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C H A P  T E.R I 

INTRODUCTION 

Livestock Breeding P rogrammes and the Role of Genetic Marke r s  

1 

The improvement of l ivestock pe rformance through se lection and 

control led breeding has long been of interest to fa rmers . Gains in 

pe rformance and efficiency achieved through se lection programme s a re 

pe rmanent and cumu lative . Howeve r, selection ob j ective s may vary over 

time according to changing ma rkets and management circumstance s .  

While the organis ation o f  breeding p rogramme s va rie s greatly in 

diffe rent live stock industries and in diffe rent countries , a l l  re ly on 

the use of phenotypic measu rements to p redict genetic merit . These 

mea s urements may be de rived from the anima l itself, from its ance stors 

or sibl ings, or from its progeny . In New Zea land, se lection fo r 

imp roved lean meat, woo l  and milk p roduction i s  gene r a l ly accomplished 

a s  fo l lows : 

(a) Lean meat p roduct ion . In meat-producing anima l s  such a s  s heep 

and beef cattle, a high rate of lean tis sue growth is cons ide red 

de s irable . Se lection for increased growth rate may be based on the 

a nimal's own ave rage da ily gain s ince the trait is expres sed in both 

sexes prior to first mating . Info rmation on the perfo rmance of 



2 

re l ative s ( ancesto r s  and siblings ) can be used to mo re ac curately 

estimate genetic me rit but progeny te sting is used infrequently 

( c ompa red, fo r example , with selection fo r lactational pe rfo rmance in 

the dairy industry) . Composition of growth is mo re difficult to 

a s s e s s , pa rticula rl y  in a non-destructive fashion . The mos t  effective 

means of non-de structive composition a s ses sment is by use of 

ultras ound but this is restricted to meas urement of pe riphe r a l  tis sue s 

( e . g .  subcutaneous fat) . 

(b) Wool production . Fleece weight is the main trait of inte re st 

to producers of crossbred wool . As lamb fleece weight is confounded 

with materna l effects , exhibits low he ritability, and has a low 

genetic cor relation with late r fleece weights , selection in both s exe s 

is gene rally ba sed on hogget ( yea rling) fleece weight . In addition,  

breeders  may also a s se s s  fleece characteristic s which affect the value 

of the wool pe r unit weight ( e . g .  fibre diamete r ,  yield , colour ) in 

the hogget fleeces. 

(c) Milk production . The most c ommon fo rm of selection used by New 

Zea land dairy fa rme rs is based on milk p roduction and/ or milk 

c omponents ( i . e. fat and protein ) . The main p roblems as sociated with 

s e lection fo r la ctational pe rformance a re that it is not exp re s sed in 

ma les and cannot be mea sured in fema les until after reproductive 

maturity . To furthe r c omplicate the is sue ma les have a la rge 

influence on genetic gain ,  e specia l ly where extensive use of a few 

s uperior bul l s  ( e . g .  by a rtificia l insemination (AI) ) can res ult in a 

high selection diffe rentia l .  As a result, New Zealand and othe r 
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countries conduct large scale progeny testing schemes to determine the 

genetic potentia l o f  p rospective AI sires . 

Limitations o f  Current Breeding P rogrammes . As sociated with these 

methods o f  s e lection a re a number o f  prob lems o r  limitations . In some 

cases,  methods o f  estimating the genetic merit ( e . g .  by ultrasound 

backfat thicknes s )  are poorly correlated with the actua l trait o f  

interest ( e . g .  l e a n  tis sue growth ) . Furthermo re, the traits o f  

inte rest o ften have only a l o w  to moderate he ritability due to the 

inf luence of a va riety of environmenta l fact0rs . Anothe r factor which 

should be conside red is whethe r phenotypic merit is confounded by 

maternal ef fects ( e . g .  high weaning weights may be the re sult of high 

mil king potential of the dam rather than an expre ssion o f  an 

individua l ' s true genetic potentia l for  growth ) . Se lecting anima ls at 

an older age a l leviate s problems a s s ociated with the maternal e f fects 

and may re sult in incre ased accurac y  of s e lection . However, it a l so 

inc reases the gene ration inte rval, thereby reducing the potentia l rate 

o f  genetic improvement . Similarly, progeny te sting is a valuable 

tool,  especia lly for the dairy industry, but it is expensive and als o 

creates long gene ration inte rvals  which reduce the bene fit o f  

inc rea sed a c curacy of selection . A l l  o f  the se situations h ampe r the 

rate o f  selection gain . 

Geneti c  Markers . Because of the limitations in current methods o f  

se lection, researchers have been l ooking for markers o f  genetic merit 

f o r  the va r i ous production tra its o f  economic importance in fa rm 

animals . Genetic markers can be de fined as characte r i s tics o f  an 

animal,  oth e r  than its own production, which may be used to p redict 
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genetic me rit f o r  production traits . The idea o f  using genetic 

marke rs to s elect young animals has been a round for centuries ( e . g .  

selection based on confo rmation or udde r size in meat-producing o r  

dai ry animals respectively) . Howeve r ,  improved unde rstanding o f  

met abolism o f  superio r animals and advances in genetic engineering 

have resulted in re search to identify new genetic ma rkers . As well as 

having a high genetic correlation with the production trait of 

interest an e f fective ma rke r must be easily and inexpensively mea sured 

( p r e fe rably in the field) , have a high degree of repeatability and 

should not be negatively correlated to other traits of economic 

impo rtance . 

Use of genetic ma rkers could provide mo re accurate p redictions o f  

genotype f o r  de sired traits, whethe r the de sired traits we re exp res sed 

in the individual or not . The gene ration inte rval in s ome p rogrammes 

could be reduced provided the ma rke r was expres sed in young animals . 

Expres sion o f  the ma rkers in young animals would als o allow f a rme rs to 

cull infe rio r animals at an ea rlie r age and the reby reduce ove rhead 

co sts . Furthe rmo re , e f fectivene ss of selection would be inc reased as 

it would be p o s s ible to screen a la rge r number of animals . All o f  

these change s would potentially increa se the rate of genetic gain and 

re s ult in financial benefits to animal industries . 

Cur rent a re a s  o f  investigation for  pos sible genetic ma rkers include 

the following: 

(a) Enzyme polymorphisms and enzyme activity in tis s ues. One 

approach to developing genetic ma rke rs is to investigate dif ference s 



5 

in the f o rm o r  function o f  key enzyme s from genetically dive rgent 

line s . For example, differences have been observed between lean and 

obese pig line s in the activity o f  lipolytic enzymes in adipose tis s ue 

( Standal et al, 1973) . Divergent selection for activity o f  NADPH

generating enzyme s h a s  been shown to result in marked dive rgence in 

adipose ti s sue growth, although the rate of dive rgence did not exceed 

that achieved by selection on ultra sound backfat thickne s s  ( Rogdakis, 

1982; Rothfus s et al, 1984; Kalbitz and Mueller, 1988) . 

Different fo rms o f  enzymes ( enzyme polymo rphi sms ) may o ccur within 

a population because the gene s respons ible for the ir p roduction may 

dif fer slightly between animals . Harris ( 1980 ) identi fied 

polymo rph i c  forms o f  some enzyme s which have an impo rtant function 

controlling metaboli sm in humans and animals . Although a particular 

enzyme may exist in di fferent forms, that does not nece s s arily me an 

that the forms have di fferent biological activity, or that they will 

be useful genetic ma rkers . Neverthele s s ,  as indicated by the re sults 

o f  Rogda k i s  ( 1982 ) , enzyme activities may be promising genetic markers 

p rovided that ti s sue s  can be sampled from animals without detriment to 

the i r  breeding ability ( i . e .  non-destructive s ampling ) . 

( b) Res t rict ion f ragment length polymorphisms (RFLP s )  . Selle r and 

Beckmann ( 1985) have reviewed the p o s s ible use of RFLP s for 

improvement of animal selection . RFLP s a re genetic polymorph isms 

f o rmed by the use o f  restriction enzyme s  to cleave DNA into f ragments . 

These fragments can potentially be used to map chromo s ome s ,  a s s ist in 

the ident i f i c ation of strain or pa rentage and, pe rhaps most 

i mportantly, to help search for genetic variation in economic trait 



l oc i . This  means that in the future it may be poss ible to examine 

genes re l ated to economically impo rtant tra its and dete rmine the 

genetic dif fe rences between supe r i o r  and infe rior anima l s . Howeve r, 

the technique i s  currently not c omme r c i a l ly viable because it is not 

known which genes influence production and because of the ve ry 

cons ide rable economic resources  requ i red to s c reen for use ful RFLP s . 

6 

(c) Metabolic parameters. The ma j or ity of the current work related 

to genetic ma rkers i s  invo lved with vari ation in metabo l i c  pa ramete rs 

between dive rgently s e lected l ines o r  breeds, progeny tes ted anima l s  

o r  anima l s  with a ma j o r  gene comp a red to tho s e  without . Pa ramete rs of 

inte rest a re gene rally e ithe r  ba s e line concentrations of 

hormone s /metabo l ites o r  the i r  responses to metabolic cha l lenges ( e . g. 

fasting o r  acute exogenous ho rmone /metabol ite infus ion) . The 

ph i losophy behind thi s  approach is that genetica lly supe rior anima ls 

are  likely to expre s s  variation in the control mechani sms regulating 

p roduction ( e . g .  hormones wh ich regul ate meat, wool and mi l k  

production ) o r  in the consequences o f  th is  regulation ( e . g .  

di f fe rence s i n  c i rculating metabo l ite leve l s  o r  in the pa rtition ing of 

nutrients between productive ti s s ue s )  . This variation in c ontrol 

mechanisms , or in the c onsequences of metabolic regulation, may a lso 

be expre s sed in young anima l s  and s o  be potentially use ful a s  a 

genetic ma rke r .  

Components of the Somatotropic Axis as Genetic Markers 

Attempts to identi fy genetic ma rkers based on metabo l i c  pa ramete rs 

have involved studies of a range o f  hormones and metabol ites in 



genetically divergent groups of anima l s . One of the most p romis ing 

a re a s  o f  research involve s components of the somatotropic axis . This 

is a logic a l  a re a  f o r  study because the somatotropic axis is known to 

have a key role in regulating p roductive processes . 

W ith respect to growth ,  it has  been known for many yea rs that 

removal of the p ituita ry gland (hypophysectomy) reta rds o r  prevents 

growth in ruminants . This  could be because of the l o s s  o f  any one of 

a numbe r o f  ho rmone s sec reted by the pituitary gland . However, 

replacement of s omatotropin (ST) , also known as  growth hormone, 

restores growth (Ol s on et al, 1981) . Furthe rmo re, admini stration of 

exogenous ST to intact anima ls  has been shown to enhance growth and 

improve feed conve r s ion efficiency (i . e. increased weight gain / feed 

consumed) . In addition ,  c a rca s s  qua l ity is  imp roved through 
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inc reased n itrogen retention and prote in synthesis (which results in 

inc reased lean tis s ue deposition) and dec rea sed amounts o f  carcass fat 

(see reviews by Bauman and McCutcheon , 1986; McBride et al, 1988) . 

Hypophysectomy in sheep results in fol licula r atrophy and cess ation 

of f ibre production . ST replacement on its own does  not restore 

no rmal f ibre growth , indicating that othe r pituita ry hormones are a l so 

involved (Fe rguson et al, 1965) . The relationship between pla sma ST 

and wool i s  not clea r .  Direct intrade rma l i n j ections o f  ST did not 

a ffect loc a l  wool growth , leading Downes and Wallace ( 1965)  to 

conclude that it was unlikely that ST had any direct e ffect on wool 

p roduction. Howeve r ,  the discovery o f  the insulin-like growth 

factors , which mediate many o f  the e ffects o f  ST (see below) , now 



makes thi s  conclusion questionable . Wheatley et al ( 1966 )  obse rved 

that whil e  n itrogen retention was inc reased, woo l  growth wa s actua l l y  

decre a s ed, i n  response to exogenous ST . The re was, howeve r, a 

p rolonged pe r iod o f  compensatory growth a fte r injections cea sed . 

These results agree with those o f  Wynn et a l  ( 1988) . Howeve r, others 

( Holc ombe et al,  1988) found that sho rt-te rm (30 days) ST treatment 

had no e f fect on wool growth in f ine-wool ewes while Johns son et al 

( 1985) found that 12 weeks o f  ST treatment increased gre a s y  fleece 

we ight . 
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Studi e s  involving lactating anima l s  have shown that hypophysectomy 

during l actation reduces mi lk production . Re sto ration o f  mi lk yield 

to pre-hypophysectomi sed leve l s  can be achieved by the c ombined 

admin i stration of several ho rmones ,  including ST (Cowie, 1969) . As 

with f ibre p roduction, ST replacement on its own will not re store milk 

y i e ld to norma l leve l s . Howeve r, once la ctation ha s been re

e s tabli s hed by ho rmone replacement the rapy, mi lk sec retion is seve rely 

h ampe red if ST treatment is withdrawn (Cowie, 1969) . In addition, 

pos itive respons e s  in mi lk p roduction of intact dai ry cows treated 

with exogenous ST have been recogn i z ed for seve ral decade s . During 

the last decade short-te rm studies eva luating the ga l actopo ietic 

potentia l  o f  ST have reported increa sed milk production ranging from 

10 to 40 % (see reviews by Johns son a nd Ha rt, 1986; Pee l and Bauman, 

1987 ; McBride et a l, 1988 ) . Recent long-term studies have a lso s hown 

pos itive respons e s  in mi lk yield to exogenous ST (Elvinger et al,  

1988; Sode rho lm et a l, 1988; McCutcheon et al,  1989 ) . 



