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B3R SNP-index 75 \ED % \GPS i | Gprime 15 F-FRAGIE X I, 55024 DO7 e o b5 4o 31 5 AR B OGBS AR
FE 5 AN JC I X 3, X )3 [ R 2.00 Mbp, X 0] PN 42 & 120 S 45 AR AR A 22 F R B K
(llog,FoldChangel >1. P<0.05) K H: Ty fig i B , 2L ¥k % 1 5 A % ik 5 B . GH_D0760894 . GH_D07G0896 .
GH_D07G0910 .GH_D07G0884 .GH_D07G1194. [ Z518 1AW T4 SRA 1 BEAH SCHE K 22 37 F DO7 YL ek, i 1t H 54>
] GH_D07G0894 .GH_D07G0896 .GH_D07G0910 .GH_D07G0884 .GH_D07G1194 , X 55 [F 7] R 8 1t £ A ]
Y E G5 WAL R AR o J5 20K X S L PR R AT B DR R DR DT8R |k (R oo ik S st A% 7 Ak o
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(Jiangxi Economic Crops Research Institute , Nanchang 330000, China)

Abstract: [ Objective ] The F, isolated populations were constructed by using type I fruit branches and
type 1I fruit branch cotton as parents. Extreme single plants were selected from the populations, and BSA-Seq
and RNA-Seq were combined to locate the candidate genes related to the length of cotton fruit branches.
[ Method | The population was constructed by using parents with significant differences in target traits.The I-
style fruit=branch cotton variety J201791 was used as the father and the Il-style fruit—branch cotton variety
Gan218 was used as the mother to form the cotton F, isolation population. Based on the average length of the
middle fruiting branches of individual plants in the F, population (from the 5th to the 8th layer from bottom to
top) , individual plants with extreme traits were selected to form an extreme mixed pool.Sequencing analysis was
conducted on the two parents and two mixed pools. For the data after quality control, the differences between
single nucleotide polymorphism (SNP)and insertion and deletion (InDel) were analyzed through association for
the data after quality control. At the same time, transcriptome sequencing was performed on the parents. The
stems at the same fruit node in the same fruit branch layer of the middle fruit branch of the parents were se-
lected for transcriptome sequencing. Combined with the differentially expressed genes and functional annota-
tions obtained from transcriptome sequencing, candidate genes related to the length of the fruit branch were se-
lected.[ Result | A total of 3 087 675 SNP variations and 482 160 InDel variations were generated from the se-
quencing data. After filtering, they were used for gene localization. The SNP—index method, ED method, GPS
method , and Gprime method were adopted to search for candidate regions.Eventually, five relatively stable asso-
ciated regions associated with the length of fruit branches were located on chromosome D07 chromosome.The in-
terval range was 2.00 Mbp, and a total of 120 genes were included within the interval.Combined with the differ-
entially expressed genes between parents (log,FoldChange >1, P<0.05)and functional annotation, five candidate
genes were selected, GH D0O7G0894, GH D07G0896,GH D07G0910, GH D07G0884, GH D07G1194.[ Conclu-
sion | In this study, the genes related to fruit branch length were located on chromosome D07, and five genes,
namely GH D07G0894, GH D07G0896, GH D07G0910, GH D07G0884, and GH D07G1194, were screened
out. These genes may affect the length of fruit branches by regulating the signaling pathways of different plant
hormones.The next step will be to conduct genetic transformation analyses such as transgenesis, silencing, and
overexpression on these genes.To find out differences in phenotypes will help to comprehensively reveal the ge-
netic mechanism of cotton fruit branch length.

Keywords: cotton ; plant type breeding; fruit branch length ; fruit branches ; BSA—seq; RNA-Seq ; candidate

genes
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TEHEAT IR AU 45 14 R T IS AE T R o)l , — 2 b BT B IR B =, — ] (I 22 i B AR A0 X Bk, 3 i) 42
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RAFAEAR IR i Beli M AR AL At m] 20 S A R R A S o AR i R T A [l SRAS 2
TR Ty b A ot Aol (380 18] 2 S B A 7 T3 3R B, e B L BRI ol b 407 e vy LB AR AR b o AR 2R 19 I
FANIR) AT 02 22745 (EBRARAS ) (1795 CA FRER B MG SR AT (3 URA) 3 M. #7588 B R AE M IR AR
R 2 R SR U AR, TS AN AR JLANTE 48, BRI A FRAR AL ; B B OB JO R . A1
RRME R AT FE A b, AR SRS 1Y TR BERE JE IR A 5008 TR CRERE 2~5 em) TT (R EZEFE 5~10 em)
T30 (10~15 em) ATV 2 CW R BE R T 15 em) o LR T 0E J2 | 636 D0 PP $ER 19 % i, R — ARy
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(next—generation sequencing, NGS) A A HARPER B35 4% 0 W42 0L T — 3 04 30T B, e SE R 4l =)
P9 ARG A M2 52 . B NGS ARG 43 443 Bk (bulked segregant analysis sequencing, BSA—
Seq) &4, AT A AR RE DS RS 240 5 (3 F1 0 B B2 Bt o A AR T B %05 1 X 40 AR e B PR AR L i A
A TR B[R] 9, 8 iR 4 2 850 MR IR A7 45 (quantitative trait loci, OTL) &7 BB 8] , $2 = 580K . I
1205 12 C B E AL 2N R SAR O R O QTL RS 7 S iy B A 2 8 B AT JRR T 8 AH DG A& PR A3
S HRAE LA OC QTL AR AAL I /3 BRI 2 S ALy ERR T AR R A SR A 2 F, 53 B R
A 50731 0.93 Mbp Y DX [R] , G e 15 31 4 Mg B A o 22 i ar 480 32 BRI - 22 PRR G st A 185 A0, XoF
FH 5 2R A 25 A TM- 12 B PLUP2.F, (B1 B2 P BEAR AT R AL AR B MR AR A 5T, 45 R 2R WA 2L
R B2 R A () I 32 T B [R5 22 B PR, Wang 25 i R 820 15 58 2R T AR SC TS, Al 2]
3K EEAHICHY QTLs, ARG SCAF LT AURAL T AR IR 125 A1 ECRE R AIST 15 0 28 AC Ay
FRAE F, 70 B R, SR ] BSA-Seq 12:7E A3 Je (@ fA b5 (21 145 SRASCT Ta) < B DG Ik 1 X sk, IXC 1) 91 L Ay
0.80 Mb, 2= 5 FF" LK M AR AR 2R TM -1 F 3 98 52 8 (A SR AR BHI 4R 72318 Sy SE 3044 8}, i ik BSA
F 4 201 SRS B A L R GRSBI 5 i KL IR 58 J vw BRI S R , 2 i V81428 o 2 3R 45 LY e s IR 7, ik
HRINZEER B CATKTE R,

