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CTLHRA AR B 5 ST S I 3048 e A b 2 it o5 BL T A5G 5, F30 210014)

WE: IRRALETFINE TN ELREZ—, KEAA AL A mE RS BN RA R R A ETEAZTEEL
AHTF 50 VA S A S SR A A PI189225 Fr oAt #t K3 A F AM I T4 a A (RIL) BN AR, K AR m5 4k (BSA,
bulked segregant analysis) *f# RAfeift &R FTAARAENF, FREOGNERBRELARCEZAR, Leimnt Bk

R 3%, BotsEe4Fam s (RNA-seq) 4, #HEHNR IR FERLAR., £F 27, LT BSA-seq #WEBHNG FTHE

HhAe 10 TR EARLE R ERHNEHRAEIEXKGEARBRE, LKEAHB81I8Mb, &4 681 MNEARH., ko 27X
w R T 25 55 BRI R AR R LA R F AR H AR InDel FRit Ao E MRS AT, F BN E AR T

P X ] 45 ) 2] 10 5 % &4k Chrl0_30103333 #= Chrl0_32554279 #Ri0.2 1], % X & k)4 2.45 Mb. £ 40\ 5 3 A% 5% B 13
R EFEAKAR, £10 54 EARLEE T 6 MERAR., QRT-PCRE R A9, 6 MELARMAXATHERBANE T,
Cla97C10G200140 1 Cla97C10G202140 72 K s ##+ & & & &, Cla97C10G200100, Cla97C10G201690, Cla97C10G202570 il
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Mining Candidate Genes for Gummy Stem Blight Resistance by

BSA-seq and RNA-seq in Watermelon (Citrullus lanatus)
ZHANG Man, CHEN Yifan, LIU Jingiu, LOU Lina, XU Jian, ZHU Lingli, XU Jinhua

(Institute of Vegetable, Jiangsu Academy of Agricultural Sciences /Jiangsu Key Laboratory for Horticultural Crop Genetic Improvement, Nanjing 210014)

Abstract: Gummy stem blight is one of the major diseases threatening watermelon production. Identifying and utilizing
resistance genes to gummy stem blight is of great significance for the innovation of disease resistant watermelon germplasm and
breeding of resistant watermelon varieties. In this study, a recombinant inbred line (RIL) population derived from the cross between
the gummy stem blight resistant germplasm P1189225 and the susceptible germplasm K3 was used as the experimental materials.
Bulked segregant analysis (BSA) combined with whole genome resequencing of the parents and resistant and susceptible bulks was
performed to identify candidate genomic regions associated with gummy stem blight resistance. Additionally, transcriptome

sequencing (RNA-seq) data were integrated to mine candidate genes. The results showed that BSA-seq analysis identified genome
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regions significantly associated with gummy stem blight resistance on chromosome 5 and 10, with a total length of 8.18 Mb containing
681 genes. Functional analysis revealed that these genes are primarily involved in biological processes such as Plant-pathogen
interaction and Phenylpropanoid biosynthesis. Further analysis using InDel markers and recombinant individuals narrowed down the
resistance interval to a 2.45 Mb region on chromosome 10, flanked by the markers Chr10_30103333 and Chr10_32554279. Combined
with differentially expressed genes in watermelon responding to gummy stem blight infection, six candidate genes were identified on
chromosome 10. gRT-PCR analysis indicated that the expression of all six candidate genes was induced by gummy stem blight
pathogen. Among them, Cla97C10G200140 and Cla97C10G202140 were highly expressed in susceptible parent, whereas
Cla97C10G200100, Cla97C10G201690, Cla97C10G202570, and Cla97C10G201940 were highly expressed in the resistant parent.
The findings of this study provide important theoretical basis and genetic resources for marker assisted selection and breeding of
gummy stem blight resistant watermelon varieties.

