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Identification of peach flower genotype (Non- showy/Showy), develop-

ment of flower- type related molecular markers
JI Shuanggiu', WANG Lirong®, LI Yong®, ZHU Gengrui’, CAO Ke’, FANG Weichao’, CHEN Changwen’,
WANG Xinwei’, ZHANG Qi", WU Jinlong™

('School of Horticulture and Forestry, Tarim University, Alar 843300, Xinjiang, China, “Zhengzhou Fruit Research Institute, Chinese
Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective] The purpose of this study was to supplement the classification of peach flower
types, identify the germplasm resources of homozygous non-showy flower patterns, and develop flower-
type-related molecular markers in peach, in order to provide new experimental materials and theoretical
support for marker assisted breeding of ornamental peach. [Methods] The peach phenotypes of flower
types were first investigated, then the genome-wide association analysis (GWAS) based on the structure
variations (SV) was performed to locate the key loci identified in 327 peach germplasm resources. Poly-
merase chain reaction (PCR) amplification of transposons was performed in different populations, after
the amplified PCR products were verified using 1% agarose gel electrophoresis. The coefficients of vari-
ation were calculated by chi-square test. The mining of the key variant loci was performed by the inte-
grative genomics viewer (IGV) software to identify candidate intervals from 145 peach germplasm ma-
terials. The 192 inbreeding populations of Zhongpan 17 were used for kompetitive allele-specific PCR
(KASP) experiments to verify the accuracy of genotypes and phenotypes. [Results] The flower-types
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(d) of peach were mainly divided into Non-showy, Showy and Chrysanthemum-shapes, among which
the Non-showy type was dominant to the Showy type. The data of flower type localization analysis car-
ried out so far were SNP mutations, and the flower-type (d) candidate gene was locked in the range of 14-
16 M on chromosome 8. However, GWAS results based on SNPs tended to locate larger intervals with
more variant loci within the intervals, and it was still challenging to carry out key gene mining, while the
SVs of variants could affect the function of genes over SNPs. A variant ms179 810 transposon was iden-
tified at Pp08: 14 518 604—14 521 291 bp, and GWAS localization analysis was performed by the identi-
fied SVs, using the resequencing results from 327 peach germplasm materials. The localization results
showed that the transposon exhibited insertion in the non-showy locus? and deletion in the Showy lo-
cus? A total of 384 individuals concluding Ruiguang 39 x08-9-106, Qinglang x Zhongyoupan 7 hybrid
populations and the Zhongpan 17 inbreeding population were amplified to verify the accuracy of the
transposons The chi-square test showed that the insertion of transposons was not significantly associated
with the floral traits. But this did not mean that the error of the localization interval? and did not exclude
the existence of other loci with high phenotypic association in the vicinity of the transposon. The rese-
quencing data of 145 peach germplasm materials were used to find the variant loci related to flower type
at the range of 200 kb in the transposon, and finally, a SNP variant was identified at 33 980 bp upstream
of the transposon. The exact location was Pp: 14 484 624 bp. The locus had three types of variants, in-
cluding CC, AC and AA. When the flower phenotype was Non-showy, the genotype was CC or AC, and
when the flower phenotype was Showy, the genotype was AA. The accuracy of genotypes and pheno-
types was 98.62%. However, the phenotypic comparison showed that the corolla diameter of non-showy
type CC was smaller than AC, and the Non-showy type might be incompletely dominant to the Showy
type. To verify this hypothesis, the inbreeding population of Zhongpan 17 (heterozygous Non-showy) was
used for identification, we found that the genotype and phenotype segregation ratio of the homozygous
Non-showy: heterozygous non-showy: Showy types in the inbreeding population were close to 1:2:1,
and the accuracy was 98.44%, which conformed to Mendel’ s law of genetic segregation. The corolla di-
ameter of the homozygous non-showy type was similar to the sepal diameter, (1.54+0.46) cm, while the
corolla diameter of the heterogeneous non-showy type was generally (2.6140.4) cm and the corolla diam-
eter of Showy type was greater than 3.7 cm. The subsequent cluster analysis of the diameter size also
showed that the homozygous and heterozygous non-showy types were more closely related to each other
and more distantly related to the Showy type, resulting in the difficulty to accord with a traditional classi-
fication that did not separate homozygous and heterozygous non-showy types. [Conclusion] The Non-
showy flowers of peach we subdivided into homozygous and heterozygous Non-showy types for the first
time, based on the variant type at Pp08:14 484 624 bp of the peach genome and the findings of the
peach flower phenotype, and the molecular markers to identify homozygous non- showy, heterozygous
Non-showy and Showy types were developed as well. The identification of homozygous non- showy
germplasm resources would provide a clue for marker assisted selection for ornamental peach.