(AW TIA L ] E B XA A8 SR AR BE 10 W 22 LA ) EDUIIRES Oy 32, e 2 B0 SC#E . o 1 3d AL
A AR A g SRR, A IF ) P T 400 7 2 ) e L 5K R A AE A R R BR BRUAA HIC L vo R RO AE A
BHEHE F, 70 BEREA R ] BSA—seq Il RNA-seq 55 ARIZHE 15 RA BEEAHSCAYBED o [40Lifk ke 1) S Bt )il ] LA
AR 7 19 1 AORBR AL & 1201797 R ACAS, TR AL Gan218 Sy B Kyt F AR IR (A . R H]
BSA-Seq 4 AR X I AN 2 AR MBI T F I 740 Hr , 455 5B A ] RNA-seq 725 5, 2 0 5 A K A
SR EED, AR AL A B 32 00 43 6 AT 1) e R ik B AR A0, [) R S A A 55 18 R bk A 5 o B o
Sl
1 #R57E
1.1

2023 AEAZ LRI A =0T e SERHIT SR, DU PREIZH 2 19 1T AR AE T R Gan218 yhEAS |
TACRABRAE i 22 1201791 NACAS , 45835 F M55 2024 4F - 5= TR VT VE A S 5EVEWIIETE T il 5 3t o
L F A, A 383A5 F, R, H R 2 1K H
1.2 7k
1.2.1 HRAERIE &

2025 4F H 7= TEVLVEAE 2 UEAE AT 53 T 12X 06 ok b Ao R G 232 A R 253 Bk F, 20 B EAR L 178 R 80 em 7
£ 6.67 m, BRIE 25 em , B BR[A) 2GR o Rf ST RS T 0 I 4 PR ASFIRE (A AR BRRR A B e T iR R AR K
FE N B 5~82) (AR AR T8O AE EAE 5~8 12) (i A e /i O A %05 5~8
J2) GRECE BRI A6 AR BE SRR B IR, A SR AT A 20 Bk 0 SR Excel 2019 s AR , R
SPSS 20.0 FkPFBEATHE 0 HT
1.2.2 DNA R fen] 5

2025 4EFK TR AR B, A A SR v 0 SRR A B AR 2 R TR A rh Pk e R i LRk L 23 il i 44 A
KRB LB-pool FELRAELNE SB-pool , F MR M PR LE A S IR BLR % 25 Bk , SR A8 1Bk IBURFAAR A
Ui BRI R A LI e, R IO =80 COKFR R A o FIF CTAB 52 BUR M FISEAS 1) DNA., TRt P4 4
ASEARRAY DNA 25 HR S DNA 528 0.8% ST BE R i ViR 0 5 &, [ Iy SR FH 55 023 66 FE TH XS DNA
HEATE B, B A% S5 R AT SUUR AR v A MR B A7 BR 2 ) A R DU Y, SCPEAR A F B 450 bp. 7E Illumina
NovaSeq )7 5 X SCZEHEAT 2x150 bp XL S5T
1.2.3 BSA W /5 £ % 57

b A5 2 B9 HLELHE (raw data) SR FH FastQC (http://www. bioinformatics. babraham. ac. uk/projects/
fastqe ) PEAT T PEAL I 1 8 45— 2Ly 323k K5 & Y reads, 15 3 clean reads, F T /5 Z2 4915 B2 5
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Bro SRHIbwa(0.7.12-r1039) {1 mem B3, 4 28 0o o B J5 1531 14 1wy 5T et H0HiE LU X 31225 2L R 4 (hitps://
www.cottongen.org/species/Gossypium hirsutum/ZJU-AD1 v2.1) . FEF HEXFE5 R R GATK 8k F 47 Bk
R 2 54 (single nucleotide polymorphisms, SNP) Jfi A2k (insertion and deletion, InDel ) 1422 5 4G ™"
K Ml ANNOVAR R PF45 G 275 B D A T B4R 08 S s R AT VR TR DCHR 23 BT Z i, R 728 5 57 1
Ao YA B 5 5 ik 1 SNP A InDel 71 , B 5 2R I SNP=index 1 \ED ¥ \GPS ¥ | Gprime 12 , HR 4 I 5 {5 1)
Wi 1 X3
1.2.4 RNA-seq il 5

