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TSRS T OTRR AR KT 1%, T B PER T AR & R PR 20 55 R BE 1) 7 ANAN 3 A3 1 SNP 45
0, HWET 2 SYetatk o Bl ik aEAs T SNP RIS 1 R, xS 4kt 47 oh R FE R 42 4
SLAGFH] 10 AT F0I I A& RS A JE RN 7 AR AN RE LA

KEEIR: M4 FURIAR: SLAF: JERAICH A Ht

HESHES: S663.1 NEAIRERD: A XEHS: 0513-353X (2017) 10-1959-10

Genome-wide Association Mapping of Berry Shape Traits via the Reduced
Representation Sequencing in Grape

ZHANG Heng'*", LIU Zhongjie"", FAN Xiucai’, ZHANG Chuan', CUI Liwen', LIU Chonghuai*",
and FANG Jingguil’**

('College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China; *Zhengzhou Fruit Research Institute,
Chinese Academy of Agricultural Sciences, Zhengzhou 450009, China)

Abstract: Three hundred and four grape germplasms were selected to do the reduced representation
sequencing for genome-wide association mapping to detect the genetic loci controlling berry shape. The
DNA samples isolated from the grape germplasms were sequenced with a 8.13-fold sequencing depth for
each sample, and a total of 466 618 high quality SLAF (specific locus amplified fragment sequencing)
labels were acquired, among which 392 374 were polymorphicones. Alignment analysis to the
polymorphic SLAF labels identified 4 241 729 SNP, from which 481 192 SNP were obtained with the
screening based on a proportion of genotyped efficiency over 0.8 and minor allele frequencies higher than
0.05. In this study, the loci controlling grape berry shape were the first reported, and the devotions of the
gene variances for berry shape were higher than 11% except of the SNP rs26137624 based on GLM.
Further analysis using GLM and MLM model detected 7 and 3 SNPs, respectively, and all these 10 SNPs
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located on chromosome 2. Through filtering the associated upstream and downstream areas around each
significant SNP, and detecting these related regions for functional genes, 10 genes with predicted
functional annotations and 7 without named protein product predicted were found.

Keywords: grape; berry shape; SLAF; genome-wide association analysis

FORLTEAR & 1% I SR 2R —, A A I A S, — HR AR E 1
HEEEERE — o HREARER T2 RSN, 2L (El. T5255) . HRREFRKE,
DA YIS 3 R A A A R T ) A6 DR 2R T B 2 BRI (Houel et al., 20135 548 Do FIXI S0, 2014a) .

T OC T- 128 AR ARTE W1 23 7 HLERIT 80, SR GT AR TR (10 368 A% Bt LA S kAT B [R5 A7
KA EM TR R EER D). b RFLP (BRI BB 2251, Restriction fragment length
polymorphism). SSR (& HE K J¥ 41, Simple sequence repeat) Al SNP (HIZFRZ &M, Single
nucleotide polymorphisms) 554> T FRid BEAREATY) AL P ST I Z N, il 7 Fhsid 4l ik
FEE MG T BT DUSEEL H AR PRIR B RN %08 o FH AR Gast A 5 7 R 04 T RS DR R 7 A
BAETEAR, FERRIN RS, RIS TR, AEEDE AR, SEA RIS R R D o 4K,
I ] 2 2 B DS L0 e P 5 o, 2 i DR A 2 R I 2 0 S O S e 17 o MR ) B2 2 R B MR
RIS, Rl KR SNP AR IR LU A B IR e, 55 T IEBANF 4 1) G 73 A
AR % R A MR AL T T IR AR . AR R AL G 20 T ( Genome-wide association study, GWAS)
R TIFETT Tk KRS — B E ORI HIJE K] (Huang etal., 20105 Yanetal., 2011;
Jiao et al., 2012; Verslues etal., 2014). HARDFEHRA REA T B 2 I RN T i a2k A
I, AHIE 5T R P A FE B AR 12 R I BEAG o T AR SRR M R BT () GBS