Key words: Peach; Flower type; Genome- wide association analysis (GWAS); Integrative genomics
viewer (IGV); Kompetitive allele-specific PCR (KASP)
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Fig.1 Three major flower type traits of peach flower
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Table 1 145 peach germplasm resources used for IGV comparison
o) eid HAR e 16 BHAT
Num- i b 44 FR Eeit) Corolla Num- PP AR =M Corolla
ber Variety name Phenotype diameter/ ber Variety name Phenotype diameter/
cm cm
1 MH H Diaozhibai W Showy 3.6 43 ¥4 WEHk Huangjinpantao . Showy 5.0
2 KEHk Daxuetao Y Showy 4.4 44 WALEE Yuhualu Y Showy 3.9
3 MAR4% Heibudai MY Showy 4.2 45 Kb 7H.4: Shazizaosheng I Showy 4.5
4 B3R H 65 Feichenghongli 6 7% JF Showy 4.3 46 Y4Bk Shahongtao Y Showy 4.2
5 WiZ<PY A - Shandongsiyueban  #AEJE Showy 3.0 47 JEfEI/K % Longhuashuimi FHHTE Showy 4.0
6  Hk Qingsitao Y Showy 4.0 48 HWEHBk Youmingbaitao I Showy 5.1
7 MRS % #E Wanhujingmilu FEHOY Showy 4.0 49 J8BEH Jizuitao Y Showy 4.2
8 4145t Hongliguang AT Showy 4.2 50 F#k Qitao WO Showy 3.9
9 &MJinfeng WY Showy 4.0 51 WIMERKE HTY Showy 4.2
10 ZLi#k Hongyetao WY Showy 4.4 Shenzhouliheshuimi
11 @k Zhouxingshantao WY Showy 3.7 52 IRJNEIE Shenzhoubaimi H Y Showy 44
12 Jebk Guanghetao WHOE Showy 3.8 53 BHRMBE Yangquanroutao WM Showy 3.8
13 2r4¢1liBk Honghuashantao %I Showy 3.7 54 ﬁ_“' AN &4 o Y Showy 3.8
Qingzhouhongpimitao
14 #-#k Tianrentao I Showy 3.5 ) e
. 55  EABk Yexiandongtao ALY Showy 3.2
15 AMEIREBE WY Showy 4.2 . -
Qingzhoubaipimitao 56 FJE4Hk Dunhuangdongtao WY Showy 4.2
16 B3 H Zaoshuhuanggan WY Showy 4.1 57 JE3F H 17 %5 Feichengbaili 17 #7%/% Showy 4.6
B 10 2 WK Showy 3.4 58 5K 5% Zhangbai 5 WL Showy 4.5
17 = . ' o .
Feichengbaili 10 59 1135 Linbai 3 W Showy 5.1
% LA Y Showy 4.4 60  fitk Shitao W Showy 4.4
Nanshantiantao 61  1LHH Wuyuebai Y Showy 4.7
WA 2 ; e g
19 TAF 1% Kashi 1 WY Showy 4.6 62  RHF Cullinan #4TE Non-showy 1.5
C e okl e A