FFSLBAT TS , BOEAS A i RS ] — SRR B2 — R AL 25T CRSJZE — R, B A3 Ik
AWy E A RNA RS IORIIN Y 9 TR AR AR MR B3 A FR 2 R 58 1

2 #F R

2.1 FERMBHREER S
FRAEFT U ) A SR ASBRMR BUAR SCHEAR , i3 1T 80, 78 25 Roh  RAS B R SR L IR SR AL
PA B B 6 RS A B (P B TE 35 22 57, PR30 0.82.,0.18 017 B SR o JBE AR LT 19
]SS bk 4 5 25 5 PAE AT R 2.61x107°.5.96%107° 4.66%107° . % T I SRAL T 7 RALZ |
R SRS L veg B2 25 S B W2, b T A S AR o i 2 S A R SR o EE R
®1 FEAMBHREERSE T
Tab.l1 The comparison of plant—type traits in parents

J201791 Gan218
T AR

PEAR Trait WERIEE  PEEeiiEE EREBe  ERIEE .
. . Wi REU%
Variation range Mean+SD (0% Variation range
Mean+SD CvV
UARBAL
4.00~7.00 5.88+0.99 16.84 5.00~8.00 5.95+1.05 17.65
The position of first fruiting branch
B R 5 B e .
14.20~24.10 18.55+2.47 13.32 18.70~30.50  25.07+3.15 12.56
The height of first fruiting branch
B SRALLL T A5 6] K /em
The internode length of below the 2.37~4.25 3.22+0.57 17.70 3.00~5.30 4.29+0.66"  15.38
first fruit branch
¥R /em Plant height 69.00~88.00 78.47+5.58 7.11 76.00~100.00 88.00+6.91" 7.85
HBUZ Fruiting branch number 13.00~19.00 15.06+1.68 11.16 12.00~18.00  15.04+1.74 11.57
GEARALLL b R B fem
50.70~71.20 59.92+5.90 9.85 48.60~75.70  62.88+7.32 11.64
The height of above first fruit branch
FZRIR AL B AE K em
The internode length of stem above 3.42~5.09 4.02+0.48 12.00 3.50~4.80 4.18+0.26 6.22
the first fruit branch
R A B fom "
7.53~14.73 12.09+1.83 15.14 19.60~37.80  29.00+4.40 15.17
The length of middle fruit branch
HHRRACR 1 KL .
2.00~3.25 2.71+0.45 16.61 3.00~5.80 4.68+0.66 14.10
Middle node number
AR AT )P 44 ,
" o 3.50~6.20 456:072 1579 530~7.10  625:049"  7.84
Middle average internode length
RIS (7) .
46.25~67.50 56.7+6.24 11.01 53.80~72.50  64.67+5.64 8.72

Middle fruiting branch angle
TR R (0] 25 5 3 (P<0.01)

% pepresents extreme significances between the lines(P<0.01).
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P AR CFR AR T, 1201791 TR AR BEAR 3 R T Gan218, PH R 3.83x107"7, M ARAK
VA3 Ry SR ORI SRR ] S A B 2 AR S R B, 7201791 B SR A 5 5 SR 1A KR
T Gan218, P 431 2 9.01x10™° . 1.91x107° X b b3k 3 A Mk, A K B 0 S A ) 22 S i fe K,
Gan218 [y 1 & S AG K B L J201791 1Y 2.40 4%, PRI I TR 55 A ok R0 ofR: 25 5 di P 0 1 o 0 SR A 8
J201791 FR SR AL T (A4 BE 4.56 em, J& T I RALZE AL ; Gan218 Hifi A 1Y MK B 6.25 em, J& T 1150
AN 138 1) o BEAM, 1201791 (4 s SRR e /1t p &l 2 /N T Gan218, P{EH 1.78%107,

2AEARZ B IAT TA M RAEAEAR B3 25 55, T SR A 0 P i A I B 2 S A I b, i B P 2R
R BT J i — 2B AR

120179 Gan218

K1 EAR BRI

Fig.1 The comparison of fruiting branch phenotypes in parents

22 F,BEMRGET 50
F, 0 B RE A B A It G T 0 B I 285 0 A AGr 36 4 181 2 36 2 BT, B, HE AR & IR 0 28 53 R H0CHh
10.409%~26.58% , H1 s AL FE fie K AE A 41.25 em, 5 /ME K 9.00 em, “F-I{H Hy 24.04 em , fi B RN
x2 F,oBEBREERERGT A RIESS S
Tab.2 Statistic analysis and normal distribution test for F. population
Fﬁj}’%ﬁﬁi F, Segregation population
b 22 G