(JEF AU, Genotyping by Sequencing) (Elshire et al., 2011). RAD CBRHIAL SAHIE DNA,
Restriction-site Associated DNA) (Chen et al., 2013 )+ SLAF CRf 5 PEAL 5434 J BLll /7, Specific Locus
Amplified Fragment Sequencing) (Zhang et al., 2013) & &4k 3 A 410 7B A BlA N H T DhRESE K142
JEH)IZ A5 (Hanetal., 2015; Sonahetal., 2015; Zhouetal., 2015). AIR4H%T 304 437 %
TS REEEAT T RREARI 2347, IR SLAF BRI A ¥ %5 4 HE A A1 SNP s ic oo SR AR 2EA T
TR, AHIERASE T SRR AR L D AR 5 DR R S A i L AT

1R

1.1 REsrel

TGS APRL AR B [ AR M AR 2% Bt 8 M AR BB I 8 R SIS M A 25 . LB 304 £
FUMEE (R D, A5 199 rBERN. 93 MrERSEARIRT 12 (B AR WA, RAJEAME. T
2015 4 4 H A1 2 BRI o, I EGH R Ja i - 80 "C kA 1/ 47, H CTAB ¥ (Murray & WT, 1980)
FRIUIE R 41 DNA.

1.2 REFIRAE

TR TR A S 5 PR 2R 25 (2006 Y25 1Y R 28 R 0 08 5 IR IR VB A BLHE R vE ) HEAT,
2013—2015 FFiELE 3 F5F 304 MR R HR T KRG ML &,
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1.3 ZEERARFR

TRV BRSNS PR E g 8%, AT NI SNP ARid T U2 5L 240 (PN40024)
Ve Z 2 TR HEATRED) 0N . 225 BN BAARME B (1) % L bR K /N21 0 416 Mb, GC &
4 39.08%; (2) #ijZ (PN40024) HEN4] (Jaillonetal., 2007) 41%%H BEL1IK A 486 Mb, GC
FrEoN 33.41% CT#cHtE: fip: //fip.ensemblgenomes.org/pub/release-23/plants/fasta/vitis_vinifera/ dna/).

14 BMYIAEHE. REEERSEENF

I B FREDIN S5 FE 2] (PN40024) HEATHEL TR DITIN, EREEIEREY) 7 & PRI
(1) B BOK R 5 BRI AR R W S RL R s (2) B U A BUESE N ERBE B A 0 A, (3) AT
HEEFHINEGY) B U TREAIG: (4 mAAGEUI Bt (SLAF A% il 2 UHAR 4L

R 1% 7 (W B G WG D) 7 58, PRI G ks () A S SE R 41 DNA 23 AT D) e o BN ot 1)
DNA M4 10 pg, MM ZEYING [, T, DNA %88, ATP7E 37 C FW#AL 20 min, FEIIAZ
DIEg Il 37 “CFWEAL 20 min, 1SRRI B, W3R IEEY) v B (SLAF 4728 BT 3" A Ab2E,
¥4 Dual-index (Kozich etal., 2013) JlI/F#)k, PCR §'#, DNA “lifk, JBFE, DIRSEEH A B
PR SCPE K, Ak 5 H Tlumina HiSeq™ 2500 _F AL .

1.5 ey, EEN5FA

FI ] Dual-index XJ Wl 7 £53 2 J5U aa Hcd AT 00, 52055 FE A I raw reads. i JEHINF raw
reads [M#3k )5, 93 clean reads, #RJGHEAT I P B O = () PEAL o i U X clean reads H]
SOAP, (Lietal., 2009) fl BWA ¥ f} (Lietal., 2009) X} 3| Z# LK1 (PN40024) |-, H GATK

(McKenna etal., 2010) Al SAMtools (Lietal., 2009) AT A 4FE R 41 Yo HI ) SNP Frid .

