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ABSTRACT 

K iw ifru i t  breed ing program m e s  in  New Zea land have p roduced a large number of seedling 

populations. Effective methods are required to assess seedlings, and knowledge of phenotypic 

a n d  genotypic v ariation would faci l i tate the design of breeding program mes.  

1 .  Multivariate analyses of p hen o typic d a t a  

M u lt ivariate a n a lyses were u se d  t o  quant ify the characters  mos t  powerful i n  distinguishing 

b e tween seed l i ngs and between  crosses,  and to examine the i r  re la t ionships. Seedlings and 

c rosses were p laced in order of  their  overa l l  merit, and the best  ones  were determined.  Bruno 

was a superior female parent for  producing both floriferous male vines and productive female 

vines  with high fruit vitamin  C content, and D l-20 was the  better male parent in al l  crosses .  

M u ltiv:.�ria t e  ana lysis of var iance  and d i scr iminant  analysis were  more  suitable to sort cro>.s 

combinations,  while factor analysis was more efficient for screening single seedlings within a 

population. Factor patterns varied between crosses, and between years for the same cross. 

Canonica l  c o r re la t ion ana lys i s  proved a u seful tool to obta in  be t te r  unders tand ing of t he  

a ggregates of useful vine characters and  the  relationship between them in fruit breeding. 

2 .  Quantitative genetics studies 

Relatively h igh heritabi l i ty was  shown for the beginning da te  of bloom (0.48) and flowering 

dura tion (0 .50) in ma le  v ines, and to ta l  crop weight (0 .46) ,  percentage of shoots flowering 

(0.54), fruit e longation (0.65), and mean fruit weight (0.52) in female vines. For these traits, the  

selection of  superior seedlings a s  parent could therefore l ead t o  rapid genetic improvement to 

their subsequent generat ions .  H airiness of fruit ( -0.07) and percentage soluble solids i n  frui t  

( -0 .19)  gave nega t ive her i tabi lity value,  thus  could not  b e  i m proved effic ient ly by individual 

s e lec t i on .  H owever ,  t h e i r  b r oad sense  h e r i t abi l i ty w a s  r e a so n ably  high (0 .22 and 0.37 

respect ive ly ) ,  showing the re  w e re some  domina n t  and /or e pi s t a t ic effec t s  involved . This  

indicates a possible chance improvement may occur in  a large seedling populat ion.  Fruit vi tamin 

C content  (0 .22) , fru i t  sym m e t ry (0.30) and re lative core s ize  (0 . 13)  gav e  moderate or l ow 

h er i tab i l i ty values ,  indicat ing that  i ndividual se lect ion may h ave  only moderate  success i n  

i mproving these traits. 



iii 

Simple recu r r en t  ind ividua l  selec t ion was shown to  be  an eff e c t ive  breeding s t ra tegy for  

characters of  h igh heritabil ity . For characters of low heritabil ity , the family selection methods 

y ielded a greater rate  of genetic gain . Selection indices were constructed to  provide a technique 

for irn proving several traits  simultaneously. 

3. SDS-polyacrylamide gel electrophoresis of leaf proteins 

Three regions of the protein profile were found useful for the characterisat ion of cultivars and 
.. 

seedlings .  The band ing pa t terns found in seed l ings p r ovided evidence that in the he)ploid 

k iwifru it the  inheritance of these polypeptides occurred in a manner simila r  to that of a diploid .  

Hence the k iwifruit m a y  have arisen a s  a diploidized polyp loid and  i t  is proposed the kiwifruit 

may be considered as a l lohexaploid. 

Progressive changes of some bands with leaf growth and development may be of interest in the 

s tudy of l e af d eve l o p m e n t .  The  possible appl ica t ion  of l e af pro tein analy sis to k iw ifruit 

breeding was discussed .  



iv 

ACKNOWLEDGEMENTS 

I t  is a great pleasure to  acknowledge the encouragement and wise counsel of my supervisors Dr 

G .S .  Lawes, Dr I . N .  Gordon and Dr R.A. Beatson in al l  facets of this s tudy . In particula r, I am 

grateful to Dr G . S .  Lawes for his sincere and critical guidance throughout the study and thesis 

preparation . 

I sincerely extend my grat itude to Dr S .E.  Gardiner of D SI R  for her  helpful advice,  discussion 

and comments on my electrophoresis work . 