PR Trait = = ; . I RE
201791 Gan2ig VW By WE L
Variation range Average o Skewness Kurtosis
deviation CV
TR
The position of first fruit 5.88 5.95 4.00~9.00 5.75 1.06 0.82 0.51 18.43
branch
T A 5 B fem
The height of first fruit branch 18.55 25.07 14.90~34.30 22.37 3.66 0.95 1.10 16.36
FR i /cm Plant height 78.47 88.00 60.00~107.00  80.61 8.38 0.08 -0.07 10.40
A )Z Node number 15.06 15.04 9.00~20.00 13.94 2.09 -0.01 -0.42 14.99
H AR A B fem
The length of middle fruit 12.09 29.00 9.00~41.25 24.04 6.42 0.23 -0.43 26.58
branch
EP%B%H% Lk 2.71 4.68 1.75~6.25 4.00 0.96 0.03 -0.69 24.00
Middle node number
> T / o
AR REOR A/ C) 56.7 64.67 46.25~80.50 64.22 6.77 -0.33 -0.31 10.54

Middle fruit branch angle
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0.23, W58 Z K00 —-0.43 , i 2RI BE B 46 SHE /N 1, BB BRGS0 A3, S DL 252043, BEAT W B Y
Pz, Horb, B REAR v i PR SR A KB R 9 em, T K BARR SR BE N 41.25 em, e S i K #
i T XGEN201791 -1 K (12.09+1.83) em, Gan218 F-HJ K Ji (29.00+4.40) em]. B PEIRTEBR AL 11
FrRALHG SR S IR A K 2R Fﬁ%*ﬂik&%ﬂ?ﬁ%%%ﬁﬁ%,E?Jﬁiiﬂﬂﬁﬁ
SPERRFE, RIS T QTL AT o BLAh, b s i Bt B TR R A 3

251

o

ya

[
<
T

o
T
]
\
I

¥ Frequency

=
|
R T
—T

(I) 10.00 20.00 30.00 40.00 50.I00
FHER B K B /em Middle fruit branch length
E3 P O 2 NG R P s S W

Fig.2  Distribution of middle fruit branch length in F, population

2.3 BSA-seqllFHIB T

BSA-seq H:3R15 4 2 AEAS B9 FE 00 7 58 , 0 R A0 AR J201791  BEAR Gan218 iRt LB—pool . TR ith SB-
pool , M 72 %m%w A T B clean reads B e /NI & Gan218, 24 369 399 260 4% , it K i J& SB-
pool,>A 535 924 744 4%, /mﬁﬂé’]reads%&iﬂclean reads B Z T EA . FHEA Q2041 T 99.34%~99.37%,
Q30 41 T 96.90%~96.98%, GC % 1t 4 /& T 35%. 4% clean reads o XJ 3| fili Al 2 25 LA, Hoxd Ry
98.249%~99.47% , 3 AR 157 I FE TR BE 4 20.98~25. 15, TR il S 24 5 VR B A 28.27~29.69% . H& (AR 4
K 40T T J5 42 BSA-seq 7T -

3 BERNE R
Tab.3 Sequencing data of samples

FEAR LK - SR R
" Reads S8 F 85 reads LE X%/ %
Sample Q20/% Q30/% GC/% i Average
Reads num Clean reads Mapping rate )
name sequencing depth
J201791 473 788 104 464 826 650 99.34 96.94 35.68 98.24 25.15
Gan218 376 445 410 369 399 260 99.35 96.90 35.63 99.47 20.98
LB-pool 521 125 682 511549 458 99.35 96.93 35.51 99.46 28.27
SB-pool 546 121 484 535924 744 99.37 96.98 35.59 99.41 29.69

2.4 SNP.InDel Z 240 F0iE 5

SNP & 46 75 5 I ZH 7K P B BN TR X & A 2 46 | e 2 B0 n 4578 S o 5 B2 1) DNA P81 235
InDel SZHE IR L /N BE 4R AFIBRICFEHI™, ARPEASB Y clean reads /E (7 B S5 FE R A E5A, it
S HEAL 5275 LR 2 22 () SNP Fl InDel 19748 505 B o b Al 08 8, 4 it e 4k 1) 3 087 67541
SNP 37 5, Horb R[] SCAR 523 2804, SRAG A IR B A8 57 4854, TR A IR A8 7 1214, SNP 2L &7
P53 T N R IR A X B LA S s B a5 L0 1 kb 0 8, U AE AN i FIX AR R 22 (R 4) .
InDel 2% 5 44 482 160 4>, H 1 B i 2K 58748 488 4, B4l A 5748 333 4>, #4524 1k B A 748 57 23 4,

LIS

|~ 22]
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FEREN BT 1A LTI & 7 XA 728 5 28 378 4, A T4k [A [A] X 38k 19 728 5+ 386 7521, InDel
AR G iﬁmzﬁf?ﬁ\]ﬁ% TG SR 5 R Ui AR R [B] X B, FUAE A i X AR S 22 (2 5) .