Key words: watermelon; gummy stem blight; BSA-seq; RNA-seq; candidate genes

P4 /X [Citrullus lanatus (Thunb.) Matsum. & Nakai] & & = Bt 1) 85 ZAEY, |2 Fiofd T 4 BRIE A7 A Ay
WX HAMHE#ED, 2EFHEEN, EE S MEER. TORAEDEESR D, BAHEER
B EA, BEETE O TR M RREG PR VG I R R BN PR R R DGR . SR, A
(GSB, gummy stem blight) %55 55 45 P JIVAE 72 38 Rl R 40 2%, 4 s xd S 4k 95 1) o 2 7 I & P ) o 2
FIbR, J2 90 A% P R B3 17K B3R A T i v 00 JICHO0 P R IR B0, A o S ) SR {1

4595 2 1 Stagonosporopsis spp.J& EL# (1% S. cucurbitacearum. S. caricae A1 S. citrulli % 3 fh
TR D) 51 I SR T B4 0 T E MR R MR B N 5 R R AT, AL B .
I BE S BOIR G W, B BRI B EAEZE AR S R I, BAC T R AT INE . AERTA
e F BB I, AHIREE 224 () R H AR o SR B R B AR R R, R A T A ) O R Sk T
FELR Ry 2 w8 g JEUATE AR W AR AR RN L 358 T R R A A7 VE (S S ARG B N A, TR, X P I
PUE RGP b R (0 0 e 52 Bk Kl IR AN Y T30 A% 52 2% 1k RO LA, AT T 75 2256 0 TN & Ak s 0 1 AT 32
— B,

H AT, 6 IS A5 B0 PR AT 90 32 B2 A vh 7 o e st A% REE DR s 1 7 T 0. i M G T R A
G EMFFHA, Gimode S51OMS FG N & Rl B MR FE AL7E 3 5. 5 5 7 SHeufh L, ¥EH 34
5ERH UM KK QTL. Hrh, T 5 SHOIRRIEE K CIGSB5.1 & & — > A A Jill NBS-LRR 4
HEPUREE DR CICG05G019540, ifi 7 TRtk [N CIGSB7.1 & MY 4x 5 f vy, H Ak ik 2 A
CICG07G013230 {0 & — A~ 5 & A4 BT 1k 2 35 AH % 1 4R A LKA SNP. Ren S5 Lee 45 M2 7

JK ERETEREREAAE 6 S 8 Sk . 7E 8 SHEA LR KEER 1 ANFEA QTL Qgshb8.1M A



qSB8.111%, Qgsb8.1 fi7 fifii T KASP_JS9383 Il KASP_JS9168 2 [f], #)¥EfE R A 571.27 kb, 5 19 /M
M FE A, Hrp Cla001017 A1 Cla001019 JMydifw 2L A .qSB8.1 £if &5 fi7 T chr8_WGRS240 1 chr8_WGRS
(3)185 2 [d], #5REN 0.87 Mb, 7 83 MEit &K, FH+ Cla022133, Cla022184. Cla022195
F Cla022196 Jyfifs R, e hh, 6 T4tk B QTL qSB6.1 £ i th # 1iF 52 55 & & i 471 1
Ao B2, fF F T B 7S, Hong 25 0SUR) F N 5 2 843 Y (GBS, genotyping by sequencing) AR %
EH 3 ANEMIFEFMEA K QTL £7 4 CIGSB1.1, CIGSB10.1 Al CIGSB11.1. Adams Z[41%] ] QTL-seq
BRI 25, 55, 9 5A/ 11 Sk e f 2 ERH P QTL. Natarajan Z5EPIfE 1 5. 25, 3
T 55, 75, 10 SR 11 Yk BRI T S SR ST AR O 0 2 OCERAL A, Hrh g A R T B 3
K E B RAR IR 1 7 CaU02G00010. 4 ih iz 2 4 5 £ 2 Y] CaU03G04260 H14fih H 45 CCCH
BEfR S MM B 15 (1 CaU03G10970 HE[H, 4 H A1) ASNP 18, & &R bt tE iz L EE, R
I L T A UG I A M L AT B A T LR, (G TN A 9 T R IR 4 A K A LR AT A
FEFe oy B, 5 Rt — B