a0 DHRMEDEL S Y Showy 4.7 63 34 Zaohuangjin EIY Showy 4.8
Xinjiangpantao 1 - %
4 I 64 #% Fenghuan TR Show: 49
, R 5 WHOY Showy 4.6 o Tenghnang PP Showy
Xinjiangpantao 2 65  i%¥% Lianhuang WY Showy 4.7
22 {14t Baihua WY Showy 4.5 66 VLAT4%5 Jiangeun 4 WY Showy 3.8
23 Mk Xingjingyoutao WHOY Showy 4.1 67  A<HPiEBE Nongshenpantao WY Showy 4.7
24 KL% Dajiubao Y Showy 4.7 68 4Lk Fenghuapantao Y Showy 4.8
25 RHIKE Tianjinshuimi Y Showy 3.7 69 il 15 Zhongyoupan 1 #J¥ Non-showy 3.2
26 MRk Yingzuitao WY Showy 4.6 70 PTG WY Showy 4.2
. ) Pingdingyoupantao
27 Jw#kBiantao Y Showy 43 e
. ) 71 K412 °5 Zaohong 2 WY Showy 5.1
28 MU Bk Jintayoupantao AT Showy 4.8 o
. 72 AIiBk Renmiantao FHOY Showy 5.3
29 T AT Wuyuexianbiangan #%7/% Showy 4.8 ] e
73 #H)k Jiangtao LHETY Showy 5.3
30 PEHE Roupantao FHOY Showy 3.1 i e
74 25 Huangliguang HHRIY Showy 4.4
31 H#Hk Qingtao I Showy 4.5 . ) ) o
75 Br£LFE Bk Fenhongbitao WY Showy 6.1
32 HiA{t Wanbaihua 1T Showy 4.4 o e
i LW Sh 76 7N H 7 Liuyuekong WY Showy 4.8
33 2144 Dahongpao % Y Show, 4.2 sy , -
S & . - Y 77  HIUKZMI Wuhandahongpao — #7J% Showy 4.2
34 13SEIYA B Wuheijirout HHY: Sh 3.5 : A o
. Ejﬂdyk ;h cutroutao i%ﬁ/ Showy o 78 5% Hujingmilu WY Showy 4.0
5 LA itout: 5 . N T
toutao RHRD Showy 79 HETAAEE WA Showy 4.2
36  FESG Shuguang WY Showy 4.2 Nanfanghonghuazao
37 W% 22%F Legrand Y Showy 3.5 80  F Chunlei I Showy 4.5
38 il 2 5 Ruiguang 2 4% Non-showy 1.8 81  FHT Springtime 4% Non-showy 2.6
39 &k Yinggetao Y Showy 4.5 82 I Zhaohui I Showy 4.5
40 G4k Sahongtao A Showy 5.8 83  T#E Yulu FHTE Showy 4.5
41 %)t 3 5 Ruiguang 3 4 JE Non-showy 2.1 84  Z T Qinwang A Showy 5.4
42 F %Rk Maihuangpantao WA Showy 3.9 85 4 Jinxiu Y Showy 4.2
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%=1 (&) Table1 (Continued)
— —
BE mha sen Cond” BE oy 22 Cond”
ber Variety name Phenotype diameter/ ber Variety name Phenotype diameter/
cm cm
86 75 Goldxiweigold Y Showy 4.5 117 %4 Mika WATY Showy 5.3
87 325 Zhenghuang 2 Y Showy 4.0 118 MBI Liuyefeichengtao  #%745%J¥ Showy 4.5