R4 SNPHRMFHRERSIT
Tab.4 SNP detection and annotation result statistics

TH Item 7 Type R FA511/9%
Number Percentage
[F] LSNP 13224 0.43
. 4E[R] X SNP nonsynonymous 23280 0.75
ﬂlﬁ%m?%i?&ﬁ PAFLE L BT -5 485 0.02
Exonic
TR TR 121 0
RENTIHE A7 1, 124 0
YRRk U2 bp (19 X5, 153 0
W X 130 317 422
P[] [X 5 2 635 681 85.36
SRR R A B UE 1 kb A IX 5 154 056 4.99
SR 2R BT 1 kb B IX 48 122 433 3.97
B SRR A 07 A AT Ui DX s 7 801 0.25
HBEAY SNP AR S 8 3087 675 100.00

x5 InDelt&iliEFREE R

Tab.5 InDel detection and annotation results statistics

H Ttem FH Ty pe Bt L4511/ %
Number Percentage
FE e 5 3R 1 Gt 32 DR 1 A A 488 0.10
FEMAR AR i 3 R Y T B 333 0.07
AR e 4 345 0.07
AETHTIRE T R AR A 305 0.06
romie AL S T69 InDel 2 0
TR E M F 1Y InDel 11 0
RN RE AL S 12 0
YRRk R 2 bp (19 X 66 0.01
W E T X 28 378 5.89
FER ] X B 386 752 80.21
5" UTRR IX 5 3 0
SRR LA A 0% 1 kb 9 IX I 36 009 7.47
SR 28 1A BT 1 kb B DX 27 549 5.71
SRR IR 7 0 IR T U A% X3 1 886 0.39
R InDel S50 482 160 100.00

25 XEOWIFERBEKERE
2.5.1 SNP-index 5 #7 %

TETF R IR AT Z 000, Je X SNP o — 20 3 UE i 5% |, 0 e 2 1 - PR B 2 AN SE AR SRR B 2l 5 HAS— 300
SNP {37 £ 5 R BRBEA VR AL T SO 5 2B FARIR M IR FE IR T S 0 o Fe 2159 31 73 389 /i i i
SNP 7 o5, FH TR 2 3L PR 7 A7 . SNP—index 72 38 4 753 T b 0] F0 J5 R 780 01 3 2 S | - PRV 9t =2 ] e R 784
R b2 25 5, T A(SNP—index) G i, #EA TR IC OGS0 HT o F SNP3E 3 Index S IL AT hR1E 5 MR Y
KR, R 2 A B A Y SNP £ , 43503158 2 AN TR it A4 7 25 1 SNP—index {H ( 28748 07 38 (5 )
JFR VR T A 1A SEAR AR ) LA B ASNP-Index (2 /™R L 22 [8] SNP-Index 1 25 {H ) , 1l i ASNP—index 7
S VR b () S5 A0 R PRI 2 S5 ORI ] R S5 bR o3 B A SR IR 6 a5 o R AR IC AR SE P2 B i o7 e, %) 1 4%
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Peta ik I ARIC A SNP—index A , AT B 19 07 AT LG, 2848 10 000 % B 4k 5, B 95% (4ft8) B

F KA A i 2 B A, 15 21 SNP-index £l ASNP—index 7 4 (44 b (195345 P (€ 3A) , A K SNP—index ¥
P45 Circos [ (1 3B) o HL0fi B S 8 4~ H AR X 38, A0S e A 44 110 200 000~110 845 161 bp ,A07 YL A4k
62 700 000~64 000 000 bp . A12 J4 G4 1 000 000~2 700 000 bp . DOS 4 {4, {A 41 500 000~42 500 000 bp .
DO7 Y& {4 {A& 5 600 000~12 600 000 bp . DO7 Y& {1 {£& 12 500 000~13 600 000 bp , DO7 %L {74 13 500 000~
17 000 000 bp . DO7 L {744 17 800 000~20 600 000 bp, X [i] 4 J&F 19.05 Mb(F£ 6) .,

C AD1  ADZ AD3 AD4 ADS ADE AD7T AOB A0S A10 A11  A12 A13 D01 D02 D03 D04 DO5 D06 DO7 | DOB D08 D10 D11 D12 D13

UL

D ADI  ADZ  AD3  AD4  ADS  AD6  AD7  ADE  AD9  AID  A11  A12  A13 DM D0z D03 D04 DOS DO6 | DOT| DO DOR D0 D1 D12 D13

Ratio =
]

1 1L v Biie ARt MmN : il 5
oo SIS SUCINNS (REVRSY RRINAY SUUTIR SIS SOMMNE 3250 MAISH BUE IR oo SEAZEM SRR (RIRINE SRt BN AS SghIRt SRRl 3

(PR R R L S SN g

AL ADZ AD3  ADA  ADS AO6 A7 ADE  AD®  ALD ALL A12 A13 D01 DOz DO3 D04 DO5 DOG|[DO7|DOS DO9 D10 D1l D12 D13

G' value

:C;ent;:n{c Po;i‘ti;m (Nrb)

A : SNP—index {4371 ; B: SNP—index SCHE /P HT45 e 5 C: ED I CHR /T4 SR D : GPS I CHE /W45 5 s B Gprime 1 5CHK
B TEE
A : SNP-index value distribution chart; B: SNP—index correlates results; C: ED correlates results; D : GPS correlates results;