Given these a s sociations between ST and p roductive tra its , many 

groups have examined the pos s ible use of ST levels as a genetic 

marke r .  This ha s been done initi a l l y  by attempting to identi fy 
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di f f e rences in ST levels  between l ines genetically divergent in growth 

o r  m i l k  p roduction . 

The suc c e s s  o f  these attempts to identify differences between 

dive rgent lines has been limited . Some o f  the studies o f  divergent 

meat-producing l ine s have identi f ied higher levels of ST in lean , 

fast-growing anima l s  ( Ringbe rg Lund-Larsen and Bakke , 1975; Althen and 

Ge r r its , 1976; Wangsne s s  et a l ,  1977; Dodson et a l ,  1983; Ca rte r  et 

a l ,  1989; Mo rga n ,  1989) . Howeve r ,  othe rs have found no s ignificant 

di f f e rence in  ST between dive rgently selected l ines ( Van Maanen et al , 

198 9 )  . Simi larly,  some studies have identi f ied highe r pla sma ST 

leve l s  in cows , bul ls o r  calve s  o f  superior genetic me rit for mi lk 

production ( Barnes et a l ,  1985; Ka zmer et a l ,  1986; Macken z ie et a l ,  

1988; Sa rtin et a l ,  1988; Xing et a l ,  1988) but othe rs have not ( Land 

et a l ,  1983; Tucker et a l ,  1974) . 

T he differences in these results may pos s ibly be expla ined by two 

char ac te r istics of ST . First,  somatotropin is sec reted from the 

pituitary gland in a pul satile fa shion and appears in p l a sma as a 

s e r ie s  o f  episodic pulses  o r  spikes ( Klindt et a l ,  1985) . 
Furthe rmo re , the e f fects which ST has on metabolism a re functions o f  

the pul se f requency and amp l itude a s  we l l  a s  the ave rage baseline 

c oncentration . The combination o f  a ll these facto rs  means that an 

inten s ive blood s ampling scheme is requi red to accurately determine 

the ST concentration . Such blood s ampl ing s chemes requi re the use o f  
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i ndwe l l ing catheters and could not readi ly be accomp l i shed in t he 

f i e l d . Second, ST leve ls  in t he blood increase in unde rfed anima l s . 

Ther e f o re,  if  genet ically dive rgent l ines a re compared a t  unequa l 

ene rgy b a l ances,  differences in c i rculat ing levels  o f  ST ( and other 

h o rmone s)  between t he lines will  be confounded with di f fe rences in 

ene rgy st a tus . For  examp le,  Ha rt et a l  (1978) found t ha t  when 

l a c t a t ing Fries ian and He re ford-cross cows were fed equa l amounts,  the 

c ows of supe rior gene t ic me rit  ( F ries ians)  had higher c irculating 

leve l s of ST . However, when t he expe riment wa s repea t ed wit h cows fed 

t o  equa l ene rgy balance, no dif fe rence wa s appa rent between t he groups 

in c i rculat ing ST ( Ha rt,  1983) . 

The pul s a t i le secretion o f  ST and it s dependence on nut ritiona l 

s t atus there f o re l imit it s use fulness  as  a genetic ma rke r .  However, 

r e s e a rch has indicated that s ome, if not all, o f  the act i ons o f  ST may 

be mediated by t he insul in-li ke growth factors ( IGFs ) . As wil l be 

dis cus sed later the IGFs may be mo re promis ing genet ic ma rkers t han is 

ST . 

Discove ry and Structure of Insulin-Like Growth Facto rs (IGFs) 

The insul in - l ike growth fact ors  ( IGFs )  are a fami ly of pept ide s ,  

s t ruc t ur a l ly resembl ing insul in, with insulin-l ike a n d  growth

p r omot ing act ivities . They were origina l ly discovered t hrough t wo 

i ndependent l ines o f  resea rch . F i rst,  Salmon and Daughaday (1957) 

reported that the s oma t ic growth-promot ing actions o f  ST we re mediated 

b y  a se rum factor . As a result o f  their ability t o  inco rporate 35s 

i n t o  incubated c a rt i l age, t h i s  family o f  pept ides was original ly 



t e rmed " sulfat ion factors " .  After further anabolic act ivities o f  

t h e s e  f a c t ors became appa rent t he family w a s  renamed " s omat omedins" 

(Sm) (Daughaday et al, 197 2 ) , with Sm-A and Sm-C be ing the two ma in 

fac t o rs . 
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In what was then thought t o  be unrelated wo r k ,  F roe s ch et al (1963) 

obse rved a non-suppress ible insulin-like act ivity (NSILA) in se rum . 

Upon pur i f icat ion o f  two NSILA polypept ides ,  Rinde rknecht and Humbel 

(1976a , b) renamed the pept ides insulin-like growth fact o r-I and -II 

(IGF - I  and IGF-II) because of their  appa rent st ructural and functional 

rela t i onship t o  insulin . 

Studies compa ring the Sms and IGFs revealed that Sm-C wa s ident ical 

to IGF -I (Klappe r et al, 1983) and that Sm-A was a deaminated form of 

IGF - I  (Enberg et al, 1984) . In an effort t o  unify t he Sm/ IGF concept s 

t he t e rms IGF and Sm became s ynonymous in 1986 and, t o  prevent further 

con fus ion , Daughaday and his colleagues recommended that t he growth 

f a c t o r s  be referred to  as  IGF -I and IGF-II (see Daughaday et al, 

1987) . 

IGF- I  and IGF-II are both s i ngle chain polypept ide s which di splay 

6 0 %  homology with each othe r . They are als o highly homologous with 

human p r o insulin . IGFs have A and B doma ins which c o r re spond with the 

A and B i nsulin chains and a re j o ined by t wo disulph ide bridges . The 

IGFs h ave a c onnect ing pept ide region corre sponding t o  t he C-peptide 

i n  p r oins ulin but di ffe ring in amino acid sequence . Unli ke 

p r o i n s ulin ,  t he IGF s have a short carboxy-te rminal extension on t he A-

doma in, t e rmed t he D-pept ide. IGF-I is a b a s i c  pept ide with 70 amino 



a c ids and a molecular mas s  o f  7 . 65 kDa . IGF-II is a neutral peptide 

w ith 67 amino ac ids and a molecular mas s  of 7 . 47 kDa (for further 

details see Rinde rknecht and Humbel, 1978a, b ) . 

Although current evidence s ugge sts that both IGF - I  and IGF-II may 

be important growth components in the somatotropic axis little is  

known about the role o f  IGF-I I ,  espec ially in po st-natal growth, or  

the facto rs which may a f fect its level in circulation .  In addition, 
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very few laboratories have the capability for e xtens ive radio immuno

a s s ay o f  I GF- I I . Convers ely, and a s  will be dis cus sed in detail 

late r, the re is  evidence which suppo rts the potential use of IGF-I as 

a genetic ma rke r for growth . For the se reasons, IGF - I  will be the 

f ocus of thi s  study . 

P roduction of IGF-I 

IGF - I  was  in itially thought to act only in an endoc rine manne r, 

be ing synth e s ized and released (pr ima rily by the live r )  in response to 

ST (Daughaday et al, 1 97 6 ) . Howeve r, it is now appa rent that IGF - I  is  

s ynthe s i zed in many, i f  not all, tis sues (D' Ercole et al, 1984) and 

may there f o re act locally at o r  nea r  the s ite o f  synthes is  (i . e .  in a 

parac rine o r  autoc rine fashion ) . The relative importance of the se 

mechanisms i s  a s  yet unknown . To date mo st studies have centred on 

c i rculating c oncentrations of IGF -I and the results of the se studies 

indicate a pos itive, but not nece s s a rily causative, relationship 

between IGF-I and growth (see late r )  . 



The l iver is  the prima ry s ource of pla sma IGF-I with at least 55% 

o f  the hormone found i n  c irculation being synth e s ized in thi s  o rgan 

( D  'Ercole et a l ,  1984) . P roduction and secretion o f  IGF -I into 
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c i rculation is dependent upon ST secretion,  gene rally being elevated 

in states of ST hype rsec retion and often a lmos t  undetectable in tota l 

ST de f iciency. The administration of ST to da i ry cows (Davis et a l ,  

1987 ) , ste e rs ( Breier et a l ,  1988b) and sheep ( P e l l et a l ,  1987) 

re sult in la rge incre a s e s  in plasma IGF-I concentrations . As with 

many othe r endoc rine systems , the do se-response relationship between 

ST and IGF -I is curvi l inear ( Clemmons et a l ,  1981a) . The regulatory 

e f fects of ST on c irculating IGF-I concentrations appea r  to be 

mediated by the hepatic s omatogenic receptors . ST binds to the 

hepatic receptors which in turn stimulate the ta rget cells caus ing de 

n o vo IGF s ynthe s i s  to o ccur from amino acids. Breier et al ( 1988a) 

found two independent c l a s s e s  (high- and low- a f f inity) of ST binding 

s ite s on hepatic membranes in young steers . The presence o f  a h igh

a f f inity s ite correlated with greate r we ight ga i n ,  with e levated 

p l a sma IGF -I leve l s  and with IGF-I response to exogenous ST ( Bre ier et 

a l ,  1988a) . Because o f  the se and othe r findings they propo sed an 

active role for  h igh- a f f inity somatogenic receptors in regulating the 

state o f  the s omatotropic axis and postnata l growth in ruminants 

( Bre i e r  et a l ,  1988a) . The s ignificance of the low a f f in ity s ite is 

not c l ea r. As w i l l  be di scus sed late r ,  some f o rms o f  abno rma l growth 

may be the result of a de fic iency i n ,  or some p roblem with , the 

hepatic receptors . In such ca ses , individual s  have normal leve l s  o f  

S T  but the S T  i s  unable t o  bind t o  the hepatic receptors  t o  stimulate 

IGF-I s ynthes i s ,  the reby resulting in low pla sma IGF-I concentrations . 
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I n  s ome cases , the relationship between IGF - I  and ST i s  negative. 

F o r  example , Ronge et al (1988) found that concentrations of ST 

increa sed, while levels of IGF - I  dec reased, during peak lactation in 

da i ry cows. The alte rations which o ccur in the endocrine s ystem 

during thi s  period probably c reate an increased partitioning o f  

nutrients t o  the mamma ry gland, thereby inc rea s ing milk yield and 

re s ulting in the characteristic negative protein and ene rgy balances 

a s s o c i ated with peak lactation. As stated ea rlie r ,  ST increases 

during negative energy balance but it would appea r  that unde r some 

c i rcumstances the ST is unable to stimulate IGF - I  p roduction , probably 

bec aus e of dec rea sed numbers of hepatic recepto r s . This  theory i s  

suppo rted b y  the re sults of  Breier et a l  ( 1988a) who found that high

a f f inity binding s ite s we re p resent only in well-fed animals . 

I GF - I  sec retion is a slow, steady process ( Schwande r  et al, 1983) . 

I n  additio n ,  IGF - I  is bound to large r molecula r we ight binding 

proteins which increase the h alf -li fe of the I GF-I.  The result i s  a 

relatively constant ci rculating level ( Hall and Sa r a ,  1984) as  opposed 

to the puls atile secretion of ST. This may be conduc ive to f ield 

s ampling o f  animals f o r  use o f  c i rculating IGF - I  as a genetic ma rker. 

IGF Binding P roteins 

Ci rculating IGF s  a re non-covalently bound to la rge r molecula r 

weight binding proteins ( Hintz and Lui , 197 7;  Furlanetto , 1980 ; Hintz, 

1984) with little or  no f ree ( i . e .  unbound) IGF be ing detectable in 

pla sma. There appear to be two ma j o r  binding p rote i n s , a small 

molecular weight complex of approximately 50 kDa ( k ilo Dalton) and a 



l a rge molecula r  we ight complex of approximat e l y  150 kDa (Hint z and 

L iu, 197 7 ;  Furlanetto, 1980) . Although both t he l a rge and sma l l  

binding p rote ins a re synthes i z ed i n  t he l iver, other charact e r i s t ics 

of t he t wo binding prot eins diffe r. 
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The l a rger molecul a r  weight b inding p rotein i s  ST-dependent (Moses 

e t  a l, 1976) and has one high-af f inity binding s it e  for I GF - I  or IGF-

I I  (Ma rtin and Baxte r, 1986) Furt hermore, this complex di s s ociates 

unde r acid condit ions (pH 2 )  t o  an acid-stable subun it which i s  a l so 

approximately 50 kDa (Furlanetto, 1980; Hint z, 1984) . The sma l l e r  

molecul a r  we ight binding prot e in is not a component o f  the l a rge r 

binding p rot e in complex, doe s not appea r  t o  be ST-dependent (D'E rcole 

et a l, 1980) and is acid- s t able. 

The phys iological role of b inding prot e ins is not yet clear . 