ARG HT, LT SNP FIH TASSEL (Bradbury et al., 2007) #PEM— ek P

(General Linear Model, GLM) ARG AR (Compressed Mixed Linear Model, MLM) 14 £ 5¢

BE, Y=aX+BQ+uK+e, av By p Fl e HAHKZSH. Hh, 1T admixture # A} (Alexander et al.,
2009) KL EEALH) Q, it SPAGeDi (Hardy & Vekemans, 2002) #fi150kE W] SR 56 &
K, —REMHEEAATH Q FE, MRGLMEBAAH Q+ KGEE. YRS, X NILHA, H&4A
A SNP {7 s #RBEFF B —ANSEHE (P). P {fFH Bonferroni 7% 1E: o < 0.01 fil a< 0.05 (533
NP < 270x107FIP < 1.35%10°),

2 HIR50Hr

2.1 EHEMRZERNRARK

X304 437 2 IR IR AR SRR AT I A, SLHORDBARIEAT 10 B (B 1, & D Hi,
N SRR R R I i 2, BB 44.1%; BEORFBITEANA 3 A 3 AMKIETE. BTE 2 ANFHE
T 1A WP JORDEAR ZHAEME (6 Bl BMRERT (10 B . Fi4b, BR3Pk LU 15 T2 F0 5
TERIT SRR T, 20 5y BRSE 2 b B 46.2% 1 34.4%; BRI Afreby UM S T Skl 35, o RRTIE it
1) 45.7%, HLUCZ B TEFIRMEETE, 20501 by RO AP ST 23.6%80 17.1%; 1 A= P 25 16 Sk TR
FEAFR AT o
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JEAR Berry shape
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KR Cylindric  KAH[E JE Long elliptic ~ #§ [ Elliptic [% 7 Round i [’ JE Flat

{RFfhFh Representative variety HE Manao #LFIT Victoria ZELEH Lady Washington £ H Meizhoubai 14 /R Mihacr

Y A -~

.0 JE Ovate £ BH[EJE Obtuse-ovate  {E|JIFE Obovate 259 Arched R EE Bottle

JEAR Berry shape
{RF fhFh Representative variety F180» Baijixin ¥ E Zeyu JEJ$L Niagara 4:F48 Golden Finger  Jii )L Pinger
E1 #ERuERK
Fig.1 Berry shape for grape
£1 304 BEHEMRREEREER
Table 1 The berry shape of 304 grape germplasms
(=S FORTBAR K Tl U5
Species Berry shape Number Germplasm resource
BRIEZAHP i ¥ Flat 4 ZLBEHE/R 50 Suffolk Red, #7Vt Mizhi, E#iJG# Queenora, X/KEL Geerbi
Hybrids [P 12 g7 Fengshou, £ -1: Beni Fuji, ZL5%% Beni Zuiho, £ 5 Beniizu, 704 Jifeng, %4 Ryuho,
V. vinifera x  Obovate %41 Honey Red, FE/RZ L Moldova, ZE#|7 Molixiang, JEJs Niagara, FH¥FZL Tano Red, ¥k
V. labrusca A7+ Shennong Xiangfeng
5 T% 32 &EToH% Venus, L Bath, 15445 Hartford, 8k Black Olympia, £/ Hongxing, J¥#1 Hupo,
Round W Jingya, #fiL Jingyou, FEFE/K Campbell, JRJCA. Zhuangyuanhong, ZHZIEIEFE New York
Mascat, %2 /K Rommel, ¥ Meizhoubai, % /K% Mills, H155 Shenxiu, 44Ukl Vergennes,
il Xiangyue, 55 Zizao, J'1% 2 %5 Hupei 2, kP MWW Russian Concord, JNE KB Canada
muscat, F/K 1 Mars, To#%% Honey Seedless, KHEBIE Tiankang Meigui, EIEHIE Jufeng Meigui,
FA % Huafu, MRF Heifeng, H{EER Heijianiang, Reliance, Rosebell, 11-5, 16-8
M0 JE Ovate 1 BtEN Guifuren
KM B 1 #U% Cuifeng
Long elliptic
o A T 43 SRR Aierweiyin, 177 % Baixiangjiao, f#7E(EL Muscat Bailey, FH%¢%k Lady Washington,
Elliptic WM&l Cuihong, KPR 48202 Daban 48202, U&)5 Fenghou, fi#& Takasumi, b Takasago, StitI
B Guifei Rose, £ 1% Herbert, 2% Honey Black, £l Kk Red Olympia, £ XUk Hongshaungwei,
21 %#% Hongxiangjiao, J"K 8 5 Hutai 8, &¥I Golden Muscat, % Kyoho, H¥Ak Baiaolin,
EHI Jumeigui, R Catawba, 75)I1% Sagami, Hi# A Steuben, HEFE Fujiminori, RAFHIL
7 Muscat Angel, ¥ Tano Black, 4 FH4T Xiyanghong, #:l% Xianfeng, {F¥#4 Xinnonghong,
{54 Tzu Nishiki, #H 7 Zhuosexiang, XK Shigyoku, X2 7 Zizhenxiang, —{A#F Urbana,
T H Otoda, AiAJG#% Bronx Seedless, 6iME*Joi% Vanerssa Secdless, J#fEJit% Canadice, %5
T4F Lakemont, #7457 1% Ximulaode, A7 Zuirenxiang, HIE#EL Governor Rose, kA&
Shennong Shuofeng
AT Fof T 531 T 91 75 Angour siokh, T H V. Annamaria, [1#775%E White Rozaki, FTIEFTNY Afuali, Lb540
V. vinifera  Elliptic Rosario Bianco, ttF€/K Julski Beaser, & FLHTE(IR Misket Dounvaski, 75 & 7 £13& Mathias Aromatic,
L. 4AE4T Cardinal, Hy2IPT B # % Fenhong Alimandeng, ¥y40H7 7t Fenhong Lachaji, #FEBL Fusi

