y  i n f ec t e d  n er i n e l ea f  t i ssue s h ow i n g no ' v i r us- l i k e '  
symptoms b y  p o l yet h y l e n e  g l yc o l  p r ec i p i t at i on of t h e  c h l or of o r m  
c l ar i f i ed s a p , f ol l owed b y  i sopycn i c  c ae s i um c h l or i d e 
c e n t r i f ug at i on .  Ner i ne v i r us X was f ound t o  b e  t yp i c a l l y  
s l i gh t l y  f l ex uous r o d s  w i t h  a ' n o r m a l  l en g t h ' of c a  540n m ,  a 
s i n g l e c oat p r ot e i n subun i t  w i t h  a mo l ec u l a r  wei g h t  of 29 . 5 k d  
a n d  a s i n g l e  R N A  s p e c i es o f  6 . 3 k b . 

No p o t ex v i r us- l i k e i n c l us i on b od i es were d et e c t e d  e i t h er b y  
e l ect r on m i c r os c o p y  o r  l i gh t  m i c r osc op y f r om syst em i c a l l y  
i nf ec t ed n er i n e t i ssue . Th i s  was s omewh at sur p r i s i n g b ec au s e  a l l 
o t h er p otex v i r uses s t u d i ed b y  l i gh t  m i c r oscopy h ave b een f ou n d  
t o  h ave c o n sp i c uo u s  a n d  c h ar ac t er i st i c i n c l us i on b od i es 
( Ch r i s t i e  & E d w a r d so n , 1 977 ) . However , t h e  f a i l ur e  t o  sap 

t r an sm i t NeV X to h er b ac eous i n d i c at o r s  p r even t e d  a t temp t s  t o  
d et ec t  i nc l u s i o n s  d ur i n g t h e  e ar l y  p h ases o f  t h e  i n f ec t i on 
c yc l e  when i n c l us i on b od y  l ev e l s a r e  k n own t o  b e  h i g h est 
( Ch r i st i e  & E d w a r d son , 1 977 ) . Fur t h er , some p o t ex vi r u s  i n c l u s i on s 

a r e k n own t o  b e  s u s c ep t i b l e  t o  d es t r uc t i on b y  some o f  t h e  f i x i n g 
a n d  s t a i n i n g p r oc e d ur e s  used i n c l ud i n g ,  a l c oh o l , met h o x yet h an o l  
s o l ut i on s ,  w a t e r , b uf f er a n d  aq u eous st a i n s  ( Ch r i st i e  & 
E d war d son , 1 9 7 7 ) . Th us , i t  i s  p o s s i b l e  t h a t  NeV X i nd u c e d  
i n c l uS i on s  w e r e p r esen t i n  t h e  n er i n e t i ssue ex a m i n e d  b u t  wer e 
p ar t i c u l ar l y  s en s i t i ve t o  o n e  o r  m o re o f  t h e  f i x i n g o r  s t a i n i ng 
t r ea t m en t s  used . 



94 

The p r of i l e  o f  i n  v i t ro t r an s l at i on p r od uc t s  o f  NeV X RNA i n  
r ab b i t  r et i cu l ocyt e l ys a t e  were s i m i l ar t o  t h ose of d ap h n e  v i r us 
X a n d  p o t a t o  v i r us X .  A l ar g e  n o n s t r u c t u r a l  p r ot e i n of 1 80 k d  was 
syn t h e s i z ed w i t h  a r an g e  o f  m i n o r  p r od u c t s  but w i t h out a 
p r ed om i n an t  c oat p r ot e i n b a n d  l i k e t h os e syn t h es i z ed f r o m  NaMV 
a n d  on e i so l at e  ( M )  o f  WC l MV .  

T h e  1 . 8 k b  eDNA c l o n e d  p r o b e  ( r ep r esen t i n g 28 . 5% of t h e  v i r a l  
g en om e ) was f ou n d  t o  b e  a h i g h l y  spec i f i c  and sen s i t i ve 
d i agnost i c  met h od f or d et ec t i n g t h e  h o m o l og ous v i r u s  i n  d ot -b l ot 
assays u s i n g  Z e t a-Pr o b e  memb r an e s . A t  a s p ec i f i c  ac t i v i t y o f  
about 1 X 1 07 c p m �  t h e  [ 32P J - l ab e l l ed n i c k -t r an s l ated p BR322 
r ec omb i n a n t  DNA p r ob e  was ab l e  to d e t e c t  NEVX f r om l ess t h an 
0 . 08ug of p ur i f i ed v i r u s  a n d  f r om an e qu i va l en t  of l ess t h an 
0 . 3mg of syst emi c a l l y  i n f ec t ed n er i n e l ea f  t i ssue m a k i n g i t  a 
very s u i t ab l e  d i a g n o st i c t o o l  f or r ap i d l y  scr een i n g l ar g e  
n u mb e r s  o f  t i ssue samp l es .  

I n  t u b e  p r ec i p i t i n ser o l og i c a l  test s , u s i n g  p o l yc l o n a l  ant i ser u m  
p r e p a r e d  t o  t h e  a g ap an t h us s t r a i n of n er i n e v i r us X ,  Ph i l l i p s 
an d B r u n t  ( 1 9 80 ) f oun d t h at NeV X -A a n d  NeV X wer e ser o l og i c a l l y  
i n d i st i n g ui s h ab l e  a n d  t h u s  assumed t h at t h ese wer e t h e  s ame 
v i r us d e sp i t e w i d e l y d i f f er i n g h ost range c h ar ac t er i st i c s and 
ease of i so l at i on f r o m  p l an t s .  

U s i n g Br un t ' s  a n t i s e r u m  t o  N eV X -A , t h e  ser o l og i c a l  
r e l at i on sh i p b et ween NeV X - A  a n d  NeVX ( New Z e a l a n d  i so l at e )  w a s  
c on f i r med i n  i mmun o d o t -b l ot assay s .  However , t h e  f a i l ur e  of t h e  
1 . 8k b  c l on e d  NeV X c DNA p r o b e  t o  h y b r i d i z e  t o  NeV X -A i n d i c at e s  
a l ac k  o f  n uc l eot i d e s e q u e n c e  h om o l ogy sug g e st i n g t h e r e  a r e  
g e n om i c  d i f f er en c e s  b et ween NeV X an d NeV X -A i n  s p i t e o f  some 
s er o l og i c a l  r e l a t i on sh i p s .  

A l t h ou g h  ser o l og i c a l  r e l at i on sh i p s  b e t ween some m em b e r s  of t h e  
p o t ex v i r us g r oup h a s  b e e n  r ep o r ted ( Ko en i g  & Leseman n , 1 978 ) , 
a n d  a t t emp t s  h ave b ee n  m a d e  t o  c l as s i f y  p o t ex v i ruses , among 
ot h er p l an t  v i r uses , o n  t h e  b as i s of a m i n o  a c i d  c omp o s i t i on s  of 
t h e i r c a p s i d p r ot e i n ( Fauquet et a l , 1 986 ) , Bend en a and M ac k i e  
( 1 98 7 ) u s i n g  r an d om p r i med c DNA p r obes f ou n d  t h a t  t h e r e  was a 
l ac k  of h omo l o g y  a m o n g  t h e  RNAs of f i ve memb e r s of t h e  
p ot e x v i r us g r o u p . Th i s  i s  n o t  sur p r i s i n g g i ve n  t h at ser o l og i c a l  
r e l atedness i s  b ased o n  t h e  c ap s i d p r ot e i n ,  whose c od i n g 
s e q u en c es w ou l d c on s t i t u t e  on l y  a b out 1 0% of t h e  g en omes o f  
t yp i c a l  p ot e x v i r us e s  ( Be n d e n a  & Mac k i e , 1 987 ) . 
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The f a i l ur e  of t h e  c DNA c l oned NeVX p r ob e  t o  hybr i d i z e t o  NeVX -A 
c omb i ned w i t h  t h e  d i f f er en t  h ost r an g e  c haracter i st i cs of t h ese 
t wo v i ruses sugg ests t h at t h es e  are two d i st i n c t  v i r uses shar i ng 
some morp hol og i cal and c oat p r ot e i n ( ep i topes on t h e  sur f ac e  of 
the v i r us part i c l es )  s i mi l ar i t i es .  I t  was b eyond t h e  scope of 
th i s  p r o j ec t  to r esearc h  t h i s  f ur ther . Data on n uc l eot i de and 
RNA sequences wou l d b e  r equ i r ed t o  estab l i sh t h e  r e l at i on sh i p  of 
NeVX a n d  NeVX -A .  

The p r i mary obj ect i ve o f  t h i s  sec t i on was t o  c h ar ac t er i z e  t h e  
vi rus and p r ep ar e  a h i gh l y  sensi t i ve ,  spec i f i c  and r e l at i ve l y 
rap i d  d i agnost i c  method . Th i s  was ach i eved b y  usi n g  r ecomb i n ant 
DNA t e c h nol og y . The d evel opment of a c l oned c DNA p robe 
c i rcumvents t h e  n eed f or r ep eated p ur i f i cat i on o f  an 
i nt r an s i g en t  vi rus l i k e NeVX . Fur ther , t h e  probe i s  wel l sui t ed 
f or c o n d uct i ng f i e l d surveys t o  study t h e  p r eval e n c e  of t h e  
vi rus , screen i ng f or vi r a l  r e s i stan c e  a n d  i n  v i r us e l i m i n at i on 
stud i es .  



CHAPTER 7 

PUR I F I CA T I ON ,  CHARACTER I Z A T I ON AND c DNA CLON I NG OF 
NER I NE V I RUS Y .  

7 . 1 I NTRODUCT I ON 

9 6  

Two d i st i n c t  p o t yv i r uses w i t h  p ar t i c l e  l en g t h s  o f  c a  750nm an d 
800 n m  h av e  b een f ou n d  i n  n er i n e s  i n  t h e  Net h er l an d s  a n d  i n  t h e  
U n i t e d  K i n g d o m  ( r ev i ewed i n  Sec t i on 1 . 5 ) . T h e  c a  750n m v i r u s  
p ar t i c l e  w h i c h was assoc i at e d  w i t h  yel l ow str i p e symp t oms i n  
N . bowden i i c u l t i var s was o r i g i n a l l y  n amed n ar c i ssus yel l ow 
s t r i p e v i r us ( NaYSV ) on t h e  b as i s of p ar t i c l e  l en g t h  and 
symp t omat o l o g y  < Br u n t  e t  a l , 1 970 ) . Nar c i ssus yel l ow str i p e v i r us 
was k n own t o  b e  a 750n m p ar t i c l e  assoc i at ed w i t h  y e l l ow s t r i p e 
sym p t om s  i n  Narc i ssus < Br u n t  e t  a l , 1 970 ) . Th e 750nm v i r u s  was 
s u b seq uen t l y  f ou n d  to be s er o l og i c a l l y  d i st i n c t  f r om NaYSV 
( Ha k k aa r t � 1 975 ) a n d  r en am e d  n er i n e y e l l ow str i p e v i r u s  ( NeYSV ) . 

T h e  c a  800nm u n n amed v i r us p ar t i c l e  f ound i n  N . sarn i ens i s  
h y b r i d s was a l so f ound t o  c ause yel l ow s tr i p e symp toms 
( Maat , 1 9 8 3  p er s  c omm to K S M i l n e ) . There a r e  no r ep o r t ed 
i n st an c es o f  e i t h er of t h es e  p ot yv i r uses b e i n g  sap t r an sm i s s i b l e  
t o  h e r b a c eous ex p e r i m en t a l  s p e c i es and b o t h  h ave r ema i n ed 
u n c h ar ac t e r i z ed . 

Resu l t s  o f  t h e  e l e c t r on m i c r osc o p e  survey r ep o r t e d  i n  C h a p t er 3 
i n d i c at e d  t h at f i l a me n t ous v i r us p ar t i c l es i n  t h e  680-840nm 
r an g e  ( p ot yv i r uses ; M at t h ews , 1 97 9 ) were p r esent i n  some Ner i ne 
spec i es .  Fur t h e r , on e of t h e  N . sarn i ens i s  h yb r i d  c u l t i vars 
f r o m  N er i n e Nur ser i es Ltd i n  P a l mer ston Nor t h  h a d  f l ex uous 
f i l amen t ous v i r us p ar t i c l es w i t h  a n or ma l  l en g t h  o f  800n m .  Th i s  
v i r us was p ur i f i ed f r o m  sys t e m i c a l l y  i n f ec t e d  n er i n e t i ssue � 
c h a r a c t e r i z e d  a n d  c DN A  c l oned i n  t h i s  s t ud y .  Ner i n e v i r us Y 
( NeVY ) i s  t h e  n am e  p r oposed f or t h i s  v i r us .  

7 . 2  PART I CL E  MORPHOLOGY 

C r u d e  sap ex t r ac t s  f r om l ea f  t i ssue of a f i e l d - i n f ec t e d  
N . sarn i en s i s  h y b r i d  wh i c h h a d  b een c l on a l l y  m a s s  p r op ag a t ed b y  
t w i n s c a l i n g f or c ommer c i a l  c ut - f l ower p r od uc t i on was f ou n d  t o  
c o n t a i n f i l amen tous v i r u s  p ar t i c l es w i t h  a n or m a l  l en g t h  o f  
800n m ( F i g u r e  28 ) .  T h e  p ar t i c l e  w i d t h  w a s  est i mated t o  b e  I 1 n m .  
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F i gure 28 : Part i c l e  l en g t h  d i str i but i on of n er i ne v i rus Y i n  a 
f i el d-i n f ec t ed Her i ne sarn i ens i s  h yb r i d  cul t i var c l onal l y  mass 
prop ag at ed f or commer c i a l cut-f l ower p r oduct i on .  

Vi r us p ar t i c l es of NeVY were t yp i c a l l y  f l ex uous . Pur i f i ed vi r us 
p r ep ar at i on s  showed l i tt l e  sur f ac e  detai l when stai ned wi t h  21. 
PTA , pH 7 ( Fi g ur e  29 ) , 27. sod i um s i l i cotun g st at e  or 27. ur any l  
acetat e .  However , sub-st r uc t ur a l  d etai l s  were evi dent i n  
stor age-degraded v i r i on s .  Pur i f i ed vi rus p r ep ar at i on s  stored i n  
0 . 2M potass i um p hosph ate buf f er at p H  7 . 0  ( Kaf t an ova e t  al , 1 97S ) 
f or about 3 mont h s  at 4C and s t a i n ed w i t h  27.PTA , p H  7 ,  showed 
d ar k l y  sta i n ed cores ( F i gure 30 ) . Some vi rus p ar t i c l es were a l so 
f ound t o  uncoi l f rom one e n d  s h owi n g  a h e l i c al structure ( Fi gure 
3 1 > . 



F i g u r e  . 
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i f i ed v i r u s  p r ep ar a t i o n  o f  n er i ne v i r u s  Y i so l at e  
f ro m  Ner i ne sarn i ens i s  i d  st a i n ed w i t h  2 %  PTA , 
p H  7 .  



F i gure 30 : Stor age-de g r ad ed n er i ne vi r us Y par t i c l e  show i n g  
dar k l y  st a i n ed core or ax i a l c anal when sta i ned 
wi t h  2'l. PTA , pH 7. Magn i f i c at i on :  X 1 62 , 400 

F i gure 3 1 : Storage-deg aded n er i ne vi rus Y par t i c l es show i ng 
h e l i c a l  struc t ure when st a i n ed wi th 2'l. PTA , pH7 . 
Magn i f i c at i on :  X 1 03 , 600 
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F l ex uous f i l ament ous vi rus p a r t i c l es most l y  measur i ng 1 1  X 660-
900nm h ave b een d esc r i b ed as b e l on g i n g  to t h e  p ot at o  v i r us Y or 
p ot yvi rus g r oup ( Matt h ews , 1 979 ; Ho l l i n g s  & Brunt , 1 98 1 ) . On t h e  
b asi s o f  p ar t i c l e  l en g t h , NeVY c an b e  c l assi f i ed a s  a potyv i rus . 

7 . 3  MECHAN I CAL TRANSM I SS I ON E XPER I MENTS 

Fur t h er to t h e  p r e l i mi nary mecha n i c a l  t r an smi s s i on ex p er i men t s  
usi n g  crude sap and p ar t i a l l y  p ur i f i ed p r epar at i ons o f  NeVY 
i nf ec t ed t i ssue ( Tab l e  7 , Ch ap t er 3 ) , r epeated ef f or t s  were made 
to t r ansmi t the v i rus f r om c ae s i um c h l or i de p ur i f i ed 
p r ep ar at i ons t o  t h e  f ol l ow i n g  i nd i c at or s :  C . a.arant i c o l o r ,  
C . q u i no a ,  H . c l e vel andi i ,  H . g l ut i no sa ,  H . tabac u. � Wh i te Bur l ey �  
and H . bent ha.i ana . I nocul at i on s  on a total of s i x t o  e i g h t  
.p l ant s  o n  t h r ee separate o c c as i o n s  f a i l ed to i nd u c e  any v i r us­
l i ke sympt oms on any of t h e  t est p l an t s . E l e c t r on m i c roscope 
i nvest i g at i on s  of c r ude sap p r ep ar at i ons f rom i nocul ated a n d  
un i n oc u l ated l eaves of test p l an t s  f ai l ed t o  s h o w  t h e  p r es en c e  
of any f i l amentous v i rus part i c l es .  