Binding p rote ins may play an import ant role in regulat ing t he 

biological e f fects of IGF s .  I t  has been sugge st ed, a l though neve r 

proven, t ha t  binding prot e ins  re s t rict or p revent e xce s s  insul in-like 

a c t ivity but that they do not inhibit the growth-p romot ing act ivity of 

I GF - I  (see Ooi and He rington, 1988) . Binding p rot e ins  may a lso 

funct ion as  a promote r  of I GF act ion, by t hems e lve s b inding t o  cell 

surfaces and delive ring I GF s  t o  adj acent IGF receptors. In addit ion 

t o  these pos s ible roles, a s  ment ioned above, the binding proteins 

p rolong t he h a lf-life of circulating IGF s . Furthe rmore, as  IGF s  do 

not appe a r  t o  be s tored in any t is sues, t h i s  incre a s ed half-life may 

be a means of storing I GF s  in the serum ( se e  review by Ooi and 

He r ingt on,  1988) . 



16 

The physiological roles o f  binding proteins may di f fe r  with s tage 

o f  development s ince variation occurs in the propo rtion o f  di ffe rent 

complexe s pres ent in c irculation as anima l s  age . In the fetus the 

maj o rity of the binding protein complex found is in the 50 kDa form 

whereas the greate st proportion in adult c irculation i s  the l arge r 150 

kDa c omplex (Butle r and Gluckman ,  1986) . The trans ition from the 

smaller to the la rge r binding prote in complexe s occurs during the 

first week a fter bi rth in sheep and may be a reflection o f  the 

concurrent development o f  somatogenic recepto rs in the hepatic 

membranes (Gluckman et a l, 1983a) . 

IGF Recept o rs 

Like other peptide ho rmone s and growth facto r s ,  the IGFs inte ract 

with the i r  ta rget cells by binding to specific cell-surface recepto rs 

( Rechle r and Nissley,  1985) . Even though IGF-I and IGF-II a re 

structurally s imila r ,  the ir recepto rs are diffe rent both in structure 

and in relative specificities  for the IGFs and insulin . The re are two 

ma j o r  IGF receptors . Type -1 recepto rs are structurally and 

functionally s imi lar to the insul in recepto r . They have a greate r 

affinity f o r  IGF-I than for IGF-II and low potency c r o s s - reaction with 

insulin. Type -2 recepto rs have a distinctive structure which does not 

resemble that of the type-1 or insulin recepto r s . Type-2 recepto rs 

have a g reate r affinity for IGF-II than IGF-I and do not c r o s s  react 

with insulin ( see Nis s ley and Rechle r ,  1984; Rechle r and Ni s s ley,  

1985 ) . 
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The role o f  IGF receptors is not c lear . Originally it was bel ieved 

that the acute metabolic act ions of insulin and IGF were mediated by 

the insul in receptors  whi le the IGF recept o r s  mediated growth

promot ing act ions . However,  this is now viewed as an 

overs impl i fication as the re are many examples of recept o r  homogeneity, 

i . e .  metabolic actions mediated by IGF receptors  and growth-promot ing 

act ions mediated by insul in receptors  (Ni s s ley and Rechle r ,  1984) . 

Actions of IGF-I 

As stated earlie r ,  I GF-I has both anab o l i c  and metabolic act ions . 

There are seve ral reviews which cover the ear l i e r  wo rk (primarily in 

vitro studie s )  suppo rt ing IGF-I involvrnent in insulin-l ike and growth

promot ing act ivit ies (see reviews by Froe s ch et al , 1985; Baxt e r ,  

1986; G1uckman e t  al , 1987) . 

In vit ro studies have shown that IGF-I s t imulates glucose 

metabol ism in adipo se t is sue ,  striat ed mus c l e ,  and cardiac muscle , as 

does insulin . IGF-I st imulates glucose t ransport and oxidat ion , as 

we ll as synthe s i s  o f  lipids , glycogen and protein . It inhibits 

l ipolys is in adipos e  t i s s ue in the same way as insulin . The potency 

with which IGF-I exe rt s  these effects on adipo se tis sue was originally 

t hought to be 50 t o  10 0 t imes l e s s  than that o f  insulin (Zapf et al , 

1978)  . However Bolinde r et al ( 1987 ) suggest that IGF-I is 600  t o  

10 00 times l e s s  potent than insul i n . IGF-I mimics metabolic effects  

of  insulin in striated muscle including the stimulat ion o f  gluc o s e  

t rans port , glycolys i s , and glycogen and protein synthes is with about 

one-tenth to one - f ifth the potency of insulin ( P oggi et al , 1979 )  . In 
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perfused rat heart the ability o f  a partially purified preparation 

containing both IGF-I and -II to stimulate glucose transpo rt, glucose 

uptake and lactate production was one- fifth to one-hal f  that o f  

insulin (see review by Zapf et al , 198la) . 

The mitogenic activity of IGF-I has been demonstrated in many 

different cel l  culture lines . These actions result in ce l l  

prolife ration and dif ferentiation which enhances the potential for  

muscle and s ke letal growth . IGF-I has been shown to stimulate RNA and 

DNA synthesis , cel l  proliferation,  and protein synthesis in various 

organ cultures (Zapf et al,  1978; Canalis , 1980 ) . IGF-I has also been 

shown to inhibit protein degradation in a variety of ce l l s  and to 

promote phospho rylation of a numbe r of ce l l  proteins (see review by 

Baxte r ,  1986 ) . The ability to stimulate inco rpo ration of sulfate into 

cartilage (Zapf et al , 1978) is also an impo rtant characte ristic of 

IGF-I . 

Many conclusions regarding the bio logical role of IGF - I  in vivo are 

based on extrapolation from in vitro data and as sociative studies 

between IGF-I leve l s  and physio logical state . Few in vivo s tudie s 

have been conducted . 

Demonstration o f  in vivo ef fects was hampe red by a shortage o f  pure 

peptides until recent advances in biotechnology led to the development 

o f  recombinant-human-IGF-I (rec-h-IGF-I) . The development o f  rec-h-

IGF -I has enabled verification o f  earlie r  studies in which 

adminis tration of impure IGF -I preparations resulted in increased 

growth (see Van Wyk , 1984) . Administration o f  rec-h-IGF-I increased 



body we ight and length in Sne l l  dwarf mice (van Buul-Offers et al , 

1986 ) , hypophysectomi zed rat s (Gule r  et al, 1988) , neonatal rat s 

(Ph i lipps et al, 1988) and in a new line of ST-defic ient dwarf rat s 

(Skottne r  et al , 1989) Inc reases  were recorded in various o rgan 

we ight s although, with the except ion o f  the spleen, the organs 

displaying the s e  inc reases  we re not consistent between the diffe rent 

studies. Gul e r  et al (1988) observed inc reases in the width of the 
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t ib ial epiphyse s ,  in longitudinal bone growth,  and in t rabecular bone 

fo rmat ion,  and a decrease in the we ight of the epididymal fat pads . 

Philipps et al (1988) found that IGF- I treatment inc reased the 

e rythropo ietec cell precursors for bone marrow and resulted in 

prec ocious eye opening (a s ign of epithelial cell diffe rent iation) in 

neonatal rat s . The s e  e f fects were not influenced by nut ri t i onal 

levels whe reas IGF- I t reatment did not alter somat ic o r  organ growth 

in rat s deprived of nut rient s (Philipps et al , 1988) . O'Sullivan et 

al (1989 ) found that administrat ion of IGF-I t o  starved mice reduced 

we ight lo s s ,  while ST treatment had no effect . The se findings suppo rt 

the hypothe s i s  that I GF-I is an impo rtant component of the 

s omatotropic axi s which st imulates lean t i s sue and bone growt h .  

Howeve r ,  they also demonst rate that the effect s o f  IGF- I can be 

af fected bX othe r  factors  (e . g. nut rit ion) . 

Factors Affecting IGF-I Levels in Circulation 

Ontogenetic Development. P lasma IGF- I concentrat ions vary with 

developmental stage . Work in rat s (Mae s et al,  1983) , mice (D'Ercole 

and Unde rwood, 1980 ) and humans (Gluckman et al , 1983b; Hal l  and Sara , 

1984) indicate s  that t he general developmental pattern o f  plasma IGF - I  

' 



i s  as follows: concentrat ions are low in the fetus , r i s e  gradually 

through adole scenc e ,  exhibit a marked rise at puberty and dec rease 

postpube rtally to prepubertal levels . 

2 0  

Little i s  known about the ontogeny o f  IGF-I i n  cattle . Bre ier et 

al (1988c ) f ound that plasma IGF -I levels fell f rom birth to f ive 

weeks of age and then ros e until weaning, afte r which levels declined . 

Within ten days o f  weaning levels began to rise again . They s uggested 

that the dec rease in IGF-I levels from birth to f ive weeks , and the 

s ubsequent rise , may be related to a change in the mechanisms 

cont rolling IGF-I secretion as somatogenic recept ors we re low in the 

neonatal calf and di splayed an increase at s ix weeks . 

In sheep , concentrations o f  plasma IGF-I are s igni ficantly lower in 

the fetus than in the adult . Three to seven days afte r parturition 

plasma levels increase and remain high until four weeks after birth. 

By 50 days o f  age plasma concentrations drop to levels comparable to 

those found in mature sheep (Gluckman and Butle r ,  1983) . Blanchard et 

al (1988) found that at 5 months of age levels are s ignificantly 

highe r than in newbo rn lambs . To date the re have been no studie s  

examining the ontogeny of plasma IGF-I from prepube rty through to 

adult hood in sheep . 

The rise o f  plasma IGF-I sho rtly afte r  birth in sheep coincides 

with t he detection of s omat ogenic receptors  in the live r and may 

there f o re represent the onset of ST-dependent IGF -I release (Gluckman, 

et  al, 1983a; Maes et al, 1983) . The decline in levels between four 

and seven weeks of age is probably related to a t rans ition in diet 



re sult ing in the devel opment o f  ruminant digestion ( i . e .  a change in 

nut rit ional status ) . 
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As s een above , ci rculat ing IGF-I leve l s  vary according t o  stage o f  

deve l opment . Furthe rmore , concent rat ions can be af fected by s tage o f  

product ion . During pregnancy plasma IGF-I concent rat ions inc rease by 

50 to 130 % in the last t rime s t e r  compared to nonpregnant females ( see 

Baxt e r ,  1986 ) .  In humans , leve l s  appear t o  be 80 % highe r at term than 

in nonpregnant women ( Bala et al , 1981) with levels dec l ining 

s igni ficant ly postpartum to nonpregnant leve l s  ( Wilson et al , 1982 ) 

In s ome species ST appears not to be the sole regulat o r  o f  IGF-I 

during pregnancy as hypophysect omy did not influence the rise in IGF-I 

in pregnant rat s ( Daughaday and Kapadia, 1978) . The re i s ,  howeve r ,  a 

significant corre lat ion between placental lactogen ( PL )  and mat e rnal 

IGF-I c oncent rat ions ( Furlanetto et al , 1978) . The refore , it may be 

that PL is a majo r regulat o r  of maternal IGF-I. 

Sex o f  Animal and Gonadal Steroids . As previous ly discus sed, 

c i rculat ing IGF -I leve l s  inc rease at or around pube rty . It has been 

sugge sted that plasma concent rat i ons of IGF-I are more st rongly 

related to pube rtal stage than t o  chrono logical age ( Luna et al , 1983; 

Rosenfield et al , 1983, Har ris  et  al , 1985) . Plasma conc ent rat ions of 

IGF-I are e levated in paral lel  with ci rculat ing gonadal sex steroids 

during no rmal pube rty (Rosenfield et al , 1983) . Thi s  sugge sts that 

the marked rise at puberty may be related t o  an effect o f  gonadal 

stero ids . 
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The re lationship between IGF-I and ste roids has been examined by 

treating animals with exogenous steroids. Administration o f  

physiological do ses  o f  oe stradiol (Cope land et al 1984; Cuttle r  e t  a l  

1985; Breie r  e t  al , 1988b ) or  tes to ste rone ( Parker et al , 1984; 

Jaspe r ,  1985) sugge st a positive relationship with circulating IGF-I 

leve l s . Similarly, plasma IGF-I concentrations are reduced in humans 

with precocious pube rty when their gonadal steroids are suppre s sed 

( Harris et al , 1985; Mans field et al , 1988) . It is not clear whether 

the e ffect o f  sex steroids on IGF-I is direct or if they act 

indirectly via ST . Furthe rmo re , evidence o f  a relations hip between 

gonadal ste roids and plasma IGF-I is not conclus ive . Siddiqui et al 

( 1989b ) examined the effects o f  te stosterone treatment in castrated 

male mice f rom lines dive rgently se lected on the basis of plasma IGF-I 

concentrations. They found that the greate r pubertal growth in high

line males  compared to those in the low line was not due to a greate r 

androgenic stimulation o f  circulating IGF-I. Their results also 

sugge st that te sto ste rone doe s  not appear to inf luence pube rtal growth 

by acting on plasma IGF-I concentrations because castrate s ,  in whom 

testo ste rone the rapy was de layed,  exhibited retarded growth but no rmal 

circulating IGF-I leve l s . 