Meigui, A4 Hetianhong, :2iZHf Pensal Blanco, £07i¥} Gousale kara, £I%'75HLH Rosario
Rosso, ZLWFJfjILK Flame Muscat, FE47/K Jilaer, HFRF40 Jinan Zaohong, FEFFFEIS Kutesaita,
4T % Lizixiang, JEHR Longyan, il Rodi, T #iA%/K Precoce de Malingre, H(¥F Mascat
Hamburg, £ /K Naduoer, JRFLH Aromatic of pecs, #i%it 2/ Queen of Vineyard, 541 SCH(IL
Mascat Plevenski, 575 Qiaowushi, Z{Jé Joanna Charnice, k[ Qiubai, JLFHE(I Shenyang Rose,
MR Shengli, MEFITEZ) 2 %5 Shenglihuayao 2, $#Jj| 58 KK Tebieheidali, HZK MK Wujiakeayi,
VU3EHE Selecta, H [1 Xiabai, ¥ %% Yang Grape, {751 Elisabeth Grape, KLty B Ispissar,
HAA Ttalia, FARKFIHIE Rose D Italia, M5 Zaoheibao, 7 Zexiang, KU% Zifeng, A0
Zijixin, %8k Zitao, %P Zizhenzhu, A E/E Emberad, Z I Aishen Rose, i K /K Madh
pa fare, £ 41 JC#% Ruby Seedless, ZLJiJC#% Blush Seedless, £LJCFF#s Hongwuzilu, 3%
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Tl FRTBAR Ko Lidriiel]

Species Berry shape Number Germplasm resource

Jingzijing, HEi % Kangnainuo, Z2W] F54% Dawn Seedless, M€ H Nasaili, K Autumn Seedless,
%Wy )& Sangduohani, JG#%[1 Thompsons Seedless, JCIZEIE Rose Seedless, Joi%*% Black
Monukka, P§% Xiying, FL/REE Waerse, FfK/K Lival, ZL#iHs Hongsidi, Hifi7X £ Sipahanbao,
FLHES Zaokangbao, FKZLE Qiuhongbao, 575 Jingxiu, Waltham Cross, FK 25 Qiuheibao, Sivan,
453 Jintian Feicui, 25X J#% Huangjia Seedless, 4xM 4 Jintianhong, #iAJFH Bujisuli, A
K45 )5 Shennong Jinhuanghou, Gold, [LLi# Pinot Blanc, fEFIER Carignan, LEEEH Traminer,
Crimson Seedless, 87-1, Gold star, Black Diamond, Hod, Mutant of Thompson Seedless

Jiit [ & Flat 4 KI5/ Mihaer, 740 Xaingfei, £I9:7TCH% Flame Seedless, 90-1

E1BHIE 8 757 Fangxiang, 757r#i%4j Fangxiang Grape, fifiss High Bailey, 5{7[/{ Jingkejing, 51ETH%
Obovate Jingfeng Seedless, NN TG Beauty Seedless, K4 /K Yanggeer, P4 Syrah