88  Nijcl05 # T Non-showy 2.2 119 #{£ Chunhua FIE Showy 4.2
89 Njc83 Y Showy 4.0 120 Honeyblaze I Showy 4.1
90 4 6'5 Babygold 6 4 JE Non-showy 2.6 121 ## 45 Zhenghuang 4 WY Showy 4.4
91  Njc47 #J¥ Non-showy 2.0 122 [ Fengbai Y Showy 4.1
92 WA Myojo # 7 Non-showy 2.4 123 Wi Sunfre WY Showy 4.6
93 HLEZIERK Zaolupantao WY Showy 4.2 124 fliBk Xiantao WAV Showy 4.7
94 Njf10 WY Showy 4.5 125 C17 FHOY Showy 4.5
95 JREEIEHE Sulianpantao FEHOY Showy 4.2 126 CI8 WA Showy 4.2
96  F4FZL Qiannianhong WY Showy 4.5 127 /IABk Xiaobaitao UV Showy 4.4
97 )% Yanguang 4% Non-showy 2.8 128  #4EHE Yinhualu Y Showy 4.5
98 & Jinhui )¢ Non-showy 2.7 129 31595 Zhanghuang 9 HHOE Showy 4.4
99  Jii)t 75 Ruiguang 7 Y Showy 4.7 130 %:bk Tie Tao WA Showy 4.1
100 Njn78 #J¥ Non-showy 2.1 131 % 175 Zhongpan 17 7% Non-showy 2.7
101 X Hakuho WY Showy 4.4 132 Njn76 4% Non-showy 1.7
102 1yl 8 %5 Zhongyou 8 % Non-showy 2.2 133 EIHRH 7 Bk Baigengansutao WHIY Showy 45
103 G EABE WY Showy 44 134 CURH I HHTY Showy 4.4
Belj 1ngwanpanta0 Honggengansutao
104 4% Chunmi WY Showy 3.8 135 WA A FHOY Showy 43
105 %47 Jinxiang WHIE Showy 4.0 Kashihuangrouliguang
106 Fi%HBk 10 5 Zhongpantao 10 7 ¥ Showy 4.0 136 hif§7K# Chinesecling Y Showy 4.3
107 #EHE 15 Xiahui 1 WY Showy 4.5 137 HE Jingyu WY Showy 4.6
108 Jifid#k 45 Ruipan 4 EHETY Showy 4.2 138 " 5% Zhongyou 5 # 7% Non-showy 2.6
109 471 Huayu FEMIL Showy 4.0 139 Njn80 47 Non-showy 1.5
110 08-9-107 WY Showy 4.0 140 “FTiifk#k Pingdingqiutao WY Showy 4.2
111 KA Bk Daguoheitao Y Showy 3.7 141 ##% 18 5 Ruiguang 18 4 7F Non-showy 4.9
112 %iJt3% K Ruiguangmeiyu Y Showy 4.2 142 W Flavortop #J¥ Non-showy 4.5
113 I Qinglang Y Showy 5.0 143 %6395 Ruiguang 39 Y Showy 4.6
114 K Zaoyu WY Showy 4.0 144 #f1-3 Zhen 1-3 #7T¥ Non-showy 2.8
115 ##3% Chunmei WY Showy 4.5 145 08-9-106 WY Showy 2.7
116 W4T Yingshuanghong WY Showy 4.2
1.4 2ERBAXEKSH
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Table 2 Statistical of peach flower-type phenotype