7 . 4 SYMPTOMATOLOGY 

The H . sarn i ens i s  h yb r i d  c u l t i var g r owi n g  under shade h ouse 
c on d i t i on s  i n  Pal mer ston Nort h  showed n o  obv i ous v i rus-l i ke 
sympt oms f or most of t h e  g rowi n g  season . However , l at e  i n  t h e  
season , when t h e  l eaves were b eg i nn i ng t o  senesc e p r i or t o  
dormanc y ,  severe yel l ow mosa i c symptoms were evi d en t  ( F i gur e 
32 ) . Leaves of most of t h e  c l on a l l y  p r opagated H . sarni ens i s 
p l an t s  showed t h e  v i rus-l i ke symp toms . Al th ough n o  obvi ous 
col our-break sympt oms were seen i n  t h e  p i n k  petal s of t h e  NeVY 
i nf ec t ed c l ones , d i stort i on of t h e  f l ower sta l k was c ommon i n  
most of t h e  p l ant s  ( Fi g ures 33 & l t A l  i n  Chap t er 3 ) . 

Ner i ne v i r us Y i nf ected b u l b s  when l i f ted , potted , and g rown 
under g l asshouse c ond i t i on s  at an average temperature of about 
20C showed l i g h t  mosa i c symptoms on some of t h e  l eaves w i t h i n  
t h r ee or f our weeks af t er l eaf emergence ( F i g u r e  34 ) . A 
r e l at i vel y h i gh concentr at i on of v i r us p art i c l es and i nc l us i on 
b od i es were evi dent i n  l i gh t  and el ectron m i c roscope 
i nvest i g at i ons as desc r i b ed i n  S ec t i on 7 . 5 . Leaves f r om NeVY 
i nf ec ted b u l b s  g r own under g l asshouse c ond i t i on s  were used i n  
t h e  p ur i f i c at i on of t h e  v i r us ( Sec t i on 7 . 6 > . 



F i g u r e  32 : 

F i gure 33 : 

1 0 1  

Sever e y e l l ow mosa i c s ymp t oms i n  senesc i n g l ea ve s  of 

a c ommer c i a l l y  c u l t i va t ed Ner i ne sarn i ens i s  h y b r i d  
c u l t i v ar sy s t em i c a l l y  i n f ec t ed w i t h  n e r i ne v i r us Y .  

D i st or t ed f l ower st a l k of n er i ne v i r us Y i n f ec t ed 
Her i ne sarni ens i s  h yb r i d .  



F i gure 34 : L i g h t  mosa i c symp t oms i n  youn g l eaves of n er l n e 
v i r us Y i n f ec t ed Ner i ne sarn i ens i s  h yb r i d  g r own 
i n  a g l assh ouse at an aver age temper at u r e  of 20C . 
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7 . S ANALYS I S  OF I NCLUS I ON BOD I ES 

7 . S . 1 Li ght Mi c r oscopy 
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Ep i derma l str i ps of NeVY i nf ec t ed H . sarni ens i s  l eaf t i ssue 
c ontai n ed cytop l asm i c i nc l us i on b od i es ( F i gure 3S ( A , B &C J ) .  The 
ep i d er ma l  st r i ps were f i r st i mmersed i n  S% Tr i t on X - 1 00 f or 
about Smi n t o  c l ear t h e  c e l l s  of a l l p l ast i ds and oth er 
c yt op l asmi c c onst i tuents so t h at t h e  i nc l usi ons wou l d b e  more 
r ead i l y  v i s i b l e  and ,  stai n ed w i th a c omb i nat i on of c a l c om i n e  
orange 2RS/Lux o l  b r i l l i ant gr een B L  dye ( E . l .  d u  Pont d e  Nemour s  
& Co ) as d escr i bed b y  Chr i st i e  and Edward son ( 1 986 & p er s  c omm ) . 
No cytop l asmi c i nc l us i on b od i es wer e seen i.n e p i dermal s t r i ps of 
l eaf t i ssue f r om H . boNden i i seed l i ng s  not i nf ec t ed w i t h  any 
f i l amentous v i rus p ar t i c l es .  

The c h ar a c t er i st i c  c y l i n d r i c a l  i nc l usi ons of potyv i r uses are 
k n own t o  f i r st appear at t h e  c e l l p er i p h ery where t hey i nc rease 
i n  si z e  and number at t h e  ear l y  stage of i nf ec t i on and t h en move 
to mor e c en t r a l  r eg i ons of t h e  c e l l where t hey f or m  a r e l at i ve l y 
l ar g e  and d i st i n c t  mass i n  t h e  l at er stag es of t h e  i nf ect i on 
cyc l e  ( Ch r i st i e  & Edwardson , 1 977 ) . I n  NeVY i nf ec t ed n er i ne 
l eaf t i ssue t h e  p er i p h er a l  i nc l us i o n s  were ex t r eme l y smal l ,  
w i del y scatter ed and n ot c l ear l y  v i s i b l e  i n  l i g h t  m i c r o g r ap h s .  
B y  contrast , i nc l us i on b ody c omp l ex es i n  more c en t r a l  p ar t s  of 
the c e l l and near the nuc l eus were c l ear l y  v i si b l e  as s hown i n  
F i gur e  3S . 
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F i gure 35 C A J , C B J  & C C J : L i g h t  m i c r og r ap h s  of n er i ne v i r u s  Y 
i n c l us i on bod i es i n  ep i d er ma l  c e l l s . T h e  n er i n e l eaf ep i d er ma l  
c e l l s  were t r eat ed w i t h  Tr i t on X - l OO and s t a i ned w i t h  a 
c omb i n at i on of c a l c om i n e  orange 2RS and Lux o l  b r i l l i ant g r een BL . 

F i gure 35 C A J : An ep i d e r m a l  c e l l c on t a i n i n g a l oose mass of 
c y l i ndr i c a l  i nc l us i on s  < C I ) . Magn i f i c at i on : X 970 . 



N 

F i g u r e  35 [ B ) : An ep i d e r m a l  c e l l c on t a i n i n g a c ompact mass o f  

c y l i n d r i c a l  i n c l us i on s  (C I )  an d nuc l eus ( N ) . 
Magn i f i c at i on :  X 970 

C I  

F i g ur e  35 [ C J : A c omp a c t  mass of c y l i n d r i c a l  i n c l us i on ( C I ) 
near t h e  n uc l eu ( N )  of t h e  p i d e r m  1 c 1 1 .  
Mag n i f i c a t i on :  X 970 

1 05 
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7 . 5 . 2  E l ectron M i c r oscopy 

Fragments of c y l i nd r i c a l  i nc l usi on b od i es were observed i n  c rude 
sap p reparat i on s  f rom NeVY i nf ec t ed t i ssue . I nc l us i on b od i es 
p ur i f i ed b y  t h e  p r ocedure out l i ned i n  Sec t i on 2 . 2 . 5 . 2 . showed 
t h at t h e  r ec t an g u l ar i nc l usi on b ody p l at es h ad a p at t e r n  of f i ne 
l i n ear str i at i on s  wi t h  a p er i od i c i ty of app r ox i mate l y  5nm 
( Fi gure 36) . 

U l trat h i n  ( 85nm )  sect i ons of NeVY i nf ec t ed t i ssue embedded i n  
Pol arb ed 8 1 2 ,  c ur ed and stai n ed as desc r i bed i n  sec t i on 2 . 2 . 4 . 3 ,  
contai ned c har a c t er i st i c  potyv i rus i nt r ac e l l ul ar c yt op l asm i c 
i nc l usi ons ( F i gure 37 ) . App r ox i mate l y t h r ee t o  f our wee k s  af t er 
l eaf emer g en c e , a l ar g e  n umber of t h e  c y l i nd r i c a l  i nc l usi on s  
were seen i n  u l t r at h i n sec t i ons cut t hrough mesop h y l l c e l l s  f r om 
l eaves of t h e  NeVY i nf ec t ed H . sarni ens i s  hybr i d  c ul t i var g r own 
i n  the g l asshouse . 

The basi c mor p h o l ogy of t h e  NeVY i nduced cyl i nd r i c a l  i nc l usi on 
i s  shown i n  F i g u r e  37 . F i g ur e  37 C A J  shows masses of c y t op l asmi c 
c y l i nd r i c a l  i nc l usi ons i n  between c h l orop l ast s and m i t oc hondr i a . 
The c y l i nd r i c a l  i nc l usi ons h ave been sect i on ed i n  d i f f erent 
p l anes t o  show bund l es i n  l on g i tud i nal sec t i on ( F i gure 
37 [ A J , [ B J  & [ e J ) , and , scrol l s  and p i nwheel s i n  c ross-sec t i on 
( F i gure 37 [ O J  & [ E l . I n  some mesophyl l c e l l s  masses of 

c y l i nd r i c a l  i nc l us i on s  were assoc i at ed wi th f i l ament ous vi r us 
p ar t i c l es ( Fi gures 37 [ e ) . At very h i gh magn i f i c a t i ons ( 1 6 2 , 400 
X )  8- 1 0  c ur ved l amel l a  or ar ms c oul d b e  seen r ad i at i ng out of a 
centr a l  core of t h e  p i nwheel ( F i gure 37 [ E J ) .  The d i ameter of t h e  
p i nwhee l s was est i mated t o  b e  c a  268nm + / -39 . 8 n m  ( 1 6 
measuremen t s ) . T h e  l en g t h  of t h e  cur ved l amel l a  was est i mated t o  
b e  c a  200nm + / - 23nm ( 1 2 measuremen t s ) . The l en g t h  o f  t h e  
bund l es var i ed w i del y ex t en d i n g  to more than 2000nm i n  some 
c ases . Stud i es of t h e  sequent i al d evel opment of c y l i ndr i ca l  
i nc l usi ons h ave shown t h at si z e ,  shap e ,  number a n d  l oc at i on 
c h an g es wi t h  dur at i on of i nf ec t i on ( Lawson et a l , 1 97 1 ; Andr ews & 
Shal l a ,  1 974 ) . T h e  evi dence f rom t h e  l i gh t  and e l e c t r on 
mi crographs sugg ests t h at t h e  t i ssues samp l ed c ontai ned 
i nc l usi ons i n  the m i dd l e  to l at e  p hase of the i nf ec t i on c yc l e .  

No cyl i nd r i c al i nc l usi ons wer e evi dent i n  ul t r a t h i n  sec t i on s  of 
H . boNdeni i seed l i ng l eaf t i ssue n ot i nf ected w i t h  f i l ament ous 
vi ruses ( F i gure 38 ) . 

Based on i nc l usi on body morp h o l ogy NeVY i nduced c y l i nd r i ca l  
i nc l us i ons ,  d e p en d i n g  on t h e  p l an e  o f  sect i on i n g ,  mai n l y  
appeared as t u b es or scrol l s  w i thout any l am i n at ed a g g r eg at e s .  
Ner i ne vi r us Y c an t h er ef ore b e  categor i z ed i n  Edwar d son a n d  
ehr i st i e 7 s  ( 1 986 ) Type 1 potyv i r us sub d i vi son . 
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F i g u r e  36 : E l e c t r on m i  of a ar s t r i at ed 
i on a i nd r i c al i nc l us i o n  i nd u c ed i n  Neri ne sarn i ens i s  

l eaf t i ssue i nf ec t ed b y  n er i ne v i r us Y .  St a i n :  2% PTA , 7 .  
Magn i f i c at i on :  X 72 , 1 00 .  
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F i g u r e  37 [ A ) - [ E J : Ul t r at h i n  sec t i on s  of n er i ne v i r u s  Y 
c y l i n d r i c a l  i nc l us i o n s  i nd u c ed i n  Neri ne sarni ens i s  h y b r i d  
l eaf c e l l s .  The l eaf c e l l s  h ave b een s ec t i oned i n  d i f f er en t  
p l anes and e l ect r on m i c r og r ap h s  t a k en at d i f f er en t  
magn i f i c at i on s  t o  show i nc l us i o n  b od y  morp h o l o gy .  

F i g u r e  37 [ A J : 
i nc l u s i o n s  or 
mi i a  ( M  

i tu d i n a l  sec t i on of c yt op l as m i c i nd r i c a l  
b u n d l es ( b et ween c h l or op l asts ( C )  and 

i n  1 c e l l s . i f i cat i on :  X 1 1 , 200 . 



F i g ur e  3 7 [ B J : 

F i gure 37 [ C J : 
of f i l 

Mass of b un d l es ( B )  i n  t h e  c yt op l asm of a 
l eaf c e l l adj ac e n t  t o  t h e  c e l l w a l l ( CW ) . 
Magn i f i cat i on :  X 3 1 , 800 . 

1 09 

B un d l es ( 8 )  assoc i at ed w i t h  l on g i t ud i n a l  sec t i on s  
v i r us p a r t i c l es ( V ) . Magn i f i cat i on :  X bOO . 
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F i g u r e  37 [ D J : Cytop l as m i c c y l i n d r i c a l  i nc l us i o n s  i n  c r oss­
sec t i on show i n g  scr o l l s  ( 5 )  and p i nwhee l s ( P ) . M = m i t oc h on d r i on ;  
CW = c e l l w a l l .  Magn i f i c at i on :  X 3 1 , 800 . 

F i g ur e  37 [ E l : P i n wh e e l  s h ow i n g  c ur ve d  l amel l a  ( L )  r ad i at i ng out 
of t h e  c en t r a l  c or e  ( . Magn i f i c at i on :  X 1 , 400 . 
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F i gure 38 : U l t r a t h i n  sec t i on s  ot h e a l t h y  Ner i ne bONdeni i  
seed l i ng l eaf t i ssue show i n g  c h l o ro p l asts ( C )  a n d  m i t oc h on d r i a  ( H ) . 
Magn i f i cat i on :  X 1 5 , 300 . 
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7 5 3  

E l  c s e p ar at i on s  o f  SDS-d i ssoc i at e d  l as m i c 
p ur i f i ed f r o m  H . sarn i ens i s  l ea f  t i ssue a s  d es c r i be d  

2 . 2 . 5 . 2 �  g ave t wo i d e b a n d s  w i t h  e s t i m a t e d  
m a i n b an d  

a n a l o g y  
6 7 . 3k d  

m o l e c u l a r  we i s o f  7 0 . 6 k d  a n d  67 . 3 k d . T h e  7 0 . 6 k d  
( F i g u r e  3 9  i s  b e l i eved t o  b e  t h e  i n c l us i o n  b a n d  

w i t h  o t h er r uses H i e b e r t e t  a l  1 98 4 ) , w i t h  t h e  
m i n or b an d  b e i n g a o n  o f  t h e  f or me r  

j 1 6 k d  

9 7. 4  k d  

6 6  k d  

4 5  k d  

3 6  k d  

F i g ur e  3 9 : a t i on 

2 

7 0 · 6  k d  
6 7. 3 k d 

1 an d n er i n e v i r us c y l i n d r i c a l  i n c l us i o n  
n s  ( l an e  
( l an e  2 

g e l  w a s  
d ou b  e - st a i n e d  w i t h  

e l  o n  a 2 . 5% y a c r y  a m i d e  
s t a i n ed f i r st w i t h  Coomass i e  B l ue R a n d  
C oomass i e  B l ue 6-250 a n d  
f i 1 m .  

Kod a k  3 5mm our 
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The c a l i b r at i on d a t a  used f or m o l ec u l ar w e i g h t  d e t er m i n at i on o f  
t h e  c y l i nd r i c a l  i nc l us i o n  p r ot e i n i s  g i ven i n  Tab l e 9 a n d  t h e  
c a l i b r a t i on curve o f  d i st an c e  m i g r at e d  ver sus mo l ec u l ar w e i g h t  
( l og s c a l e )  i s  sh own i n  F i gure 40 . 

Tab l e  9 :  C a l i b r at i on d a t a  used f or mol ecul ar w e i g h t  
d e t er m i nat i on of n er i n e v i rus Y i n d uced c y l i n d r i c a l  i n c l us i on s . 

Comp onent MW ( k d )  

( a )  «-g a l actosi d ase 1 1 6 . 0 
( £ .  co l i >  

( b )  p h osphor y l ase B 97 . 4  
( rabb i t  musc l e )  

( c )  a l bum i n 66 . 0  
( b ovi n e )  

( d )  a l bum i n 45 . 0  
( eg g )  

( e )  g l yceral d eh yd e- 36 . 0  
3-phosp h a t e  
d eh yd r ogen ase 
( r abb i t  musc l e >  

LOg 1 0 MW Di st an c e  m i g r at ed ( mm )  

5 . 06 1 8  

4 . 98 22 . 5  

4 . 8 1  32 . 3  

4 . 65 46 

4 . 55 53 
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D i s t a n c e  m i g r at e d  [ mm ]  

F i g u r e  40 : C a l i b r at i on c urve f or mol ecu l ar w e i g h t  
of n er i n e v i rus Y i n duced c y l i n d r i c a l  i n c l us i on s .  
m i g r at ed b y  t h e  mar k e r  p r ot e i n s  was p l ot t ed 
mol e c u l ar w e i g h t  ( l og sc a l e > . 

d et er m i n at i on 
Th e d i st an c e  
ag a i n st t h e  
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7 . 6  P UR I F I CAT I ON OF NER I NE V I RU S  Y 

The procedure out l i n ed i n  Sect i on 2 . 2 . S . 2 . was used to pur i f y 
NeVY. The v i rus concen t r at i on of NeVY i n f ected N . sarn i ensi s  
l eaf t i ssue gr own u n d er shade house con d i t i ons i n  the g r ound a n d  
l ate i n  t he season , when y e l l ow mosa i c v i r us-l i k e sympt oms were 
appar ent , was r e l at i ve l y l ow .  The v i rus y i el d i n  f our separ ate 
prepar at i ons var i ed f r om 0 . 008 t o  0 . 023mg per 1 00 g of l eaf 
t i ssue assum i n g  a n  ex t i nct i on coef f i c i en t  of A�� 1 % at 260n m 
o f  2 . 4 b y  a n a l o g y  wi th other pot yv i r uses ( Dami r d ag h  & 
Shepherd ,  1 970 ; Van Oosten , 1 972 ; Der k s  e t  a1 , 1 982 ; Hunst & 
Tol i n ,  1 982 ) . 