Evidence that plasma IGF-I displays sexual dimo rphism ( i . e .  

concentrations greate r in one sex than the othe r )  has been found in 

seve ral dif ferent spe cie s. However ,  the dimo rphism is not con sistent 

between species and appears to be dependent on stage of developme nt . 

Kaplowitz et al ( 1982 ) found that IGF concentrations are equal in the 

male and female human fetus but that females have higher 

concentrations than mal e s  throughout postnatal life . Copeland et al 
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(1985) found that female chimpanzees had higher pla sma concent rat ions 

of IGF-I than did male s unt i l  after pube rty . Furthe rmo re , the female s 

reached maximum levels by s ix t o  e ight ye a r s  of age whe reas male s did 

not reach maximum levels unt il e ight to ten years . A s igni f i cant sex 

e f fect in prepube rtal lambs has also been observed, with male s having 

highe r plasma IGF-I c oncent rat ions than females (Blanchard et al,  

1988) . Unlike Bla i r  et al (1987) , who found that male mice had 

s igni ficantly highe r plasma IGF-I levels t han did female s ,  Siddiqui et 

al (1989a ) found no s ignificant sex e f fect . Howeve r ,  in the latter 

study the sampling wa s conducted at 2 1  and 42 days o f  age with the sex 

e f fect on pla sma IGF-I levels approaching s i gnif icance at 42 days . 

During the pe riod from 21 to 49 days o f  age they found that growth 

velocities we re influenced by sex . As a c onsequence they sugge st that 

sex may have a s igni f icant ef fect dur ing t h i s  pe riod and that a more 

intens ive sampling regimen would be requi red to determine the 

influence of sex on pla sma IGF-I levels during this pube rt al pe riod . 

Diurnal Variati on . The diurnal va riat ion in plasma IGF-I has not been 

extens ively studied but Breier et al (1986 ) found that no diurnal 

va r iat ion occurred ove r 25 hours of s e r ial sampling in steers . 

Simila rly, Hall and Sa ra (1984) found no a ppa rent diurnal rythym in 

humans . In c ont ra s t ,  Minuto et al (1981) found that , in humans , 

concent rat ions were s table during waking hours but declined by 

approximately 2 5% following the onset of s leep . 

Nutrition . In cont r a s t  t o  t ime of day, nut rit ional s tatus doe s  a f fect 

pla sma IGF-I c oncent rat ions. Fas t ing has been shown to result in a 

decline in c i rculat ing levels of IGF-I which can be restored t o  normal 
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afte r  realimentation. Such obs e rvations have been made in dogs 

(Eigenmann et al, 1985) , rat s (Maes et al, 1983) , man (Clemmons et al, 

1981b ) and sheep (Hodgkinson et al 1987 ) . Similar re s ult s we re 

obse rved in steers restricted t o  1% dry mat t e r  o f  live weight pe r day 

(Breier et al, 1986, 1988b ) . I s ley et al (1983) found that while both 

protein and ene rgy were needed t o  restore IGF-I concent rations, an 

adequate supply of ene rgy was e s sential . 

The change s in se rum IGF-I levels during fasting and refeeding are 

highly c o r related with nit rogen balance (Clemmons et al, 1981b; I s ley 

et al, 1983) . This provide s further evidence that change s in IGF-I 

concent rations reflect change s in protein metabo lis m . 

The cause o f  the observed decline in plasma IGF- I during 

nut ritional deprivation may be re lated to hepatic s omatogenic 

recept o r s . Breie r  et a1 (1988a) found that while animals on a high 

plane o f  nut rition had high- and low-affinity binding sites, those on 

a low plane had only low-af finity binding sites . Consequent ly, a 

re lative resistance t o  ST occurs in poorly fed animal s  and this in 

turn cause s change s in the plasma ST and IGF-I leve l s . 

P a r a s ites. A change in plasma IGF-I leve l s  s imilar t o  that caused by 

nut rition might be expected in animals infected with parasites since 

parasitic infections generally result in poo r  appetite, lis t l e s s  

behaviour and malabso rption o f  ingested nut rient s ( i.e . infected 

animal s  experience reduced nut rient availability)  . In a study t o  

inves tigate t h e  effect s o f  parasite burden on plasma IGF-I, Elsas s e r  

et  a l  (1988) found that leve l s  we re lower in infected than uninfected 
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calves . Although leve l s  were reduced to a greater extent in the 

infected than in uninfected calve s when the two groups were fed 

equivalent amounts of feed, it is not pos s ible to rul e  out differences 

in nutrient availab i l ity as the maj or source of variation observed . 

Othe r pos s ible contr ibuting facto rs to the decreased c i rculating IGF- I 

concentrations in infected animals may be infection-induced hepatic 

pathology which could affect the hepatic recepto rs or  l iver function 

and hence IGF-I production . 

Evidence for a Genetic As sociation between IGF - I  and P roduction Traits 

Mos t  o f  the information on p lasma IGF-I has been obtained from in 

vivo or in vitro studie s  examining the phenotypic as soc iation between 

IGF-1 and p roduction traits . Studies conducted in normal and abnormal 

individuals o r  sub j e cts with genetic dis o rde r s  also indicate a genetic 

as soc i ation between plasma IGF-I concentrati ons and p roduction . 

Growth . Circulating IGF-I concentrations have been examined in 

seve ral populations with abno rmal growth as a consequence of genetic 

disorde rs . Although variation in c irculating IGF-I obse rved in s ome 

o f  thes e  populations can be directly as sociated with variation in 

p lasma ST levels (e . g .  ac romegaly and hypop ituita ry or GH-de f i c ient 

dwarfism) , othe rs  cannot . It i s  this  latte r catego ry (i . e .  c onditions 

in which var iation in p lasma IGF-I is  not a consequence of var iation 

in pla sma ST)  which i s  o f  most interest and will be discussed here . 

Sho rt stature , s igni f icantly reduced pla sma IGF-I concentrations 

and no rma l or e levated se rum ST leve l s  are characteristic o f  Laron 
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dwarfs (Zapf e t  al , 1 981b ) , adult African pygmies and individuals with 

the pygmy t rait (Me rimee et al 1981 , 1982 ) . Laron dwarfism is an 

inhe r ited autos omal recess ive condit ion in humans characteri zed by 

retarded growth . In spite o f  clinical symptoms of ST de fic iency, 

af f l icted individuals have e levated serum immunoreact ive ST 

concent rat i ons but low plasma IGF-I leve l s . In addit ion t o  confi rming 

ST re s istance in pat ient s with Laron dwarfism, Geffner et al (1987 ) 

found f rom in vitro work that the pat ient s we re sens it ive t o  exogenous 

IGF-I . Eshet et al (1984) found that individuals with Laron dwarfism 

are de fic ient in t i s sue somat ogenic recept o rs . Thi s may explain the 

lack o f  ST sens it ivity and the inability t o  achieve no rmal sec ret ion 

o f  IGF-I . 

The sma l l  stature o f  African pygmies cannot be explained by 

nut rit ion o r  environmental fact ors . Pygmies are characteri zed by low 

c irculat ing IGF -I leve ls  de spite no rmal ST sec retion (Me rimee et al , 

1981)  . The se characteristics have al so been found in individuals of 

othe r  ethnic origins who appear t o  have the pygmy t rait (Me rimee et 

al , 1982 ) . Mer imee and his eo -workers evaluated stature and plasma 

IGF-I leve l s  in pygmies . They found no s ignificant dif ference in 

stature o r  se rum IGF -I concent rat i ons between control and pygmy pre

pube rtal children (Me rimee et al , 1987) . Pygmy children, howeve r ,  

fai led t o  exhibit the increase i n  c i rculat ing IGF-I o r  the growth 

spurt normally associated with pube rty . Mer imee's group suggest that 

the s ho rt s tature o f  adult pygmie s  is due primarily t o  a failure to 

exhibit accele rated growth during puberty . They furthe r  suggest that 

IGF-I is the princ ipal facto r  re sponsible for  normal pubertal growth 

(Mer imee et al , 1987) . 



" Constitutionally short" humans, even when given a no rmal diet, 

e xhibit retarded growth during the first f ive years o f  l i fe . 

Thereafter growth rate i s  e ithe r  no rmal o r  only sl ightly reduced . 

This c ondition often runs in fami l ies,  the reby implying a genetic 

bas i s . Even though ST response to provocative stimu l i  is normal in 

thes e  children thei r  plasma IGF -I  concentrations are s igni ficantly 

l o we r  than in children with no rmal growth . Using a competitive 
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b inding as say which prefe rentially measured IGF - I, Binoux e t  a l  (1986 ) 

f ound that IGF concentrations were s igni f icantly lowe r in thes e  short 

individual s compared to no rmal chi ldren and that the l evel s  o f  I GF 

b inding prote in were lower in approximate ly the same proportions . 

These results led them to attr ibute constitutional short stature to 

reduced expre s s ion of the gene for IGF-I ( B inoux et al, 1986 ) . 

In  c ontrast to constitutionally sho rt sub j ects, " constitutionally 

tal l "  chi ldren have high serum IGF concentrations ( again measured 

u s ing a competitive binding as say which pre fe rential ly detects IGF- I )  

but low IGF binding prote in levels ( Gourme len e t  al , 1984) . The se 

children are unusually tall ( i . e .  he ight i s  gene ral ly greate r than 

that o f  the mean for  age by three standard deviations ) but do not 

s u f fe r  from other known causes of advanced growth (e . g .  precoc ious 

pube rty )  . The inhe ritance o f  thi s trait has not , howeve r ,  been 

c learly established . 

Another population with a genetic disorde r  affecting growth i s  sex-

l i nked dwarf chickens . They have been found to have no rmal o r  

increased ST leve l s  but substantial ly reduced c i rculating IGF -I levels  

(Huybrechts et al,  198 5 )  . 
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Variat ions in IGF-I concent rat ions have also been obse rved in 

' no rmal' populat ions of various spec ies (i . e .  populat ions in which no 

known genet ic diso rde rs o r  pathological condit ions exist ) . Within the 

canine spec ies  breed differences have been found, with plasma IGF-I 

concent rat ions paralleling mature body s i ze (Eigenmann et al, 1984a) 

The relat ionship between c i rculating IGF-I levels and body s i z e  was 

furthe r demonst rated within the poodle breed, which cons i s t s  of three 

dif fe rent st rains; the standard, miniature and toy (Eigenmann et al, 

1984b ) . A large degree o f  variation in body s i ze and plasma IGF- I 

concentrations occurs between the three s t rains with the orde r of 

rank ing be ing standard>miniatu re>toy in both body s i ze and IGF-I 

levels . Although variat i on o ccurs in IGF-I concent rat ions , a s imilar 

variat ion in ST sec retion (Eigenmann et al, 1984b ) o r  c irculat ing 

s omat ropin-binding proteins (Lauteric et al, 1988) doe s not occur. 

The re f o re , it appears that a post-somat ogenic recept o r  de fect is 

respons ible f o r  the variat ion in growth . 

Lauteric et al (1988) sugges ted that the correlat ion between body 

s i z e  and circulat ing IGF-I levels found in dogs doe s not hold t rue for 

diffe rent breeds of pigs . Howeve r ,  the i r  data indicate that a s imilar 

relat ionship doe s  exist within the Yucatan breed. Ranking of the 

st rains for  both IGF-I and body s i ze was mini>micro . Like poodle s ,  

the re was no s ignif i cant diffe rence in ST levels between the st rains 

of Yucatan pigs . Howeve r ,  S T-binding protein act ivity was 

s ignif icantly great e r  in the mini than in the micro st rain . 

The re fore , a somatogenic recept o r  de fect could be respons ible for the 

lack o f  growth within thi s  breed . 



Blair et al ( 1987 ,  1989a) de s c r ibed the deve lopment o f  l ines o f  

mice dive rgently selected o n  the bas i s  of plasma IGF-I 

concentrations . By the seventh gene ration o f  c ontinued selection 
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pre s s u re ,  l itte r mean plasma IGF-I levels were signi f icantly diffe rent 

between the High and Low line s . This,  combined with direct estimate s 

o f  he ritability, confi rmed that plasma IGF-I has a genetic bas is 

(Blai r et al, 1987, 1989a) . In addition to a divergence in plasma 

IGF-I c oncentrations between the lines,  body weight als o  dive rged with 

the High l ine mice being signi f icantly heavier than the Low line 

(Blair et al, 1988, 1989a; Siddiqui et al, 1989a) . Siddiqui et al 

(1989a ) evaluated the body growth o f  the se mice . They found that the 

High line mi ce ·had s igni ficantly greater no se-anus length and growth 

veloc ity . Even though High line mice had a faster rate o f  accretion 

o f  protein, wate r and fat, the propo rtion o f  body components was not 

alte red, indicating that plasma IGF-I inc reases  body growth without 

alte ring compos ition (Siddiqui et al, 1989a) . Work in transgenic mice 

expre s s ing human IGF-I (Mathews et al, 1988a, b )  provide s fu rthe r 

suppo rt f o r  the genetic involvment o f  IGF-I in growth . 

Reproduction . The reproductive pe rformance and fetal growth in 

females f rom the dive rgently s elected line s o f  mice (Blair et al, 

1989a) have also been examined (Kroonsberg e� al, 1989) . The ir 

results show that High l ine females had an inc reased number of fetuses 

as we l l  as heavie r individual fetuses  and placental units compared to 

Low l ine females (Kroonsberg et al, 1989) . 