BGN TE 2 %K Zeyu, Star Light

Obtuse-ovate

5 Arched 2 UMY Linai, 4:F45 Golden Finger

53 B 47 F5HE I Rose Cioutat, 11-43, %75 Madeleine Angevine, |3 Irsay Oliver, [1ik$r#k
Round Baidalayi, fli#4:{% Bulajinnie, A1i%]H %987 Buliegiluoranxi, 47 % 734 Djoura ousioum, X

J& 51 Fenghuang 51, T Guibao, MHFEL/RK Hatebaer, HIX Black Hamburg, 2245 Heimo, &
J& Heixiani, £ZLJIF)V. Hungaria, #% ff Huangmisi, 2. Gros Colman, /14 Mudanhong,
JRF/R Paikaer, T4{# 2“5 Qiaobao 2, 7+J}JE Sultanick Rose, ZX%'["] Madeleine solomon, /)[4
%j Xiaobai, €4 Muscat Mathiasz Janosne, /K33 Kocsias Irma, W% Yilixiang, F.4x
7 Zaojinxiang, I Zaomeigui, I FL Zhengzhou Zaohong, /KN Perlette, A TA%
Bixiang Seedless, 5% Qingzi, SG, LA Anmamaliya, ZIHi#K Red Globe, FEF Ugni
Blanc, 7##Ek Cabernet Sauvignon, % [H % Blue French, 2 i#f Pinot Noir, 5t A7 Italian Riesling,
KL% Pinot Gris, # #]4 Riesling, MEEEHL Merlot, fShENEK Cabernet franc, ¥ JEER Cabernet
Gernischet, FZZ M Chardonnay, /]»[1¥(¥ Muscat Blanc

KA T 34 4135 Honglianzi, Jade seedless, %1 ik Augusta, BARVCIE Olympia, FIMENEY Khalili Blanc,
Long elliptic [1#fH¥0¥# Khoussaine Blanc, fR/KII/K Boulgal, HiitHijFk Skendberg, #8753 Chaobao, #&fu -

Greaca, 217 KA Ruby Okuyama, 7 2L AR JEf4 Kelimukaonisong, H L 54§ Rizamat, &%) Manai,
3K Jingyu, 44 Niuxin, {8 Pannuoniya, 7141 Qichakapulie, 145F EL## Qiaqiwahe,
H&#E4E Riluweijie, #kHJE Centenial, *WEH(IEL Christmas Rose, 7§ 46 ‘5 Su 46, 4L
Weihongbai, 4EZ R Victoria, -3} Zaomanao, ZEMNVSICI% Melissa Seedless, Hi#i 2 5 Xinpu
2, VYL Xiwazi, SEI(IL Black Muscat, 14-6, 15-7, (MiERK Zidigiu, Mystery

KB 3 AR 5 Xycahhe Kejihm Bapmak, 33§ Manao, 3% A5 Manicure Finger

Cylindric

WETE Bottle 1 JHJL Pinger

RNV A 7 [ 4.0 Baijixin, 5 £ WAK 754 Fenhong Yayisuna, 23%.0 Heijixin, iV Otilia, 5 5

Ovate Jingzaojing, Kamea, FiFN4F Lilit
AR 1252 10 W EEE V. flexuosa, B V. piasezkii, WMEMHIE V. betulifolia, 1% V. amurensis, ZEMH
Chinese wild Round % V. ficifolia, B4 V. heyneana, "EHRHE V. pseudoreticulata, BB V. bryoniifolia, K% V.
Vitis romanetii, R4 V. davidii

BOP TR 1 IRAE % V. adenoclada

Obtuse-ovate

Jt [ J& Flat 1 SZWAHI V. hancockii
1T Total 304

2.2 BEEYISMITE S SLAF FREF &

XA 2% AL (PN40024) MEAT FLFRED) U, ARPEEGUIERE U, KN Rsa 1 5 Haelll
ANSEVIT (D) 20 A n] LU 6 26 16 DN 20 3 52 9 IR i D) B LU A, D) v BUKC RS 5 SLAF 4538
WA REIE e, TP 43 20 1) SLAF #2585 160 000 4>, il 2 iR 5052550 (Sunetal., 2013), FT
DA &M 52 Rsa | + Hae NN AEMFY)HE -