E: Gprime correlates results
B3 SNPIRHEAMHT
Fig.3 SNP association analysis
2.5.2 BRIXFE B 5 H % (euclidean distance, ED %)
ED 121 I e 5t - ek 1) 77 A 35 25 S AT, JF LUHIEAL S5 PR OCHR B9 Xl ARG A5 2 A0 TR
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th ] SNP A3 1 48 K R 7R (R R BE A I, , TS [V 1) 45 28 A8 R A i B 8, RV ED L, SR FHIFE B8 25 ok I
BbRic 5 HAR XU SR A . 8 [, BSA T HAY G 2 MR MRIER T B AR PEARA DG, A7 AE 25 57, 3
A FE 1 2, AR B AR S B ED B T 0, ED (B MO 2 B iZAnic /e PR b Il Y 22 Sk, ik
W I 530 50 .45 114 DXV Sy kR S P e o DX 3, 75 380 5 1 45 SRR (JB1 3C) o T 31 2 4~ H AR X
I, A AE DOT e {4k 6 462 220~11 912 317 bp .13 394 723~17 090 003 bp Z [A]f19.15 Mb P
2.5.3 GPS#%(Graded Pool-Seq)

GPS V21 FH I 7 B of () SNP A 8, L 38 8 5 2 /N Ttb =2 1] 114 SNP A5 %6 2% ke 2 v 5 H bRk A
SR ) B R DX, 3 3 Ridit 23 B v 1T 53 TR it A A7 a5 1 A5 07 S5 DRLAT 3, ARG 6 1) R 2 5 S S i 5 s 14
A, PR F W 0 1 R AT W M b B, B335 98 %5 400 kb 1A ~In (P—value ) fH R T 10 (4057 550805 18 3 9 B fir
SUBC LA 2 (BB R S MR OCI . GPS /8 A 25 L I&I 3D Bz o i 31 5 Mgk X, 72 DO7 44 fafk
15200 000~15 599 999 bp ., 14 800 000~15 199 999 bp 14 400 000~14 799 999 bp 10 800 000~11 199 999 bp
10 000 000~10 399 999 bp Z [A] [ 2.00 Mb X [H] (% 6) .

F6 EEXEHW

Tab.6 Analysis and statistics of regional association

KIS Hr 2 Al e i i IO E  ZaRfE OCEXEK/VMDb
Association analysis type Chromosome ID Start End Region size
SNP-index & KBE S5 B SNP-index correlates results AO05 110200000 110845161 0.65
A07 62700 000 64 000 000 1.30
Al2 1 000 000 2 700 000 1.70
D05 41500000 42 500 000 1.00
D07 5 600 000 12 600 000 7.00
D07 12500 000 13 600 000 1.10
D07 13500 000 17 000 000 3.50
D07 17 800 000 20 600 000 2.80
B Total length 19.05
ED 35 KB R ED correlates results D07 6462 220 11912 317 5.45
D07 13394723 17090 003 3.70
BKJE Total length 9.15
GPSTERIREE R GPS correlates results D07 15200000 15599 999 0.40
D07 14800000 15199999 0.40
D07 14400000 14799 999 0.40
D07 10800000 11 199999 0.40
D07 10000 000 10 399 999 0.40
B Total length 2.00
Gprime 72 RIKZE R, Gprime correlates results D05 41130424 41594 506 0.46
D07 3455 634 21462 485 18.01
D07 23395891 24 625966 1.23
D07 29773 133 39801 049 10.03
D07 41962228 45684597 3.72
D07 47776839 53297 634 5.52
K JE Total length 384
KHRIX IR Correlates result D07 15200000 15599 999 0.40
D07 14800000 15199999 0.40
D07 14400000 14799 999 0.40
D07 10800000 11 199999 0.40
D07 10000000 10399 999 0.40

BV E Total length 2.00
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2.5.4 Gprime 9 #7i%

GPrime 12 7238 1 HE TR 1 78 SNP A 45 (o7 i PR AR A< S 15 B 1 35 22 5, AT 255 H AR IR AR 5C
X0 57 s Xt He e AT FE RS . R R & P 89 QTLseqr A 0E AT G G HE /0472, L2 Mb h & M G 48
FHE , P B g fH 4 0.001 XF 1 7Y Gprime {ELAFE S 189 {8 2 ff 5 M 1% DX, Gprime {BL 3 A1 25 R UL 3E . 1 i
6 > e HK X e, 7 DOS YL A [ 41 130 424~41 594 506 bp . DO7 4 {4 {11 3 455 634~21 462 485 bp . D07
Yeta iR 1 23 395 891~24 625 966 bp . DO7 J (ALK 1 29 773 133~39 801 049 bp .DO7 Y (AR 41 962 228~
45 684 597 bp \DO7 Y (A [ 47 776 839~53 297 634 bp Z[1], E K i 38.40 Mb(#6) .

255 EALARER K

TEH 4 Fh 43 B J7 vk v E A Y DX R A s DX TA) 458 IX 8] 2 DO7 G A F 1 5 CHR X B
SACEE 2.00 Mb, 19 521 N8 507 5, 120 S BEPR o AR R 30 608 S o7 i ) 8 W) 2R, HG v S8 A () A e 1 R
] LS8 1504, FAFL B 7 MR8 54 AER A AE 111 (R 6.K 7).