Lactation . Little info rmation i s  available on the genetic 

relationship between of plasma IGF-I and lactation . The results o f  
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Kroonsbe rg e t  al (1989) showed that High line female s  had great e r  

mammary gland weight s than t h e  Low line females. In addition, mammary 

gland weight increased with the numb e r  of fetuses  in the High line but 

not in the Low line . However, these effects were apparent ly rel ated 

to dif f e rences in maternal body weight ( Kroonsbe rg et al, 1989) . As 

actual lactational perfo rmance was not measured it is not pos s ib le to  

determine whether High line females had greater mil k  production pe r 

unit mammary gland weight than did females of the Low line . Wo rk with 

dairy bul ls  indicates that plasma IGF-I concent ration o f  bul ls is 

c o rre lated with the milk production potential of their daughte rs as 

dete rmined by progeny testing (Ahlbo rn-Breie r et al, 1987) . 

P urpose and Scope o f  the Investigation 

Physiological t rait s c ould potential ly be used as a se lection 

c rit e ria for production in dome stic animals provided that they were 

genetically corre lated with the production t rait s o f  interest and 

displayed other characte ristics required of a genetic marke r .  The se 

inc lude: 

1) They s hould be easily and inexpensive ly measured at a young age 

and in both sexes . For example, hormones should exhibit a stable 

s e c retion pattern / c oncent ration which doe s  not display a serie s o f  

s pikes and t roughs o r  marked diurnal variation. Assay costs s hould 

ideally be l o w . 

2 )  They s hould display a high degree o f  repeatability .  They s hould 

preferably be little affected by non-genetic factors and be measurable 
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without res o rting to highly c ontro l led conditions . 

3 )  They should not be adve r s e ly correlated with othe r de s irable 

traits . 

The preceding discuss ion provides evidence that the pla sma 

concentration of IGF-I is geneti c a l ly related to growth and mil k  

production . Plasma IGF-I concentrations may the refo re be useful as  a 

genetic ma rker in dome stic animal s ,  particula rly as our unde rstanding 

of the genetic relationship between pla sma concentrations of IGF-I and 

production traits improves . However, further info rmation about the 

effect o f  non-genetic facto rs  and the ontogeny of plasma IGF-I 

concentrations in the di ffe rent species must first be obta ined . 

Littl e  i s  known about the ontogeny of pla sma IGF- I and the non

genetic facto rs which inf luence c i rculating concentrations of th is 

hormone in sheep . Therefore, the ob jective s of thi s  study we re to 

establish the developmenta l patte rn of pl a sma IGF-I in young sheep and 

to dete rmine the ef fects o f  sex, rearing rank, age and stage o f  

deve lopment o n  pla sma concentrations o f  IGF-I. This was done with the 

ob j ective o f  providing info rmation which could be used to deve lop 

optimum sampling strategies for the eva luation o f  pla sma IGF-I as a 

potentia l  genetic marke r . 
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C H A P T E R II 

EXPERIMENTAL 

DEVELOPMENTAL PATTERNS OF PLASMA INSULIN-LIKE 

GROWTH FACTOR- I  IN SHEEP 

C . A .  ROBERTS 

Department o f  Animal Science , Massey University, 

Palmerston North , New Zealand 

A study was undertaken to examine the ontogeny of circulating 

insulin-like growth facto r-I (IGF-I) concentrations in Romney sheep . 

The trial was a balanced 2x2 facto r i a l  des ign incorporating the 

effects of sex and rearing rank with a total of 48 anima l s .  Blood 
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sampling was initiated four weeks post-weaning ( about 3 months of age ) 

and continued eve ry 2 weeks for 6 months and then eve ry 4 weeks for  7 

months . Faecal egg counts and plasma c oncentrations o f  non-este rified 

fatty acids ( NEFA) were also dete rmined .  

IGF - I  c oncentration was positivel y  related to live weight 

throughout the tria l, even when adj usted to a common sex and rea ring 

rank . Sex o f  lamb had a significant e f fect on plasma IGF - I  

concentrations with concentrations i n  ma l e s  being greate r  than those 
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in females . Pube rty in females , as dete rmined by date o f  f i r s t  

oestrus , was as s o c iated with an inc rease i n  plasma IGF-I 

concentrations . Although pube rty in male s  was not measured, a surge 

in plasma IGF-I concentrations around the approximate time o f  pube rty 

in males resulted in a marked dive rgence between the sexe s  which 

remained throughout the study . Rearing rank did not inf luence plasma 

IGF-I concentrations beyond 7 months o f  age. 

P lasma IGF-I concentrations tended to be negative ly as s o c iated with 

plasma NEFA concentrations and faecal egg counts but rel ationships 

were only occas ionally s igni f icant . 

IGF-I levels we re highly repeatable , concentrations at the f i r st 

sample be ing s igni ficantly co rre lated with those at all subsequent 

sample s . Implications of the se results in re lation to potential use 

of plasma IGF-I concentration as a geneti c marker for productivity in 

sheep are discus sed . 

Introduction 

Variation in plasma c oncentration o f  IGF-I is commonly as s o c iated 

with variation in growth rate or mature body s i ze ( Merimee et al , 

198 1,  198 2 ;  Eigenmann et al , 198 4 a , b; Binoux et al , 198 6 ;  B lai r et al , 

1987; Me rimee et al , 198 7; Eigenmann et a l ,  198 8 ) . The recent 

deve lopment of l ines of mice divergently selected for  l itte r mean 

plasma concentrations o f  IGF-I ( B1air et al , 1989a) has provided 

further evidence o f  a role for IGF-I i n  the regulation of s omatic 

growth and as a mediator of a genetic c omponent of growth . After 7 
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generation s ,  the divergence between the Low and High lines in  plasma 

IGF-I concentrat ion and l i ve weight at 42 days o f  age was 

approximate ly 2 0 %  and 2 5% , re spectively (Blair et al , 1989a) 

Signi f icant differences between the lines have been reported in fetal 

and po stnatal growth , body compo s it ion , reproduct ive pe rformance and 

o rgan growth (Siddiqui et al , 1989a; Kroonsbe rg et a l ,  1989; R . A .  

Siddiqui - pers . cornrn . ) .  Wo rk in dairy bul l s  has shown that plasma 

concentrations of IGF - I  in the bul l s  are related to the milk 

production of the i r  daughters (Ahlbo rn-Bre ier et al , 1 987 ) . This 

obse rvation , and the fact that selection for high IGF-I leve l s  in mice 

inc reases mammary gland weight (Kroonsberg et al , 1989) , sugge sts that 

the re may also be a genetic association betwee n  plasma IGF -I 

concentrations and milk production . 

As the degree of genetic relationship between IGF -I and production 

traits bec omes mo re clear , it may be pos s ible to use plasma 

concentrations o f  IGF -I as a selection crite rion in dome s t i c  animals . 

Howeve r ,  it will be nec e s sary to f i rst determine the deve lopmental 

patt e rn of IGF -I and the degree to which animals retain the i r  ranking 

for  this t rait as they age . This is particularly impo rtant given that 

marked variat ion in plasma concentrat ions of IGF -I with age o r  stage 

of development has been repo rted in humans (Me rimee et al , 1987 ) ,  mice 

(Siddiqui et  al , 1989a) and cattle (Breie r et al , 1988c ) . 

P lasma c oncent rat ions o f  IGF-I are influenced by a number o f  

genet i c  and non-genetic factors  othe r than growth potent ial. Thes e  

incl ude s e x  (Ringberg Lund-Larsen and Bakke , 1975 ;  Luna et  al , 1983; 

Cope l and et  al , 1985; Blair et  al , 1987 ; Merimee et al , 1987 ; Siddiqui 



et al , 1989a) , lit t e r  size or  birth rank (Blair et al , 1987) , 

nut rition (Breier et al,  1986 , 1988b ) , weaning (Breie r et al , 1988c ) 

and inte rnal parasite load (Elsas s e r  et al , 1988) . If IGF-I 
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c oncent rations we re t o  be used as a selection c riterion, it would be 

neces s ary to identify and adj ust for any non-genetic factors which 

c ont ributed to the variability in plasma IGF-I levels so as to improve 

t he accuracy o f  ranking animals prio r to s e lection . The ob j ective o f  

t his s tudy was the re f o re to establish t h e  developmental pattern o f  

plasma concent rations of IGF-I in young s heep and to dete rmine the 

magnitude of non-genetic factors which mus t  be adjusted for when 

s e lecting on the basis of plasma IGF-I concent rations . 

Materials and Methods 

Animals and Experimental Design . The expe riment was de signed as a 2x2  

fact orial incorpo rating t he ef fects of sex (male vs . female )  and 

rearing rank (single vs . twin) , with 12 animal s  per cell . The sheep 

(New Zealand Rornney lamb s )  were derived f rom a comme rcial flock and 

birth dates were there fore not available . Rearing ranks we re 

identified by obse rving e wes with their lambs at weaning . The lambs 

we re weaned at approximat ely 12 weeks o f  age and transpo rted to Mas sey 

Unive rsity' s Sheep and Beef Cattle Re search Unit for an adj ustment 

pe riod of four weeks prior to commencement of the study . 

The animal s  were run at a low stocking rate ( equivalent t o  14 

mature ewes per hectare ) on mixed ryegras s -white clover pasture . At 

approximately 2 10 days o f  age the lambs were s eparated int o two mob s  



acco rding to sex . A l l  animals were drenched eve ry 28 days with 

anthe lminthic ("Ivermec " ,  MSD Agvet NZ Ltd,  Auckland, New Zealand) 

Live Weights and B�ood S amp�ing . Live weight s were measured, and 

blood samples collected, between 0 8 . 30hr and 13 . 0 0hr eve ry two weeks 

36 

for  six months then every f our weeks for  seven months . On e ach 

occasion,  single blood s amples (7 ml/ sheep) we re collected by j ugular 

venipuncture int o vacutaine rs ( ' Neotube ' , Nipro Medical Indust ries 

Lt d, Tokyo ) containing s odium heparin as the anticoagulant . Blood 

was stored on ice ,  and within two hours o f  c o l lection was cent rifuged 

at 2500 g for 20 minutes at 4°C . Plasma was harvested and s t o red at 

-2 0°C until assayed . 

Chemica� Ana�yses . Plasma IGF-I c oncent rations were dete rmined by 

radioimmunoas say afte r  acid-ethano l ext raction (Gluckman et al , 

1983b ) . The int ra- and inte r-as say coefficient s of variation (CV) 

were 5 . 0 % and 9 . 8% ,  respectively . Plasma concentrations are expres sed 

with respect to recombinant human-met-IGF-I (rh-met -IGF-I, batch #742 -

44 ; Dr . B .  D .  Burleigh , Inte rnational Mine rals and Chemical s , Pitman

Moore , No rthbrook, IL , USA) . Non-este rified fatty acid (NEFA) 

c oncent rations we re determined using the colourimet ric method 

("NEFAC" , WAKO Pure Chemical Indust ries Ltd, Japan) modified as 

des cribed previous l y  (McCut cheon and Bauman , 1986 ) . 

assay CV we re 2. 6% and 3 . 8% ,  respectively . 

Int ra- and inter-

Faeca� Egg Counts. Faecal samples were c o l lected pe r rectum eve ry 

four weeks at the time of b lood sampling . S amples were placed on ice 

and within two hours of c o l lection we re s t o red at 4°C until analysed . 



Within s even days o f  c o l lection , count s o f  St rongylate nematode eggs 

pe r gram of faecal materia l ( FEC ) were determined by the modified 

McMa s t e r  method as desc ribed by Soulsby ( 1982 ) . 
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Puberty in Females . Harne s sed vasect omized mature rams we re run with 

the fema les f rom approximately 2 10 to 350 days o f  age early April to 

late August) to determine the date o f  first oestrus . The n o rmal 

breeding season for  Romney hoggets in the Manawatu is April to July . 

Fema l e s  were checked for mating ma rks eve ry two weeks during this 

pe riod . A sub j ective scoring system ( 1  = ve ry light ma rk to 5 = so lid 

ma r k )  was used to disc riminate between females t ruly in oe s t rus and 

tho s e  which had been " rape se rved" . 

Te stis Diameter . At each blood sampling pe riod the maximum diamete r  

o f  e a c h  testis w a s  measured i n  the ante rio r-poste rio r plane us ing a 

pair o f  ve rnie r ca lipe rs with the rams in a sitting po sition . 

Fleece Weight . The anima l s  were shorn prior to the c ommencement of 

the tria l and then again at nominal 37 8 and 508 days o f  age . Greasy 

fleece weights were reco rded at each o f  the last two shea rings . 

P a sture Analyse s . Samples o f  the pasture grazed by the lamb s  were 

c o l l e cted eve ry four weeks by hand-plucking . They were sto red at 

- 2 0°C until proces sed. Samples we re f reezed dried, ground t o  1mm me sh 

s ize and in vit ro dige stibilit e s  determined by the enzymic hydrolysis 

method of Roughan and Holland ( 197 7 )  c a librated against six s amples of 

known in vivo digestibility . 
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Statist ica1 Ana1yses . Effects o f  sex, rearing rank (both t reated as 

fixed e ffects ) ,  plasma NEFA concent rations and faecal egg count s ( FEC ) 

on live weight and plasma IGF-I c oncent rations were determined by 

analysis of covariance (ANCOVA) at each sampling time . Multivariate 

analysis of variance (MANOVA) was used to analyse the ove ral l ef fect s 

o f  sex and rank , and their inte raction with age of the animals . 