XF 304 43 AL BRI TN, 35453 663.59 M clean reads. fi} SOAP, Al BWA Wy Fh & {4 K B4
FEATE clean reads LEXT 2% (PN40024) S5 FEM4] [, TEEM clean reads A X #f LT 2 225
FEK A 1) clean reads. SLAF FRZ Ay LY Xt 21 PR 20 M — 47 ' ) X )2 471), AR 40 B X 45 31, 2R 118
WRIEAE 2 DAL IAR25E Sl SLAF Frid. 48it4F 100 kb JEH Y SLAF brid N5, 753 SLAF FridfE
RSO LA Dl 45 3R W] SLAF A ic 26 1 28 5k DR A1 45 e (B Ak L A JE A3 5 . it gt
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H3R1T 466 618 > SLAF #5545, 21 SLAF FR254 392 374 A, FEMT-E0 PR Sk 8.13%

2.3 SNP fRICHITZHE S 94

DL 25 (PN40024) 3L R AE Ky 2 % I N4, T SOAP, B4 F1 BWA R AEH4 F #3 1) clean reads
Ebxt 32 %L NG L, H4# ] GATK Fl SAMtools PIRH A IT & SNP, LABE A EEETT K 34311 SNP
SEERAE N B 2] FEIR] SNP $idli . & ad Luxt 5 0 A L3R4 4 241 729 A~ SNP #rid, dF— D 563
FERT 0.8, IREIEIAMA KT 0.05 19k, AR S —SPERI A SNP 481 192 4>, &M % £
H 416 LIS, ARE P KL% 1 kb DNA [FAIHKE B4 SNP. SLAF bR 7e K 4] % Y
Ak B A A S H SNP %5 B IA B A JE R AOCH T 22K (Sun et al., 2013), (LI FE410
JPIEH, AT LU A 3R R AL #T

2.4 GWAS KBS

RIS M N IR B H AR R AT W] W 22 S (AN, HAR LI PR 0 A AT 5 IR 0 A, RUEAT &2
U2 A1 . AR 304 4386 46 A0 5T 52 U R TE RIS O0E £ ORI Bt H AR MR 2 FEE I 25K .
HE—DFHI N 304 3 Fh 508 95 T RIS 21 481 192 A~ SNP, SR — &k 4% (Generalized Linear
Models, GLM) FlE& M (Mixed Linear Models, MLM) #EAT SR AR R B0 (1 2,
20, ARIKE] 7 A SNP AT 3 A SNP,  H— e MEA AT 2 7 > {25 R IE SNP 1 &5 iR A 4k

10" A
8{ B
| 10,
/
ay d Tl 8
on N -
I by = 6 /
k= P
) NG 79 2 @ 4
&
0 [ 0 L L L L
1 23 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 0 2 4 6 8
8| ¢ D
10 -
n 8
. oD g
. ' 6 7
343 PR LP 1 i
- P ’3.’» ) E 4
0 L L L L
123 4 56 7 8 910111213 14 151617 18 19 UN 0 2 4 6 8
Yufa fA-5- Chromosome number B - 1gP

2 REMRXBESHER
A, C R — R RINR S L Y (¥ 2 0 e, GAARAR A SRIBRAE IR —Ig P A, REARAR O fl. — AN mifRE —> SNP {41
WO LA BN 2 IR B E (FDR L) 1S F MR, & T BE I ORI A E s 2000 0.05/SNP UK O #
B, Dy QQ-plot &, SZ& 2Tl # B, SNP 5 T (¥ 8 {7 i o W 5 — 2,
IAEAR SR, fRFK SNP RIS, SRIREE AT e,
Fig. 2 The result from genome-wide association scanning for berry shapes

A, C show the Manhattan plots for the generalized linear model and compressed mixed linear model; The X-axis shows the single nucleotide

polymorphism (SNP) along each chromosome, the Y-axis is the —lg P for the association, a dot represents a SNP loci,

the blue dashed line is significance threshold for FDR inspection, higher than the threshold value of points is
the associated prominently; the red dotted line is 0.05 SNP objective negative logarithm. B, D show quantile-quantile
plot for GLM and MLM, solid lines are predicted threshold, SNP and predicted threshold on

the front joint is consistent, only in the end is perk, the associated results reliable.
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1965

