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Genetic diversity analysis of kiwifruit germplasm and identification of

variant based on SRAP and SCoT markers

ZHANG Kun, ZHOU Yuanjie, LI Yao, LIU Xinling, GUO Yugi, XIA Hui, LIANG Dong’

(College of Horticulture, Sichuan Agricultural University, Chengdu 611130, Sichuan, China)

Abstract: [Objective] Kiwifruit species are diverse due to obivous interspecific and intraspecific hy-
bridization. Therefore, investigation of the genetic background of 59 kiwifruit varieties/germplasm and
identification of the relatives of kiwifruit material with fully red flesh (‘H-16") can provide an effective
molecular marker-assisted breeding method for genetic background analysis and classification of kiwi-
fruit germplasm and selection of new varieties. [Methods] The genomic DNA of kiwifruit leaves was
extracted by DNA kit. Then, two kinds of molecular markers, SRAP and SCoT, were selected for genet-
ic diversity analysis and variant identification. The SRAP marker was designed by designing a pair of
special primers at both ends of the open reading frame, and the primer sequences included filler bases,
specific bases and selective bases. While the SCoT marker was designed by designing a single primer
based on the conserved sequences flanking the ATG translation start site, and the amplification pro-
duced a dominant polymorphic marker biased toward the candidate functional gene region. The differ-
ences in electrophoretic bands obtained from the two markers would reflect the differences between the

genetic materials, so the germplasm identification could be constructed based on the differences in elec-
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trophoretic bands. A 0, 1 matrix was established based on the polymorphic amplified bands, and the
number of effective alleles (Ne), genetic diversity (H), and Shannon information index (/) were calculat-
ed using Popgene 1.31 software. The genetic distance and genetic similarity among the 59 kiwifruit
germplasm resources were calculated using Ntsyspc 2.10 software, and the NJ adjacent cluster trees of
59 kiwifruit germplasm resources based on Nei’ s genetic distance was constructed using MEGA 7.0
software. Finally, 169 pairs of SRAP primers and 57 SCoT primers were used for the molecular identifi-
cation of the ‘H-16" variant material. [Results] The screened 12 pairs of SRAP primers and 16 SCoT
primers amplified 125 and 143 polymorphic bands in 59 germplasm resources, respectively. The aver-
age numbers of amplified bands were 10.50 and 8.94, the average polymorphism ratios were 97.07%
and 100%, and the average genetic similarity coefficients were 0.668 and 0.640. The genetic distance
between the 59 kiwifruit germplasm resources obtained with the two kinds of markers were about
0.437-0.952 and 0.441-0.930, respectively. The high genetic similarity coefficients of 0.952 and 0.930
between H-16 and Hongyang indicated that the genetic backgrounds of them were highly consistent.
From the clustering results, two kinds of molecular markers, SRAP and SCoT, divided the 59 kiwifruit
germplasm resources into 4 and 8 groups, respectively. The SCoT marker provided more genetic varia-
tion information than the SRAP marker and could distinguish kiwifruit species more effectively. Some
of the A. chinensis clustered with most of the A. deliciosa germplasm, showing that the A. chinensis and
A. deliciosa were more closely related interspecies and there were frequent gene exchanges between
them, further confirming that 4. deliciosa is a variety of 4. chinensis. From the analysis of species ori-
gin, among the 4. arguta tested, Hongbaoshixing and Zhongxiahong both originated from the Kiwifruit
Resource Collection of Zhengzhou Fruit Tree Research Institute, Chinese Academy of Agricultural Sci-
ences, which belonged to the fully red A. arguta, both clustered together by the two kinds of markers, to
a certain extent, indicating that the relatives and geographical distribution were related. The above ge-
netic analysis based on SRAP and SCoT markers indicated that the genetic similarity coefficients be-
tween Hongyang and ‘H-16" were high, so it was assumed that ‘H-16" was a variant of Hongyang. In
order to investigate the genetic differences between them, the specific primers were screened from 57
SCoT primers and 169 SRAP primer pairs, and the results showed that the SP49 and SC68 primers of
SCoT markers amplified differential bands between the two specimens with a difference ratio of 3.45%.
The Me7-em11, Me9-em?2 and Mel3-em7 primer combinations of SRAP markers amplified specific dif-
ferential bands with a difference ratio of 2.36%. This indicated that there was a difference in genetic ma-
terial between ‘H-16" and Hongyang. Combined with the clustering results, it was proved that ‘H-16’
was the mutant of Hongyang at the DNA level, and also indicated that both markers could be applied to
the identification of mutant materials. In addition, 12 pairs of SRAP primers clustered all 4. chinensis
lines of red-fleshed kiwifruit, which could be used as candidate SRAP primers for the screening of loci
controlling red traits. [Conclusion] The SRAP and SCoT molecular markers classified 59 kiwifruit ac-
cessions into 4 and 8 groups effectively, indicating differences in their genetic backgrounds and a high
level of genetic diversity, and the two kinds of markers were both available, with SCoT being more effi-
cient. Both markers could be used for early identification of kiwifruit variant materials, and the success-
ful identification of ‘H-16" as a color variant (strain) of Hongyang would provide technical reference
and theoretical basis for later germplasm resource evaluation and new germplasm selection.
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Fig. 1 Cultivation environment, fruit and flowers of Hongyang and ‘H-16’
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Table 1 Kiwifruit material used in this study