) Fudririelat LA Genetic group
HA Germplasm KASP
Phenotype
GWAS IGV Q1 Q2 Q3
7 Non-showy 72 135 52 96
Y Showy 255 127 57 44 0
KTt Total 327 145 192 96 96

Q1 AR 17 %5,Q2,Q3 4 N AR S AT G 39
5x08-9-106, I BIx il 7
Note: Q1 is the inbreeding population Zhongpan 17, Q2 and Q3 are

respectively the hybrid population Ruiguang 39x08-9-106 and Qing-

langxZhongyoupan 7.

1.5

FIF SV E i/ GWAS 434, 527~ 181 381
ANAS AL, AL R T
I = 51 (Manhattan) B &7~ FS B 5.

IGV R[4

A IGV a] ¥ Ak B 2 (A 2 5 0 e 45

2 PN S VA

2, et

SCAF N R HLE bam ST, S IGV ) bam S B N
samtools 3 1, A2 Bt 3 /> #H 5% 1Y) tracks, Alignment
Track , Coverage Track, Splice Junction Track, X 145
B Bk it P DR 2 B3R AT B

1.6

KASPfRriz 48

6 4 IR S5 A 2 A RF 5 7 PCR (KASP) 47 4 14
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% :5 pL 2x KASP master mix ()" M [E 48 2L Y18 AR
BT, M, R ED, 1 pL DNA FEi#,0.5 uL B &5
WILL K 3.5 pL 7K, Vs TR A7 A 0N S AR AU e vl
FRR . KASPF AT 95 CHALYE 15 min;
95 ‘CAEPE20 s, 61~55 CHMEILLH 60 s, 10 M H
BEANIEH S M A IR FE PRI 0.6 °C 395 'CAEE 20 s,

55 CENEIEF 60 s,32 MR . 2 SR 13U 73
HT4% 2% N Roche LC96 II (Roche Diagnostics; USA),
BN 37 °C, BB IR] N 60 s, BT I 206 MR
9% & (FAM, carboxy fluorescein) fl 75 & 2¢ Y &
(HEX, hexachlorouorescein) . KASP 5| #5715 &
W3,

&3 KASP S EFFASIMFIIER

Table 3 Primer sequence information used for KASP typing

(OA=E i EIEZE2S ElE sl

Loci name Prmer name Primer sequences

Pp08:14484624 Primer-FA M GAAGGTGACCAAGTTCATGCTATACGTGTACAATAGATAGTCCAC
Primer-HEX GAAGGTCGGAGTCAACGGATTTATACGTGTACAATAGATAGTCCAA

Primer-Common

CTACTGATTTGGTCTGTTGGGTAACACCT

2 R 500
21 OB T 5 B A B
5 26 A 95 P 3 6 327 G B L AT

14
12
10

~logu(p)
[o2e]

JF 58T, R SV AR 57 78 67 84 F /35 AR A 3 X [R] , 75
Bk 4= FE DK 4 JE 3545 181 381 AN /1 Jifi & SV A 45 o
GWAS 45 3 & BLTE Pp08: 14 518 604~14 521 291 4t
A —/>2866 bp ¥ i1 (TE) 546 B E A (E 2),

14 .
12 ¥

Observed ~logi(p)

Pp08:14 518 604~14 521 291

<]

ms179810

2 EF CMLM #RE L /BB LEEIR SV XI5 47 2 M1 E 1 QQ-plot
Fig. 2 Manhattan diagram and QQ-plot of SV-based GWAS of Showy/Non-showy flower shape traits using CMLM model

5% 7 RT N EALIX ] . PCR Y BE %44 1 ) »
1% P B2 JI B BBk 2 FELUK ZE 23 40 Fol 57 % 5 (&1 3) 1 384
I H SRR S AR PR BT IRAIE (R 4) . R IAE 23 43k
ol A A 25 5 5 1E 384 43 Z X B AR JE AR R BLAR AT
TE 85, {H X 6 56 45 S ) 3R WA 6 32 1 1A 4 N S 2k
S ZPRTE AL IS
22 IGVH U ITIZIET R REA S

T BTN STE R A B EM R R,
HZ e A7 X 7] BT 5 R B /b, NTTPE SR A 1 5 r

Sl b 5 KEALIX T, 78 2 ALIX Bl 100 kb FI7E
W, I IGV 344, A Prunuspersica-genome.v2.0.al
VERZ 2L N2, 75 145t BkoMpsi4 ek 25 00 5 4 b
EE S 4387 R BT 3% JBE ¥ _E3iF 33 980 bp A AFAE— A
A 551 SNP(C—A) , 1A 54 Pp08: 14 484 624 bp,
ZELER R I, 2T ARAE 3 AR R, ] 4-a~c P
7N Bl 4-afi7 18 CC R, RIUNEB AL, Bl 4-b AL i N
ACH , BIUKRIRNBRTEAL, Bl 4-c A1 N AA R, FRIH
AL, BRI 5RO R I, A7 SN CC I
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DZB BJ MG QZ ZYP2 ZY9 NIC77CH NIC17 ZY5