However , b u l b s  potted af t er t he i r  d or mant phase a n d  g r own u n d er 
g l asshouse con d i t i on s  had a much h i g her concen t r at i on o f  NeVY 
af ter l eaf emer g en ce . The hi g her v i r us concen t r at i on was a l so 
associ at ed wi th masses of p r ot e i n aceous i nc l usi on b od i es 
r epor t ed i n  Sect i on s  7 . S . 1 a n d  7 . S . 2 .  Ner i ne v i r us Y was t hus 
mai n l y  pur i f i ed f rom l eaves harvested f r om pot t e d  N . sarni ensi s 
p l an t s  g r own under g l asshouse con d i t i on s . I n i t i a l l y  con s i d er ab l e  
l oss of v i r us occurred i n  t he f i r st l ow speed cen t r i f ug at i on 
( 1 2 , 00 0g > , due t o  a f ai l ur e  to separ ate the v i r us f rom t he 

i ncl usi o n  b od i es .  F i gure 4 1  shows cy l i n d r i ca l  i nc l usi ons a n d  
v i rus p ar t i cl es r ecover ed f r o m  t h e  sol ven t / aqueous i nt erphase 
af t er cen t r i f ug at i on at 1 2 , 000g . Thi s l oss was m i n i m i zed by 
homog e n i zi ng the f r eshl y har vest e d  n er i n e l eaves i n  O . SH 
pot ass i um phosphate b uf f er ,  pH 7 . 6 cont a i n i n g Smg of sod i um 
sul phi t e  per g r am of t i ssue a n d  0 . 05H EDTA . H a l f a vol ume of 
chl orof or m :  car b on tetr ach l or i d e a n d  1 7.  Tr i ton X - I OO was a d d ed 
bef or e r e-homog en i zi ng at ver y l ow speed w i th a power cont r o l l er 
pr i or t o  gent l e  a g i t at i on f or 2-3h at 4C . The v i r us and 
i nc l usi o n  bod i es were then pur i f i ed as d escr i b e d  i n  Sect i on 
2 . 2 . S . 2 .  V i rus y i e l d s of b et ween 0 . 1 1 -0 . 28mg ( 3  d etermi n at i on s )  
f r om 1 00mg o f  you n g  l eaves , f r eshl y har vest ed f r om g l asshouse 
g r own N . sarn i ensi s, was ob t a i n ed wi thi n f our wee k s  of l eaf 
emer gence . 

The use of g en t l e  pur i f i cat i on proced ure s , i n vol v i n g  
po l yethy l ene g l yco l preci p i tat i on and caes i um chl or i d e 
cen tr i f ug at i on ,  y i e l d ed r e l at i ve l y un f r ag men t ed v i r us part i c l es 
( F i g ur e  29 ) . 



F i g u r e  4 1 : E l e c t r on m i c r og r ap h  of i nd r i c a l  i nc l us i on s  
assoc i ated w i t h  n er i n e v i r us Y p ar t i c l es ( V )  s t a i n ed w i t h  
PTA , pH7 . Magn i f i cat i on :  X 3 1 , 80 0 . 

1 1 6 

( e I ) 
2% 
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7 . 7 MOLECULAR WE I GHT OF NER I NE V I RUS Y COAT PROTE I N  

Sod i um d od e c y l  sul p h at e  ( SDS ) -d i ssoc i at ed NeVY coat p r ot e i n  f rom 
p ur i f i ed v i rus p ar t i c l es was e l e c t r op h oresed i n  S DS-Pag e s l ab 
g e l s us i n g as stand a r d s  a SDS-70L m o l e c u l ar wei g h t  k i t  ( Si g ma ) . 
T h e  m ob i l i t y of t h e  mar k e r s  g ave t h e  mol ec u l ar we i g h t  
c a l i b r at i on d at a  s h own i n  Tab l e  1 0 .  A c a l i b r at i on c ur v e  of 
d i stan c e  m i grated ver sus mol e c u l ar w e i g h t  ( l og s c a l e )  w as 
p l otted ( F i gure 42 ) and t h e  mol ec u l ar wei g ht of t h e  v i r a l  c oat 
p r otei n d e t er m i n e d  by i n verse e s t i mat i on f r om t h e  r eg r es s i on of 
t h e  e l ec t r op h or et i c  mob i l i ty of t h e  mar k er s .  

Tab l e  1 0 :  Cal i b r at i on d a t a  used f or mol e c u l ar we i g h t  
d et er m i n at i on of n er i n e v i rus Y coat p r o t e i n .  

Component 

( a )  A l b u m i n 
( b ov i n e  serum ) 

( b )  Ova l bumi n 

( c )  G l ycer a l dehyde-
3-p h os p h at e  
d eh yd r ogen ase 
( r ab b i  t musc l e )  

( d )  Carb on i c  anh yd r ase 

MW 
( kd ) 

66 

45 

36 

29 
( b o v i n e  eryt h r o c yt es ) 

( e )  Tryp s i n og en 24 

( f ) Tr yp s i n i nh i b i t or 20 . 1 
( soyb e an ) 

Log 1 o  MW 

4 . 8 1 9  

4 . 653 

4 . 556 

4 . 462 

4 . 380 

4 . 303 

D i s t an c e  m i g r at e d  
( mm )  

2 1  

3 1 

3 6  

4 3  

46 

5 5  
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Di stance m i grated [ mm )  

1 1 8 

F i g u r e  4 2 :  C a l i b r a t i on c ur v e  f or mol ecu l ar w e i g h t  d e t e r m i n at i on 
of n er i n e v i rus Y coat p r o t e i n .  The d i stance m i g r at e d  by t h e  
mar k er p r ot e i n s  was p l otted a g a i n st t h e  mol ec u l ar w ei g h t  ( l og 
sea l  e )  • 

A s i ng l e  v i r a l  coat p r o t e i n  b a n d  ( F i g ur e  43 ) w i t h  an est i mated 
mol e c u l ar w e i g h t  of 33 . 26 k d  was ob t a i n ed . 



4 3 : 

y a c r  
n an d  

6 6  k d  

4 5  k d  

3 6  k d  

2 9  k d  
2 4  k d  

2 0 .  I k d  

Sever a l  
v i r us 

m e t h o d s  
i on s .  

a s  t h e  
ammon i um c ar bo n a t e  
a I , 982 ; S DS i n  
C h ar u d a t t a n , 1 98 4  ; 
T h e  8DS-ammon i um 

� 3 3 . 2 6 k d 

2 

s so c i e d  a n e  
n a n e  2 on a 
w a s  s t a i n ed Coomass i e  B l u e 

a P o l ar o i  MP-4 l an d  c amer a 

t o  e x t r ac t  R N A  f r o m  p ur i e d  
i n c t h e  u s e  o f : n as e  K a n d  

n d en at ur i ng X u  e t  a 1 , 1 98 6 ; SDS i n  
b u f f er ,  9 a n d  n as e  K ( T a i w o  e t  

c ar b on a t e  b uf f er 9 ( H i eb e r t  
- c h  o r o f orm P a l m i t er � 1 97 4 ) 
ase t r ea t m e n t  d e sc r b ed i 

S e c t 2 2 7 . 2 w a s  f ou n d  t o  b e  t h e  m o s t  s at i s f m e t h o d  
f or n g  r e I  

9 
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A si n g l e  R NA spec i es was ob served b y  agar ose g e l  e l ec t r op h or es i s 
un d er d e n atur i n g c o n d i t i on s  ( F i g u r e  4 4 ) usi n g  t h e  
f orma l d eh yd e / f or mam i d e  p r oc e d ur e < Gerard & M i l l er ,  1 986 ) desc r i b e d  
i n  Sec t i on 2 . 2 . 8 . 2 . An RNA l ad d er ( Bet h esda Resea r c h  Lab o r at or i es )  
was co-m i g r at ed w i t h  t h e  g e n om i c RNA t o  obtai n t h e  d a t a  p r esented 
i n  Tab l e  1 1 .  

1 0  k b  > 

2 

9 . 4 9 k b  7 · 4 6 k b  
4 . 4 k b  

2 . 3 7  k b  

1 . 3 5 k b 

F i gure 44 : Ag ar ose g e l  e l e c t r op h or es i s of n er i n e v i r us Y RNA 
un der ( f or ma l d e h yd e / f or mami d e )  d e n a t ur i n g c on d i t i on s .  Lane 1 :  
n er i ne v i r us Y RNA , Lane 2 :  RNA l ad d er ( Be t h esda Resear c h  
Labor at or i es > . T h e  g e l  w as s t a i n ed w i th e th i d i um b r om i d e ,  
dest a i n ed i n  wat er an d p h o t o g r ap h ed w i t h  a Po l ar o i d MP-4 l an d  
c amer a usi n g  a short-wave u l t r av i o l et ( 254n m )  t r a n s i l l um i n a t or . 



1 2 1  

Tab l e  1 1 :  C a l i b r at i on d at a  obt a i n ed b y  g e l  e l ec t r o p h o r es i s of an 
RNA l ad d er < Beth esda Resear c h  L ab or a t or i es )  on a 1 1.  a g ar ose g e l  
under d e n atur i n g c o n d i t i on s .  T h e  c a l i b r at i on c u r v e  o f  t h e  
d i s t a n c e  m i g r at ed b y  RNA spec i es p l o t t ed ag a i n st mo l ec u l ar 
we i g h t , i s  g i ven i n  F i g ur e  45 . 

Mo l ec u l ar wei g h t  
( b ases ) 

v i ral RHfI 
9490 
7460 

4400 
2370 
1 350 

Log 1 o  MW 

3 . 977 
3 . 873 

3 . 643 
3 . 375 
3 . 1 30 

D i stance m i g r at e d  
( mm )  

8 . 5 
1 0 . 0 
1 2 . 3 

1 8 . 2 

2 6 . 8  
3 5 . 0  
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m n 
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lIJ ., 
E m 
joJ. 

i.O 
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4 . 1  
4 

"�,. 9 It.;� I 

.... 3 .k). • .  
3 ,  "l 
3 , 6  
:1. �1 
'7 'I Jt.JI If j!" 
'''IF ""It< ,,). , ,:5. 
3 �� ' ' ''''' 
j' 1 ,J> , _ 

3; 

-'-

j I 
j 
_. 

--

--

{] 2 0  

y = 
r = 

D i st a n c e  m i g r at e d  [ mm ]  

0 . 0 335x + 4 . 28 
0 . 997 

F i gure 45 : C a l i b r at i on c u r v e  o b t a i n e d  by p l ot t i n g d i st an c e  
m i g r at ed b y  R N A  s p ec i es i n  R N A  l ad d er ( Be t h e s d a  Resear c h  
Lab orator e s > ver sus m o l ec u l a r  w e� g h t ( l og scal e ) . 
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A s i n g l e g en om i c s p e c i es w i t h  an est i mat e d  mo l ec u l a r  we i g h t  o f  
1 0 . 0 k b  w a s  obta i n e d  f or t h e n er i n e v i r us Y i so l a t e . 

7 . 9 S I Z E FRACT I ONAT I ON ,  c DNA SYNTHES I S  AND MOLECULAR CLON I NG OF 
NER I NE V I RUS Y R NA 

To m i n i mi z e p os s i b l e c on t am i n at i on w i t h  RNA f r om n er i n e t i ssue 
o r  o t h er RNA v i r uses i n  t h e  host p l an t , t h e  1 0 . 0 k b  NeVY RNA was 
s i z e  f r ac t i onated o n  met h y l mer c ur i c  h y d r ox i de g e l s a s  d es c r i be d  
i n  S ec t i on 2 . 2 . 8 . 2 . Met h y l mer cury i s  a r ever s i b l e  d e n at u r i n g 
a g en t  f or nuc l ei c  ac i d s ( Ba i l ey � D av i d so n , 1 976 ) . T h er e f or e  t h e  
n uc l e i c ac i d s c an b e  r ec over e d  b y  r emov i n g  t h e  m et h y l mer cury 
a n d  used i n  c DNA c l on i ng r eact i on s . Th i s  i s  a usef u l  t ec h n i q ue 
f or p ur i f y i n g  v i r a l  R N A , esp ec i a l l y f rom f i el d - i n f ec t ed mater i a l 
where t h e  poss i b i l i t y of mi x ed v i r a l  i nf e c t i on ex i st s .  By 
d en at ur i ng t h e  v i r a l  RNA so t ha t  c on f ormat i on a l  a n d  
i nt er mo l ec u l ar a g g r e g at i on i s  m i n i mi z ed ,  s i z e  f ra c t i on at i n g 
p r i or t o  c DNA c l on i n g ef f ec t i ve l y  e n su r e s  t h at o n l y  t h e  s e l e c t ed 
RNA i s  f i n a l l y  c l on ed . T h i s  strategy mi n i m i z es d i f f i c u l t i es 
w h i c h may ar i se f r om t h e  p r esenc e  of p o s i t i ve c DNA r ec om b i n an t 
c l on e s  d er i ved f r om o t h er t h an t h e  ex p ec ted s p ec i f i c  v i r a l  RNA . 
F i g ur e  46 shows NeVY RNA a n d an RNA l ad d er e l ec t r op h or esed on a 
1 . 2% l ow mel t i n g p o i n t  agar ose g e l . 

9. 4 9  k 7. 4 6 k 
4 . 4  k b  

2 . 3 7 k  

1 . 3 5  k 

2 
F i g ur e  p. 46 : Low me l t i ng p o i n t  1 . 2% agarose ( FMC Seap l aq ue >  g el 
e l e c t r oh or es i s of n er i ne v i rus Y RNA a n d  RNA mar k e r s  d e n at ur ed 
w i t h  �ethyl m er c ur i c h yd r ox i de .  L a n e  1 :  RNA l ad d er , L a n e  2 :  
n er i ne v i rus Y RNA . T h e  g e l  was s t a i n e d  w i t h  e t h i d i um b r om i d e ,  
d e s t a i n ed i n  wat er a n d  p h ot og r ap h ed w i t h  a Pol a ro i d MP-4 l an d  
c amer a usi n g  a s h or t wave u l t r a v i o l et ( 254n m )  t r a n s i l l um i n a t or . 
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The c DN A  f or NeVY was p r e p ar ed b y  a mod i f i c at i on of t h e  
p r oc ed u r e s  descr i b ed b y  D ' A l essi o e t  al ( 1 987 ) a n d  Wat son and 
J ac k so n  ( 1 985 ) a n d  d et a i l ed i n  Sec t i on 2 . 2 . 1 0 . 2 .  The 1 0 k b  NeVY 
RNA was assumed to be p o l yaden y l ated by an a l o g y  w i t h  other 
p ot y v i r uses ( Rosner et a l , 1 98 6 ) . Lamb d a  g t 1 0  was used as t h e  
c DNA c l on i n g vec t or b ec ause NeVY R N A  was on l y  ava i l ab l e  i n  very 
l i m i t ed q uant i t i es and l amb d a  g t 1 0  i s  k n own to be a h i g h 
ef f i c i en c y  c l on i n g vec t or , of f er i n g c l on i n g ef f i c i en c i es 
ex c eed i n g 2 X I 07 p l aque f or m i n g  un i ts /ug d oub l e str a n d ed c DNA 
( Wat son & J ac k son , 1 985 ) . Lamb d a  g t l 0  i s  a 43 . 3 4 k b  i n ser t i on 

vec t or ( F i gur e 47 ) wh i c h c a n  a c c e p t  DNA i n ser t f r ag me n t s  of up 
to 7 . 6 k b  ( Huynh et a l , 1 98 5 ) . 