s P4 4 s FEf 4 T
Code Sample Species Code Sample Species

1 21.FH Hongyang TRAEERAERE A. chinensis 31 17 Xuxiang FEMRBIERk A, deliciosa

2 BN BHAE ARl ‘H-16" s AERRIERE A, chinensis 32 K% Hayward FKIRPMERE A. deliciosa

3 #21 Chuhong HRAEERERE A. chinensis 33 Z%3% Qinmei FWRFRERE A. deliciosa

4 ZR 4. Donghong TAERRER A. chinensis 34 I 25 Xinguan 2 LWRIRERk A. deliciosa

5 214 Honghua TRAEERAERE A. chinensis 35 KK 15 Miliang 1 LWRIRNERE A. deliciosa

6 fiff£I. Qihong FRAERRAERE A, chinensis 36 £k Jinkui LIRPMERE A. deliciosa

7 JXFX-CK-04137 HRAEERIERE A. chinensis 37 5% 25 Zhongmi 2 FWRFRERE A. deliciosa

8 441 1% Jinhong 1 FRAEERIERE A. chinensis 38 4% Bruno FRIRERE A. deliciosa

9 215122 5 Hongshi 2 HAERRER A. chinensis 39 &% Xianglii LWRIRERk A. deliciosa
10 47 Jinfeng FRAERRAERE A. chinensis 40 #6315 Huamei 1 KRBk A. deliciosa
11 H W 15 Xiaya 15 HRAEERIERE A. chinensis 41 415 £ & Hongbaoshixing BPERE A. arguta
12 FLif Zaoxian HRAEERIERE A. chinensis 42 {5 £ Zhongxiahong AN A. arguta
13 % & Cuiyu HAERRERR A. chinensis 43 BEZE Kuilii AN A. arguta
14 45175 Jinshi 1 FRAEERAERE A. chinensis 44 i V1 & Baobeixing BB A. arguta
15 45225 Jinshi 2 FRAERRERE A. chinensis 45 JE3% 2 5 Longcheng 2 BARNERE A. arguta
16 41 Jinyan TAEERERK A. chinensis 46 7K+ 45 Yongfeng 4 AN, A. arguta
17 4§t Hort1 6A HRAERIERR A. chinensis 47 K41 15 Changjiang 1 WA A. arguta
18 #UH 3 5 Wuzhi 3 HFAERRERR A. chinensis 48 KR1 SRRk A. valvata
19 475 Jinxia HHAERRERR A. chinensis 49 KR3 X EERRERE A. valvata
20 B Qionglu HRAEERIERE A. chinensis 50 KR4 R A, valvata
21 41k Jintao HAERRERK A. chinensis 51 KR5 WERRAER A. valvata
22 482 %5 Jinlong 2 PRI A. chinensis 52 FEAt A. eriantha BTk A. eriantha
23 i#1l1 55 Tongshan 5 TRAERRAERE A, chinensis 53 AE1 BALTMERE A. eriantha
24 JFi 117 Lushanxiang HRAEERERE A. chinensis 54 AE2 BALIIER, A. eriantha
25 % Kuimi ARk A. chinensis 55 K 4. hemsleyana KRRk A, hemsleyana
26 =g 145 Sanxia 1 TRk A. chinensis 56 KA. longicarpa KIRBRMERE A. longicarpa
27 I 65 Xiangma 6 HAERIERE A. chinensis 57 R A. latifolia Ve BRAE Rk A. latifolia
28 4155 Hongmei LRBIERE A. deliciosa 58 KR2 KFFERERE A. macrosperma
29 BrAF Mixiang FKIRFIIERL A. deliciosa 59 A Jingli TG BRERE A. callosa
30 7% Cuixiang LRI A. deliciosa