ASHIE 5T LA S AT 00 U4 A R P1189225 il & Ak 5 JE UG AT K K3 sk As, Mg 7% 150 X
R EM AL R (RIL, recombinant inbred lines) o & FiZ B K & KR P R B e 45 F, R EUK
U PR R > B R T R, R BSA BN FE M 7 VAT IO R A ST R R e A, %
b5 SR P B ORI R R A X 3, R SCBR B A E E R, VB 4 R R A B A B A
BRI AN Gy FARic, G SR An ic 4l B R AP SRk SRR AL

1 #R5ERE

L1 e

LSS5 7000 79 )T RE P1189225 A& Al JE v A B K3 Ju R AR B2 A2 Al &, I BORIARIR I AT
F a2 7 ALE 150 MR ARH Fro A H A RBHA . Ira MRFE TILIR A AR R A B RHR %, S0 AR i
3Bk, WRATEE 0.4 m>1.0m, WRLMIRVE B, (EQ e = — O, SRAIWE S HRh & R0 8 T GREEA 10°
HFImL) , RS ERE o, CRFREE 25°C. AIXTHERE 100%, PiRJE 8 LB A B . MR
K A2 IR Ren M5 POl AT SR RPURR B T o IEHIIES R SR, 1IN 30 MILERHE R RERIE
EHEHURIET (MK-R) , 30 MREMHT K REFRSWEEBHIRE (MK-S) . [, 255 Hhit2
R4 R PI189225 IR E MM K K3 SFEIR A MEPURAM (PD o BERAM (K3) o FratE4A DNA
¥k NanoDrop 2000 43>t 76/E 1+ (Thermo Scientific) #47 E f&.
1.2 XEEHIER BSA-seq MFF

SCPERE R R FE RN 5 BB AL s I e AE IR A PR A 7] 20 . RAABREIRAE T HAXN & R



PRAER) B A2 DNA BEATHEE ST, B SR UCHAT i Beaifl . KRB, 3o A B M B 5 4k .
FHBR HERERERE P P2 AT i BOK/INAE , 28 PCR 47 18 J5 58 Gl Fy SCRE i 26 o Be2%, BB SCZEAE Hlumina
il W PTG BT AT, SEAR IS AR MBI R IR B2 A0 30, PAFEJR 97103 255 kK 4l
(http://cucurbitgenomics.org/) A AT 5 LT 4347
1.3 BREN S KBRS

F]H samtools (v1.9)%F Clean reads i 17 Lb 45 i 38, Z:BRITAR 741 . fd | GATK(v3.8) 1 HaplotypeCaller
BEAT SNP AT InDel 28 547 »5 46 . f# ] SNP-index.  InDel-index KK FG#i 2 (ED, euclidean distance)
FEG R 2 1R 3 B 1) 2 5% . A8 A (SNP-index) A1 A (InDel-index) 4t itk 2 ) 3 R AU (1) (2
EXS, UL 99%EAE AT NITIERE, KA SNPNUM J7i%) ED TG, LA 0.15 Ak M E, @idse
LM SRR UM DCSE R IX Sk . FIFH BLAST SN FFIRFIE . & A hRg. IRBHE S 2 A M X
fige ke IX 1A A A 2 i L X3R4T R SE T, K GOATools A1 QuanterProfiler #4347 22 7 R IA K H ) GO
A KEGG @ w5 1.
1.4 InDel fRiEFLZ5ERFE

N D4 EARLIX A], 75 BSA-seq 45 i€ HIX 18] Y, T 50 7 2045 I & InDel 73 3 F512 (R 1.
HAALE)y: $EE InDel A7 513 100 bp F#41], M bk s 2k sidli A 7 BoiR BEAE 3~10 bp 2 AV 22 37 21
FFHFIH Primer Premier 5.0 Bt AN G, BEJG, LAFURAMUER IR B EET PCR 9718, EHUAA LR
2V By 5% M RObR IS, #E—28xF 150 Mk RIL BEfA#E4T PCR 4. A FHHEY) DNA IS AI& (L
WL SRR R A IR A ], PED JEECF PR DNA. PCR RifA % Jy PCR Master Mix 7.5 uL, 51435 1.0 u
L, DNA50ng, ddH.O #h7% 15 L. PCR #3427 A: FiAE 95°C 10 min; A8 95°C 10s, iE-k 58
‘C 20, fEAF72°C 20s, 35 AMEH: FATIEM 72°C S mine o HEFEYIEIE S 8% P9 I L EE S LK EAT
BRI B, f 5RO REA K3 A A — B SRR IE O A, PR ACA PI189225 Ay B — B N B, A Y

