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Genetic structure analysis of 85 kiwifruit varieties (lines) and wild rela-

tives by SCoT molecular markers
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Abstract: [Objective]JKiwifruit, as a dioecy plant, is a kind of wild fruit tree, native to China. It was in-
troduced into New Zealand in the early 20th century. Frankly speaking, kiwifruit has received attention
in the worldwide now. It has been reported that more than 100 varieties were bred since the 1970s in
China, most of which were made from seedling breeding of wild relatives, and few varieties were pro-
duced by sexual crossbreeding. The heterosis of interspecific or subspecies was not well utilized, which
resulted in the serious homogeneity between varieties. In our previous research, we found that the poly-
morphism of start codon targeted polymorphism (SCoT) markers was higher than that of other second
generation DNA molecular markers. Qinba region is the main distribution area of Actinidia chinensis
var. chinensis and A. chinensis var. deliciosa that are the two most valuable varieties of 4. chinensis,

which has seriously restricted the exploration and utilization of excellent kiwifruit germplasm resources
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due to lack of comprehensive research on kiwifruit in this region. The population structure analysis can
provide the basis for protection and development of kiwifruit resources.[Methods185 kiwifruit samples
collected from Qinba region were analyzed using 20 SCoT markers to access genetic diversity and pop-
ulation structure.[Results]In this study, a total of 108 alleles were obtained, with an average of 5.4 loci
per primer and that of 4.6 polymorphic loci, and the percentage of polymorphic bands (PPB) ranged
from 66.67% to 100%, with an average of 83.77%. And the polymorphism information content (PIC)
ranged from 0.46 to 0.96, with an average of 0.70. Among these, SCoT16, 25, 30, 32, 33, and SCoT 34
possessed the highest PPB in 20 SCoT markers. SCoT16 showed the highest PIC. Specific primers were
found that may be used to identify six samples. The 85 kiwifruit samples could be divided into two sub-
populations based on Beiyes algorithm, and the results from K = 2 to K = 5 revealed the occurrence of
gene introgression among 85 samples, accounting for approximately 83.53% of the observed variations
(calculated by K=2). And the Beiyes results were inconsistent with the unweighted pair-group method
with arithmetic means (UPGMA) algorithm clustering and principal component analyses (PCA). The
lowest genetic similarity coefficient appeared between Qihong ¢ N and wild 22 & A, while that of the
highest was found between Qihong2 & A and Qihong5 & A by UPGMA clustering, in which the aver-
age number of genetic similarity coefficient of 85 samples were 0.74 ranging from 0.54 to 0.94, and the
density distribustion of genetic similarity coefficient of 85 samples was in 0.75~0.78, accounting for
31.83%. The 36 cultivars (lines) planted in production were 0.74 ranging from 0.63 to 0.90, the 46 fe-
male samples were 0.74 ranging from 0.57 to 0.90, the 36 male samples were 0.77 ranging from 0.60 to
0.94, and the 20 wild relatives were 0.73 ranging from 0.56 to 0.91. The first three principal compo-
nents accounted for 13.24%, 7.68% and 0.65% of the population variation, respectively. The 85 samples
were not grouped clearly, indicating that there was no significant difference in the principal components