NJF7. NJF7(Sh) s HY. ZLMH- Bk (Sh) s NS. B L # Bk (Sh) s ZYPA. ik 4 5 (sh) s SX. X E L1 (sh) s ZHP. 5 # 1% Bk (Sh) : GQ. Golden Queen
(Sh);ZH9. 5K 9 ‘5 (Sh) ; QT. EH Bk (Sh) ; SH. FiF/KE (Sh) ; TJ. KK (Sh) ;SZ. IR MK % (Sh) s R. IERk (Sh) s DZB. ki [ (Sh) ;BI. At
S ERE (Sh) s MG. JE Bk (Sh) ; QZ. 75 /M F BBk (Sh) s ZYP2. hiheh 2 5 () s ZY9. i 9 5 (sh) ;NICT77(sh) ; CH. Grest Haven(sh) ;
NIC17(sh):ZYS. il 5 5 (sh)o

NJF7(Sh); HY. Hongyetao (Sh); NS. Nanshantiantao (Sh); ZYP4. Zhongyoupan 4 (sh); SX. Shuangxihong (sh); ZHP. Zaohuangpantao (Sh); GQ.
Goldenqueen(Sh); ZH9. Zhang Huang 9(Sh); QT. Qingtao(S4); SH. Chinese Cling(Sh); TJ. Tianjinshuimi(S%); SZ. Shenzhoushuimi(S4); R. roup-
antao (Sh); DZB. Diaozhibai(Sh); BJ. Beijingwanpantao (Sh); MG. Meiguopantao (Sh); QZ. Qingzhoubaipimitao (Sh); ZYP2. Zhongyoupan 2 (sh);
ZY9. Zhongyou 9(sh); NJC77(sh); GH. Grest Haven(sh); NJC17(sh); ZY5. Zhongyou 5(sh).
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Fig.3 Agarose gel result of 23 peach varieties identified by transposon
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Table 4 Results of x’ test and 384 genetic populations used for transposon identification

5 H Ttem (A=Y EPSS LYBS A= iz Y XME “logu(p) IR ES
. Loci name Position Non-showy Showy X’ value —logi(p)value Accuracy/%
#{d Value ~ ms179810 Pp08:14 518 604~14 521 291 bp 0 1 147.310 6.71 68.75

' <0.05, R A REMKYE. T,

Note:x*<<0.05, Indicates a significant correlation. The same below.

(2]

a. AL T HERT 5 A b BRI HURT S5 R o, UK U 4521
a. Results of homozygous Non-showy alignment; b. Results of heterozygous Non-showy alignment; c. Results of Showy alignment.
4 145 BHEEIR IGV EEITEER

Fig. 4 1IGV comparison results of 145 peach resources
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Fig.5 Genotyping map of KASP marker in self-crossing population of Zhongpan 17
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Table 5 Comparison of genotype and phenotype for flower type
frAfER LB DA LRI KERIE #WY XA pla NRGIES
Loci name Position Non-showy(C) Non-showy(Z) Showy  x*value p value Accuracy/%
Pp08:14 484 624 Pp08: 14 484 624 CC AC AA 0.007 0.001 3 98.44%
6 = ek
= I
2
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Q
5 4-
: |
<
E [ FE 2 TE Non-showy(Z)
g 24 -1
Eig E E % Showy
S 1
0 ; : ; 0.1.3.5.7.8
LRI AR eIz U
Non-showy(C) Non-showy(Z) Showy
%% p<0.01.
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Fig. 6 Box plot of flower diameter in the offsprings of

Zhongpan 17

Fig. 7 Cluster analysis of flower diameter in offsprings of

Zhongpan 17
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