I would also l ike to acknowledge the assistance given to me by the f allowing: 

Dr G. Ionas and Mr H .F. Neilson for their advice in e lectrophoretic analysis .  

Mr  D.R. Anderson for his  capable technical assistance in the early l aboratory work of this 

study .  

M s  Christine A ndricksen for the careful typing of th is  thesis .  

Final ly special than k s  to my wife, my son and my daughter, for their patience and understanding 

in al lowing me to pursue this study in tranquillity .  

Financia l  assis tance f rom both Henan Agricultural University, China, and  Massey University i s  

gratefully ack n owledged .  



CONTENTS 

ABS TRACT 

ACKNOWLEDGEMENTS 

TABLE OF CONTENTS 

INTRODUCTION 

CHAPTER 1 LITERATURE SUMMARY 

1. 
2. 
3. 
4. 
5. 
6. 

Kiwifruit and its production 
Kiwifruit selection and breeding 
Multivariate analyses in plant breeding 
The practical application of genetic studies 
Protein markers as tools for genetic studies 
DNA probe technique in plant breeding 

CHAPTER 2 MUL TIV ARIA TE ANALYS I S  OF 
PHENOTYPIC VARIATI ON 

S ection 1 Manova & Discriminant analysis 
1. Introduction 
2. Materials and Statistical Procedures 
3. Results and Discussion 

S ection 2 F actor Analysis 
1. Introduction 
2. Methods 
3. Results and Discussion 

S ection 3 Canonical Analysis 
1. Introduction 
2. Methods 
3 Results and Discussion 

CHAPTER 3 GENETI C  ANALYSIS 

S ection 1 Genetic Variance and Heritability 
1. Introduction 
2. Materials and Statistical Model 
3. Results and Discussion 

Section 2 Genetic Correlation 
1. Procedures 
2. Results 

S ection 3 S election Response 
1. Selection Response for Individual Selection 
2. Selection Response for Different Strategies 

V 

PAGE 

1 

3 

3 
4 
10 
14 
18 
19 

20 

20 
21 
32 

56 
56 
58 

75 
75 

76 

86  

86  
87  
91 

97  
97  

104 
105 



Section 4 Selection Index 
1. Index Theory and Working Procedures 
2. Economic Weight 
3. Constructing Selection Indices 

CHAPTER FOUR ELECTROPHORETIC ANALY S IS 

1. 
2. 
3. 
4. 
5. 

Introduction 
Experimental 
Materials 
Electrophoresis Procedures 
Results and Discussion 

CHAPTER FIVE GENERAL DISCUSS ION 

1. 
2. 
3. 
4. 

Kiwifruit Breeding 
Multivariate Analysis of Phenotypic Data 
Genetic Analysis 
SDS-PAGE to Characterise Kiwifruit Cultivars 
and Seedling Populations 