among 85 samples.[Conclusion]JAll three clustering methods have the trend of clustering firstly by sub-
species rather than gender. The population genetic structure analyzed by Beiyes algorithm is closer to re-
ality than UPGMA and PC analysis, which can be visualized of homogeneity or heterogeneous level of
each sample. The phenomenon that different varieties may have the same name, or one variety may
have two and even more names, exists. A higher level of genetic background was observed in 85 kiwi-
fruit varieties (lines), in which the genetic differences among wild related species were larger, the six
wild resources including Wild17 @ A, Wild22 & A, Wildl6 @ A, Wildl8 ¢ A, Wild21 & A and
Wild19? can be used as parents for breeding new varieties or improving cultivated varieties. And the
genetic differences among female resources are more abundant than those among male resources. The
simple genetic basis occurs among commercial male plant fields as a source of pollen. Several varieties
used in production have closer relationship, some germplasm resources of wild relatives are far from be-
ing developed and utilized, which are expected to be used as raw materials for breeding new varieties.
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Tablel Information of samples
TER M TG TEA 2 REE
Hi'5 FEA Morpholo- T FEAR Morpholo- || 485 FEA Morpholo-
No. Samples gically No. Samples gically No. Samples gically
observations observations observations
1 Z[FH 1Y HongyanglY Ch. 30 &#ho AlJinkuic' A De. 59 Jff42A Qihong2A Ch.
2 #IFH2Y Hongyang2Y Ch. 31 %% 53CQinmeig3C  De. 60  HE T A XiuzhenxiangA Ch.
3 & 1Y XuxianglY De. 32 BHoNWildaN Ch. 61  Jif4 4A Qihongd4A Ch.
4  &J82'5 1Y JinlongNo.2 1Y  Ch. 33 Z&FEF6C Qinmeid6C  De. 62 Jif4 1A Qihongl A Ch.
5  ZLFHN HongyangN Ch. 34 ZFF7C Qinmeid 7C  De. 63 JiF43A Qihong3A Ch.
6 ZIPHJY Hongyangd' Y Ch. 35  Z&3EJF4CQinmeid4C  De. 64 327 A Cuixiang A De.
7 425 2Y JinlongNo.2 2Y Ch. 36 HF225 AWild225' A De. 65 W35 AWIild3g A Ch.
8 4825 3Y JinlongNo.2 3Y Ch. 37 235 10C Qinmeid 10C  De. 66 Z&3£ 5 5C Qinmeid 5C De.
9 BREY De. 38 FEl1dC De. 67 RR&HTA Ch.
CuixiangY Qinmeil ' C Nongda Jinmid' A
10 H172 AWild17? A Ch 39 HI2XLeid2X De. 68 W65 AWilded A Ch.
11 HF142 AWild14 2 A De. 40  Z3JJ AQinmeid A De. 69 2150 AWild215 A Ch.
12 AREBEN De. 41 FF265A De. 70 oA Ch.
Nongda Yuxiang N Wild26 5 A Huayoud'A
13 B252AWIild25%A De. 42 162 AWild16 2 A Pr. 71 &Hko Alintaod' A Ch.
14 7% 2Y Xuxiang2Y De. 43 152 AWildISQ A De. 72 %¥52C Qinmeid2C  De.
15 HF19A De. 44 BRI X Ar 3 HEESA Ch.
Wildl @ A Actinidia arguta X Xiuzhenxiang &' A
16 ®hX Ch. 45 HTI8RA Pr T4 RKBE A De.
JinwuX Wild18 2 A Nongda Mixiang & A
17 H232AWIild232 A De. 46 141 A Huayou A Ch. 75  JF415 AQihongl A Ch.
18 HF24°2A De. 47 RKHAEA De. 76 FEEJA De.
Wild24 ¢ A Nongda Yuxiang A Cuixiangd' A
19 BOBRIERE 1X Ch. 48 HLLERRBE3X Ch. 77 B4cA Ch.
Yellow flesh Kiwifruit] X Yellow flesh Kiwifruit 3X Qihongd ' A
20 72X Xuxiang 2X De. 49 H#4&FN Hortl6AN Ch. 78  Jf4L55 AQihongSG A Ch.
21  JI¥4LN Tenghong N Ch. 50 HI12Q2AWIldI2R A Ch. 79 JF4.205 AQihong2d A Ch.
22 & A JinkuiA De. 51 %K X RunyuX De. 80 Jf4.35 AQihong3d'A  Ch.
23 1% A Xuxiang A De. 52 Z3% A QinmeiA De. 81 ffik{ic AHaywardd A De.
24 ZIPH3Y Hongyang3Y Ch. 53 & HkAJintaoA Ch. 82 FHd3XLeid3X De.
25 W45 AWildds A Ch. 54 1R 1X Xuxiangl X De. 83  HF19? AWild192A Pr.
26 H75A Ch. 55 CRREHIA Ch. 84 #7207 A Pr
Wild7c A Nongda JinmilA Wild20?A
27 %% 3 9C Qinmeid 9C De. 56 JFIR{E A Hayward A De. 85  £IFH? N Hongyang?N Ch.
28 HERIA Ch. 57 RKEHE2A Ch.
Hortl6Ac' A Nongda Jinmi 2A
29  Z&3 J8C Qinmeid 8C De. 58  Jif45A QihongSA Ch.