MFRIE N He JEIT Excel 2016 X B3 34T SE 1

& 1 EFEZEMNM gRT-PCR 3[49F51
Table 1 Primer sequences for gene mapping and gRT-PCR

Glk7E o ER5H (539 RIAZIY (5°-3) &
Primer name Forward primer (5°-3°) Reverse Primer (5°-3°) Purpose
Chr10_30103333 GAAAAGCCTCGATGAAATAC ATAGGTGCGCATTGAGATGC E-Spretina
Chr10_32554279 GATCTGCTCCAACATGTGTCC GGAAAGACCCAAAATTGACCTGA E-Spretina
Cla97C10G200100 CAACTCTCCCACCACTACCA TGATGATCGTGTGGGGCTAA gRT-PCR
Cla97C10G200140 AGAGATCGGCGAAGAGGAAG TTCTCTCTCCTCGCTCGTTC gRT-PCR
Cla97C10G201690 ACCACTTCTCTCCTGGCTTC CGTATTGCTTGGGGATGACG gRT-PCR
Cla97C10G202570 GAAATGGGTTCGATCCGTGG TTCTGTGGTGGCTAGGGAAG gRT-PCR
Cla97C10G201940 CCGCAAGTGGATCTGGAAAC TGTCACCTCCCTGTTCTCAC gRT-PCR



Cla97C10G202140 CTCATCGACAGTATTGCGGC GAGGCTGCCATCCAATTCAA gRT-PCR
18sRNA AGCAAGCCTACGCTCTGT CTGGTCGGCATCGTTTAT gRT-PCR

1.5 RNA-seq JFF

P AEH00 74 IR K} P1189225 FIE VE AT B K3 yAtkt, Mt TVLI5 A AR B B 5, %
ME . 7EGE = — OIS Ren MR VLT SRR RS 20 T SR ER YIS 0. 12h WA
— AR I, AR SR E 3 AN E R . F SN B b E O s AR BR A ) 5E A
RNA #2508 F FastPure Plant Total RNA Kit (g 5{iEMERR AV RHA R 2, F1E)D , JFiEid NanoDrop 2000
4366 EE T (Thermo Scientific) AT 1% R E AL FEIK T Al RNA Kl (1 78 8 L 2EEERIKFE . £ NEB Next
Ultra Nondirectional RNA Library Prep Kit GHToe#% 22 95256 %, S2ED %8 RNA-seq X, SAS57E lllumina
Novaseq 6000 ~- & HEAT X il J¥ o 40 77 204 beox 22 1 I 97103 2% KL K4 (http://cucurbitgenomics.org/) »
FIFH Stringtie v2.2.0 1H5. FPKM {A, ifiid DESeq 2 34045 € 7 7 KA LK (DEG, differentially expression
gene) , LA FDR<0.05 H. logz(FoldChang)>1 MfiiifbrifE. K H QuanterProfiler #x {4 iFE4T 22 5 R IAFE I 11
KEGG il & 17
1.6 qRT-PCR 434k

1 ] FastKing gDNA Dispelling RT SuperMix X5 & (RARZEMRIF AL ZAR A, HE) 317 cDNA
& . qRT-PCR #:ill4# Fl SYBR Green with SuperReal PreMix Plus ( KARAEALBHG AL RH R AR, HED R’
7, f£ Bio-Rad CFX-96 SEif %)t € & PCRAX CIAAEJENE, SEE) E5gmi. RMFAMARE N FALlE 95 °C
15min; 95°C10s, 58°C30s, 40 MiEHF. LL 18SRNA NS IEN, S 27480 Jy i8I 5t DR AR
wisE. ABASIMFIINE 1.