Repeatability of plasma IGF-I was as ses sed by gene rating the mat rix o f  

c o r relations between IGF-I leve ls  at each s ampling time . The int ra

c las s c o rrelations ( based on IGF-I leve l s  adj us ted for the effects of 

sex and rearing rank ) were examined .  The re lationship between puberty 

( in female sheep) and circulating IGF-I leve l s  was as ses sed by 

c las sifying females at each sampling dat e ac co rding to whether or  not 

they had shown first oestrus . P resence o r  absence of oestrus was then 

t re ated as a main e f fect and fitted in a mode l which also inc luded 

rearing rank . Al l analyses we re unde rtaken us ing the 'SAS' 

statistical package ( SAS , 1985) . 

Resu1ts 

Live Weight . Figure 1 illust rates the e f fects o f  sex and rearing rank 

on growth of the lambs . MANOVA analysis showed that the e f fect s of 

sex and rearing rank we re highly significant ( P < 0 . 0 01)  with males 

being heavie r than females and singles heavie r than twins . The sex by 

age and rank by age inte ractions were also s ignificant ( P < 0 . 0 0 1) , 

ref lecting a divergence between the sexes and between the ranks as the 

1arnbs aged. Analysis o f  covariance at each s ampling time ( Table 1)  

s howed that plasma c oncent rations o f  IGF-I w e re strongly re lated to 

live weight within t re atment groups . Furthe rmo r e ,  the corre lation 
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between live weight and IGF-I was positive . The relationship between 

FEC o r  NEFA c oncentrations and live weight was only occasionally 

significant ( see Table 1 ) . 

P lasma IGF - I  Concentrations . Deve lopmental patterns o f  plasma I GF-I 

concentrations in relation to sex and rank are illustrated in Figure 

2 .  A marked dive rgence between the sexes (males > fema le s ) began at 

approximate ly 2 14 days o f  age and c ontinued until sampling ceased at 

490 days . The e f fects o f  age and sex on plasma IGF-I and the 

interaction between age and sex were all highly significant ( P <0 . 0 0 1) 

as dete rmined by MANOVA . Rearing rank , when analyzed at individual 

sample time s ( see Table 2 ) , showed s ignificant effects ( s ingle > twin) 

up to 196 days of age but not the reafter . Over the who le trial , the 

e ffect o f  rank was non-s ignificant . FEC had a significant negative 

e ffect only at days 2 38 (P<0 . 0 5 ) . Similarly, the effect o f  NEFA 

concentrations was non- significant e xcept on days 265 ( P<0 . 10 )  and 434 

( P<0 . 0 1) when the re lationship with plasma IGF- I was negative . 

Repeatability o f  plasma I GF-I concentrations was high ( see Table 3) 

with the intrac las s correlation between s ucces sive pairs o f  samples 

ranging from 0 . 47 ( P <0 . 0 1) to 0 . 85 ( P<0 . 0 0 1) . The intrac las s 

correlation between the first sample ( day 115)  and subsequent samples 

was also high , ranging f rom 0 . 41 ( P< O . O l )  to 0 . 85 (P<0. 0 0 1 ) . 

Puberty in Females . The females began to display signs o f  oe strus at 

nominal 2 38 days o f  age and, within a relatively short period o f  time 

( i . e .  42 days) , 92 % o f  the fema l e s  had been marked by the rams ( se e  

Figure 3 )  . 
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Table 1 .  Effects o f  sex, rea ring rank, faeca l egg count s ( FEC) , pla sma non-esterified fatty acid (NEFA) 
concentrations and pla sma IGF- I concen t rations on live weight (by ANCOVA at each sampling t ime ) 

Source a dfb Mean squa re and s ignificance at nominal age (days) c 

Sex 

Rank 

Sex*Rank 

FEC 

NEFA 

IGF- I 

Error 

Sex 

Rank 

Sex*Rank 

FEC 

NEFA 

IGF - I  

Error 

1 

1 

1 

0 / 1  

1 
1 

42 /41 

1 

1 

1 
0 / 1  

1 

1 
42 /41 

115 12 6 

30 * 33* 

481 * * *  347* * *  

3 1 

1 1  49* *  

0 1 2  
145 * * *  6 5 * *  

7 7 

252 

223* * *  

355 * * *  

0 

1 5  

80 
1 6  

2 65 

1 52 * *  

319* * *  

1 
1 7  

0 

1 18* *  

1 6  

a .  All main ef fects t reated as  fixed . 

140 154 168 182 19 6 210 

2 4  

331 * * *  

1 

0 
89* *  

9 

2 9 4 

334* * *  

359* * *  

6 
9 

2 

40 6 * * *  

1 6  

2 3  

380 * * *  

4 

1 0  
0 

92 * *  

10 

322 

66 7 * * *  

6 53* * * 

0 
1 19+ 

47 

241 * *  

29 

43* 

371 * * *  

2 

53 
1 5 5 * * *  

8 

350 

689* * *  

9 1 2 * * *  

6 
53 

1 0 2 +  

5 6 1 * * *  

32 

47 * 

273* * *  

0 
104* *  

3 
6 1 * 

9 

378 

668* * *  

692 * * *  

1 0  
141 +  

1 

384* *  

40 

56 * 

341 * * *  

1 

6 
163* * *  

1 0  

40 6 

1 1 17 * * *  

702 * * *  

2 8  
20 

1 

185+  
46 

54* 

2 7 9* * *  

0 

86 * *  

2 5  
5 5 * 

1 2  

434 

156 1 * * *  

685 * * *  

24 

1 
240 * 

475 * *  

45 

2 2 4  

140 * *  

363* * *  

0 

0 
128* *  

14 

4 62  

1 626 * * *  

6 5 5 * *  

5 

1 

2 

240 * 

54 

b .  df  for FEC and error vary acco rding t o  whether FEC wa s in model for a particu lar sampling time . 
c .  Mean square = 0 indicates va lues le s s  than 0 . 5 . 

+ P<0 . 10 * P<O . O S * *  P<0 . 0 1 * * *  P<0 . 0 0 1  

--

2 38 

184* * *  

369* * *  

0 

1 56 * * *  

20 
1 1 6 * *  

1 1  

4 90 

1722 * * * 

764* * *  

0 
3 

34 
441 * *  

48 

.t> 
1-' 
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Table 2 .  Effec t s  of sex, rea ring rank , faeca l egg count s ( FEC ) and plasma non- es terif ied fatty acid (NEFA) 
concentrat ions on plasma IGF-I (by ANCOVA at each s amp l ing t ime ) . 

Source a 

Sex 

Rank 

Sex*Rank 

FEC 

NEFA 

Error 

Sex 

Rank 

Sex*Rank 

FEC 

NEFA 

Error 

Sex 

Rank 

Sex*Rank 

FEC 

NEFA 

Error 

dfb 

1 

1 

1 

0 / 1  

1 

4 3 / 4 2 

1 

1 

1 

0 / 1  

1 

4 3 / 4 2  

1 

1 
1 

0 / 1  

1 

4 3 / 4 2  

1 1 5  

1 4 2 9 3  

6 7 2 0 8 * *  

1 

1 8 1 5  

1 4 2 3 6  

8 1 2 2  

2 2 4  

1 3 5 4 9 0 * * *  

1 2 5 8 4  

2 5 4 3  

8 1 2 6 

8 3 1 0  

4 0 6  

Mean square and s ignif i cance at nominal age ( days ) : 

1 2 6 1 4 0  1 5 4  1 6 8  1 8 2  

5 5 6 9 9 *  

5 8 4 1 5 *  

2 

2 0 2 0 6  

1 0 2 7 8  

8 3 8 8  

2 3 8  

8 4 9 9 2 * *  

1 4 8 3 3  

1 4 8 0  

8 2 0  

7 4 5 2  

2 5 2  

1 1 4 0 4 6 * * *  
4 0 0 9 6 *  

7 2  

2 4 6  

2 2 1  

6 1 0 7  

2 6 5  

1 1 3 0 9 2 * * *  

1 2 4 6 5  

1 8 2 9 

1 9  

8 0 4 6  

2 9 4  

8 7 4 2 9 * * *  

2 1 6 2 5 *  

8 9 4 4  

1 2 0 7 2  

9 3 3  

4 4 4 6  

3 2 2  

1 9 6  

2 6 1 2 5 2 * * *  

5 8 2 9 7 *  

2 6 5 8  

2 9 3 1  

8 7 3 0  

3 5 0  

6 2 3 8 5 4 * * *  1 5 1 6 6 3 4 * * *  1 3 6 2 7 6 7 * * *  4 4 8 9 1 8 9 * * *  8 6 6 6 8 9 3 * * *  6 6 9 9 1 4 1 * * *  

3 7 9 5  3 6 5 9 8  1 7 1 2 1 9 8 3 9  3 5 2 0 6  1 1 2 8 1 8  

1 9 4 7 3  6 5 0 3 3  2 2 3 7 5  7 4 2 3 8  2 1 0 3 8  8 6 2 2 3  

5 0 8 2 2 * 

1 9 1 6  

1 1 2 4 0  

4 3 4  

1 2 5 0 5 6  

5 1 7 2 3  

4 6 2 

1 3 1 2 7  

8 6 3 2 7 +  

2 3 2 0 4  

4 9 0  

6 1 4 3 3 

7 7 0 3 8  

5 2 3 4 5  

1 7 9 0 9  

7 5 9 8  

4 9 7 1 6  

1 7 5 1 6  

1 4 0 4 4 0  

7 3 1 9 9  

4 6 1 9 0 6 4 * * *  5 5 3 9 3 0 5 * * *  2 5 7 7 2 6 8 * * *  2 3 1 2 6 5 2 * * *  

4 3 8 7  

5 8 9 4  

6 2 9 4 9  

4 2 9 6 0  

2 8 3 7 6  

3 3 2 8 0  
5 1 6 3 6  

1 3 3 1  

4 0 5 6 1 2 * *  

4 8 0 4 8  

9 2 4 0  
3 7 9 5 5  

4 3 4 7 8  

6 7  

2 9 7 1 1  

1 2 8 0 5  

4 1 3 0 1  

7 6 3 8  

1 5 9 1 3  

2 7 9 8 7  

a .  All ma in effects t reated a s  fixed . 

2 1 0  

1 6 0 5 0 4 * * *  
1 8 2 0 1  

2 7 9  

1 2 8 3 1  

3 2 0 4  

7 4 0 2  

3 7 8  

5 5 8 1 4 4 * * *  

1 9 5 2 6 

3 0 9 4 7  

1 1 4 6 3 4  

1 1 3 0  6 8  

4 4 4 8 1  

b .  df for FEC and er ror va ry according t o  whe ther FEC was in mode l for a part icular sampl ing t ime . 

+ P < 0 . 1 0 * P < 0 . 0 5 * *  P < 0 . 0 1 * * *  P < 0 . 0 0 1  

"" 
w 



Table 3 .  

1 1 5  

1 1 5  1 . 0  
1 2 6  . 85 
1 4 0  . 77 
1 5 4  . 6 6 
1 68 . 68 
182 . 62 

196 . 61 

2 1 0  . 54 
2 2 4  . 69 
2 38 . 61 
2 5 2  . 4 2 
2 6 5 . 41 
294 . 61 
3 2 2  . 43 
3 5 0  . 6 6 

378 . 53 

4 0 6  . 5 6 
4 3 4  . 73 
4 6 2  . 53 
490 . 62 

Pearson int raclass corre lat ions for plasma I GF - I  concent rat ions a t  nominal days of age : 

1 2 6  1 4 0  1 5 4  1 68 182 1 9 6  2 1 0  2 2 4  2 38 2 5 2 2 6 5 2 9 4  3 2 2  3 5 0  3 7 8  4 0 6  4 3 4  

1 . 0  
. 71 1 . 0  
. 58 . 7 6 1 . 0  
. 6 4 . 8 1 . 76 1 . 0  
. 51 . 6 3 . 67 . 74 1 . 0  
. 5 7 . 73 . 7 6 . 8 4 . 77 1 . 0  
. 55 . 58 . 6 4  . 65 . 57 . 63 1 . 0  
. 71 . 6 6 . 59 . 69 . 61 . 71 . 77 1 . 0  
. 6 4 . 67 . 51 . 73 . s s . 63 . 6 4 . 71 1 . 0  
. 41 . 4 8 . 37 . 4 4 . 2 6  . 4 2 . 56 . 49 . 6 6 1 . 0  
. 40 . 43 . 4 2 . 38 . 31 . 34 . 55 . 35 . 56 . 73 1 . 0  
. 5 4 . 4 6 . 45 . 36 . 37 . 35 . 38 . 39 . 51 . 39 . 53 1 . 0  
. 4 4 . 33 . 33 . 45 . 25 . 32 . 4 6 . 37 . 57 . 50 . 56 . 67 1 . 0  
. 56 . 57 . 58 . 51 . 62 . 54 . 4 9 . 55 . 54 . 2 8  . 37 . 60 . 51 1 . 0  
. 4 6  . 56 . 4 1 . 58 . 4 3 . 45 . 4 3 . 4 3 . 58 . 2 2 . 17 . 4 7 . 51 . 71 1 . 0  

. 5 5 . 5 7 . 61 . 6 6 . 4 6  . 52 . 5 2 . 56 . 56 . 29 . 36 . . 4 0  . 57 . 56 . 51 1 . 0  

. 6 6 . 61 . 51 . 62 . 54 . 4 9 . 6 4 . 6 3 . 6 1 . 31 . 39 . 62 . 53 . 71 . 59 . 65 1 . 0  

. 56 . 6 8 . 54 . 75 . 55 . 6 0 . 55 . 61 . 75 . 4 2 . 4 0 . 4 1 . 4 4 . 57 . 6 4 . 71 . 58 

. 61 . 53 . 54 . 59 . 55 . 60 . 50 . 56 . 53 . 31 . 2 8  . 4 7 . 4 0 . 55 . 38 . 54 . 6 6 

4 6 2 

1 . 0  

. 47 

490 

1 . 0  

.1:> 
.1:> 
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4 7  

Analy s i s  o f  t he e f f ect o f  pube rty o n  plasma IGF-I was conducted 

using data from day 2 5 2 ,  the t ime at which approximate ly equal 

proport ions of f emale s had and had not shown oest rus . As shown in 

Figure 4 ,  IGF-I leve l s  we re s ignif icant ly ( P < 0 . 0 1 )  great e r  at t h i s  

t ime in female s  whi ch had attained pube rty ( 3 2 6  ± 1 6  ng/ml; mean ± 

S . E . M . )  than in those which had not ( 2 4 9  ± 8 ng/ml ) . Thi s  e f fect was 

s igni f icant even when adj ustment s to c ommon l ive we ights and rearing 

ranks were made (see Table 4 ) . 