F i g ur e  47 : Map of 
en d on uc l ease c l eavage 
f r om t h e  l ef t  end . 

b ac t er i op h ag e  l amb d a  g t 1 0 .  Restr i c t i on 
s i t es are d es i g n at ed i n  k i l ob a se p a i r s  

Lamb d a  g t 1 0  i n serts were a n a l ysed b y  agar ose g e l  e l e c t r op h or es i s 
f o l l ow i n g  d i g est i on w i t h  f e o  R I . I n ser t s  f r om t h e  e i g h t  c l ones 
were f ou n d  to b e l ong to two s i z e  c l asses , 1 . 54 k b  ( f i ve c l ones ) 
a n d  O . 5 6 k b  ( t h r ee c l on es ) . DNA f r om b o t h  t h ese c l asses wer e 
sub c l oned i n t o  t h e  p l asmi d vec t or p GEM3 ( F i gur e 48 ) bec ause 
p l as m i d vec t o r s  are ver y use f u l  f or t h e  amp l i f i c a t i on a n d  
p ur i f i c a t i on of r e l at i ve l y l ar g e  q uant i t i es o f  c l oned c DNA . 
Fur t h er , wh i l e  t h e  l amb d a  g t 1 0  vec t or was 43 . 34 k b , t h e  p l asm i d  
p G EM3 ( F i gure 49 ) was on l y  2 . 752k b  g i v i n g a s ub st an t i a l l y  l ower 
i n ser t to vec t or DNA r at i o  an d t h us enab l i n g t h e  use of t h e  
en t i r e r ec omb i n ant DNA i n  n i c k -t r an s l at i on r e ac t i on s .  T h e  DNA 
was ex t r ac te d  and p ur i f i ed ac c or d i ng to met h od s  d es c r i be d  i n  
Sect i on 2 . 2 . 1 0 . 2 . and used i n  d ot -b l ot s  assays . 



l am b d a  DNA mar kers 
23 . 1 3 k b  

9 . 42 k b  
6 . 5 6 k b  
4 . 3 6 k b  
2 . 3 2 k b  
2 . 0 3 k b  

O . 5 6 k b  
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p GEM3 DNA 

1 . 54 k b  i nser t 

O . 5 6 k b  i nser t 

F i gure 4 8 : f e o  R I  d i g ests of p GEM3 t o  show i n ser t s i z e .  
Lane 1 :  H i nd I I I  d i g est o f  l amb d a  DNA used as mar k er s .  
Lane 2 :  p GEM3 DNA an d O . 5 6 k b  i n ser t . 
Lane 3 :  p GEM3 DNA a n d  1 . 54 k b  i n ser t . 
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F i g u r e  4 9 : Map o f  2 . 752k b  p GEM3 vector show i n g  E c o  R I  c l on i n g 

s i t e .  

F ur t h er t o  c l on i n g i n t o  l amb d a  g t 1 0 ,  w h i c h was ab l e  t o  a c c e p t  
c DN A  i n sert s  u p  t o  a max i mu m  s i z e  o f  7 . 6 k b  p a i r s ,  d o ub l e  
s t r an d ed c DNA was al so c l oned i n t o  t h e  b a c t er i op h a g e  l amb d a  
L47AB ( Loenen & B r ammar , 1 980 ) . Lamb d a  L47AB i s  a 40 . 4k b  
r ep l ac ement vec t o r  ( F i gure 50 ) , i n t o  wh i c h f r ag ment s o f  a t  l east 
8kb c an be c l on e d . Thus L47AB was used i n  an a t t emp t to o b t a i n 
n ear f u l l - l en g t h  c l ones of NeVY . A L47 A B  l i b r ar y  of NeVY c l ones 
w as sc r eened w i t h  n i c k -t r an s l ated l amb d a  g t 1 0  D NA c on t a i n i n g t h e  
1 . 54 k b  i n sert u s i n g  p r oc e d ur es d esc r i b e d  b y  D av i s e t  a 1  ( 1 9 86 ) . 
One c l on e  w i t h  a 9 . 8 k b  i n sert was s ub c l oned i nt o  p GEM3 ( F i g u r e  
5 1 ) a n d  t h e  D N A  e x t r ac t ed f or use i n  d o t -b l ot assays . 
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__ :: : :  � /"'---1"'--_,-:=-=-_1.:: ====== 
R H B B H R 
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I [ L-1:: :-I-I- I--
20 30 

R = E e o  R I , B = Ba. H I , H = H i nd I I I  

F i g u r e  5 0 :  Map of p ar t  of t h e  40 . 4 k b  b ac t er i op h a g e  l amb d a  L47AB 
showi n g  l oc at i on of Eeo R I , Ba. H I  a n d  H i nd I I I  r e st r i c t i on 
s i t es .  

l am b d a  DNA mar k e r s  
23 . 1 3k b  

9 . 4 2 k b  � 9 . 8 k b  i n s e r t  
6 . 5 6 k b  
4 . 3 6 k b  
2 . 3 2 k b  � 2 . 7 5 k b  p GEM3 DNA 
2 . 03 k b  

1 2 

F i g u r e  5 1 : E e o  R I  d i g est of p l as m i d p GEM3 t o  s h o w  9 . 8 k b  i n ser t 

subc l on ed f r om l amb d a  L47AB . 
Lane 1 :  H i nd I I I  d i g es t  of l amb d a  DNA used as mar k er s . 
Lane 2 :  p GEM3 D N A  and 9 . 8 k b  i n s er t . 

40 k t:>  
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7 . 1 0  ESTABL I SHMENT O F  I DENT I TY AND HYBR I D I Z AT I ON SPEC I F I C I TY OF 
c DNA CLONED PROBES 

Th ree c DNA c l oned p r ob es , t w o  d er i ved f r om l amb d a  g t 1 0  a n d  one 
f r om l amb d a  L47AB were used to c h e c k t h at h yb r i d i z at i on 
o c c ur r ed t o  t h e  h om o l og ous NeVY R NA . c DNA was l ab e l l ed w i t h  
[ 32 P J -dCTP b y  n i c k - t r an s l at i on ,  ac i d -d ep ur i n ated , a n d  h yb r i d i z ed 
on Zet a-Pr o b e  memb r a n e  t o  sap c on t a i n i n g N eVY , h ea l t h y  s a p  and 
sap c o n t a i n i n g N eV X . T h e  p r obes wer e d ep ur i nated to d e c r ease t h e  
l en g t h  o f  t h e  p r o b e  b ec ause other r esearchers h a d  est ab l i sh ed 
t h at t h e  op t i ma l p r ob e l en g t h  f or h y b r i d i z at i on t o  n uc l e i c  ac i ds 
i mmob i l i z ed on memb r an e s  was 200- 1 000 b ases ( Wah l e t  « 1 , 1 979 ; 
Reed and Man n , 1 985 ) . Fragment s i z es o ut s i d e  t h ese l i m i t s g ave 
unac c ep t ab l y  p oor r eso l ut i on w i t h  h i gh b ac k g roun d . 

T h e  d ep ur i n at i on p r oc edure was c h ec k ed b y  a g a r os e  g e l  
e l ec t r op h o r es i s o f  a 3ul samp l e  o f  t h e  n i c k -t r an s l a t e d  c DN A  
p r obe b ef or e  a n d  af t er d epur i n at i on b y  t r an sf er r i n g  i t  o n t o  a 
Z eta-Pr o b e  memb r a n e  p r i or t o  aut o r ad i og r aph y  ( F i g u r e  52 ) . T o  
ensure t hat d epur i n at i on d i d  n ot r esu l t i n  comp l et e  b r e a k d ow n  o f  
t h e  c DNA , a 2 u l  a l i q uot w a s  t a k en af t er depur i n at i on ,  s p ot t ed , 
a i r -d r i ed a n d  c h r o mat ogr ap h e d  on p o l yethyl ene i m i n e-c e l l u l ose 
c oated p l as t i c  sh eet s ( PE l -c e l l u l ose ; M er c k  #5579 ) u s i n g  a s  a 
s o l vent a 0 . 75M p ot a ssi um p h osph a t e  s o l u t i on ,  p H  3 . 5 .  F i g u r e  53 
sh ows an aut or ad i og r ap h  of the PE l -c e l l u l ose c h r omat o g r am . 
D i si n t e g r a t i on of t h e  DNA i nt o  t r i p h osp h at es a n d  m on o p ho s p h a t e s  
w ou l d h av e  r esul t ed i n  mi g r at i on upwar d s  o n  t h e  P E l -c e l l u l ose 
st r i p  ( Reed & Man n , 1 987 ) . 
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F i gur e 5 2 : 

L a n e  1 :  
L a n e  2 :  
L a n e  3 :  
L a n e  4 :  
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t h e  o r i i 

A l  

o n  

samp l e  
samp e o f  

t h r ee i n at ed [ 32 P J - l ab e l  e d  n c k - t r an s l a t e d  
o n l y  i d i z ed t o  t h e  h om o l o g ous v i r us 

5 4 . T h e  1 5 4 k b  e DNA c o n e d  p r ob e  d er i ved 
se l ec t e d  f or f ur t h er u s e  i n  d ot -b o t  

o f  t h e  w a s  d e t er m i n e d  t est i ng 
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D i l ut i on s  

1 1 /2 1 /4 1 1 /2 1 /4 1 1 / 2 1 

A 

B 

c 

D 

I I I  I I I  

F i g u r e  54 : 
1 .  54k b  < I , 

Aut or ad i o f  d ot -b l ot 
O .  ( I I )  a n d  9 . 8k b  ( I I I )  

i d i z at i on of t h e  
[ 32P l - l abe l l ed n i c k -

t r an s l ated c l oned c DNA p r ob es w i t h : 

A :  p ur i f i ed n er i ne v i r us X at t wo f o l d d i l ut i on s  
B :  p ur i f i ed n er i ne v i r u s  Y at t wo f o l d d i l ut i on s  
C :  c l ar i f i ed sap f ro m  h e a l t h y  n er i ne l eaf t i ssue d i l ut ed i n  

b uf f er 
D :  p a r t i al l y  f i ed v i r us p r e p ar at i on f ro m n er i ne t i ssue 

i n f ec t ed w i t h  n er i ne v i r u s  X a n d  a c a  750nm p o t yv i r u s  
( pr esumab l y  n er i ne y e l l ow s t r i pe v i r u s ) . 
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DETERM I NAT I ON OF SENS I T I V I TY OF THE 1 . 54 k b  LAMBDA gt l 0  
DER I VED c DN A  CLONED PROBE FOR DETECT I ON OF NER I NE V I RUS Y 
I N  SAP 

T h e  sen s i t i v i t y and l i m i t s of d e t ec t i on of t h e  c l on ed 1 . 54 k b  
c DN A  p r ob e was est i mat e d  b y  u s i n g  v i r us e x t r ac t ed f r om measur ed 
quant i t i es of NeVY f i e l d -i n f ec t ed n er i ne l eaf t i s su e .  

Hyb r i d i z at i on a n a l ysi s o f  t h e  c l on e d  cDNA p rob e ( sp ec i f i c  
a c t i v i t y l X l 07c p m )  t o  sap ex t r ac t ed f r om m i c r osamp l es of 
systemi c a l l y  i n f ec t ed t i ssue c o n t a i n i n g t h e  h o m o l ogous v i r u s  
( us i n g  met hods d e sc r i b e d  i n  Sec t i on 2 . 2 . 5 . 3 ) , l oaded at var i ous 

d i l ut i on s  onto a Z eta-Pr obe memb r an e ,  sh owed t h at t h e  p r ob e  was 
a b l e  t o  d etect v i r us f r om an eq u i v a l e n t  of l ess t h an 8mg of 
t i ssue af t er 6h e x p osure of t h e  membr an e  to Kod a k  X AR-5 f i l m  
us i n g an i nt en s i f yi n g  s c r ee n  at -70C ( F i g u r e  5 7 ) . E x p os u r e  o f  
t h e  aut o rad i og r ap h i c  f i l m f or 4 8 h  i n c r eased t h e  sen s i t i v i t y t o  
l es s  t h a n  O . 32mg o f  l eaf t i ssue . No b a c k g r ou n d  p r ob l ems o r  
n o n s p ec i f i c  h yb r i d i z a t i on t o  h e a l t h y  sap w a s  ob served . 
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7 . 1 2  D I SCUSS I ON 

O n  t h e  b as i s of p ar t i c l e  s i z e ,  i n t r an s i gen c e  t o  mec h an i c a l  
t r ansmi ssi on a n d  h yb r i d i z at i on a n a l ysi s t h e  p ot y v i r us p ur i f i ed 
f r om H . sarn i ens i s ,  c h ar ac t er i z ed a n d  c DNA c l on ed i n  t h i s  s t u d y  
i s  b e l i eved t o  b e  an i so l a t e  of t h e  800n m potyv i r us p r ev i o u s l y 
f oun d ove r seas ( Maat , p e r s  c om m  t o  K S M i l n e , 1 983 ; B r u n t , p e r s  
c omm t o  K S M i l n e , 1 985 ) . T h e  h yb r i d i z at i on bet ween c DNA c l ones 
of t h i s v i r us w i t h  t h e  800n m n er i n e potyv i r us f r om A A Brunt b u t  
n ot w i t h  t h e  c a  750nm N eYSV i n d i c at es t h at t h e r e  a r e  t wo 
d i st i n c t  p ot yv i r u s e s  i n  n er i n es .  T h e  n ame n er i n e v i r u s  Y i s  
p r op osed f or t h e  800n m v i r u s . 

N er i n e v i r us Y h as r e ma i n e d  un n amed and un c h a r ac t er i z ed 
p r esumab l y  b ec au s e  i t  was n ot f ou n d  t o  be t r an s m i s s i b l e t o  
h er b ac eous i n d i c a t or �nd b ec ause i t  appears t o  b e  r e l at i ve l y 
u n c ommon i n  n er i n e s . T h e  f i n d i n g of a NeVY- i n f ec t ed H . sarn i ens i s  
c u l t i va r  w h i ch h a d  b een c l ona l l y  mass p r opag a t e d  d ur i n g t h e  
e l ec t r o n  m i c r os c o p e  sur vey c omb i n ed w i t h  t h e  r esear c h  c o n d uc t ed 
t o  op t i m i z e  v i r us y i e l d f r om l i m i t e d  q uan t i t i es of i n f ec t ed 
n er i n e l eaf t i ssue i n  t h e  e ar l y  p h as e  of t h i s  study ( Ch a p t er 5 )  
made i t  p os s i b l e  t o  p ur i f y ,  c h ar ac t er i z e  and c DN A  c l on e  t h i s 
h i t h er t o  u n r e sear c h ed v i r us . 

T h e  N . sarn i ens i s h yb r i d  i n f ec t ed w i t h  NeVY showed n o  v i r u s­
l i k e symptoms i n  t h e  l eaves i n  t h e  ear l y  ph ases of t h e  g r ow t h  
c yc l e un d e r  shad e-h ouse c o n d i t i on s .  However , severe c h l or os i s o f  
t h e  l eaves w a s  a p p ar en t  p r i or t o  sen esc e n c e .  U n d er g l asshouse 
c o n d i t i on s , at a n  aver ag e t em p e r a t u r e  of 20C , l i g h t  mosa i c 
symp t oms w e r e  v i s i b l e  soon af t er t h e  f i r st l eaves e m er g ed . No 

v i rus-l i k e symp t o m s  were obser ved i n  t h e  p i n k  f l ow er s .  

N er i n e v i r us Y was a t yp i c a l l y  f l ex uous f i l amen t o u s  p o t yv i r us 
w i t h a n o r m a l  l en g t h  of 800n m a n d  p ar t i c l e  w i d t h  of c a  1 1 n m .  
T h e  m o l ec u l ar w e i g h t  of t h e  s i n g l e  c o at p r otei n sub u n i t  o f  NeVY 
( 32 . 3 k d ) i s  w i t h i n the r an g e  of 32-36 k d  r ep o r t ed f or ot h er 

p otyv i r us e s  ( M i l n e , 1 988 ) . S i m i l ar l y  t h e  genom i c R N A  of NeVY 
( 1 0 . 0 k b ) i s  c l ose t o  t h e  v a l ues r e p o r t e d  f or o t h er p ot yv i r uses 
( Al l i son et a I , 1 986 ; Dom i er et a I , 1 986 ; Mai ss e t  a l , 1 98 9 ) . 

N er i n e v i r us Y i n d uc ed c h ar ac t er i st i c p r ot e i n ac eo u s  p ot y v i r us 
c y l i n d r i c a l  i n c l us i on s ,  wh i c h i n  u l t r at h i n  sec t i on s  a p p e a r e d  a s  
p i n w h e e l s ,  sc r o l l s  a n d  b u n d l es .  T h e  c y l i n d r i c a l  i n c l us i o n s  w e r e  
a l so s e e n  a s  l ar g e  masses i n  l eaf ep i d e r ma l  c e l l s  b y  l i g h t  
m i c r oscop y . T h e  m o l ec u l ar we i g h t  of t h e  c y l i n d r i c a l  i n c l u s i o n s  
was est i mated to b e  70 . 6 k d . Based on i nc l u s i on b o d y  
morp h o l og y , N eVY i n c l usi on s w e r e  c at ag or i z ed a s  b e l on g i n g t o  
E d war d son a n d  C h r i st i e ' s ( 1 98 6 )  Typ e 1 potyvi r u s  sub d i v i s i on .  
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E d w a r d son and C h r i st i e � s ( 1 986 ) Type 1 p ot yvi r u s  sub d i v i s i on .  

Two l amb d a  g t 1 0  r ec omb i n an t s  w i t h  c DN A  i n ser t s  of 1 . 54 k b  and 
O . 56 k b � and a 9 . 8 k b  c DN A  i n sert d er i ved f r om l am b d a  L47AB wer e 
f ound t o  h y b r i d i z e t o  t h e  h o m o l ogous v i r us RNA b u t  n ot t o  
seve r a l  ot h er p ot y v i r uses , NeV X , or t o  n er i n e h ea l t h y  sap . T h e  
1 . 54 k b  c DNA i n se r t  was ab l e  t o  d e t e c t  NeVY f r om a n  eq u i v a l e n t  
o f  l ess t h an O . 3mg of syst em i c a l l y  i n f ec t ed ner i n e l ea f  t i ssue . 