W IFACRA LGB AR @ ACRMEMEA R o AOCRKEMER RE 2 AORMEREASTE s A AUFRIR IG5 22 B X HURE 5 C AQIR IR VH 24 9 2L Y
BN AR BRI 2 B HURE s X AR BRI 00 2 LLHURE s Y ACRBRIG A i ELBURE o Ch. AR SR BREBE AL Tl s De. AR SERBRAE MR AL T
Ar [REGAFER s Pr. AR AT

Note: The wild stands for different wild relatives; ¢ and & represents female and male materials;? represents did not know the gender; A repre-

sents the sampling in Ankang; C represents the sampling in Chenggu County; N represents the sampling in Hantai district; X represents the sampling

in Xixiang County; and Y represents the sampling in Yangxian county. Ch. stands for Actinidia chinensis var. chinensis; De. stands for Actinidia chi-

nensis var. deliciosa; Ar. stands for Actinidia arguta; Pr. stands for A. arguta var. purpurea.
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Table 2 Amplification results of SCoT primers

EZ i i LM R ZEMEESE

SCoT 514 FH(57-37) i The number of Percentage of Polymorphism
SCoT Primer  Sequence(57-3") gz;zgs?}rlgl;ir of polymorphic polymorphic information
bands(NPB) bands(PPB)/% content(PIC)
1 CAACAATGGCTACCACCA 4 3 75.00 0.48
4 CAACAATGGCTACCACCT 5 4 80.00 0.75
7 CAACAATGGCTACCACGG 6 5 83.33 0.64
11 AAGCAATGGCTACCACCA 5 4 80.00 0.72
12 ACGACATGGCGACCAACG 5 4 80.00 0.68
16 ACCATGGCTACCACCGAC 6 6 100.00 0.96
17 ACCATGGCTACCACCGAG 7 5 71.43 0.65
18 ACCATGGCTACCACCGCC 5 4 80.00 0.68
20 ACCATGGCTACCACCGCG 3 2 66.67 0.48
23 CACCATGGCTACCACCAG 5 4 80.00 0.46
25 ACCATGGCTACCACCGGG 6 6 100.00 0.93
26 ACCATGGCTACCACCGTC 6 4 66.67 0.61
27 ACCATGGCTACCACCGTG 6 4 66.67 0.64
28 CCATGGCTACCACCGCCA 5 4 80.00 0.75
29 CCATGGCTACCACCGGCC 7 6 85.71 0.52
30 CCATGGCTACCACCGGCG 6 6 100.00 0.85
31 CCATGGCTACCACCGCCT 5 4 80.00 0.62
32 CCATGGCTACCACCGCAC 4 4 100.00 0.87
33 CCATGGCTACCACCGCAG 3 3 100.00 0.89
34 ACCATGGCTACCACCGCA 9 9 100.00 0.82

fFBeiyes 5i2: HOTR & A AL BLAL) 85 AN bk A o B
PR (108 AN FE AL AL /D B HE AR S5 4, KAE B¢ 1~10, K
MCMC (Markov chain Monte Carlo) FF- 45 ] FIANESL
1548 (Length of burn-in period) % & 4 10 000 /X , F
s RAYERUE ARG I MCMC & N 100 000 WX, B4
KIZAT 10 0, M5 AK AH B K Ji ) B — A5
1K {H . 1817 45 R b 4% Structure Harvester V- &
(http://taylor0.biology.ucla.edu/structureHarvester/) 3%
BEERE . FINTSYS-pe2.10e 5 Gt H A" SM i
TR AL AL R 2 34T UPGMA 2828 & —J0 £
iR

2 HR50H

2.1 SCoT#riZEN T
20 > SCoT Aric FE 438 108 M2k, 91 %

A . SCoT34 4 MY I 5% i Hiix £ , SCoT33 i
B 61 SCoT hric i 2 AP L FIL 100%. 24
PEAE B AR N 0.46~0.96(F 2) , *F-H4E 9 0.70.