®7 BREREASEERITCETR

Tab.7 Annotation of candidate polymorphism marker sites

i H Item AR SIS Sort % Number
Rt i 2Ie 5 B 1 G i 3 DR (90 e i 72 5
R MR AT SRR A 2 i e R A e Bl A 8
[T R 4
mi?fﬁ E[FE2UE PN 4
) X FE 251 SNP 179
FAFL LB T SNP 5
7] SLZ8AE (%) SNP 131
P[] [X 5 16 382
N E T IX 3 859
Bk 1R 2 bp A X 1
Bl S AV AT 1 kb (9 X8R 788
BESER IR A U 1 kb AYIX 5 1142
Bl SR AR T A WA T U Y X R 13
[TA=Y5Y 19 521

2.6 RNA-seq =R EH
2.6.1 RNA-seq M /5331
A Q30 B 11 73 L EIA/INT 96.49% , GC & 1R T 35% 5 ERT ST 45 R R , & FE i 1Y Reads [
X 2525 FEPR 2 Y HE X R T 98.45% , N 3 £ d vl FH 1 2 5 3 R i ke
*8 NERERBEZEST

Tab.8 Sequencing depth and coverage statistics

§ 385 reads HEXT /%
FEAR Sample GC/% Q20/% Q30/%
Clean reads Total_Mapped

J201791_1 43793 520 43.03 99.26 96.74 99.00%
J201791_2 49 974 242 43.05 99.22 96.49 98.89%
J201791_3 41302 870 43.13 99.27 96.80 98.96%

Gan218_1 39 138 600 42.94 99.37 97.02 98.82%

Gan218_2 45 824 428 43.06 99.28 96.82 98.84%

Gan218_3 43 358 456 43.07 99.27 96.77 98.45%

262 HAPCASH

PCA (principal components analysis ) 32 43438 , 18 1o 26 P AR $ , 55 e 4 KR P A AIG 22 — Al =4 | ]
DRAFAS 5 28 TTIRER R B RHAE , ROPRAREIR S22 B o 250 22/ ol ), AR 6 DR SR (D0 254 i 54T PCA
FERIT o3 BT WA (AR LB g o REAR D PP A9 PCA 4528 (&1 4) 3R B, B> BoRE B 3 4 HiORE
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Z B EE RS, H J201791 F1 Gan218 Z R, o] I T34k 2 R LA L

& Jz01TE

20 ® Gan21e

104

PC2 [27 8%

-5

-104

—-20

=25

T T T
-20 -0 0 10 i} ] 4

PC1 [55.1%]
K4 HEARPCA ST

Fig.4 PCA analysis plot of sample

263 EFRZERRESH
K FH Deseq2 X ik K FR Ik 04T 25 55 40 AT , i 2 S 3R SE IR 05 A  3R38 22 A% Blog, FoldChangel> 1,
i VE P<0.05, FLim e 3 882 22 LD, Hidh 2 8764 FEFEIN L 1 0064 FIEZEA . HFrX 5L D07 5
Pee iR oA 22 53R 214 FE XA DG IR SR AR (] () Rk i EA T T I 0 A , erp LR 3R R SE A
144, FIFRIEFER 740 (K 5) .
[ ]

1.66 861 GH_D07G0896

081 544 GH_DO7G1147 >80
037 801 GH DO7G1174 e 98
0.78 893  GH_D07G0910 1.00
0&7 863  GH_D07G0894 ggg
0.00 558  GH_D07G0880 050
0.23 2.56 GH_DQ?G1200 -1.00
- 0.80 220  GH_DO7G0966 1
0.55 2.31 GH_DO07G1167
393 000 GH_D07G1159
7.03 0.00 GH_D07G0884
.90 397 GH_D07G1154
7.34 160 GH_D07G0863
610 230 GH_D07G0889
7.40 220 GH_D07G1189
9.90 2540 GH_DO07G0883
10.93 2418 GH_D07G1185
388 1718 GH_DO07G0895
566 1254 GH_D07G1194
| S - Dovcose2

I =5 GH _DO7G1182
N %
Qﬁﬁ% €3>
& &
K5 D075 Ytk bR ] 21 4> 25 5 R0k JE P IR 4By

Fig.5 Heat map analysis of 21 differentially expressed genes between parents on Chromosome D07
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27 BSAEMEEAHEFANFHERBKERZER

BSA J3H7 45 5 52 W SRAS K B AR S BE DR Bl N2 AE DOT e (A, 5 AN K], M3 120 N BE . 454 S5 A
SEALIN R HT A 25 268 FE N, 2R 1log,FoldChangel> 1 & P<0.05 i 1% , H 76 0 X B PN 1) 22 S L A 214,
ZIRETE RIS, 0 e 3] 5 > P AT RE 5 A AR R A 2 AH G - GH_D07G0894 (transcription factor JUNGB-
RUNNEN 1 isoform X1) ,GH_D07G0896 (aspartyl protease family protein 2) .GH_D07G0910(VQ motif—con-
taining protein 22-like) . GH_D07G0884 (hypothetical protein ES319_D07G089400v1) . GH_D07G1194 (F-
box protein At2g27310-like )i & i A BEAH DG 2L A, T F — 20 DI RE IR IR 4317 -

309 #

FABHURTAR AR BLA 5 R, 18 G HLR 1 Sl P — e Bl bk = 8 R 19 i bR Rk R HL
e/ kAR AHEST TG R 1201791 SRAECK R AL bR Rk BOREK
B B E S A PURAR A FAUCE AR Gan218 AR S PELF 5 BT BT MGy, 78 P i A6 Sl Ak
B s R AR AR