T h e  use of r ec omb i n ant DNA t ec h n o l o g y  enab l ed t h e  d ev e l op m e n t  of 
a h i g h l y  sen s i t i ve an d spec i f i c  d i a g n ost i c  t o o l . Bec ause eac h 
c DNA c l on e  i s  syn t h es i z ed f r o m  a s i n g l e RNA m o l e c u l e ,  i t  i s  
p o s s i b l e  t o  p r o d u c e  h i gh l y  s p ec i f i c  p r o b e s  f r om f i e l d - i n f e c t ed 
mater i a l wh i ch may c on t ai n mor e t h an one v i r us . On c e  c l on ed , 
l ar g e  quant i t i es of DNA f or p r ob e s  c an b e  ob t a i n ed w i t h out t h e  
n ee d  f or r e p e a t e d  p ur i f i c at i on o f  t h e  v i r us .  T h e  c l o n e d  c DN A  
p r ob e  c an b e  u s e d  f or c o n d uc t i n g f i e l d  surveys t o  s t u d y  t h e  
r e l at i ve p r eva l e n c e  o f  NeVY , s c r ee n i n g f or vi r a l  r e s i s t a n c e  a n d  
i n  v i r u s  e l i m i n at i on s t u d i es .  
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A summa r y of t h e  r e su l t s  of t e s t s  f or NeV X i s  p r esen t ed i n  
Tab l e 1 2 .  

Tab l e  1 2 :  Summ a r y  of r e s u l t s  of t e st s  u s i n g  t h e  c DN A  c l oned 
n er i n e v i r us X p r ob e .  

Ner i ne s p p . Sour c e  

H . sarn i e ns i s  P . N . 
( an d  h yb r i d s )  

N . P . 

H . bowden i i  P . N . 
( an d  h y b r i d s )  

Auc k .  

H . fo therg i l l i  P . N .  
• Maj or ' 

H . c o r u.s c a  Auc k .  
• Maj or ' 

H . 11Ianse l l i  Auc k .  

............... .... ......... .. _ •••••••• 0< ... . .. -.. .. _ ......... .. .... 

Tot a l  

P . N .  = P a l mer st on Nor t h  

N o . o f  N o . of N o . of p os i t i ve 
c u l t i va r s  s p ec i mens h y b r i d i z at i on 

8 76 1 3  

4 1 2  2 

2 26 7 

1 1 6  3 

1 6 6 

3 5 1 

2 6 0 

. ..... .. ......................... 

2 1  1 47 32 

N . P . = New P l ymout h Auc k .  = Auc k l an d  

Wh i l e  o n l y  a s ma l l n umber o f  samp l es wer e p r ocessed , t h e  r es u l t s  
i n d i c a t e  t h at N e V X  i s  q u i t e  c ommon a n d  i n f ec t s  a n um b e r  of 
Ner i ne s p ec i es g r own i n  d i f f er e n t  p ar t s  of the N o r t h  I s l an d . 
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A summa r y  of t h e  r es u l t s  of t h ese t e s t s  i s  p r esen t ed i n  Tab l e  
1 3 .  

Tab l e  1 3 :  Summar y o f  r esu l t s  of t e s t s  us i n g c DNA c l o n e d  n er i n e 
v i r u s  Y p r obe . 

Heri ne s p p . 

N . sarn i ens i s  
( an d  h yb r i d s )  

N . bo wdeni i 
< an d  h y b r i d s )  

N .  fo t herg i 1 1  i 
� Maj or � 

H . c o r u. s c a  
� Maj or ' 

N . lIIanse l l i  

Tot a l  

Sourc e  

P . N .  

N . P .  

P . N .  

A uc k .  

P . N . 

A uc k .  

A uc k .  

N o . of No . of N o . of p os i t i ve 
c u l t i var s spec i men s h y b r i d i z at i ons 

8 76 9 * 

4 1 2  o 

2 2 6  o 

1 1 6  o 

1 6 o 

3 5 o 

2 6 o 

2 1  1 47 9 

P . N . =  P a l mer s t o n  Nor t h  N . P . =  New P l ymout h Auc k . =  A uc k l an d  

* a l l samp l es w e r e f r om t h e  same H . sarn i ens i s  h y b r i d  c u l t i var 
mass p r opagat e d  by t w i n-sc a l i ng .  

The r es u l t s  of t h i s  survey i n d i cates t h at NeVY i s  ver y u n c ommon 
i n  Her i ne stoc k s  i n  New Z e a l and . 
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The p r ev a l enc e  o f  NeVX i n  a l l of f i v e Neri n e  spec i es i n  N e w  
Z e a l a n d  i s  c on s i s t e n t  w i t h  t h e  f i n d i n g s  r ep o r t e d  i n  t h e  
l i t er at ur e  < Tab l e  1 ) .  V e g et at i ve p r o p ag u l es s u c h  a s  b u l b s  a r e 
w e l l k n own t o  b e  s ou r c es of v i r us ( es )  and s i n c e  n er i n es i n  New 
Z ea l an d or i g i n a t ed f r om c o l l ec t i o n s  i n  En g l an d o r  t h e  
N et h er l an d s � i t  i s  n ot sur p r i s i n g t o  f i n d many i n f ec t ed w i t h  t h e  
same v i r uses . 

A l t h oug h t h e  p o t ex v i r u s  p ot at o  aucuba mos a i c v i r us i s  
t r an sm i t t ed b y  a p h i d s  i n  t h e  p r esen c e  of p ot yv i r uses 
( Kassan i s  & G o v i e r , 1 97 1 ; M ossop , 1 98 2 ) , a n d  a p o t e x v i r us 

assoc i ated w i t h  s t r awb e r r y  m i l d  y e l l ow edge v i r us i s  a p h i d  
t r an s m i t t ed p o s s i b l y  i n  t h e  p r esen c e  of a l ut e ov i r us ( J e l k ma n  
e t  a 1 , 1 989 ) , m o s t  p o t ex v i r uses l ac k  ar t h r op od v e c t o r s  ( Pu r c i f u l l 
& Ed war d s on , 1 98 1 ) . 

Bec ause aph i ds h av e  n ot b een c ommon l y  ob served on N er i ne i n  
New Z ea l and b y  g r ow e r s  ( Ho l l ows , p e r s  c omm , 1 986 ) , a n d  n on e  wer e 
seen on ner i n es d ur i n g t h e  c o u r se of t h i s  stud y ,  o n e  c a n  on l y  
spec u l a t e  t h at t h e  w i d es p r ead oc c ur r en c e  of NeVX h as b een 
b r ou g h t  a b out by vegetat i ve p r o p ag at i on ( i n c l ud i n g n at ur a l  
b u l b l et f or mat i on ,  t w i n - sc a l i n g a n d  mi c r o p r o p a g at i on )  of 
i n f ec t ed b u l b s  and by h an d l i n g and u s i n g c on t am i n at e d  c u t t i n g 
t oo l s d u r i n g f l ower s t e m  h ar vest i n g a n d  t w i n -sc a l i n g o p e r a t i on s . 

Ner i n e v i r u s  Y w a s  o n l y  d e t e c t e d  i n  o n e  N . sarn i e ns i s  h y br i d  
c u l t i va r . Over seas , a n  800 n m  f l ex uous f i l amen t ous v i r u s  h as 
on l y  b e e n  f ou n d  s p or ad i c a l l y  b y  e l ec t r o n  m i croscop y .  I n  v i ew o f  
t h e  f ac t  t h a t  most p ot yv i r uses ar e ef f i c i en t l y  t r an s m i t t e d  i n  a 
n on-per s i stent man n er b y  ap h i d s ,  i t  i s  t o  b e  ex p ec t ed t h at NeVY 
i s  a l so aph i d  t r a n s m i s s i b l e .  However , the l ac k  of c o l on i z at i on 
o f  n er i nes i n  N e w  Z ea l and by a p h i d s sug g es t s  t h at a p h i d 
t r an sm i s s i on i s  p r ob ab l y  of m i n or si g n i f i c an c e . Ag a i n ,  
veget at i ve p r op a g a t i on of NeVY i n f ec t ed stoc k i s  t h e  most l i k e l y 
mean s o f  spr ead . 
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CHAPTER 9 

GENERAL D I SCUSS I ON AND CONCLU S I ONS 

The p ur i f i c at i on ,  c h ar ac t er i z a t i on a n d  cDNA c l on i n g of t wo 
f i l a me n t ous v i r uses o f  Ner i ne a r e  d esc r i b e d  i n  t h i s stud y .  
Th e s e  v i r uses , n er i n e v i r u s  X ( Ne V X ) and ner i n e v i r us Y ( NeVY ) , 
h a v e  h i t h e r t o  r ema i n ed un c h ar ac t er i z e d  p r i mar i l y  bec ause of t h e  
i n a b i l i t y t o  mec h an i c a l l y  t r an s m i t t h e m  t o  h e r b aceous test 
p l an t s .  

T h e  s t r ategy o f  c on d u c t i n g a n  ex t en s i v e e l ec t r on m i c r oscop i c 
sur v ey i n  t h e  i n i t i a l p h as e s  of t h i s p r oj ec t  c o n c u r r en t l y  w i t h  
t h e  mec h an i c a l  t r an sm i s s i on t r i a l s  l ed t o  t h e  d i scovery o f  
n er i n e c u l t i var s wh i c h wer e p r ed o m i n an t l y i n f ec t ed w i t h  on e 
c l a s s  of f i l amen t o u s  v i r us p ar t i c l es .  The p otex v i r u s  NeV X was 
f ou n d  i n  an ' o l d '  c u l t i v a r  of N . f o t herg i l l i  ' Maj or ' . Th e 
p ot yv i r us NeVY was d e t ec t ed i n  a N . sarni ens i s  h y b r i d  wh i c h h ad 
b ee n  c l on a l l y  mass p r op ag at e d  f or commer c i a l c ut-f l ower 
p r od uc t i on .  

M od i f i c at i o n s  and r ef i n emen t s  t o  p r ev i o us l y  used p ur i f i c at i on 
p r oc ed u r es p l ayed a c r i t i c a l  r o l e i n  op t i m i z i n g v i r u s  y i el d f r om 
l i m i t ed quant i t i es of f i e l d - i n f ec t ed n er i n e l eaf t i s sue . Th i s , 
c om b i n ed w i t h t h e  p r ec aut i on s  t aken t o  o b t a i n un d eg r ad ed , and , 
f or NeVY , s i z e-f r ac t i on a t e d  v i r a l  RNA , mad e i t  p os s i b l e t o  
c h a r a c t e r i z e  t h e  v i r uses a n d p r ep ar e  sen s i t i ve d i ag n ost i c 
p r ob es .  

Due t o  t h e  l ac k  of mechan i c a l  t r an sm i s s i b i l i t y of NeV X and NeVY 
to h er b ac eous i n d i c at o r s  a n d  the l i mi t ed a v a i l ab i l i t y of 
i n f ec t ed n er i ne t i ssue , a d i a g n o st i c  met h od w a s  r eq u i r e d  wh i c h 
d i d  n ot n ec e ss i t at e  t h e  r ep e at e d  p ur i f i c at i on o f  t h es e  v i r uses . 
Th e t wo op t i o n s  a v a i l ab l e ,  w h i ch met t h i s c on d i t i on and c ou l d 
b e  used t o  p r od u c e  sen s i t i v e a n d  s p ec i f i c  d i a g n ost i C  p r ob e s  
f r o m  f i e l d - i n f ec t e d  mater i a l wh i c h p o s s i b l y  c o n t a i n ed m i x ed 
v i r us i n f ec t i on s  wer e mon o c l on a l  a n t i b od i es a n d  c l o n ed c DN A  
p r ob e s . 

R e c o m b i n ant DNA t ec h n o l ogy u s i n g c l oned cDNA p r ob e s  was sel ected 
a s  t h e  method to b e  a t t e m p t e d  i n  t h i s  p r oj ect . DNA r e c omb i n an t 
t e c h n o l ogy h a d  b een used b y  a n u m b er of r es e ar c he r s  f or t h e  
d ev e l opment of r e l at i ve l y  r ap i d ,  sen s i t i ve a n d  soec i f i c  
d i a g n ost i C  p r ob es f or p l an t  v i r uses ( eg Bau l c om b e e t  a I , 1 984 ( a  & 
b J ;  L i n t h or s t  e t  a I , 1 986 ; Rosner e t  a I , 1 986 ; B ou l t on e t  
a I , 1 98 6 ) . Fur t h er , l ar g e  q ua n t i t i e s of c l oned cDNA c a n  b e  
ob t a i n e d  r e l at i ve l y r ap i d l y . 
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A l t h ou g h  t h e  c ommon l y  used p l as m i d vec t or p BR322 was 
succ essf u l l y  used i n  the c DN A  c l on i n g of the 6 . 3 k b  NeVX RNA , t h e  
u s e  o f  l am b d a  g t l 0  a n d  L47AB , p r i or t o  sub c l on i n g i n t o  t h e  
p l as m i d  p GEM3 , w a s  r eg ar d ed a s  a n  i mp o r t an t  r e f i n emen t t o  
i nc r ease t h e  c l on i ng e f f i c i en c y  o f  t h e  1 0 . 0 k b  NeVY RNA . T h e  use 
of l amb d a  vec t o r s  f or i n i t i a l cDNA c l on i n g of p l an t  vi r a l  RNAs 
i s  not c ommon , a l t h ou g h  mo l ec u l a r  b i o l og i st s  p r e p ar i n g c D NA 
l i b r ar i es f or p l a n t  RNAs r out i n e l y use l amb d a  vec t or s .  Fur t h er , 
t h e  n ear f u l l - l en g t h  ( 9 . 8 k b )  c DNA c l ones p r od uc e d  t o  NeVY i n  
t h i s  s t u d y  usi n g  l am b d a  L47AB wer e s i g n i f i c an t l y  l on g er t h an 
c D N A  c l ones p r od uced t o  p l as m i d  v ec t o r s  t o  other potyvi r uses 
such a s  t ob ac c o  v e i n  m o t t l i ng v i r us ( Domi er e t  a I , 1 986 ) � t o b a c c o  
et c h  v i r u s  ( A l l i son e t  a l , 1 9 86 ) a n d  p l um pox v i r us < Ma i ss e t  
a l , 1 989 ) . F u l l - l en g t h  c D N A  c l o n e s  woul d en ab l e  r esear c h er s t o  
s t u d y  v i r a l r ep l i c at i on ,  g en e  ex p r essi on , i d en t i f y v i r a l  g enes 
i n v o l ved i n  spec i f i c  v i r us-h o s t  p l a n t  i n t e r a c t i on s  and hence 
d e t er m i n e  p a t h o g en i c i t y ,  h os t  r an g e  and sym p t o m  d ev e l opment 
( Ah l q u i st & J an d a ,  1 984 ; Dawson et a i , 1 986 , Mesh i et a I , 1 986 ; 

Vos e t  a I , 1 984 ; Vos , 1 987 ) . 

T h e  t w o  c l on e d  c DNA p r ob e s  s e l e c t ed f or c h ar ac t er i z at i on an d 
d ev e l opment as d i a g n os t i c  t oo l s f or NeVX and N eVY p r oved t o  b e  
sen s i t i ve a n d  s p ec i f i c  t o  t h e  homol ogous v i r uses i n  
h y b r i d i z at i on assays . Fur t h e r , b ot h  p r ob es wer e su i t ab l e  f or use 
i n  l ar g e- sc a l e d et ec t i on ( su r v ey s )  of NeVX a n d  NeVY an d f or use 
i n  v i r us e l i m i n at i on s t ud i es .  

Mod e r n  mo l ec u l ar c l on i n g t ec h n i q ue s  h ave m a d e  i t  possi b l e  t o  
d eve l op sen s i t i ve ,  s p ec i f i c  a n d  r e l at i ve l y r ap i d  d i ag n ost i c  
met h o d s  f or t wo i n t r an s i g en t  f i l amen t ous vi r uses f r o m  n e r i n e s .  
Th e s t r at e g i es u s e d  i n  t h i s p r oj ec t  c ou l d b e  a d o p t e d  f or other 
v i r uses wh i ch h ave not b ee n  f ou n d  to be r ead i l y  amenab l e  t o  
mec h an i c a l  t r an sm i s s i on . 