LITERATURE CITED 

TABLES 

2.1.1 Crosses and the vine number investigated 

vi 

114 
115 
117 

120 
121 
122 
122 
129 

144 
145 
149 

156 

158 

for each cross 21 

2.1.2 F test of 12 dependent variables for male vines 32 

2.1.3 Means of variables, by cross in the male population 33 

2.1.4 Means of variables, by CR *Y in male population 33 

2.1.5 Man ova test criteria for the hypothesis of no 
overall effect in male population 34 

2.1.6 Function structure and related statistics 
for CR *Y effects in male population 35 

2.1.7 Net scores for CR *Y effects in male population 36 

2.1.8 Function structure and related statistics for 
cross effects in male population 38 

2.1.9 Net scores for crosses in male population 38 

2.1.10 Function structure and related statistics for 
year effects in male population 39 

2.1.11 Function structure and related statistics for 
vine effects in male population 40 

2.1.12 F test of 23 dependent variables for female vines 42 

2.1.13( 1) Cross means by year in female population 42 

2.1.13(2) Cross means by year in female population 43 



vii 

2.1.14(1) Cross means in female population 43 

2.1.14(2) Cross means in female population 43 

2.1.15 Man ova test criteria for the hypothesis of no 
overall effect for female vines 44 

2.1.16 Function structure and related statistics for 
CR *Y effects in female population 45 

2.1.17 Net scores for CR *Y effects in female population 46 

2.1.18 Function structure and related statistics for 
cross effects in female population 48 

2.1.19 Net scores for crosses in female population 49 

2.1.20 Function structure and related statistics for 
year effects in female population 50 

2.1.21 Function structure and related statistics for 
vine effects in female population 51 

2.2.1 Factor pattern of first 4 PCs for male seedlings 
in cross 2 (Bruno x D120) 58 

2.2.2 Factor pattern in first 4 PCs for male seedlings in 
cross 4 (Gracie x D120) 59 

2.2.3 Factor pattern of first 4 PCs for male seedlings in 
cross 6 (Hayward x D 120) 59 

2.2.4 The coefficients of congruence for factor comparison 
in male seedling populations 60 

2.2.5 Factor pattern of first 5 PCs for female seedlings 
in cross 2 (Bruno x D120) 62 

2.2.6 Factor pattern of first 5 PCs for female seedlings 
in cross 4 (Gracie x D 120) 63 

2.2.7 Factor pattern of first 5 PCs for female seedlings 
in cross 6 (Hayward x D 120) 64 

2.2.8 The coefficient of congruence for factor comparison 
in female seedling populations 64 

2.2.9 Factor pattern of first 4 PCs for male vines 
(mean of 2 years) 65 

2.2.10 Factor pattern of first 8 PCs for female vines 
(mean of 2 years) 69 

2.2.1 1  Factor pattern of first 4 factors for male vines 
(mean of 2 years) 74 

2.2.12 Factor pattern of first 6 factors for female vines 
(mean of 2 years) 74 



viii 

2.3.1 Eigenvalue and the proportion of total covariance 
explained by each canonical correlation in male 
seedlings 77 

2.3.2 Statistics for significance tests of each canonical 
correlation in male seedlings 77 

2.3.3 Canonical structure: correlations between the 
vegetative variables and their canonical variables 
(males) 78 

2.3.4 Canonical structure: correlations between the 
flowering variables and the canonical variables 
(males) 78 

2.3.5 Eigenvalue and the proportion of total covariance 
explained by each canonical correlation between 
vegetative and flowering characters (female seedlings) 79 

2.3.6 Statistics for testing the significance of each 
canonical correlation between vegetative and flowering 
characters 79 

2.3.7 Canonical struture: correlations between the 
vegetative variables and their canonical variables 80 

2.3.8 Canonical structure: correlations between the 
flowering variables and their canonical variables 80 

2.3.9 Eigenvalue and the proportion of total covariance 
explained by each canonical correlation between 
vegetative and fruiting characters 81 

2.3.10 Statistics for testing the significance of each 
canonical correlation between vegetative and 
fruiting characters 81 

2.3.11 Canonical structure: correlations between the 
vegetative variables and their canonical variabl.es 82 

2.3.12 Canonical structure: correlations between the 
fruiting variables and their canonical variables 82 

2.3.13 Eigenvalue and the proportion of total covariance 
explained by each canonical correlation between 
flowering and fruiting characters 83 

2.3.14 Statistics for testing the significance of each 
canonical correlation between flowering and 
fruiting characters 83  

2.3.15 Canonical structure: correlations between the 
flowering variables and their canonical variables 84 

2.3.16 Canonical structure: correlations between the 
fruiting variables and their canonical variables 84 



ix 

3.1 The expected mean squares for male vines (following 
Gaylor .tl..al, for this internally unbalanced design) 88 

3.2 The expected mean squares for female vines (following 
Gaylor et al, for this internally unbalanced design) 88 

3.3 The genetic interpretation of variance components 89 

3.4 Variance component estimation for male vines 91 

3.5 Heritability estimates for male vines 91 

3.6 Variance component estimation for female vines 93 

3.7 Heritability estimates for female vines 94 

3.8 Additive genetic correlatons (above diagonal) and 
phenotypic correlation (below diagonal) for 
male seedlings 98 

3.9 Additive genetic correlations (above diagonal) and thenotypic correlation (below diagonal) for 
emale seedlings 98 

3.10 Genetic advance for 6 selection cycles 104 

3.11 Genetic advance in random mating, half sib mating, 
full sib mating 107 

3.12 �elative economic value for 4 traits of breeding 
Importance 116 

3 .13 Phenotypic(upper part)and genetic(lower part) 
dispersion for 3 traits of breeding importance 117 