85 M FEARA 6 MEEATIE I T I % B X HAth
FEASE R RE R AR IR (R 3D,
2.2 BHABRIELEMO
221 MW R E RS 0.05 9 E A
108 A5 il T 85 10 o e Ak Foft Jo3 1100 T A 25 4 , AR AJE
JUH, H Bayesian 5.y2: , Delta K 7E K=2 i 158 2 £ K,
TS MR RIS 2 AWK A& (- 1-A) 5 43
A6 A3 FF RN 1-B) . M 1-B HE H SRR
A6 S Fof A e S A ik S o 1 e A T R DRI 5 o R
22545 3 () 83.53% (FZ K=2 5 .
222 UPGMA % £ 5T SCoT Fric Z4iE 11 85 1
AL 195 ] F 168 4% A 10L 32 00 3336 BRI AE 0.53~0.94,

#3 MRS

Table 3 Specific primers for variety identification

¥ Samples FF 4T o 24A 5T 2 14A TR 1X %#¥a1C ARCER RS JF4L3A
P Qihong & 24A  Wild ¢ 14A  Yellow flesh Kiwifruit]1X  Qinmei & 1C HongyanglY Qihong3A
Fp 5P 5] Specific primers  SCoT27 SCoT4 SCoT17 SCoT25 SCoT30 SCoT34
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DeltaK = mean(|L''(K)|) / sd(L(K))
500 B e 2R BYK
A
400 |
300 |
M
o
f§ & 200 |
100 |
0l = S
2 3 4 6 7 8 9
B E AL Number of subgroups, K

HE# Probability

0
33_29 76 74 66 27 40 73 39 34 64 _4l

14 9 3
72 30 31 82 81 35 68 67 23 17 52 38 71 11

32 84 12 13 19 43 22 54_2 77
S 15 56 18 20 37 48 65 50 75 1

FF i Sample

1.00
0.80
0.60
0.40
0.20
0.00

HE# Probability

24 53 78 28 55 79 6
21 70 57 61 58 85 46 80 26 10 4

42 49 83 60 69 59 16 47
45 44 62 36 63 25

F£ il Sample
AR U e O ARRREE 4. X B LR FLEAR R AR . A ) BB IR R o T R LR

Red. Group I; Green. Group II. Vertical lines on the X-axis refer to each sample. The proportion of each color represents probability rate with

which a given genotype belongs to each group.

Bl 1 ET SCoT HRiCHY 85 MM ERIEHEM BLBF IR IE (4540

Fig. 1 Population structure of 85 kiwifruit materials based on SCoT markers
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RN 13.24%7.68% 1 0.65% (B 4) , fif B o A8
FH26.98%. MAHT&E RE w34 F s H A
8 85 i FEAH R 4340, 2 W] 85 /MEAC Z 8] 1) 32 B O3
ZRAHE,

23 AR ERBEEMD0

23.1 A FFRIZBOGIOAMBEREAF(R) TR
FEAIALL R A0 0.71 b4 28 7= AR B 1) 36 SR Ak
FiCRY TR 2 F (B 5) , 75 % FREAR Bt BURE 2245 it Fof
5 At DX PR SR P SR Bk SRS, AN R i X R Y
SRS A CH BRI TR ECR R AN 2R BR
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FHAL Z 2L Genetic similarity coefficient
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Fig.2 Frequency distribution of genetic similarity among 85 kiwifruits materials based on SCoT data
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Fig. 3 UPGMA clustering based on genetic distance among 85 kiwifruit materials
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0.68 AbKF 46 4y 28 B2 Il [X 3= B4 T [ R0 Ak o A AT
T AT ZMEVE RIR R N2 2K (B 6) . 7% FERFE)
517 2 AFIES 16 @ A B N —K, 5 HAMTIEM
BERG R RBOE . KA AR K05 A FAR KR
T A SRR B K, 8 0.900 F ik 9 Bk 7
B2 BERFEARE AR 1Y FIRE A

233 MEMFR 36 MM EIREIE AR
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