A l t h o u g h  t h e  N e V X  a n d  NeVY c DN A  c l o n e s  were d ev e l oped p r i mar i l y  
a s  d i a g n os t i c  t o o l s ,  t h ey may i n  t h e  f uture p r ov e  usef u l  f or 
c h ar ac t e r i z at i on o f  t h e  g en om e s  of t h ese v i r uses a n d  f or 
c on t r o l l i n g t h e  v i r uses i n  a s i m i l ar man ner t o  t h at c ur r en t l y  
b e i n g  used f or v i r uses o f  d i c o t y l edon ous p l an t s  suc h a s  
t ob a c c o  mosa i c v i r us ( Ab e l  e t  a I , 1 986 ) . 
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APPENDI X I 

T HE GEN U S  N E R I NE 

A . I  BOTAN I CAL BACKGROUND 

A . l . l  C l a s s i f i c at i on 

N e r i ne i s  a g e n u s  o f  p e r en n i a l  b u l b o u s  p l a n t  b e l o n g i n g  
t o  t h e  Ama ry l l i dac e a e  f ami l y . T h e  Ama r y l l ida c e a e  i s  qui t e  a 
d i v er s e  f a m i l y  w i t h  s ome 8 5  g e n e r a  a n d  about 1 1 0 0 s p e c i e s  
( H i c k ey & K i ng , l 9 8 1 ) . T h e r e  i s  c on s i de r ab l e  di s a g r e em e n t  a s  t o  

wh i c h  g e n e r a  s h ou l d  b e  i n c l ud e d  i n  t h e  Amary l l i da c e a e . T h e  
c ur r e n t  t en d e n c y  i s  t o  i n c l ud e  t h e  g enus � I I i u. a n d  i t s  
r e l at i v e s  ( eg . Bro d i aea , �g apan t h u s )  i n  t h e  L i l i a c e a e  b ec a u s e 
t h ey h av e  a s up er i or ovary a l t h ough t h ey h a v e  a n  umb e l l at e  
i n f l o r e s c e n c e l i k e  t h e  Ama r y l l i da c e a e  ( H eyw o o d , l 9 7 8 ) . T h u s , 
f o l l ow i n g  m o r e r e c en t  c l a s s i f i c at i on s  (W i l l i s , 1 97 3 ; H eyw o o d , 1 97 8) , 
t h e  p r i nc i p a l d i a g n o s t i c  f e at ur e s  o f  t h i s  f ami l y  i nc l ud e : 

a b u l b o u s  r o ot s t oc k ,  a l t h o ugh s om e  have r h i z om e s  o r  a 
b u l b  w i t h  a s h o rt rh i z ome a t t a c h e d  t o  t h e  b a s e 
an umb e l l at e  i n f l o r e s c e n c e s ub t e n d e d  by o n e  o r  m o r e 
s p a t h e s  
6 f r e e  o r  f u s e d  s t am e n s 
l e av e s  w h i c h  a r e  mor e o r  l e s s l i n ear , e l o n ga t e d  a n d  
s t r ap- l i k e  
a n  i n f e r i or ovary w i t h  3 f u s e d  c ar p e l s  
a f r u i t  wh i c h  i s  e i t h er a l oc u l i c i da l l y d eh i s c i ng 
c ap s u l e o r  a f l e s hy b e rry 

S om e  o f  t h e  o t h er g e n e r a  of t h i s f ami ly o f  p r i n c i p a l l y 
o r n am e n t a l  p l a n t s i n c l ud e : Narc i ss u s , H i ppeas t r u . , � I s t ro.er i a ,  
H y.eno c a l l i s ,  C r i nu. , Ga l an t h us , Br uns v i g i a , q a l l o ta , L yc o r i s , 
Zeph yran t h us , L e ucoj u_ , C yr t a n t h us , Sp i l o xene a n d  S t ernberg i a . 

A l t h o ugh m emb e r s  o f  t h e  Amary l l i da c ea e h av e  o r i gi na t e d  f r om a 
r a n g e  o f  l oc a t i on s  a r ound t h e  w or l d , t h e  4 0  or s o  Ner i ne s p e c i e s 
a r e  a l l  i nd i g e n o u s  t o  s out h er n  A f r i c a . 



F o l l owi n g  m o d e r n  
1 9 7 8 )  n er i n e s  c a n  
gr oup s : 

C l a s s : 
S ubc l a s s : 
S up er o r d e r : 
Or d e r : 
Fami l y : 
G e n u s : 
Sp ec i e s : 

A . 1 . 2 Gr owt h Cyc l e s  

s y s t em s  o f  
b e  p l ac e d 

c l a s s i f i c at i on ( e . g .  
i nt o t h e  f o l l ow i n g  

A n g i o sp erma e 
M o n o c ot y l edon e a e  
L i l i i da e  
L i l i a l e s 
Ama ry l l i da c e a e  
Ner i ne 
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H e y w o o d , 
t a x on om i c  

4 0  d i f f e r e n t  s p e c i e s  w i t h  a l ar g e  n umb e r  o f  
hybr i d s 

T h e  gr owt h c y c l e s o f  t h e  var i ou s  Ner i ne s p e c i e s  vary d e p e n d a n t  
up on t h e i r  p l a c e o f  o r i g i n  i n  t h e  wi l d  s t a t e .  O n  t h e  b a s i s  o f  
t h e i r  gr owt h c yc l e ,  n er i n e s  c a n  b e  d i v i d e d  i nt o t hr e e  gr o up s : 

( a )  F l owe r i ng o c c ur s  b e f o r e  l ea f  em e r g e n c e .  
Th e s e b u l b s  ar e ' do rman t '  i n  s umme r  a n d  f o l i a g e  app e a r s  a f t er 
f l ow er i n g  i n  l a t e  s umme r . T h e s e  w i n t e r  f o l i ag e  f or m s  a r e  n ot 
a b l e  t o  w i t h s t a n d  s ev e r e  f r o s t  a n d  h a v e  t o  b e  gr own u n d e r  
g l a s s h o u s e c on d i t i on s  i n  Eur op e a n d  i n  f r o s t  p r ot e c t ed 
s i t ua t i on s  i n  N ew Z e a l a n d . Examp l e s  o f  t h i s  gr o up a r e  
N . sarni e ns i s  a n d  t h e i r  hyb r i d s , N . c ur v i f o l i a , H . p ud i c a , a n d  
N . h u . u i l i s . T h e s e  s p ec i e s  o r i g i n a t e d  f r om t h e e x t r em e  s out h o f  
S out h A f r i c a . 

( b )  F l ow e r i n g  o c c ur s  a f t er l e a f  e m e r g e n c e .  
T h e s e b u l b s  a r e  ' d ormant ' i n  w i n t er a n d  t h e  f l ow e r s em e r g e  a f t er 
t h e  f o l i ag e  i n  s umm e r . S i nc e t h e s e  a r e  s umm er gr ow i n g  t h e  l eav e s  
a r e  n o t  l i k e l y  t o  b e  damag e d  by f r o s t  i n  wi n t e r . T h e s e  a r e  
g e n e r a l l y har di e r  s p e c i e s . N . bowden i i i s  t h e  b e s t  kn own e x amp l e  
o f  t h i s gr oup . A l s o  i n  t h i s  g r o up a r e : H . ang u s t i fo l i a ? 
H . append i c ul a t a ?  H . f i l a.en t o s a ?  N . f i l i fo l i a ? H . g r ac i l i s ? 
H . k i rg e i ? H • • aso n o r u .  a n d  H . und ul a t a . T h e s e s p e c i e s o r i g i n a t ed 
f r om t h e  n or t h e r n  p a r t s o f  S out h Af r i c a . 

( c )  F o l i ag e  app e a r s  i n  f l u s h e s  a l l  y e a r  r ou n d  a n d  
f l ow er i n g  i s  i nd ep e n d e n t  o f  t h i s . T h e  f o l i ag e  t h u s  app e a r s  
w i t h  t h e  f l ow er s . T h e r e  i s  n o  di s t i n c t  r e s t  p e r i od un l e s s  
i mp o s ed .  Examp l e s  o f  t h i s  gr o up ar e N . f l ex uosa , H  • • anse l l i , a n d  a 
n umb e r  o f  hybr i d s  s uc h  a s  H . bo wden i i ' Pi nk T r i umph ' .  M a n y  o f  
t h e s e  s p e c i e s  o r i g i n at e d  f r om t h e  c e n t r a l  r eg i on o f  S o ut h  
A f r i c a . 
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A . l . 3  Bu l b  S t r uc t ur e , M o rph o l ogy , D ev e l opm e nt a n d  Pr opaqa t i on 

R e e s  ( 1 97 2 )  d e s c r ib ed t h r e e  m a i n  bulb t yp e s  - t h e  h i pp e a s t rum 
a n d  t h e  n a r c i s s u s  b u l b  t yp e s  (b o t h  Fami l y  Ama ry l l i d i c e a e ) , a n d  
t h e  t u l i p  b u l b  t y p e ( Fam i l y  L i l i ac e a e ) . T h e  h i pp e a s t r um b u l b  
t yp e  i s  c omp o s ed e n t i r e l y o f  l ea f  b a s e s  a n d  t h e  f l ow e r s d o  n ot 
eme r g e  f r om t h e  c en t r e  o f  t h e  l e av e s . T h e  b a s e s  o f  t h e  o l d  
i n f l or e s c e n c e s t ems d o  n o t b e c om e  s wo l l en a n d  s t o r e  f o od 
r e s e rv e s . I n  c on t r a s t , t h e  t u l i p  bulb t yp e i s  c omp o s e d e n t i r e l y 
o f  s c a l e s  ( n o n -ph o t o sy n t h et i c  l ea f- l i k e  o r ga n s  wh i c h  a r e  
d i s t i n c t  f r om f o l i a g e )  a n d  t h e  n a r c i s s u s  b u l b  t y p e  i s  c omp o s e d 
o f  b o t h  s c a l e s  a n d  l ea f  b a s e s . 

N er i n e  bu l b s a r e  o f  t h e  h ipp e a s t r um b u l b  t yp e . T h e  b u l b  i s  
g l ob o s e  a t  t h e  ba s e  w i t h  a l on g  t h i n  n ec k . Gr owt h o c c ur s  f r om 
t h e  b a s a l  p l at e  wh i c h  i s  c ompr i s ed o f  a g r o up o f  l oc a l i s ed 
m e r i s t emat i c  c e l l s  a t  t h e  c en t r e  o f  t h e  b u l b  ( Fi gur e 6 0 [ A ) ) . 
Orga n s  a r e  i n i t i a t ed i n  a symp od i a l  b r a n c h i n g  p a t t e r n , e a c h  un i t  
o f  wh i c h  i s  c omp o s ed o f  f o ur t o  f i ft e e n  l ea v e s , d ep e nd i n g  o n  t h e  
Ner i ne s p ec i e s , a n d  a t erm i n a l i n f l or e s c enc e . At t h e  b eg i n n i n g  
o f  t h e  g r o w t h  p e r i o d  t h e  ap e x  a t  t h e  c en t r e  o f  t h e  b u l b  
i n i t i a t e s  l e a f  bud s , 4 - 1 5  i n  H . f l exuosa ' A l b a ' ( F o r t a n i er e t  
a I , 1 97 9 ) , 1 0 - 1 4  l ea f  b u d s  i n  H . bo wden i i ( Sy s t ema , 1 97 5 ) . T h e s e 
l ea f  b uds w i l l  em e r g e  a s  l eave s  i n  t h e  f o l l ow i n g  y e a r . T h e  ap e x  
t h en mak e s a t ra n s i t i on t o  a n  i n f l o r e s c en c e p r i m o r di a . I n  
N . bowden i i f or e x amp l e ,  t h e  t im e  p er i od b e t w e e n  f l o r a l  
i n i t i a t i o n a n d  a n t h e s i s  i s  app r o x i ma t e l y  2 4  m o n t h s . T h i s  c a u s e s  
f l or a l  em e rg e n c e t o  o c c ur i n  a p o s i t i on l a t er a l  t o  t h e  l e av e s  a s  
t h e  f l ow e r  bud wa s i n i t i a t e d  i n  a n  e ar l i er gr owt h c y c l e .  

F i gur e 6 0 ( B) s h ow s  a l o n g i t ud i n a l  s ec t i on t h r o ugh a H . bo wden i i 
b u l b . T h r e e  gr owt h c y c l e s a r e  ev i de n t , t h e  n ex t  c y c l e s 
i n f l or e s c e n c e bud j u s t  b e i ng i n i t i a t e d  f r om t h e  ap e x  a n d  
s ur r oun d e d  by u n  eme r g e d  l eav e s , an out e r  pr e s e n t  c yc l e s 
i n f l or e s c en c e bud w i t h  a n umb e r  o f  em e r g e d  l eav e s  w i t h  f l e s hy 
l ea f  ba s e s a n d  a n a k e d  f l ow e r  s t a l k  f r om t h e  l a s t  
f l ow e r i ng s ea s o n . S i n c e  H . bowden i i a n d  N . sarn i ens i s  
i n i t i at e  t h e i r  i n f l or e s c e n c e b ud s  m o r e t han o n e  y e a r  b e f or e  
f l ow e r i n g t h e  ma x im um n umb e r  o f  bud s  i n  t h e s e  p e r i o d i c 
s p e c i e s i s  t w o , wh i l e  i n  a n on -p e r i od i c  s p ec i e s s uc h  a s  
N . f l exuosa , wh i c h  h a v e  a muc h s h or t er p e r i o d  b e t w e e n  
i n f l o r e s c e n c e bud i n i t i a t i on ,  i t  may b e  f our o r  m o r e  
( F or t a i n er e t  a I , 1 97 9) . 

R o o t  s y s t em s o f  mat ur e p l a n t s a r e  ent i r e ly a dv e n t i t i ou s , t h e  
p r i ma ry r o ot o f  t h e  s e e d l i n g b e i ng l o s t  dur i n g  t h e  f i r s t  
s ea s o n ' s gr owt h ( R e e s , 1 9 7 2 ) . I n  p e r i od i c  b u l b s  r o o t s a r e  
i n i t i a t ed a n d  eme r g e  f r om t h e  b a s a l  p l at e m o r e  o r  l e s s  t og e t h er . 
T h i s m ea n s  t ha t  dam a g e  t o  t h e  r o o t  s y s t em a t  a n  e a r l y  s t a g e  



F i gur e 6 0  (A.) 

--

-
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b u l b e t  s 

b a s a l  p l a t e  
( s had ed) 

L on g i t ud i n a l s ec t i o n o f  n e r i n e  b u l b  



fo l i age 

l ong , t h i n  nec k 

g l obose bas� 

branc h i ng 
adven t i t i o us 
roo t s  

F i gur e 6 0  ( B) 

y o ung e s t  
em erged l eave s  
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s t r ap- l ike l eav e s  

l a s t  s ea s on ' s naked 
f l ower s t a lk 

dry o ut e r  l ea f  b a s e s  

un emerg e d  l eave s  

� �C i r C U l a r  f l e s hy /� � � ea f  b a s e s  
( f o od r e s erv e) 

n ex t  s ea s on ' s � i n f l or e s c en c e bud 

� t h i s  s ea s on ' s 
/ � i n f l o r e s c en c e bud 

k-� ec ond o r d e r  l at era l 
r o o t s  

L o n g i t ud i n a l  s ec t i on o f  n er i n e  b u l b  s h ow i n g 

a n a t om i c a l  a n d  morph o l og i c a l  f e a t ur e s  
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c a n n o t  b e  c omp e n s at e d  f o r by t h e  f orma t i on o f  n ew a dv en t i t i ou s  
r o ot s . I t  i s  t h ought t h a t  i n  n on -p e r i od i c  b u l b s r o o t s a r e  
pr o duc e d  t h r o ugh out t h e  y e ar . N er i n e  r o o t s b r a n c h a n d  h av e  
s e c o n d - o r d e r  l a t e r a l s .  F i gur e 6 1  s h ow s  a t yp i c a l  n er i n e p l an t  i n  
f l ow e r . 

Pr op a ga t i on by s e e d s  i s  g e n er a l l y o n l y  p r a c t i s ed f o r b r e e d i ng 
purp o s e s . S e l e c t ed b u l b s  a r e  m u l t i p l i ed by v e g e t a t i v e  m e a n s  t o  
obt a i n  c l o n a l  mat e r i a l  wh i c h  ma i n t a i n  t h e  d e s i r ab l e  
h o r t i c u l t ur a l  c ha r ac t e r i s t i c s  s uc h  a s  f l ow e r  c o l o ur , f orm a n d  
f l o r a l  s t em l e n gt h . T h i s  c an b e  a t t a i n ed b y  a n umb e r  o f  m e a n s . 
F i r s t l y , o f f s e t s  or b u l b l e t s  a r e  f orm e d  a t  t h e  b a s e o f  t h e  
c i rc u l ar s c a l e s a n d  b eg i n  t o  gr ow a s  t h ey r ea c h  t h e  out s i d e  o f  
t h e  b u l b . T h e  numb e r  o f  o f f s et s  f orme d  i s  qui t e v a r i ab l e ,  f r om 
ar o u n d  f i v e  i n  s ome H . b o wden i i t yp e s  t o  t w e lv e  o r  m o r e i n  s om e  
H . s ar n i ens i s  hybr i d s  ( s e e  F i gur e 6 2 ) . L i t t l e  i s  kn own a b out 
o f f s e t  d ev e l opm e n t  wh i l e  a t t a c h ed t o  t h e  m o t h e r  b u l b  ( P i e r i k  & 
I pp e l , 1 9 7 7 ) . U s i ng t h i s  m et h od a l on e , a g r ow e r  may b e  f a c e d  
w i t h  a r e l at i v e l y  l on g  p e r i o d  f or b u i l di ng up s t ock f o r  
c omme rc i a l  p r o duc t i on . 

T h e  s ec o n d  c omm o n l y  u s e d  m e t h od f or c l on a l  pr o p a ga t i on i s  t h e  
t ec h n i qu e  o f  t w i n - s c a l i n g . T h e  n e r i n e  b u lb i s  s l i c e d i nt o  
n um e r o u s  s e gm e n t s ,  e a c h  w i t h  a s ma l l  p a r t  o f  t h e  m e r i s t ema t i c 
b a s a l  p l at e . Ab out 4 0  t o  6 0  t w i n - s c a l e s  c an b e  obt a i n ed f r om 
e a c h  b ulb , a n d  und e r  s ui t ab l e  c o n di t i on s  w i l l  d ev e l op i n t o a 
b u l b . F i gur e 6 3  s h ow s  n e r i n e  t w i n - s c a l e s . 