ARG 211 3 /N3 SNP, IX JLAS SNP 7T 2 5 4K 6 125 174 ~ 6 137 940 F16 125 174 ~ 6 140 580
DX o 38 i A G SNP AR BRI AR B AL AR S TR (RP) O 6% ~ 13%, HeT itk
i, 453 4 SNP (1526137940, 1526125174, 1s215463958) J& THE /K FE (P < 2.70 x 107),

F2 KESHPRUMRKKKER
Table 2 Details of loci associated with berry shape traits identified via GWAS

I SNP Rtk ot B RO M PRI
Significant SNP Chromosome  Position AU AR AR e

MLM GLM MLM GLM MAF
rs26137940 2 6137940 7.22 8.6 12 13 0.18
rs26137624 2 6137624 7.19 5.18 12 6 0.27
rs26125174 2 6125174 7.09 8.41 12 13 0.17
rs215463958 2 15463958 — 8.19 — 13 0.06
rs26137630 2 6137630 — 7.74 — 12 0.12
126140580 2 6140 580 — 7.22 — 11 0.08
rs25847252 2 5847252 — 7.19 — 11 0.43

ARGEAS ) Ge AR B SRV ANTR], 7R B ATOG SNP 1 b1 iy DX, 6 SRIR X I A 7 2 REFE K]
fEd, AEIXLE B OGN SNP DXIRAT 16 A S ARG IE DY (3R 3). 048 7 MARFNL)

*3 RNMREEREXEMIREEE

Table 3 The candidate genes of significantly associated regions for berry shape

AT weaghy el ERER e oNp e R
Gene name Chromosome g g SNP_location Annotation
Gene-start Gene-end

VIT_0250012g00150.t01 2 5785719 5790810 5847252 %44 GDPDL 2 WA X1 ) Gpd & 4 #4514
1, Glycerophosphodiester phosphodiesterase
protein kinase domain-containing
GDPDL2-like isoform X1

VIT_0250012g00160.t01 2 5798038 5801982 5847252 T [ VITISV_038964 Hypothetical
protein VITISV_038964

VIT_0250012g00170.t01 2 5804 094 5806987 5847252 FEIEHAR R 3, LRiAT A X2 Acyl carrier
protein 3, mitochondrial isoform X2

VIT 02s0012g00180.t01 2 5811458 5820423 5847252 S-norcoclaurine synthase 1 isoform X1

VIT 02s0012g00190.t01 2 5826774 5866 553 5847252 ARENE 1 LOC100263809  Uncharacterized
protein LOC100263809

VIT_0250012g00240.t01 2 5887055 5890114 5847252 %1 Unnamed protein product

VIT_0250012g00300.t01 2 6039 133 6077860 6125174 R4/ Unnamed protein product

VIT _02s0012g00310.t01 2 6092 736 6111900 6125174 A1 Unnamed protein product

VIT_02s0012g00320.t01 2 6113176 6114475 6125174 K HIH 1 LOC100242112  Uncharacterized
protein LOC100242112

VIT_0250012g00350.t01 2 6121 047 6124367 6125174 SNF1 AHSCHE F1 i 45 B-2
SNF1-related protein kinase regulatory subunit
beta-2-like

VIT_0250012g00360.t01 2 6126 853 6130300 6125174 A RE b 52 R RS At5g39020 Probable
receptor-like protein kinase At5g39020

VIT_0250012g00390.t01 2 6174307 6176342 6125174 R4/ Unnamed protein product

VIT_02s0012g00400.t01 2 6184 190 6187378 6125174 A1l Unnamed protein product

VIT_0250012g00410.t01 2 6193 683 6198742 6125174 TR R B A 185 A X1
Sulfated surface glycoprotein 185 isoform X1

VIT_02s0012g00430.t01 2 6208 485 6208 852 6125174 A1l Unnamed protein product

VIT_02s0012g00440.t01 2 6209 000 6209468 6125174 %1 Unnamed protein product

VIT_0250012g00450.t01 2 6211 851 6213556 6125174 %44 GDPDL 2 WA X1 ) Gpd & [ #4514