T 5—6 H B Lo Fr,-80 CHBARIE VKA fRAT7, F
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Table 2 169 pairs of SRAP primer combination sequences and 57 SCoT primer sequences

514 ST 53’ Elkzi ST A 5’37 514 ST 53’

Primer  Primer sequences 5’ —3’ Primer Primer sequences 5'—3’ Primer Primer sequences 5’ —3’

Mel TGAGTCCAAACCGGATA SP4 CAACAATGGCTACCACCT SP42 ACCATGGCTACCACCGAT
Me2 TGAGTCCAAACCGGAGC SP5 CAACAATGGCTACCACGA SP44 GCAACAATGGCTACCACG
Me3 TGAGTCCAAACCGGAAT SP8 CAACAATGGCTACCACGT SP47 AACCATGGCTACCACCGC
Me4 TGAGTCCAAACCGGACC SP9 CAACAATGGCTACCACGA SP48 ACGACATGGCGACCACCG
Me5 TGAGTCCAAACCGGAAG SP10 CAACAATGGCTACCAGCC SP49 CCATGGCTACCACCGGCG
Me6 TGAGTCCAAACCGGACA SP11 AAGCAATGGCTACCACCA SCl1 CAACAATGGCTACCACCA
Me7 TGAGTCCAAACCGGACG SP12 ACGACATGGCGACCAACG SC13 ACGACATGGCGACCATCG
Me8 TGAGTCCAAACCGGACT SP13 ACGACATGGCGACCATCG SC15 ACGACATGGCGACCGCGA
Me9 TGAGTCCAAACCGGAGG SP14 ACGACATGGCGACCACGC SC18 ACCATGGCTACCACCGCC
Mel0O TGAGTCCAAACCGGAAA SP16 ACCATGGCTACCACCGAC SC21 ACGACATGGCGACCCACA
Mell TGAGTCCAAACCGGAAC SP17 ACCATGGCTACCACCGAG SC22 AACCATGGCTACCACCAC
Mel2 TGAGTCCAAACCGGAGA SP19 ACCATGGCTACCACCGGC SC23 CACCATGGCTACCACCAG
Mel3 TGAGTCCAAACCGGAAG SP20 ACCATGGCTACCACCGCG SC26 ACCATGGCTACCACCGCT
eml GACTGCGTACGAATTAAT SP21 ACGACATGGCGACCCACA SC29 CCATGGCTACCACCGGCC
em2 GACTGCGTACGAATTTGC SP23 CACCATGGCTACCACCAG SC31 CCATGGCTACCACCGCCT
em3 GACTGCGTACGAATTGAC SP25 ACCATGGCTACCACCGGG SC34 ACCATGGCTACCACCGCA
em4 GACTGCGTACGAATTTGA SP27 ACCATGGCTACCACCGTG SC35 CATGGCTACCACCGGCCC
emS GACTGCGTACGAATTAAC SP28 CCATGGCTACCACCGCCA SC37 ACGACATGGCGACCAGCG
em6 GACTGCGTACGAATTGCA SP29 CCATGGCTACCACCGGCC SC48 ACAATGGCTACCACTGGC
em7 GACTGCGTACGAATTCAA SP30 CCATGGCTACCACCGGCG SC55 ACAATGGCTACCACTACC
em8 GACTGCGTACGAATTCAC SP31 CCATGGCTACCACCGCCT SC65 ACCATGGCTACCACGGCA
em9 GACTGCGTACGAATTCAG SP33 CCATGGCTACCACCGCAG SC68 ACCATGGCTACCAGCGTC
eml10 GACTGCGTACGAATTCAT SP34 ACCATGGCTACCACCGCA SC74 CCATGGCTACCACCGGCA
emll GACTGCGTACGAATTCTA SP35 CATGGCTACCACCGGCCC SC77 CCATGGCTACCACTACCC
eml2 GACTGCGTACGAATTCTC SP37 CAACAATGGCTACCAGCG SC79 CCATGGCTACCACTAGCT
eml3 GACTGCGTACGAATTCTG SP38 AAGCAATGGCTACCACCG SC29+SC31 514204 Primer combinations
SP2 CAACAATGGCTACCACCC SP39 ACGACATGGCGACCAGCG SC29+SC37 5424 Primer combinations
SP3 CAACAATGGCTACCACCG SP40 ACGACATGGCGACCACGT

&, PCR J MK 24 20 uL £ 7 10 uL 2xEs Taq
MasterMix(Dye) , | Fii#5]4)% 500 nmol-L"'.1.5 pL
AR DNA, HL 42 B ddH.O #h 55 . 7 S MBI P38
FEJF 4 : 94 CTAS I 4 min; 94 °C A8 1 min, 35 °C
iR K 1 min, 72 CHE{H 1 min; F3E47 )5 35 DEIR,
94 ‘CA# 4 1 min, 50 ‘CIiB K 1 min, 72 ‘C 4Ef# 1 min;
5 72 ‘CZEAH 10 min.