T h e  t h i r d  a n d  m o s t  m o d e r n  t ec h n i qu e  i nv o l v e s u s i ng i n  v i t ro 
m e t h od s  t o  a t t a i n  a h i gh er p r opagat i on r at e . E x c i s e d b u l b  s c a l e 
e xp l a n t s (mi c r o  t w i n - s c a l e s )  h a v e  b e en u s e d  t o  f orm bul b l et s  
( s e e f or examp l e P i e r i k  & I pp e l , 1 97 7 ) . F l ower s t em e xp l a n t s f r om 
s om e  c u l t i var s h av e  a l s o  b e e n  s uc c e s s f u l l y  p r op a ga t e d  by u s i ng 
t i s s u e  c ul t ur e  m e t h o d s . I n  t h i s  c a s e , a c a l l u s d ev e l op s  f r om t h e  
c ut s ur f a c e s  o f  t h e  e xp l an t s a n d  m o rp h og e n e s i s  o c c ur s  r e s ul t i ng 
i n  s h o o t  pr oduc t i on ( P i e r i k  & S t e e gma n s , 1 9 8 6) . T h e  s h o o t s  c an b e  
s ep a r a t e d  a n d  s ubc u l t ur e d t o  d ev e l op i n t o  r o ot ed b u lb l e t s . 
F i gur e 6 4  s h ow s  n er i n e  b u l b l e t s , d e r i ve d  f r om f l or a l  s t em 
e xp l an t s ,  i n  c ul t ur e . A l t h ough t i s s u e  c u l t ur e  p r o c e dur e s  a r e  
l ab o ur - i nt en s i v e  a n d  t h er e f o r e  mor e e xp e n s i v e , t h e  r a t e o f  
p r op a ga t i on i s  muc h h i gh e r t ha n  by any o f  t h e  o t h e r m e t h o d s  
( Hus s ey ,  1 9 8 4 )  . 



F i gur e 6 1 : Ty p i c a l  n e r i n e  p l a n t  
i n  f l ow e r  

F i gur e 6 2 : N e r i n e  ' m ot h e r - b u l b ' w i t h  

b u l b l e t s  (He r i ne sarn i en s i s 
hy b r i d) 
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F i gur e 6 3 : Tw i n - s c a l e s o f  a Ne r i ne s a r n i ens i s  hybr i d  b u l b  

F i gur e  64 : Ner i ne sarn i ens i s  hybr i d  c u l t i v a r  i n  c u l t u  
d e r i v e d  f r om f l o r a l  s t em e xp l a n t s 

1 50 



Flg u r e  65 : Ra n g e  c t  f l ow e r c o l o ur s o f  m o d e r n  
Ner i ne sar n i e n s l s h yb r i ds 

1 5 1  
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T h e r e  i s  a gr e a t  d e a l  o f  my t h  a n d  my s t ery ab out t h e  e a r l y  
h i s t o r y  o f  n er i n e s  i n  Br i t a i n . A n  h i s t o r i c a l  s t udy b y  Mr s Mary 
Ba x t e r  ( Ba x t e r , 1 9 8 6) o f  L an c a s h i r e ,  En g l a n d , r ev e a l s  t h e  
f o l l ow i n g  l i ke l y  s equ e n c e .  N e r i n e s  a r e  b e l i ev e d  t o  have b e e n 
i n t r o duc e d  i n t o Br i t a i n  i n  t h e  e a r l y - 1 6 2 0 s . I t  i s  r ec o r d e d  t h a t  
J o h n  T r a d e s c a nt o f  L amb e t h , L o ndon , obt a i n ed s om e  N . sarni e ns i s  
b u l b s f r om t h e  E n g l i s h  C h a r t e r ed C ompa n i e s  wh i c h  op e r a t e d  i n  
f or e i gn p a rt s . I n  t h e  m i d- 1 6 2 5 ' s  n e r i n e s  w e r e  i n t r o duc e d  i n t o  
F r a n c e f r om En g l a n d  a nd t h e  f i r s t  r e c o r d e d  f l ower i ng o f  
N . sarn i ens i s  wa s o n  Oc t ob e r  7 t h  1 6 34 i n  t h e  gar d e n  o f  R e n e M o r i n  
o f  P a r i s .  

I n  ab out 1 6 8 0  N e r i n e  b u l b s  w e r e  p a r t  o f  a c a r g o  o f  a s a i l i n g 
s h ip b ou n d  f r om S o ut h  A f r i c a  t o  Br i t a i n . T h e  s h i p w a s  s t r a n d ed 
n e a r  t h e  C h a n n e l  I s l a n d s  a n d  t h e  bul b s  w e r e  t ak e n  a s h o r e  t o  
G u e r n s ey ( L a t i n � Sa r n i a) . I t  i s  r ep o r t e d  t hat s i x  b u l b s  w e r e  
g i v e n  t o  a n d r a i s e d b y  M r  d e  S a u smar e z . By t h e  e n d  o f  t h e  1 7 t h  
c e n t ury Neri ne sarn i ens i s  wa s w e l l  e s t ab l i s h e d  i n  Gue r n s ey a n d  
t h e  bu l b s  w e r e  e xp or t e d  b a c k  t o  En g l a n d . B e c aus e Gue r n s ey w a s  a t  
t h a t  t i m e  t h e  s o l e  s upp l i e r ,  t h e  t erm ' Gu e rn s ey L i l y '  wa s u s e d  
t o  r e f er t o  i t . D e s c e n da nt s o f  t h e  d e  S a u smar e z  f am i l y  a r e  s t i l l  
t h e  i s l a n d s  l ar g e s t  e xp or t e r s  o f  b u l b s a n d  f l owe r s  f r om 
G ue r n  s ey ( Baxt e r  , 1 9 8 6) . 

T h e  f i r s t  b o ok d ev ot ed t o  Guer n s ey L i l y c a l l ed " L i l i um 
s a rn i en s e " wa s p ub l i s h ed by Dr J .  D o ug l a s  i n  t h e  1 72 0 '  s .  I n  
t h e  1 7 3 0 ' s L i n n e a u s  c l a s s i f i ed i t  a s  �.ar y l l i s  s ar n i ens i s . I n  
t h e  m i d- 1 8 0 0 s  t h e  E n g l i s h b ot a n i s t  Dr W i l l i am H e r b e r t , wh e n  
c l a s s i fy i n g m emb er s  o f  t h e  Amary l l i da c e a e f am i l y , n am e d  i t  
Neri n e  a f t e r N e r e i s , d a ugh t e r  o f  t h e  s e a n ymph N e r e u s  - a f o rm 
o f  f l o r a l g i ft t o  Gu e r n s ey f r om t h e  s ea !  T h e  s p e c i e s  wa s n am e d  
N . s a rn i ens i s . I t  i s  s t i l l  c ommo n l y  r e f e r r ed t o  a s  ' Gu e r n s ey 
L i l y '  . T h e  o t h e r  c ommer c i a l l y i mp or t a n t  n e r i n e  s p ec i e s , 
N . bo wde n i i ,  wa s s en t  by Mr At h e l s t an C or n i s h B owd e n , Surve y o r ­
G e n e r a l  o f  t h e  C ap e , t o  h i s m o t h er i n  Eng l a n d  i n  1 9 0 0 . 

Many o f  t h e  Ner i n e  s p e c i e s i n  t h e i r  n a t ur a l  h ab i t a t i n  S out h 
A f r i c a  w e r e  ob s er v e d  t o  b e  r e l a t i v e l y  s ma l l  x e r op h y t i c  p l a n t s 
w i t h  a l i m i t ed c o l o ur r a ng e , m o s t  b e i ng p i nk ( N o rr i s  1 97 5 , 1 9 82 ) . 
A f ew h a d  wh i t e  ( e . g .  N . f l exuosa ' A l b a ' ) ,  or d e ep er c o l our e d  
f or m s  s uc h  a s  br i gh t  r ed ( e . g .  N . append i c u l at a ) . I t  wa s t hr o ugh 
t h e  hybr i di s at i on e f f or t s  o f  a n umb e r  o f  b r e e d er s , ma i n l y  i n  
Br i t a i n , t ha t  t h e  r a n g e  i n  f orms e vi de n t  t oday c am e  i nt o 
e x i s t en c e . G a l l ag h e r ( 1 9 6 6 )  n o t e s  t ha t  Dr W i l l i am H e rb e r t  i n  t h e  
m i dd l e  o f  t h e  l a s t  c en t ury c r o s s ed d i f f er e n t  s p ec i e s o f  Neri ne 
i n  o r d e r  t o  obt a i n  i n f o rmat i on f or h i s  t r e a t i s e  Ama ry l l i da c e a e . 
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H erb e r t ' s  w ork w a s c on t i n u e d  b y  Mr H . J .  E l w e s  wh o ,  a t  t h e  t ur n  
o f  t h e  c en t ury , b r e d  a n d  n a m e d  many Ner i ne hyb r i d s  wh i c h  a r e  
s t i l l  i n  c u l t i v a t i on ( Ga l l a gh e r , 1 9 6 6 ) . T h e s e  e a r l y  hybr i d i s at i on 
e f f or t s w e r e  c o n t i nu e d  by n um e r o u s  o t h er e n t h us i a s t s s uc h  a s  S i r  
Ra l p h  S t e p h en s o n - C l a rk e , S i r  Fr e d e r i ck S t e r n  a n d  Mr L i on e l  d e  
R ot h s c h i l d . Mr L i on e l  d e  R ot h s c h i l d  o f  Exbury , n ea r  
S o ut h amp t on , i s  r ep or t e d  t o  h av e  h a d  t h e  mo s t  e x t e n s i ve a n d  
s y s t emat i c  Ner i ne b r e e d i n g  p r ogramm e  i n  t h e  e a r l y  t o  m i d- 1 9 0 0 s . 
Fr om s om e  1 4 5  r e c o r d e d  c r o s s e s , u s i ng N . sa rn i en s i s  a s  t h e  
p r ima ry p a r e n t  i n  m o s t  o f  t h em ,  h e  wa s r ep or t ed t o  h av e  obt a i n ed 
a r emarkab l e  r a n g e  o f  f l ow e r  c o l our s ( Ga l l a gh e r , 1 9 6 6 j 
La ngd o n , 1 9 7 6) . Many o f  t h e  c omme r c i a l l y i mp ort a n t  N . sarni ens i s  
hybr i d s  i n  var i o u s  p a r t s o f  t h e  w o r l d  t oday , i nc l ud i n g  N ew 
Z e a l an d , h a d  t h e i r  o r i g i n s  i n  what i s  c ommon l y  r e f er r e d  t o  a s  
t h e  ' Exbury C o l l ec t i on '  . 

Up t o  ab o ut t h e  l a s t  t w o  d e c a de s , Ner i ne c u l t i v a t i on a n d  
b r e e d i n g  h a s  r ema i n ed wi t h i n  t h e  h a n d s  o f  a r e l a t i v e l y  s ma l l 
numb e r  o f  e n t h u s i a s t s  o r  c on n o i s s eur s . Ear l y  a t t emp t s t o  
e xp l o i t i t s  c omme r c i a l  p o t e n t i a l  by t h e  Eng l i s h f i rm , B l a c km o r e 
a n d  L a n g d o n , wh e n  t h ey p ur c h a s ed t h e  b u l k  o f  t h e  c ompr eh e n s i v e  
Exbury c o l l ec t i on o f  ab o ut 2 3 0 0  bul b s  i n  a l l ,  i nc l ud i n g  ab o ut 
1 , 0 0 0  u n - n amed a n d  un f l owe r e d  s e e d l i n g s  ( L a n gd o n , 1 9 7 6) 1 we n o t  
s us t a i n ed a n d  w a s s ub s eque n t l y  s o l d  t o  Mr Amb r o s e  C on g r e v e  o f  
I r e l an d  t o  f o rm p a r t  o f  a pr i v a t e c o l l ec t i on ( Sm i t h e r s , 1 9 8 4 ) . 

T h e r e  w e r e  a n umb e r  o f  p r ob l em s  t ha t  c on f r on t e d  t h e  e a r l y  
gr ow e r s i n  t h e  l ar g e  s c a l e  p r oduc t i o n o f  t h i s n ov e l  c r op . A s l ow 
mul t i p l i c at i on r at e ,  i r r e gu l ar f l ow e r i ng o f  s om e  o f  t h e  
var i e t i e s , n o n - h a r d i n e s s  o f  t h e  m o r e  i n t er e s t i ng N . sarn i e n i s 
hybr i ds r equi r i ng g l a s s h ou s e c on di t i on s  t o  s urvi v e  t h e  f r o s t s i n  
Eur op e ,  l ac k  o f  i n f o rm a t i on o n  opt i m a l  c u l t i v a t i o n c o n di t i on s , 
d i s ea s e s  a n d  a n  unc e r t a i n  market d eman d  w e r e  a l l  p o s s ib l e 
c on t r i b ut i n g f a c t o r s . T h e  t h r e e  pr i mary f a c t o r s  w h i c h , i n  t h e  
l a s t  t w o  d e c a d e s ,  hav e  h a d  a s i gn i f i c an t  imp a c t  o n  e xp l o i t i ng 
t h e  p o t e n t i a l  f or t h e  c omm e r c i a l  c u l t ivat i on o f  n e r i n e s  c a n b e  
out l i n e d  a s  f o l l ow s : 

( a )  Exp e d i t i on s  t o  S out h  A f r i c a  i n  1 97 1 , 1 97 6  a n d  1 97 8  b y  
Mr C A N o r r i s  o f  Eng l a n d  ( N o r r i s , 1 9 8 2 )  t o  c o l l ec t  n ew s p e c i e s  
a n d  t o  s t udy t h e  c u l t ur a l  c on di t i on s  o f  n er i n e s  i n  t h e i r  n a t ur a l  
hab i t a t . By br o a d e n i n g t h e  g e n et i c  b a s e f or Ner i ne 
hybr i d i s at i on , m o d e r n  br e ed e r s  l ik e  N o r r i s ,  Sm e e  ( 1 9 8 4 )  a n d  
ot h e r s  h av e  b e en ab l e  t o  i mp r ov e  o n  t h e  qua l i t y  o f  t h e  Ner i ne 
hybr i d s , e s p e c i a l l y o f  t h e  N . sarn i ens i s  a n d  t h e  N . bo wd en i i 

t yp e s . H . sarn i e ns i s  hybr i d s  h av e  b e en d ev e l op e d  t o  p r o duc e 
f l ow e r s f r om w h i t e  a c r o s s  t h e  var i ou s  s h a d e s o f  p i nk ,  o r a n g e  
a n d  r e d  t h r ough t o  p urp l e . T h e  m o s t  r e c e n t  a n d  c omme r c i a l l y 
i n t e r e s t i ng d ev e l opm e n t  i s  t h e  s uc c e s s  ac h i ev e d  w i t h  t h e  m o r e 
h a r dy H . bo wden i i  hybr i ds - e x t e n d i n g  t h e  c o l o ur r a n g e  t o  r e d s , 
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s a l m o n , wh i t e  a n d  l av e n d e r  ( N o r r i s , 1 9 8 2 ) . An i nc r e a s e  i n  t h e  
s i z e o f  t h e  f l or a l  s t em s , f l owe r h e a d s  a n d  h ar di n e s s  o f  t h e  b u l b s  
h a s  a l s o  b e e n  a c h i ev e d . T h u s , n e r i n e s  o f  t oday p o s s e s s  s om e  o f  
t h e  f i n e s t  qua l i t i e s o f  f l ower i n g  o r n am e n t a l s  i n  t erm s o f  f l ow e r  
f o rm , s h ap e , s ymm e t ry a n d  r a n g e  o f  c o l o ur s . F i gur e 6 5  
i l l u s t r a t e s  s om e  t h e  H . sarn i ens i s  hybr i d s  c u l t ivat e d  t oday f or 
c omme r c i a l  c ut - f l ow e r  p r o d uc t i on . 

(b) T h e  d ev e l opm e n t  o f  t w o  n ew m e t h od s  f or bulb mu l t ip l i c a t i o n . 
T h e  t ec h n i qu e s  o f  t w i n- s c a l i n g  a n d  m i c r op r opaga t i on h av e  ma d e  a 
s i gn i f i c an t  i mp a c t i n  t h e  r ap i d  mul t i p l i c a t i on o f  t h e  b u l b s  f or 
c omme r c i a l  op e r a t i on s . 

( c )  Re s e ar c h  o n  s om e  a s p ec t s o f  f l ow e r i n g , b u l b  gr owt h a nd 
d i s ea s e  c on t r o l , e sp e c i a l l y  i n  t h e  N e t h e r l ands . Sc i en t i s t s  b a s e d  
a t  t h e  Agr i c u l t ur a l  U n i v e r s i t y  i n  Wag e n i n g e n  a n d  t h e  R e s e a r c h  
S t a t i on f or F l o r i c u l t ur e  a t  Aa l sm e e r , t h r ough t h e i r  e x t e n s i v e  
r e s e a r c h  p r o gr a mm e  i n i t i a t e d  i n  t h e  l at e  1 9 6 0 ' s ,  h av e  m a d e  a 
ma j or c on t r i but i on t o  t h e  c omme r c i a l  c u l t ivat i on ,  e s p e c i a l l y o f  
H . bo wden i i c u l t i var s , i n  t h e  N e t h e r l an d s . 