BR R BRI A AR AR RO R T AR A AR AR SOGRE R S EALMA ISR A X R AR A T g e F
AR ST Bl RS A P A BN VE R o ARBIETE A 2 AN SRA K B B 25 T M RME N ok
A A F, o BT A R T ARS8 2 B A, 9 R S L, ELZRE A TR R S Al AR I, AR
WFFRLEA K BSA-seq AR FIZEA RNA-seq, IR} i 3 K 19 43 B 5 vA 38 S5 5¢ H A — 20, H 2 Fp
FARMFE T YRR IS8 B A . HF588 1 SNP—index ¥ \ED ¥ . GPS ¥ | Gprime 152543 M7 )7 vk
VEAGEBE DI Y], 2 Se ik 25 SR AR, oA Jim 22 5 PR ) e P T D) B 6 B T IR S 11 Skt

FE TR Sy AR, STAERIZE Y S AR Y DOT Y fA b A 315 B U R AR S I i R 5 X 28R H o TR g
BT B A B 2 R RE DR E 2 3 DOT G (A | 24 600 kb 1 X 6] P9, Herfr 40 7 1 />4 0 5 CEN(CENTRORA-
DIALIS) [ 5 3 ], 2 2 5 SR AS 5 R P B A 2 B [, i 44 o4 GhCEN 5 72 1 701 i b AV < SR AR o o
A T 35 FRTEE I A ot SR A il RV 170 24 38 ST B, R B J R AL el B PR e (2 31 AO7 1 DO7 e ik | H i
BRI UL AR DG QTL A 5 (VA 5 i i WL AE . A ISR 9 B i b Jo SR A 1 bR A2 AN 58 4 B 1k S PR
P, 72 DO7 Y ek b O A FE R 2 SR A FLA L R s AR AR B B . AR FE 424 20 1 TSR A
X QTL [RIFE 2 v #E DO7 Yefanfhk I

BB EAE SHY A EEN MR GES 15 0 2K & 24 07 m i ARE sh A ¢
GH_D07G0894 4 {5 i) JUNGBRUNNEN 1 (JUB D) % 5% A -+, J& F NAC G B 5t , © 8o 2 A 9 2 4
Jop 3 S I g HhC PR R LA IR AR A K R 38 N I T RE Y, AR R B NACHE S 7 &
HEARKER i %K TaSNACS-6A BRI & F T S i 5L RN A= K A5 5 S56 ), iF AR iF AR R &
AR EL B 5 K 4R RCR IS N A BT R RE T . GH_DO7G0896 Jitith ) K 4 2 i £k 11 iy
FIGE A 2, Je—Fh &0 B Y R& AR E A RS F 0 R A . R % AT R A RAAH
fi P BRI 1, 2 5 8 K B2 OF e R A an i BE h R 4VE T ) 2 2 SRR AE K IR 5
PR R RA R IR BN 2 5 B IR AR I W ARMIE 1 2 28 I3 IR AR 4848 T8 U2 20
4 AR 20 BB AR VR A 0 R i R AR e PR A AT T AR 2 A B 2 AR 2 E i R . GH_DO7G0910
SRS A VQ BT R 22 25W), VQ FL T A 1 IR — AR R A 1 S R e AE R R E
TR0 5 I B o DA T R 2 SR T A S T e )R B aa e 1 SRR . GH_DO7G0884
St 2R U OB AT RE M R S8 2RI U5, 78 1201791 (12U h 35k i B 3% & T Gan218
(IR, TR A 22 SR O A 5, BRI S e B R i — 2B W9 . GH_DO7G1194 )2 —Fh 5l g
I% (Arabidopsis thaliana ) AT2G27310 3 [ 4 i 1) F-box 85 H 2 A MRIPE & 1, F-box S HEFEY AE K &
BRGS0 X 5T a4 A IR AT VR R DR I 3 S 5 R R R i A A SRR
KM 53t — 5t

IRWFREIUESE 33X 5N SE R AT AR O RS A R (G Sl S S SRR E R T RSk



54 H9 FLIH 453 T BSA-Seq 1 RNA-Seq 2 AR 18 SR A B A5 e L A - 1063 -

0 et e AT R DRI R R PR e R K SRR B A A, LI R 0 22 5, LA AR S g A 4 A A RS K EE 1Y
AR

4 & g

AAHFE LA 1201791 (TRALD) Fl Gan2 18 (11 RALD) A K HE FREAR , 380 2 A v B SR AR B2 R A o
A53HT , K ZF0 BSA—seq i {0 5 50 18 H 3k X3l s 45 G SR AR 22 S 3R B R, 225 FE DR RS 8 B 2R A
A DCIE R 2 67 7E DO7 Yot ik -, ik th S Mtk 3 K : GH_D07G0894 .GH_D07G0896 .GH_D07G0910,
GH_D07G0884 .GH_D07G1194, AW5E 25 R AMAEMRAL TR AL 1 52 53 A R 92 0, I i 2o e 48
FE g HE I DI RE , TF AAH OGB4 ARl , BEBHHE 3 S B 4B 09 43+ B FIE SRR i R 3 5 TR L 42
AR AEAR AL 35 AL AR BEA AR R TR R ML B I
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