S PR SE ) SCoT Aric 4138 J7 v I I LAE
M, PCR [ B A& £ 24 20 pL, £1% 10 pL 2xEs Taq
MasterMix (Dye) , 500 nmol - L' SCoT 541 pL #&
BRDNA, 8 uL ddH,O. ¥ H4F2/74:94 “C AR S min;
94 ‘CAEPES0s,51 CiB-k 455,72 ‘CIEH 90 s, FL35
AR B JETE 72 ‘CLEM 10 min. T 4 CLRTF.
14 SEMSIMHERTFETE

B B 8 AN A Bk ot ok AR SRR, 7 3k tH 22
B2 S TEm P R s A Tt £
FEPER R HT . SR 9200 = & 2 [ & 44k SRAP/
SCOT-PCR J W44 2 43 A% 169 Xt 51 40 F1 57 265140
BEAT PCRY™ 1Y, X ‘H-16" MR AT 2 7 %558 . PCR
P HG 7 WR H 1.5% 355 A e I R VK, A 0 S A < 1%
TAE 211« 100 V 45 min, 5 T SYNGENE H zl#t
B ABAX R AR AL 5%

1.5 HiR#EmE S

MR4E Y14 45 kAT skl gt [/ — A By 3G
2kt M 3R AL 1, oA I B AE IR A 26 il
0, 7E ¥ Microsoft Excel 2010 H1 44 2 JF 46 0/1 %%
FEBE 9% 2 5l 7% 5 09 B Mega7.0+ Popgene
1.31 HI Ntsyspe 2.10 i 75 2 (1) £ 48 1 kA7 1845 2
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HIHE 7> DNA BEARHEAT PCR Y1 . &N 169 915 5%, § M AL s B 2 51 W) 4H & MeT7-eml11,
XF SRAP 5 W)} i ife 5 7 26l £ 8 IR E R NS, PR BRI A B AL N 1.572(3 3) ,

Mel-em1
6 7 8 9 10 11 12 13 14 1516 17 18 19 20 21 22 23 24

2000 bp W T T
1500 bp [ e :

1000 bp S@Ea===

750 bp -

500 bp
250 bp

Me3-em2
M 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

2000 bp

Me3-em2 Me2-em7

52 53 54 55 56 57 58 59 49 50 51 52 53 54 55 56 57 58 59

2000 bp 8

1500 bp [ -8=0 & 8 | =

1000 bp ........._.a.;uu-

5500 [
250 bp
2 #B4> SRAP 5IH7E 59 4 B9 1E S
Fig. 2 Amplification map of some SRAP primers in 59 materials
&3 123 SRAP 31 Z ASHENH
Table 3 The Polymorphism analysis of 12 pairs of SRAP primers used for this study
219 A CEMENE  SEMEE  AMCHUERE Nei'sHEMZHHE 0 Shamon’s {3 KLY
Primers Total band No. of polymorphic  Polymorphic  Effective allele Nel s gene Shannon information
number band rate/% number, Ne diversity , H index,/