A . 3  COMMERC I AL C UL T I VAT I ON OF NERI NES 

T h e  N et h er l a n d s  i s  p r e s e n t l y  t h e  w o r l d ' s l ar g e s t  p r o duc e r  o f  
n e r i n e s . T h e  c ul t ivat i on o f  n er i n e s  f or c ut f l ow er p r oduc t i on 
i n  t h e  N et h er l a n d s  h a d  i t s  b eg i n n i ng s  i n  t h e  1 9 6 0 ' s .  B e t w e e n  
1 9 6 8  a n d  1 9 8 0  t h er e  wa s a n  8 - f o l d  i n c r ea s e  i n  t h e  s a l e o f  
n e r i n e  f l ow e r s  i n  Dut c h  a uc t i on s , amoun t i n g t o  s om e  7 m i l l i on 
gu i l d e r s  i n  1 9 8 0  ( FC I B , 1 9 8 2 ) . T h e  f l ow e r s  w e r e  ma i n l y  
e xp or t ed t o  W e s t  W ermany , Fr a n c e ,  I t a l y , Swi t z er l a n d , A u s t r i a  
a n d  Be l g i um .  M o r e r e c e n t l y  t h er e  h a s  b e en a n  i n c r e a s i n g  
d emand f o r  n e r i n e  c ut f l ow e r s  f r om t h e  Un i t e d S t a t e s  a n d  
Japan (WP I , 1 9 87 ) . N e r i n e  f l ow e r s  h av e  b e e n  ma i n l y  u s e d i n  
f l o r a l  a r r an g em e n t s a n d  i n  b o uqu e t s ( FC I B , 1 9 8 2 ) . 

A l t h ough i n  1 9 8 4  ab o ut 9 6% o f  t h e  Dut c h  n er i n e  f l o w e r  s a l e s  
w e r e  o f  t h e  h a r dy p i nk f l ow e r ed H . bo wden i i (WFTM , 1 9 8 4 ) , s ev e r a l  
o t h e r  var i et i e s a r e  gr own i n  t h e  N e t h er l an d s  i n c l ud i n g  t h e  
f o l l ow i n g : H . u nd u l a t a  ( H . c r i spa ) , H . sarn i ens i s  ' C o r u s c a  M a j or ' , 
H . f l ex uosa ' A l b a ' , H . bowden i i ' Pi nk T r i ump h '  a n d  H • •  ansel l i  
(WP I , 1 9 8 7 )  . 

Dut c h  e xp or t s o f  N er i ne b ul b s  gr ew f r om 7 3 3 , 0 0 0  i n  t h e  1 97 9- 8 0  
s ea s on t o  1 . 8 m i l l i on i n  t h e  1 9 8 3- 84 s ea s on . T h e  b u l b s  w e r e 
e x p o r t e d  t o  a w i d e  r a n g e  o f  c ount r i e s  i n c l ud i ng t h e  U n i t ed 
S t a t e s , C o l umb i a , P e r u , P o r t uga l a n d  S out h A f r i c a  (WFTM , 1 9 8 4 ) . 
I n  1 9 8 6  N ew Z e a l a n d  i mp or t e d  ab out 8 0 0 , 0 0 0  H . bowden i i b u lb s  
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f r om t h e  N et h er l an d s . 

E x a c t f i gur e s  o n  t h e  c u l t i va t i on o f  n e r i n e s  on a w o r l d-w i de 
s c a l e  a r e  d i f f i c ul t  t o  obt a i n . T h e  appr o x i ma t e a r e a s und e r  
n e r i n e  c ul t ivat i on i n  va r i ou s  p a r t s o f  t h e  w or l d ,  obt a i n ed 
f r om s ev e r a l  s ourc e s , a r e  p r e s e n t e d  i n  T ab l e 1 4 . 

T ab l e  1 4 : App r ox i m a t e a r e a s  o f  n er i n e s  i n  c u l t i v a t i on i n  
s ev e r a l  c ount r i e s . 

C ount ry 

N e t h e r l a n d s  
W e s t e r n  Eur op e 
P e r u  
P o r t uga l 
C o l umb i a  
S o ut h A f r i c a  
N ew Z e a l a n d  
Un i t ed S t a t e s  
Jap a n  
A.us t ra l i a  

* p e r s  c omm ,  1 9 8 7  

Ar e a  und e r  c u l t i va t i on 
( h ec t ar e s )  

6 0  
6 
4 . 5  
3 
3 
3 
3 
a , s  
a , s  
1 

S o ur c e 

WPI , 1 9 8 7  
WFTM , 1 9 8 5  

I I  
I I  
" 
I I  

H o l l ow s  * 
I I  
" 
I I  

A. l t h o ug h  n er i n e s  a r e  a r e l a t i v e l y  n ew c omm e r c i a l  o r n a m e n t a l  
a n d  p r e s en t l y  o c c upy a m o d e s t  p l a c e  � n  t h e  r a n g e  o f  
c omme r c i a l l y  c u l t i va t e d  b u l b o u s  a n d  t ub e r o us o r n ame n t a l  c r op s  
s uc h  a s  t u l i p s , da f f od i l s  a n d  l i l i e s , t h e  s t a t i s t i c s  d o  
i ndi c a t e a n  i n t e r na t i on a l  i nt e r e s t  i n  t h i s  c r op . 



A . 4  NERI NE CULT I VAT I ON I N  NEW Z EALAND 

1 56 

A l t h o ug h  t h e  r ed f l ow e r e d  H . fo t herg i l l i i  ' Ma j or '  , t h e  p i nk 
H . bowden i i a n d  t h e  wh i t e  H . f l ex uo sa ' Al b a ' a r e  f ound i n  N ew 
Z e a l a n d  h ome gar d e n s ,  i t  i s  n ot kn own wh e n  t h ey w e r e  f i r s t  
i nt r o duc e d  i nt o New Z e a l a n d . T h e  e a r l i e s t  H . s arn i ens i s  h yb r i d s  
a r e  b e l i ev e d  t o  h av e  b e e n  f i r s t  i mp o r t e d  i n t o N ew Z e a l a n d  by 
C o op e r s  of L ower Hut t ( n e a r  W e l l i ngt o n )  i n  t h e  1 92 0 s , f r om Bar r s  
Nur s ery i n  Eng l a n d . T h e s e w e r e s o l d  t o  l oc a l  e n t h u s i a s t s a n d  
s om e , l ik e  Mr H . J .  P o o l e o f  W e l l i n gt on ,  h a d  a c o l l ec t i o n o f  
t h e s e hyb r i d s  i n  c l ay p o t s  a n d  d i s p l ay e d  t h em a t  f l ow e r  s h ow s  
a r o un d  W e l l i n gt on i n  t h e  1 94 0 s  ( Ho l l ows , p e r s  c orom , 1 9 8 7 ) . 

I n  t h e  m i d- 1 95 0 s  ab o ut 5 0  va r i et i e s  o f  H . sarn i ens i s  hyb r i d s  o f  
va r i o u s  c o l o ur s  w e r e  p u r c h a s ed f r om t h e  Exbury c o l l ec t i on by 
R . E .  Ha rr i s on of Har r i s on ' s Nur s er i e s  in Pa l m e r s t on N o r t h  a n d  
k ept i n  p o t s und e r  g l a s s h ou s e c on d i t i on s . On e o f  t h e s e  wa s t h e  
v ery f i n e  hyp e r- t r ip l o i d  ( 2 n = 3 6 ; x = 1 1 )  ' Al i c e ' . ' Al i c e ' , wh i c h  i s  
n ow l o s t  t o  c ul t ivat i o n , w a s a c r o s s  b et w e e n  ' Aur o r a ' ( d e r i v e d  
f r om H . bowden i i x H . fo t herg i l l » ) a n d  H . f l ex uo s a  ' Al ba ' . Ha r t , W 
w o rk i n g  f o r  Har r i s on , c ar r i ed out many c r o s s e s  b et w e e n  s e l ec t ed 
Exbury l i n e s . ' A l i c e ' , wh i c h  h a d  p a l e l i l a c  f l owe r s  un d e r  
g l a s s h o u s e c on d i t i o n s , wa s s e l ec t ed f or many o f  t h e  c r o s s e s 
( Ha r t , p er s  c orom , 1 9 87 )  

I n  ab o ut 1 95 8 ,  ab o ut 1 0 0  s e e d l i n g s  f r om t h e s e  c r o s s e s  w e r e 
p l an t e d  o ut i n  t h e  op e n  gr o un d , u s ua l ly und e r  p ar t i a l  t r e e  
c a n opy c ov er . M o s t  o f  t h e  s e e d l i ng s  s urvived t h e  s om ew h a t  m i l d  
Pa l m er s t on N o r t h  wi n t er s . S e l ec t ive b r e e d i n g  f r om t h e  Ha r r i s on 
c o l l ec t i on , p l a nt e d  i n  op en gr o un d , w a s  c ont i n u e d  by Har t  a n d  
b y  1 9 6 6  t h e r e  w e r e  2 5 0 - 3 0 0  var i et i e s . M a ny o f  t h e s e  N e w  Z e a l an d  
b r e d  var i et i e s a r e  r ep ut e d  t o  b e  muc h h ar d i er a n d  m o r e  v i g o r o u s  
t ha n  t h o s e  o f  En g l i s h b r e e d i n g  ( Sm i t h er s , 1 9 8 4 ) . B e c a u s e n o  
r e c o r d s  w e r e  k ept o f  t h e  many c r o s s e s t h a t  we r e  c ar r i e d  o ut , t h e  
l i n ea g e  o f  t h e  Harr i s on c o l l ec t i on i s  n ot kn own . I n  t h e  l a t e  
1 9 6 0 s  ab out 5 0  o f  t h e s e  va r i et i e s w e r e  exp ort e d  t o  a n umb e r  o f  
c ount r i e s , i nc l ud i n g  t h e  N et h e r l an d s , Eng l an d , Au s t r i a , U . S . A . , 
Aus t ra l i a , Jap a n , Swi t z er l an d  a n d  S o ut h  A f r i c a . Br e ed i n g  w a s 
c on t i nu e d  o n  a l im i t ed s c a l e ,  by Ha r t  f or Harr i s on ,  u n t i l  
1 9 8 1 . 

Muc h o f  t h e  Harr i s on c o l l ec t i on i s  n ow own ed by N e r i n e  Nur s er i e s  
L t d o f  Pa l me r s t o n  N o r t h . Ma ur i c e (Mo n t y )  H o l l ow s  i s  t h e  
Man a g i n g  D i r ec t o r  a n d  t h e  m a j o r  s h a r e h o l der o f  t h i s c omp a ny . 
H o l l ows wa s p r evi o u s l y  a l ar g e  s c a l e  c h ry s a n t h emum gr ow e r  wh o 
s t ar t e d  pur c h a s i n g  n er i n e  b u l b s  f r om t h e  Harr i s o n c o l l ec t i on i n  
1 97 5 . By 1 9 8 0  h e  h a d  a f ew t h ou s a n d  n er i n e  b u l b s  o f  ab o ut 2 0 0 
var i e t i e s f r om t h i s  c o l l ec t i o n . H o l l ow s , t h r o ugh a n  i nt en s iv e  
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b u l b  mu l t ip l i c at i on e f f or t , ma i n l y  by t w i n - s c a l i n g , ama s s ed a 
c o l l ec t i on o f  m o r e t h an a m i l l i on N . s a rn i ensi s  hyb r i d  b u l b s  by 
1 9 8 6 . T o  f urt h er expand h i s  n er i n e  op e r a t i on s  a n d  t o  f u l l y  
e xp l o i t  t h e  c omme r c i a l  p o t e n t i a l  o f  t h i s  c r op ,  N e r i n e  Nur s e r i e s  
L t d  wa s f o rme d  i n  1 9 8 6  w i t h  v e n t u r e  c ap i t a l  f r om t h e  
Deve l opm e n t  Fi n a n c e C orp o r a t i on o f  N e w  Z ea l and . I n  1 9 87 ,  t h i s 
c ompa ny pur c h a s e d  t h e  e n t i r e  e l i t e  N . sarn i ens i s  hybr i d  a n d  
N er i ne bOHdeni i hybr i d  s t oc k  f r om t h e  b e s t  kn own c on t emp or a ry 
n e r i n e  b r e eder a n d  e n t h us i a s t , C . A .  N o r r i s  o f  W e I l a n d , 
W o rc e s t er s h i r e , Eng l a n d . 

A s urvey o f  N er i n e  Nur s e r i e s  L t d  s t oc k  r eve a l s  m o r e  t h a n  1 5 0 0  
var i et i e s . A l t h o ug h  t h e  va s t  ma j or i t y  o f  t h e s e  a r e  N . sarn i e ns i s 
hybr i d s , t h e  H o l l ow ' s c o l l ec t i on n ow i nc l ud e s  3 3  
s p ec i e s . Many o f  t h e s e  s p e c i e s a n d  t h e i r  h yb r i d s  a r e 
c ur r e n t l y  b e i n g eva l ua t ed f or t h e i r  c omm e r c i a l  c ut - f l ow e r  
p ot e nt i a l . T h e  H o l l ow ' s c o l l ec t i on i s  n ow b e l i ev e d  t o  b e  t h e  
m o s t  e x t e n s iv e  o n e  i n  e x i s t enc e , w i t h  a c on t i n u i n g  e f f or t  
b e i ng mad e  t o  b r e ed n ew var i et i e s . T h e e s t i mat e d  n umb e r  o f  bul b s  
i n  e a r l y  1 9 8 9  i s  i n  e x c e s s  o f  f iv e  m i l l i on .  T h e  b u l b s  a r e  
p l an t e d  und e r  p l a s t i c  s h a d e  h ou s e c on di t i on s  ( F i gur e 6 6 )  o n  a 
o n e  h e c t a r e  s i t e , w i t h  p o t e n t i a l  f o r  f ur t h er expa n s i on . 

T h e  s ec o n d  l ar g e s t  o p e r a t i on ,  M a n ak a u  H or t i c ul t ur e , i s  b a s e d  i n  
Auc k l a n d  a n d  own e d  by Agr i - Sy s t em s  L t d .  T h ey h av e  c l o s e  t o  o n e  
m i l l i on b u l b s , 95% o f  wh i c h  a r e  N . bo wdeni i p ur c h a s e d  f r om 
H o l l an d  i n  1 9 8 6 . A s umma ry o f  t h e  ma i n  g r ow e r s o f  n er i n e s  i n  
N ew Z ea l an d  a n d  t h e  app r o x i m a t e s i z e o f  e a c h  o p e r at i on ,  a s  o f  
January 1 9 87 , i s  g i v e n  i n  T ab l e 1 5 . 
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F i gur e 6 6 : N e r i n e  Nur s e r i e s L t d , fa l m e r s o n  N o r t h  
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T ab l e 1 5 : Maj o r  n er i n e  gr ower s i n  N ew Z e a l and , t h e i r  l oc a t i on ,  
s i z e o f  o p e r a t i on a n d  s p ec i e s g r own . 

Name o f  C ompa ny 
o r  I nd i v i dual 

N er i n e  Nur s er i e s  
Manaka u Hort 
En s or 
S h e r m a n  
L o t t  
Hat c h  
Abr a h am 
Boy e s  
R ob er t s 
C a t o 
Har r i s on 

L oc a t i on 

Pa l me r s t o n  
Auckl a n d  
B l e n h e i m  
Auc k l a n d  
B l e nh e im 
Auc k l a n d  
L ev i n  
B l e n h e i m  

App r o x i ma t e 
numb e r  o f  
f l ow e r i n g  b u l b s  

N o r t h  1 , 0 0 0 , 0 0 0  + 
1 , 0 0 0 , 0 0 0  

2 1 5 , 0 0 0  
7 0 , 0 0 0  
4 8 , 00 0  
3 0 , 0 0 0  
3 0 , 0 0 0  
2 5 , 0 0 0  

New Plymouth 2 0 , 0 0 0  
T e  Kui t i  2 0 , 0 0 0  
Pa l m e r s t on N o r t h  5 , 0 0 0  

H .  
H .  

H .  

H .  

H .  

H .  
H .  

H .  

H .  

H .  

H .  

Ma i n  N e r i n e  
s p e c i e s 

sarn i ens i s  
bONden i i 
bO Nden i i 
bONden i i 
bO Nden i i 
sarn i ens i s 
b ONden i i 
bO Nden i i  
sarn i ens i s  

bONden i i  
sarn i ens i s  

N e r i n e  c ul t i va t i on i n  N ew Z ea l and i s  t h u s  a t  t h e  i n i t i a l  g r owt h 
p ha s e  o f  what c ou l d  d ev e l op i nt o  a s i gn i f i c an t  o r n am e n t a l  
i n dus t ry .  C oup l ed wi t h  a n  a n t i c i p a t e d  drama t i c  i n c r ea s e  i n  
n e r i n e  c ut f l ower a n d  b u l b  p r oduc t i on i s  t h e  r equi r em e n t  f o r  
r e s e a r c h  e f f or t s t owar d s  a n  i nc r ea s e  i n  qua l i ty ,  y i e l d  a n d  
p a t h og e n  c on t r o l . 
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