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Genome-wide Association Study Identified SNP Alleles and
Candidate Genes for Flower Shape Trait in Peach ( Prunus persica )

MENG Ge, ZHU Geng-rui, FANG Wei-chao, CHEN Chang-wen, WANG Xin-wei, WANG Li-rong, CAO Ke
( Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences , Zhengzhou 450009 )

Abstract: The petals of blooming peach flowers can be large and showy, or small with curved edges ( non-
showy ), while showy and double flower is desirable in terms of breeding ornamental peaches. Since few studies
are conducted to detect the molecular markers linking with the non-showy/showy flower trait, that restricts the
molecular breeding for this trait in peach. In the present study, by taking use of re-sequencing data generated
from 199 peach varieties and 1042687 single-nucleotide polymorphisms ( SNPs ), we performed the genome-wide
association scanning ( GWAS ) for the non-showy/showy flower trait. Using a general linear model ( GLM ) , we
thereby identified seven signals that were associated with the flower trait on Chr. 2 and Chr. 8. Three SNPs on Chr.
8 were validated using kompetitive allele-specific PCR ( KASP ) genotyping in five F; populations. The SNP on
Chr. 8 at 14484624 bp was highly associated with the targeted trait based on the ¥ test. Based on the correlation
of the genotyping and phenotypic results of five F, populations, the highest accuracy was 93.46% at Chr. 8:
14484624 bp. RNA-seq analysis of different tissues and gene annotation enabled identifying one gene ( Prupe.
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8G118100 ) that showed tissue-specific expression in flower. Collectively, this work identified one SNP which is

highly associated with the non-showy/showy flower trait, and one candidate gene, which could facilitate marker-

assisted selection for ornamental peaches.

Key words: ornamental peach breeding; re-sequencing ; single nucleotide polymorphism; candidate gene
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Fig.1 Showy( a ) and non-showy ( b ) flower types
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1.3 £EFAXEKST

42 3L P 2 DNA 2 JBOCR F itk R ) CTAB ( Cetyl
trimethyl ammonium bromide ) 7, W ) 3¢ & 1 4
H M )7 5 Meng 25 AL, FJH Tassel 5.0
Ao D F /NS AR < 29, HLk 2K 5 (Missing
rate ) = 20% [ 8HE , ZRA5% 5 T it SNPs T GWAS
G3HTe R HIA LR 20 52 Z AR 3 A 3 ( Genome-
wide Complex Trait Analysis v1.25.3 ) F| F i 3§ J5
B9 SNP #:47 F 4343 ( PCA, principal component
analysis ) ', %] Admixture 1.3.0 34T B4
ZER AT, I Admixture 1.3.0 BT 43A4 1]
AE MY K R 5, K=2~5 &, RAHEFA
F & F T AT I — MR 2 & 3 A i
(8 — MR L KA 1 3 o35 A TR B et
RN 6 3 50 o BT (PR A B A R4 7 O 43
Bro LIgri %1 (QQ, Quantile-Quantile ) B FRR A

®3 KASP ERSEFASIMER
Table 3 Primer sequences used for the KASP genotyping

[ RIS T, LASERR 9 P H 5 AR P (E it
I B RL S HR A Y /35 3 R AR A PR IR GWAS 23 B
RO AR L2 i ( Manhattan ) 18] 5 7R JCEE 43
Bras 2 5 B FRPR I E AR IC o
1.4 KASP EFHE
KASP §"#4{A % . 5 uL 2 x KASP master mix ( 3
H TR A BRA T, L, E ), 5 uL DNA K i Al
3:0.14 pL 514, KASP 4" 3EFE 7 W1 F - 94 °C i A8
P4 15 min; 94 CAEME 20 s, 61~55 °C A2 P 4EMH 60 s,
10 NIEIR, A58 0 1 2 R BE PR AR 0.6 °C 594
CAEM20s,55 CHEEIEA 60,26 M F I, K
e H A 152 BUR 29 1T A 4% 5 Roche LC480 1T ( Roche
Diagnostics, USA ), ISZHGIR R 37 C, SRR 60 s,
JIr 296 D't R 7R 3654 9 2 (FAM, carboxy fluorescein )
NE DO GE (HEX, hexachloro fluorescein ), KASP
SIFIEE I 3,

{37 AR

51474 Primer sequences

Loci name Primer_AlleleFAM

Primer AlleleHEX

Primer Common

Chr. 8: 13950754  TTATTCATGACATCGTTGAAGAGATTTCA

Chr. 8: 14484624 ACATATACGTGTACAATAGATAGTCCAA

Chr. 8: 14487919

CATGACATCGTTGAAGAGATTTCG

GATCTGCCACATTAAAGGCAGTATCATTT

CATATACGTGTACAATAGATAGTCCAC ~ TCTGTTGGGTAACACCTATGCAAAATCAT

CCTTATGGAGAAGAATAAAATCTAACG  CTCCTTATGGAGAAGAATAAAATCTAACA CCGATTTGGATAGCTTTCTGGTTCAATTT

15 (REREERIEDH

% RNA $2 BURAFR & (b5t s A R4
AIRA A, Jbmt, HE) 428 RNA 5Lk 2
XF RNA i 1 HiSeq 2500 system ( Illumina ) 7E XU R
I ) PP A5 2R XS 100 bp B2 HEATINAF . 100 bp
BRSPS SRS 6 Gb A
TE X1 TopHat v2.1.0 W' Fffés 75 1 J5 14 reads 5 Bk
192 % £ H 4 V2.0 ( Prunus persica Whole Genome
Assembly v2.0 & Annotation v2.1(v2.0.al )| GDR
(rosaceac.org ) ' HXt, 2 J5 A Cufflinks v2.1.1 i1
B S [UE STV & S