Mel-eml 12 12 100.00 1.594 0.358 0.539
Mel-em4 15 15 100.00 1.478 0.295 0.456
Mel-em5 9 9 100.00 1.651 0.381 0.565
Mel-em7 13 13 100.00 1.429 0.272 0.427
Me2-em4 9 8 88.89 1.637 0.346 0.499
Me2-em7 14 14 100.00 1.432 0.273 0.430
Me3-em2 7 7 100.00 1.688 0.374 0.545
Me7-em7 11 11 100.00 1.538 0.322 0.487
Me7-em11 5 5 100.00 1.633 0.357 0.527
Me9-em2 8 8 100.00 1.668 0.364 0.530
Mel2-em2 8 8 100.00 1.601 0.366 0.549
Mel3-em7 15 15 100.00 1.510 0.302 0.462
AT Total 126 125
¥4 Mean 10.50 10.42 99.07 1.572 0.334 0.501
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Fig. 3 Clustering of SRAP markers for 59 kiwifruit varieties(lines) based on genetic distance
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Table 4 The Polymorphism analysis of 16 pairs of SCoT primers used for this study
219 i TAEMFMGE  BAEMIE AR Nei’s R ZFEFE 28 Shannon”s {5 B 4 4L
Primers No.of total No.of polymorphic ~ Polymorphic Effective allele Nei's gene Shannon information
band band rate/% number, Ne diversity , H index,/
SC23 5 5 100.00 1.442 0.276 0.436
SC26 7 7 100.00 1.577 0.352 0.532
SC55 9 9 100.00 1.549 0.334 0.507
SP2 7 7 100.00 1.590 0.356 0.536
SP11 11 11 100.00 1.492 0.311 0.482
SP19 12 12 100.00 1.641 0.354 0.520
SP20 11 11 100.00 1.474 0.279 0.426
SP29 12 12 100.00 1.589 0.331 0.492
SP30 7 7 100.00 1.703 0.392 0.569
SP31 10 10 100.00 1.677 0.379 0.555
SP34 8 8 100.00 1.442 0.284 0.448
SP35 7 7 100.00 1.523 0.306 0.461
SP38 10 10 100.00 1.519 0.313 0.479
SP42 7 7 100.00 1.578 0.346 0.524
SP48 9 9 100.00 1.418 0.270 0.426
SP49 11 11 100.00 1.503 0.298 0.455
K4 i) Total 143 143
“F15 Mean 8.94 8.94 100.00 1.545 0.324 0.491

Nei’s % K £ £ M 48 %0 (1D &AL 5 BN 0.276~
0.379, “F-¥JME 4 0.324, H A 5 =1 AU B AR 23 5 A 51 4
SP31(0.379) F15]#) SC23(0.276) ; % 5| ¥ B! Shan-
non’ s & ¥ (D {8 £ 0.426~0.569 2 [8] , “F- ¥J{H N
0.491, 2 857K gL Z A6, B 8514
SP30€0.569) , [{E AL 51478 SP20€0.426) . M\H™
Wa2E FRTE , SCoT W3 Ha 7= F W o/ 2242
HAE 250~2500 bp, % B 59 4 R Bk A4 R} g AL 4 S
F&E o ARGILER— anFhrb A AL SUE BAEAE
75, R R B A Rk o 5T 55 U 7E 2 X 4 DNA
KV EEA R ZESR.
24 ETSCoT HFHrEHIBLES T

59 1 5 A% B A4 L 1 388 4% AH ALl &R B (SMD TR
0.441~0.930, *F- 418 } 0.640, A5 i 4 0.489, it £ 4
LR FR KRB 5 “H-16(0.930), ‘H-16" 5%
21.(0.720) , /MR M B CH-16 ) 5 KT 15
(SM=0.441) . 7 B A 0 B kb o 1) gt 4% 22
BOR AR ECE & I AL 2R, TR Bk A A% A
ABRTE: 2 vy T Ao T 3 A% AR ABAEE

A% AL R FON 0.636 1, 59 43 1 BE4E 4 N
JUKFECES, o G1 2Rk B 5 AR 20 P RR
bk, H 15 (LB 25 (C“H-16") FEAE—id , 31

M SCoT #rict % B “H-16" 18 4% 15 5% F1 1 [ = 5 AH
LB RRIT, &4 1 S RMERN—F. G3%K
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FILHISRG R R, GA KR 13 M B R, EE 2
8 H AR A A 3 4 58 R SR Bk A 2 43 B AR R A
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Uy B AR B 4= B 4 7E GS J5E, G7 KBB4 48
5495 .50 5 .51 5 R, #oR BT SRR
TE G8 5+, Br— 4y 52 5 WA 7E % IS BE CBARBRAE
B, H A 11 0y A AR R Bk AT 7 47 58 R R A% B
SCoT Fric4h 3K BB Ak it Fofr (7] 138 4% 2 RE PR o
R R Hp AR BRI Ak 5 2 RBRAE B R R O Rl SR 2%
KR B3, NP IC U] ‘H-16" 5
ZLBH B AL TS 50 LF 58 4 — 80, R B ‘H-16 7] R
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259 ] RAPD 43 BT £ BR BRI Bk 42 40 2548 &, Fa
TEIRAT T C86-37 55 J5 b ) B IR 4H 22 S, B Sl
1 SCAR FRict A\ 18 2% 51 4 v il Ty % 5 Bt 22 R i IR
T IRZF AR IX N FFRic N TR AL e
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