Table 4 .  Ef fects of rearing ran k ,  live weight and puberty on plasma 
I GF- I concentrations in female hoggets at nominal 2 5 2  days 
of age . 

Source a df Mean square 
and significance 

Rank 1 2 0 3 0  

Live Weight 1 1 4 8 9  

P ubertyb 1 3 0 8 1 2 * *  

Error 2 0  3 1 6 9  

a .  Al l main effects  treated as f ixed . 
b .  Clas s i f icat ion attained puberty vs . not attained pube rty based on 

mat ing marks to day 2 5 2 . 

* * P < 0 . 0 1 

Testis Diameter .  Figure 5 depict s the ave rage testis  diameter o f  rams 

throughout the t r ial while Figure 6 shows the ave rage testis  diameter 

t o  l ive weight rat io . Although t he average testis  diameter t o  l ive 

weight ratio peaked at about 1 9 0  day s , it was not pos s ible t o  

determine a def inite relat ionship between t e s t i s  diameter o r  

diamete r / weight ratio and the onset o f  puberty in the individual rams . 

Fleece Weight . The greasy fleece weight s obtained at the two 

shearings were summed to provide an e s t imate o f  the t otal greasy 
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fleece weight ( GFW) p roduced during the 42 0 day pe riod ( i . e . f rom the 

t ime shorn prior t o  the commencement o f  t he study t h rough to the last 

shea ring . GFW ( adjusted for  sex and rank ) was not s igni f icant ly 

re l ated to pla sma IGF-I  concent rat ions ( see Table 5)  . Live we ight 

accounted for most of the va riat ion in GFW with heavier animal s  having 

higher f l eece weight s . 

Table 5 .  Effects of sex, rearing rank , mean plasma IGF - I  
concent rat ions and mean live weight on t o t a l  
weight . 

Source a df Mean square 
and s ignificanceb 

Sex 1 
Rank 1 
IGF-I 1 
Live Weight 1 
Error 40 

a .  All main e ffect s t reated as  f ixed . 

2 * 

5* *  

1 
10 * * *  

0 ( ac t u a l  

b .  Mean s quare = 0 indicates values l e s s  than 0 . 5 .  
* P < O . O S * *P<0. 01 * * *P<0 . 0 0 1  

greasy 

va lue 

fleece 

0 .  39) 

P a s ture Analyses . The predicted in vivo dige s t ibi l i t ie s  obt a ined from 

the pasture s amples indicated that pa sture qua l ity wa s good throughout 

the year ( Figure 7) . The poorest qua lity p a sture was  dur ing the dry 

summe r  months ( January,  February) . Qua lity increa sed during the 

autumn/ winter period, peaked in early spring and t hen dec reased in 

l a t e  spring/early s ummer . 

D i s cuss ion 

The results of this study show that a number of non-genet ic factors 

cont ribute to variation in p l a sma IGF - I  concentrat ions . P lasma levels  
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i n c reased with age in both sexes , and initiation o f  a two- to three

f o ld increase in the males around 238 days of age resulted in a marked 

dive rgence f r om the female s .  This divergence pe rsi s ted throughout the 

r emainde r  of the study. The sexual dimorphism in plasma IGF - I  

c o ncentrations paralleled the ef fects o f  sex o n  live weight . Evidence 

o f  sexual dimorphism in c i rculating I GF - I  has been f ound in other 

species (Copeland et al , 1985; Blai r et al, 198 7; Me rimee et al , 

198 7 ) . Howeve r ,  the ranking (i. e .  males > females o r  vice versa) may 

vary with stage of deve lopment and may not be constant between 

species. 

In an e f f o rt to determine the timing of pube rty in the males ,  

te stis diamete rs were reco rded and the ratio o f  diamete r to l ive 

weight e xamined . Although the graph of ave rage diamete r / weight ratio 

f o r  all the males showed the expected re lationship (i . e .  accele ration 

then deceleration of testis diameter re lative to live weight) , 

c o n s i de rable variation in the individual animals made it impo s s ible to 

accurately determine the time of pube rty in each ram. The onset of 

the obse rved increase in plasma IGF - I  leve l s  in the male s  (230 days ) 

was , howeve r ,  close to the time of peak testis diamete r to live weight 

ratio (190 days ) . Puberty in the females ,  as indicated by the onset 

of f irst oestrus , was as s o ciated with s igni f i cantly inc r eased plasma 

I GF - I  concentrations . This agrees with work in oth e r  s pecies 

including humans (Luna et al, 19 83; Hall and Sara, 198 4 ;  Merimee et 

al, 1 9 8 7) , chimpanzees (Copeland et al, 1 9 8 5 )  and mice (Siddiqui et 

al, 1 9 8 9a) . There i s  evidence that the r i s e  in plasma I GF - I  

c oncentration s  at puberty may b e  related t o  a r i s e  in c i rculating sex 

s t e r oids , as plasma IGF - I  levels are increased by treatment with 
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phys io logical doses o f  oest rogens ( Cutt ler et al , 1 9 8 5 ;  B reier et a l ,  

1 9 8 8b )  and androgens ( P arker e t  a l ,  1 9 8 4 ;  Jaspe r ,  1 9 8 5 )  . Howeve r ,  

these results a re not conclus ive a s  Siddiqui e t  a l  ( 1 9 8 9b )  found that 

t e s t osterone did not appe a r  to influence pubert a l  growth of male mice 

via p l asma IGF - I . 

NEFA c oncent rations in this s tudy occa s ionally had a s ignificant 

relationship with pla sma IGF - I  concent rat ions . Howeve r ,  the animals 

w e re fed at o r  near ad l ibitum levels on good qua l i t y  pasture s o  that 

nut ritional status generally was not limit ing . Whe re it occurred, the 

a s s ociat ion between plasma IGF - I  and NEFA was negat ive , i . e .  animals 

with high NEFA concent rat ions ( indicat ive of undernut rit ion )  had 

reduced p lasma IGF - I  concent rations . This is in agreement with other 

w o rk ( Hawker et a l ,  1 9 8 5 ;  Breier et a l ,  1 9 8 6 ;  Ahlborn-Breier et a l ,  

1 9 8 7 )  which showed that plasma IGF - I  concentrations were reduced 

during t imes o f  poor nut rit ional status in humans ,  steers and dai ry 

bu l l s , respect ive ly . 

A regu lar drenching programme was used during t h i s  t rial to 

s uppre s s  para s ite load and resulted in low faecal e gg counts ( ave rage 

l e s s  than 6 0 0  eggs per gram) . Us ing faecal egg count s ( FEC ) a s  an 

indicator of para s ite load resulted in only sporadic s ignificant 

relat ionships with pla sma IGF - I . Anima l s  with high FEC ( indicat ive of 

h i gh parasite load) tended t o  have reduced plasma I GF - I  leve ls . This 

agrees with a previous s t udy which showed that paras ite loads reduced 

p l a sma I GF - I  c oncent ration to a degree greate r  than that which could 

b e  explained by the a s s o c iated decrease in nut rition ( El s a s s e r  et a l ,  

1 9 8 8 )  . 



5 4  

I n  c onclusion,  the results o f  this study suggest that pla sma IGF - I  

level s  meet many o f  the c riteria requ i red o f  a genet i c  ma rker . P lasma 

concent rat ions o f  IGF - I  appear to be genet ica l ly re l ated t o  growth and 

p ro duction ( Me r imee et a l ,  1 9 8 1 ,  1 9 8 2 ; E igenmann et a l ,  1 9 8 4 a , b ;  

Binoux et a l ,  1 9 8 6 ;  Ahlborn-Breier et a l ,  1 9 8 7 ; Me r imee e t  a l ,  1 9 8 7 ; 

B l a i r  et a l ,  1 9 8 9 a ) , although the ba s i s  o f  genetic variat ion in pla sma 

I GF - I  and its cova riat ion with productive t raits requires furthe r 

study . The high repeatability o f  ci rculat ing IGF - I  i n  this t rial 

imp l i e s  that t here would be little benefit in us ing mo re than one 

IGF - I  det e rminat ion as the bas is for select ion ( i . e .  the addit ional 

accuracy p rovided by further samples would not outwe igh the costs of 

c o l l e c t ion and analysis . )  The ma rked e f fect o f  pube rty on concentra-

t ions of I GF - I  in pla sma suggests that t ime of samp l ing in relation to 

pube rtal s t age will be an important cons iderat ion . I n  addit ion , i f  

s amp l ing were conducted after seven months o f  age i t  i s  unl ikely that 

a d j u s tments f o r  rea ring rank would be require d .  Finally,  the 

condit ions under which the select ion i s  carried out may be impo rtant 

i f  v a riability i n  plasma concent rations o f  IGF - I  is not to be l imited 

by unde rnutrit ion or high parasite loads . 
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C H A P T E R I I I  

GENERAL D I SCUS S ION 

The results of this s tudy lend further support t o  t he view that 

p l a sma IGF - 1  concent ration is l ikely t o  be useful as a marker for l ive 

we ight gain in sheep , and perhaps in other species . E a rlier the 

a t t ributes required of genetic markers were de sc ribed . The following 

d i s cuss ion summari zes the degree to which c i rculat ing I GF - I  ful f i ll s  

these c riteria and ident i f ie s  priority a reas for future resea rch i n  

t h i s  rega rd . 

P l a sma IGF - I  concent rat ions were shown t o  be highly repeatable in 

t h i s  study , indicat ing that a s i ngle s ample would be adequate t o  

me a sure circulat ing leve l s . In addit ion , it appears that pla sma IGF - I  

d o e s  not di splay ma rked diurnal variat ion . Thi s further support s the 

u s e  of a single sample to evaluate an anima l ' s status f o r  pla sma 

I GF - I . Howeve r ,  it must be acknowledged that diurnal va riat ion in 

p l asma IGF - I  has not been extens ively studied and t hat t he 

repeat abilit y  estimates obta ined in this study we re based on samp le s  

t aken at a st anda rd t ime e a c h  day . Even though s ampl ing can e a s i ly be 

done in the f ie ld, caut ion is required t o  ensure that poor nut rit ion 

or paras ite burdens do not h inder the expre s s ion of genetic va riation 

in pla sma IGF - I . Conversely,  one might a rgue that samp ling should be 

c o nducted dur ing a ' challenge ' ( i . e .  while the anima l s  are burdened 

w i t h  parasit e s  or on a low leve l of nut rit ion ) . I n  a s  much as it i s  

not known whether such a challenge would result in t he s election o f  

a nima l s  more res i stant t o  ext e rnal f a c t o r s  and there f o re better able 
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t o  perform i n  a n  uncont rolled environment , further work i s  required to 

inve s t igate the consequences o f  diffe rent s amp ling regime s . 

The fewer s amples requ i red t o  measure an animal ' s  status for pla sma 

leve l s  of IGF - I  compa red t o  othe r met abo lic pa rameters c u rrent ly be ing 

inve s t igated a s  potent ial genetic markers ( e . g .  growth hormone , 

glucose , urea ) would likely result in less expens ive a s se s sment f o r  

se l e ct ion purposes . Howeve r ,  the re are relat ively few l aboratories in 

the world capable of effect ively conduct ing radioimmunoa s say 

a s ses sment of IGF - I  which l imit s  the immediate pos s ib i l i t ies for us ing 

t h i s  hormone as a genetic ma rke r . 