2 ERG5HM

2.1 BAEMH R EBESRRSITERERE
ARHFFE L XF 199 (B pA Ak E 4T T, 3545
1042687 15 i it SNPs H T /R 2kt ot XF 199 157
WARHIEAT 3 WA o M7, 5 SR 3 I 44 AU 3 il AU 6 )
¥i5)55 40 ([ 2a.b ). BRIEZ 4MR ] ADMIXTURE
v1.3.0 #RAEXT 199 (3 AR RZE A I 7400 o AR
SER YT A5 R F T, 2 K=2 I}, 199 3 B BHAT L) B

KI5 WA KRR, 43 3w 24 RS AE 1 RIS 2,
PR 1AL IR A R AR, AR 2 A T 1)
RIS A3 i LA AL (Tl 2¢ ), PR IG5 %
RS PEATIR IE , LAREAROCIB /b7 P B PH 1 25

Sy T M 3 1 GWAS B R BIFSY 1 SE SR
FH 4 FRsERY, RIEE A28 1 3 il o AT i — M e vk
BT 2 58 3 A 3 AT I — R AR T AN R
B3 AT TR A L M AR R0 % B8 3 40 o0 M B TR
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Fig.2 Principal component analysis and population structure analysis of 199 peach varieties
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Fig.3 Quantile-quantile plot of four analysis models for non-showy/showy flower shape in peach
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14487919 bp 55 H AR TR 1 SC I 34 58, 43l it
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Fig.4 Manhattan plot of the association analysis of non-showy/showy flower trait using GLM
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Table 4 Information of significant association sites for flower type of non-showy/showy in peach

. S N . . . di/NAF AL R A AR RRERAVE SR (% )
Yotk EECEESNPALE (bp)  -loge (PO FHSRIERN  KESILH - S
) . . ) Minimum allele Explain phenotypic
Chr. Leading SNP position —log,,(P) Major allele Minor allele L
frequency variation rate
2 2697620 13.37 C T 0.25 24.05
2 6626963 15.75 G A 0.21 26.12
8 10134084 21.51 G A 0.05 32.54
8 12404655 22.62 T A 0.08 33.73
8 13950754 17.97 G A 0.13 27.01
8 14484624 23.86 A C 0.15 34.92
8 14487919 19.47 T C 0.14 32.35

2.3 KASP EESBERSMH

FERT B GE b, $ i Bk 28 78/ 4 7l 78 48 7 P
REGA 5 2 AT 8 5 e Ak I ( www. rosaceae.
org/ ). Ak, Micheletti 45" 5 SRR / AR 7E
RIPRIR B A B AL s L T Chr8: 13756987 bp.,
AHWFFEH, Chr. 8: 14484624 bp . Chr. 8: 13950754 bp
F1 Chr. 8: 14487919 bp 5 il si o7 B fcdiile . ik

XL 153 A HUBRIY 5 A F BRI IED T 5% 4
SV R Ry S PR R PR AR, TR 3 A5 H A
T 5 S L VAL v e 22 T OB 111 U 5 10 R < VA
SRR 3 RO ZE U A B B R AR , SRR A /
TEP T AE TR S 2B AR R A5 8 5 et fAk 1)
Chr. 8: 14484624 bp (¢ {H 4 115.10, -logl0 P {& A
4545 )( £ 5).
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Table 5 Selected SNPs using for KASP genotyping and the result of y test

Y E B RIS R TR A (0 K] . —log,, (P i
PLR AR (bp) Alleles of non-showy Alleles of showy yat log,,(P) IR (%)
Loci name o 1’ value 0 Accuracy
Position A H B A H B value
Chr. 8: 13950754 13950754 4 47 15 40 42 1 40.57 10.08 66.67
Chr. 8: 14484624 14484624 6 57 4 82 4 0 115.10 45.45 93.46
Chr. 8: 14487919 14487919 5 8 51 77 1 6 103.38 37.75 90.85

Az A IR 15 B 4G IR 25 H: 22 A8

A': Homozygous genotype 1, B: Homozygous genotype 2, H: Heterozygous loci

2.4 BEERE ) BEACEERBEXZEEERLE
F£ GWAS Fl KASP JE[H 73 B 25 5L i JLflt |, 4
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DX B AL 6 AR RBEFE L, 430 R Prupe.8G 117800
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Y/ 5 i A A AR SC B 19 15 5 2 {7 T Chr. 8:
13756987 bp, 1H 2 & A 1 47 16 1 5 P 100 0 3 #r o
Cao %1158 1 129 6 Bk & Bl 1) GWAS, 38153 T 5
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Fy FEA o0 B 45 9 067 5 AT 36, 235 2R 3 W67 1
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KR, Haz b s e e o RIS E S %
SN E Yy B B AL AR 25 kb 36 6 4
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TR 4567 5 (NBS, nucleotide-binding site ) Z54435
2B R DR G ) B L B A% T RS B (RIS
TR T LRI, DRI AN S AT RE S SRkt
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5 1 Toll H 41 & ( TIR, Toll/interleukin-1 receptor )
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