1 Glycerophosphodiester phosphodiesterase
protein kinase domain-containing GDPDL2-
like isoform X1
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RE AR PRI L A 9 AT BE PR Th Bev R IO HE IR o 3% 9 AN DR 000 1R B A1 43 o A B AR £ 1 . B TR
Wi SZAARAE, TS SRR R 2 0 2 b 1) G B Wil D e d 1

3 e

A FRIERORHRE R, MR Z IR S H], BRIy, SO R R . F
KRR AR R (00 4 R s A DR AR LA, VR R 2 ok B AT BRACR i T A, Tk
AL S R — D S A e R ST RRERS A A R P R T R A 2 A e
L RRIS AL SRR AT 0] UK DG (5 2 Ua FIXI R, 2014b) o SRR AT LU BIUAS P 4 2, 204
e fige e 5 DT ()4 A8 S 5 6 — EAR N HARMEIR G R I 07V o e FHASTRIDR U R) B AR BEAARATE by 23 B n
G, MU FIES AT I S L R EE, Rk, e EeE IR 2 e R T4 5,
BN IR ICBE AL FE Rl . Sonah 25 (2015) R RALFER AL RN K E K 8 DML SR
AT ORI, 45 AR K 2 30 OG0 AR AR [R], A T — 28 I o, [RI IS ke
HH 7 A R R A OGIRE A3 M 6) 1 R B o 22 35 R4 1 1 52 2 e TR R R R — N 0 T

SLAF At T 00 PR S iy« A bic B RS0 i, D48 AE KAEY) (K5, Zhao et al.,
20150, # CGEJK, Wei et al,, 2014) %5 BN H . #ill1, Chen %5 (2013) T SLAF £ARX}
KREZ R (2n=2x). Wil/NZHATZE WAL R, K1 7e YRy bt BE 518 4, AT
BOERE 135 KBS, TR T 89 AMKEEE A AR R ThRid, MIEIAF] 65.9%. X LU
FRic e AR 22 B DL S LA /N2 SR R EA TR0 E, 5 R I B IR s e e i . R RS
TN AW S ARG FES], R SLAF AR A FHAR, SR SR e 4 3 R 41
JKPH SNP, SR FH — M 2R AR R RE & e MR R AT DG A T, S 5 URL TR DG Y SNP

B TR AT ST ARG A D . BB (2012) RS T 6 ANMESEER 104 43448
KM 53 X} SSR (Simple Sequence Repeats) Arict HEAT T HLALFTELAT 6 /M)A HA TR 1 4 3 DR 4 1) 5%
Weartr, 45 R R s 5 AR AL A DG o RIE TH45 (20140 FIFHA R R B ARG 45
Py RRAP T R A, SR PR AR T R AR R AL 1) SNP, 45 R 7R ppa006839m 1] it 5%
EPEARAEAE R B IR o AR T — MR PR R RN & S PR A 23 Tl 314G 7 AR 3 A 1825 P Ok
SNP, HAFIH LRI R 7 MR A LIRS R0 3 4 TFRA LA L — Bk
PERCR B, — MR MR X 18 T BHA LM T A R 1) Q (B, MRS Ze A, AMUFEET Q
1, BHERHARE R R, FrLlEGRIN B3 SNP B — e ERR /b, 7ECR] 3 M3 SNP
R UESEAS I B L 9 N T D REIERE LR, ATRe S SRR, Bk S 5 s
i B — R IR

TP RS A 2 HE DRI B IR, AU R4, iy st ML e, %
FEDR A AR ) R o S R B R 45, 20105 =it 2%, 2016). B RIRFST A B0 2 Sk 1B
RFERE BB IR (EHB 4, 2015), XYuE TR RRIRES 2. B2, A4 R
FIARIB AL NI I FOLARAN . 2 /DN R 2 5 T W% LR . AR ) Thag. W
5 LR ) W 265 L R A5 T R 8 2% A (1) 5 A 55 22 5 TR RRR NI BEAE 384 3BT 738 B AR B R T B
IARIToE 3G, 2 Fhr IR ()8 S A 5 T8 BB LB 25 15 2Bk R B A 14
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