The results f rom this study s howed a marked dec l ine i n  plasma IGF - I  

concent rations from November ( 430 nominal days of age ) . This was mo st 

apparent in the ma les but it was also obse rved in the females to a 

l e s se r  extent . From this s tudy it wa s not po s s ible t o  dete rmine the 

cause o f  this decl ine . As discus sed previou s l y ,  work in some species 

( e . g .  humans , rats and mice ) would suggest that the dec l ine was part 

o f  an inhe rent ont ogenic pattern . Howeve r ,  result s f rom other species 

would suggest that it is a seasonal response . Sut t ie et a l  ( 1988) 

found that c irculat ing IGF - I  leve ls had a sea sonal pattern in red deer 

s t ags , peaking in October to a level s igni f icantly greate r  than those 

obse rved at other t imes o f  the year . Although the cause of this 

pattern is not known , it did f o ll ow a peak in mean ST leve l s  in the 

s t ags ( Suttie et a l ,  198 8 ) . I f  seasonal variation doe s  occur in 

p l a sma I GF - I  concent rat ions it i s  like ly that respons ivene s s  t o  

s e a s onal patt e rn may va ry between anima l s  and species . For example , 

red dee r  a re more seasonal than many breeds o f  sheep . Hence the i r  



p l a sma IGF - I  leve ls may be more responsive t o  seasonal change s . I f  

t h i s  i s  t rue i t  would be nece s s a ry t o  determine the magnitude o f  

s e as ona l variation between genet i cally different anima l s  ( i . e .  do 

gene t i c a l ly s uperior individuals show more or less re sponse t o  

s e a sonal changes compa red t o  inferior individual s )  in o rder t o  use 

p l a sma IGF - I  a s  a genet ic ma rke r . It might also be interest ing t o  

det e rmine what had the greatest influence on pla sma IGF - I  leve l s  i n  

dee r ,  pube rty or seasonal variat ion . 

57  

I n  o rde r t o  assess seasona lity of pla sma IGF - I  in s heep it w i l l  be 

nece s s a ry to separate the ef fect s of age and season , f o r  example by 

c ompa ring spring-born and autumn -born lambs at equ a l  ages but in 

d i f f e rent sea sons ( or vice ve r s a )  . Othe r aspects which should be 

cons ide red in relat ion to seasonal va riat ion are indoor comparison 

s t udies o f  anima ls to sepa rate the ef fects o f  phot ope riod and feed 

qua l ity/a llowance , and the role o f  me latonin in regulat ing sea sonal 

e f fects on plasma IGF - I . 

In order t o  be useful a s  a genetic ma rke r ,  a t r a it mus t  be 

h e ritable and be genet ically c o r related with the product ion t rait of 

interest . E s t imates of the heritability o f  IGF - I  have been de rived in 

mice ( Blair et a l ,  1 9 8 7 , 1 9 8 9 a )  and cat t le ( Davis and B is hop , 1 9 8 9 ) . 

I n  mice , Blair et a l  ( 1 9 8 7 )  f ound estimated heritab il i t ie s  o f  0 . 4 0 ± 

0 . 2 7 ,  0 . 1 9 ± 0 . 2 1  and 0 . 1 7 ± 0 . 2 8  at 3 5 ,  8 0  and 1 1 0  days o f  age , 

r espect ively . It should be noted that although a f o s t er ing expe riment 

w a s  specifica lly des igned t o  e s t imate the heritabil i t y  at 3 5  days o f  

age in t h e  absence o f  confounding mate rna l e ffect s ,  t he est imate ( i . e .  

0 . 4 0 ± 0 . 2 7 )  was calculated f rom l imited dat a  and should the ref o re be 
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t a ken only as a n  indicat ion o f  pos s ible genetic var i a t i on ( Blair et 

a l ,  1 9 8 7 )  . This is further suppo rted by a rea l i sed he r i t ability of 

0 . 1 5 ± 0 . 1 2 calculated in mice after seven generations o f  divergent 

s e l e c t i on for l itter mean p l a sma IGF-I ( Blair et a l ,  1 9 8 9 a )  . The 

va lue f o r  rea l ised he ritab i l it y  was reduced relative to e a rlier 

e s t imates by a ve ry limited response t o  dive rgent s e l e c t i on during the 

l a s t  two generat ions of se lect ion . Howeve r ,  the cause of the decline 

in response is unknown . Davis and Bi shop ( 1 9 8 9 )  f ound that 

c i rculating IGF - I  levels in S immental crossbred ident i c a l  twin heifers 

( pr oduced by embryo splitt ing and trans fe r )  had a range o f  estimated 

he ritabilitie s  f rom 0 . 0 8 ± 0 . 3 8 to 0 . 6 8 ± 0 . 2 1  over f ive age s  ranging 

f rom 2 9 1  t o  6 8 4  days of age . It should be noted the numbe r of anima l s  

in t he i r  t ri a l  w a s  l o w  ( 8  sets of twins ) and t h e  e s t imate s  which they 

gave should only be used as a guidel ine . Neve rthe l e s s , t hese results 

s ugge st that there is genetic variabi l ity in c i rculat ing levels of 

I GF - I  a lthough the heritab i l ity may vary acco rding t o  age / s tage o f  

development at t ime of s amp ling . Fu rthermore , the variat ion in 

heritability with age / st age o f  deve lopment may not be spec i f ic between 

s pe c ie s . Clearly extens ive studies t o  accurately det e rmine the 

heritab i l ity of circulat ing IGF - I  are now requ ired . 

The re a re two main ways o f  determining the genet i c  c o r re lation 

between plasma IGF - I  and l i ve we ight o r  othe r product ion t ra it s . 

These a re analyses o f  covar iat ion between relat ive s ( e . g .  full- o r  

h a l f - s ibling relat ionships o r  parent -offspring rel a t ionships ) and 

c omparisons of divergent s e lection lines . The deve l opment o f  

dive rgent selection l ines a l s o  provides a unique model f o r  s tudying 

the phys iological basis and consequences of genet i c  dive r s ity between 



sheep o f  diffe r ing plasma I GF - I  c oncent rat ions as wel l  a s  the direct 

and co rrelated responses to divergent select ion . 
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F o llowing the encouraging results obt a ined i n  mice ( Bl a i r  et a l ,  

1 9 8 7 ,  1 9 8 8 ,  1 9 8 9 a )  and this experiment , Massey Unive rs ity has 

init iated a s e lect ion experiment to deve lop l ines of Romney sheep 

divergent for c irculat ing IGF - I  leve l s . Briefly, 1 1 1  twin Romne y  ram 

l ambs f rom t h ree different s i res were weaned, weighed on four 

occas ions and blood s ampled twice dur ing the fi rst s i x  weeks po s t 

wea ning . A f i fth we ight and a f leece we ight from f ive months of 

growth ( from we aning) we re reco rded at nine months o f  age . Twelve of 

these rams we re se lected t o  become the foundat ion s i res for the 

dive rgent selection lines , ba sed on their plasma I GF - 1  c oncent rat ions . 

F o u r  rams from each extreme (high and low) we re se lected, with four 

other rams be ing randomly chosen for the control l ine . Rams were 

randomly mated t o  2 5  ewe s each ( 1 0 0  ewe s / line ) and reco rds we re 

c o l lected from 2 4 5  offspring in the f i rs t  generat ion . 

The preliminary re sult s f rom the selection study ( H . T .  Blair -

p e r s . comm . ) indicate that the re wa s a s igni ficant s i re ' e ffect o n  

p l a sma I G F - 1  c oncent rat ions . T h i s  agrees w i t h  the r e s u l t s  from the 

initial group o f  1 1 1  ram l ambs , in which s igni ficant e ffect s of s i re 

o n  plasma IGF - I  were apparent ( Blair et a l ,  1 9 8 9b )  . Although· s i re 

e f fects were s igni f icant , l ine e ffects were not . Thus phenotyp i c  

l e v e l s  o f  IGF - I  in the ram lambs which were subsequent ly used a s  s i res 

apparent ly did not accurately reflect the i r  genet i c  ranking for this 

t rait . This could have been due to poor nut ritional leve l s  at the 

t ime of blood s ampling the ram lambs . The ram lambs whi ch we re t o  
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become f i r s t  gene rat ion s ires in the select ion l ines were blood 

samp led during a dry hot summe r . This may have l imited t he i r  abil ity 

t o  fully e xpres s  genetic variat ion for IGF- I .  It could be po s s ible to 

det e rmine if the ranking of the rams for pla sma IGF - I  s t i l l  agrees 

with the o riginal ranking by re-sampl ing the rams s ince the results of 

the p re sent study showed that pla sma IGF - I  wa s highly repeatable ove r 

extended periods o f  t ime . 

I n  t he first gene rat ion o f  the selection l ine s ,  sex o f  the animals 

did not have a s ignif icant e f fect on c i rculat ing IGF - 1  at the t ime o f  

s ampl ing ( H . T .  Blair - pers . comm . ) .  T h i s  i s  in a greement w i t h  the 

r e s u l t s  f rom the present s tudy when compa red at equ i va lent age s ( i . e .  

a t  the f i rst s amp le of the present study , the sex e f fect was non

s ignif ic ant but therea fter the effect bec ame highly s ignificant ) . In 

c ont rast to the present study , the ef fect o f  re aring rank was a l so 

non-s i gnificant in the s e lect ion lines . The cause o f  this difference 

is not c lear
. 

but the average we ight o f  s ingles four wee ks post -weaning 

w a s  3 . 7  kg heavier than that of twins in the selection study c ompa red 

t o  6 . 4  kg in the present study . This may sugge st that twin lambs in 

the s e le ction t rial we re not influenced or handic apped by maternal 

e f fects to the same extent a s  t wins in the present s t udy . Anothe r 

p o s s ible fact o r  is nut rit ion , a s  sampling o f  the f ir s t  generation 

p rogeny wa s again conducted during a dry, hot summe r and feed supply 

could have been limited . 

B ased on one cycle o f  select ion the realised h e r it ab il ity f o r  

p l asma IGF - I  in sheep w a s  e s t imated t o  be 0 . 2 ( H . T .  B l a i r - pe rs . 

c omm . ) .  This again indicates that plasma IGF - I  has a heritable 



c omponent in sheep . Furthermore , the difference in pla sma IGF - I  

l e ve l s  between l ines was 2 6  ng/ml which re flects the appa rent ly low 

he r it ab i l ity of the t rait . Such a smal l  dif ference would make it 

6 1 

di f f icult to obse rve a s igni f icant line effect during a s ingle yea r  of 

s e lect ion but a cumulat ive e ffect might be apparent over a period of 

yea r s . 

above . 

This may explain t he lack of s igni ficant l ine e f fect ment ioned 

This s tudy showed that p l a sma IGF - I  leve l s  a re h ighly co rrelated 

with l ive we ight in sheep although they appear t o  have no significant 

re lat ionship with greasy f leece weight ( other than through the 

r e l at ionship with l ive we ight ) . In addition , result s f rom mice after 

s even generat ions o f  divergent selection based on pla sma IGF - I  have 

s h own that high l ine mice a re heavie r than those f rom the low l ine but 

t hat there is no apparent c ompo s it ional difference at s imilar l ive 

w e ights ( S iddiqui et a l ,  1 9 8 9a )  Kroonsberg et a l  ( 1 9 8 9 )  found that 

h igh l ine fema les were 1 4 %  heavier than those o f  t he low l ine at 

mat ing . Thi s  increase in mature live weight wa s a l s o  a ccompanied by 

i n c reases in the numbe r o f  fetuses per darn, the weight o f  individual 

fetuses and the we ight o f  t he mamma ry gland ( Kroonsberg et al,  1 9 8 9 )  

I f  s imilar results occurred in sheep se lected for pla sma IGF- I ,  the 

i n c re a s e  in mat u re l ive weight would re sult in inc reased ewe flock 

maint enance requirement s ,  a potent ial dis advantage in c omme rcial sheep 

operat ions . Howeve r ,  when considered on a metabo l i c  l ive we ight basis , 

the increase would not be part icularly great ( i . e .  a 1 4 %  increase in 

l ive we ight would reflect a 1 0 %  inc rease in metabolic l ive weight for 

a 5 5  kg ewe ) . Furthermo re , the posit ive e f fects on reproduct ive 

performance as wel l  as increases in weaning weigh t s  of lambs would 
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c ou nt eract the negat ive inf luence of increased maintenance 

requ irement s .  Thus , present results s uggest that s e lect ion on the 

ba s i s  of plasma IGF - I  would not have any adve rse e f fects on product ive 

pa rameters othe r than the p o s s ible di s advant age of inc reased ewe l ive 

weigh t s  and ma intenance requi rement s .  

I n  c onc lus ion,  there is increas ing evidence to s upport the role of 

p l a sma IGF - I  a s  a genet ic ma rker for l ive weight . I t  is unlikely, 

howeve r ,  that select ion will ever be based on pla sma IGF - I  a lone . 

Rathe r ,  a number o f  metabo l ic t ra its a re likely to be combined int o a 

s e lect ion index . The exact nature of such an index and other pos s ible 

c omponent s o f  the index a re yet t o  be determined and c an only be 

a s s e s sed by e xtens ive progeny testing . Howeve r ,  a s  discussed here , it 

i s  l ikely that plasma IGF - I  will be one impo rtant c omponent of the 

index in s ituat ions where select ion for high live we ight gain is 

des i rable . 
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