3.14 Type 1 indices for improving different 

characters 11 7 

3.15 Type 2 indices for multiple character improvement 118 

3.16 The 6 female vines selected from the different 
indices and from the factor analysis in cross 6 119 

4.1 Recipes for making different strength 
polyacrylamide gels 123 

5.1 The heritabilities (h2) of some characters of 
horticultural value in various fruit crop species 153 

FIGURES 

2.1.1 Plot of net scores of discriminant functions 
1 and 2 in male population (6 crosses, 2 years) 37  

2.1.2 Plot of net scores of discriminant functions 
1 and 2 for each cross in male population 39  

2.1.3 Plot of net scores of 214 male vines on discriminant 
functions 1 and 2 41 



2.1.4 

2.1.5 

2.1.6 

2.1.7 

2.2.1 

2.2.2 

2.2.3 

3.1 

3.2 

3.3 

3.4 

4.1 

4.2 

4.3 

4.4 

4.5 

Plot of net scores of discriminant function 1 and 2 
in female population (6 crosses, 2 years) 

Plot of net scores of functions 1 and 3 for each 
cross in female population 

Plot of net scores of 187 female vines on 
discriminant functions 1 and 2 

Plot of net scores of 187 female vines on 
discriminant functions 1 and 3 

Plot of the factor scores of 63 male vines on first 
2 factors 

Plot of the factor scores of 63 female vines on first 
2 factors 

Plot of the factOJ scores of 63 female vines on 3 
factors 

Cumulative genetic gains of fruit vitamin C content 
by using different selection strategies in different 
mating systems. A. Random mating. B. Half sib mating. 
C. Full sib mating 

Cumulative genetic gains of total fruit wei�ht wei�ht 
by vine by using different selection strateg1es in different 
mating systems. A. Random mating. B. Half sib mating. 
C. Full sib mating 1 

Cumulative genetic �ains of percentage floral shoots 
per vine by using dif erent selection strategies in different 
mating systems. A. Random mating. B. Half sib mating. 
C. Full sib mating 

Cumulative genetic gains of mean fruit weight by using 
different selection strategies in different 
mating systems. A. Random mating. B. Half sib mating. 
C. Full sib mating 

Banding pattern of kiwifruit leaf proteins extracted 
by 2 extraction media and analysed on a 15% 
polyacrylamide gel 

Banding pattern of k±wifruit leaf proteins extracted 
by 2 different extraction media analysed on 7 .5% · 
polyacrylamide gel. 

Calibration Curve of Protein MW Standards on 15% 
Polyacrylamide Gel 

Leaf age effect on electrophoretic protein banding 
pattern from female cultivar Hayward and male 
cultivar Matua 

15% Polyacrylamide gel showing leaf protein banding 
pattern of 9 cultivars (winter cuttings) 

X 

47 

49 

52 

53 

67 

70 

7 2 

108 

109 

110 

111 

126 

126 

128 

130 

133 



4.6 

4.7 

4.8 

4.9 

4.10 

4.11 

4.12 

PLATES 

Plate 1 

Plate 2 

Plate 3 

Plate 4 

Plate 5 

10% Polyacrylamide gel comparison of protein bandings 
pattern of the 4 parent cultivars (winter cuttings) 

Diagrammatic drawing of protein banding pattern 
of 12 cultivars 

Protein banding patterns ofF 1 seedlings of Cross 1 
(Bruno xD-16) . · 

Protein bandin� patterns ofF 1 seedlings of Cross 2 
(Bruno x D-120 

Protein banding pattern ofF 1 seedling of Cross 4 
(Gracie x D-120) 

Protein banding )attern ofF 1 seedling of Cross 5 
(Hayward x D-16 

Protein banding pattern ofF 1 seedling of Cross 6 
(Hayward x D-120) 

Petiole pigmentation of 6 F1 seedlings, showing 
a gradient of colour from red to dark red 

Quantitative inheritance of flower -size, showing 
4 {:arents and range of variation in 8 samples 
o F1 seedlings. Upper seedling row are male 
flowers, lower row are female flowers. 

Early flowering vine versus late flowering vine, 
showing two adjacent male vines with distinct 
dates of blossom 

Comparison of fruit storage life of 5 F1 seedlings 
(Hayward X D-120) after 6 months cool storage. Also 
showing variation in fruit weight and Brix level 
among these seedlings. Labels show cross identification, 
fruit weight and Brix level. (With acknowledgements 
to Dr R.A. Beatson). 

Quantitative inheritance of fruit size, showing 3 
parents and range of variation in 23 samples of 

F1 seedlings. (With acknowledgements to 
Dr R.A. Beatson) 

xi 

133 

135 

136 

136 

139 

141 

141 

22 

22 

22 

23 

23 