2 BERS5H
2.1 MFHERE

N T S ST TN E AR HTEARSCIBE D, RS AR BB AR T I DNARE AR 4T T 4 T BSA
(I 43 Mt 0 36357546.04 GbJR 4505 $dls (Raw data) , KR R4, $51545.71 Gbi it & Clean
reads. JIFERR VPG S, MFFEAR Q20>99.72%, Q30>98.29%, & HIMIFHI M & m, GCHENAift
36.22%~36.76% 2 [F] . FTA 7 HEAR b 25 B DR 2H 11 Fl xS 3614 $199.21%~99.48%, 35178 #3 U8 B 7E4 1<~
46> i) FERZATE AR TR W], 1k K278 75 10 92.429%, 5>k [K 4178 1 %214 86.63%, 10><E: A 20

i HRIA$80.86% (K2) o LR LFTIA, kDN 3 Bl i B w5, i AL JE SR AR SR AN IR R A 73 A I ER
R 2 WFBESSEEEAEST

Table 2 Alignment and Statistics of sequencing clean reads with reference genome

=3 SIREFFIH GCHE Q20 (%) Q30 (%) HXE(%) FHEERE B (%)




Sample Clean reads (%) Mapped (= Cover ratio

GC ratio Average
content coverage 1x 5x 10
depth

K3 116444138 36.26 99.74 98.40 99.35 46 99.58 98.31 95.48
R 3 475 90 104770250 36.40 99.72 98.31 99.47 41 99.68 97.92 93.24
TRt
MK-R
ity S 9 109688380 36.22 99.72 98.29 99.48 43 99.74 98.57 95.63
TRt
MK-S
Pl 111531646 36.76 99.72 98.30 99.21 44 92.42 86.63 80.86

2.2 SNPRInDelER#EM S

SHAANFE ST A3 A8 A0, SR 5E 14227793 SNP 1974950~ InDel . A, 741184NSNP5| i
B R AR CRAE . LR, SNPATINDelfEA [RIFE i 8] 1) 70 A IR 22 o JE— 250 38 S o7 i
BATDIREIERE (R3) R, ARZERRA THERNIEX ., A& B ERF X EREER T X 8. EHEE
Gt X AR 5 AT [ MR 5 As . AR UmADARAE . B VIS XA 7. LU FE R [R5 UTR P9 AR (1)
PUTRM TR SR, o 65 S 08 5 P8 ) i e 4 17 = Ak

HEFESMFRSNP (A) HInDel (B) ¥k
The numbers represent the number of SNP (A) and InDel (B), respectively
E1SNP (A) and InDel (B) HEFEE
Fig. 1 Veen diagram of SNP (A) and InDel (B) numbers
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Table 3 Genome location and annotation statistical table of variation sites

SNP 25 47 &5 2 Wombt  Hm ik InDel 28 537 i 45 5. i s
K3 Pl K3 Pl
Information of variation JpgTRIh Jpg vt Information of variation site YUR IR




site MK-R MK-S bEMIN bz
MK-R  MK-S
FEPHIAX Intergenic 9852 158406 136988 165810 FEPHAX Intergenic 1833 25626 21535 27909
9 4 1 0 1 8 1 1
FEK N Intragenic 0 0 0 0 FE[A A Intragenic 5 73 66 74
W& F Intron 1621 646380 574489 655850 W& T Intron 8235 17584 15153 18372
2 5 4 6
FE[H B X 4 Upstream 2271 800232 689768 824314 F: 4 _F iz X 45 Upstream 1085 22483 18704 24065
8 0 0 5 1
#OPBOF W X #1666 577915 501677 593073 BL[H 7 X 45 Downstream 7729 16477 13830 17508
Downstream 6 6 6 8
FHf SUTR Y UTR S5 118 6392 5662 6484 F[KE S'UTR 4 UTR 5 prime 112 2203 1900 2296
prime
SR 3UTR A UTR 3 378 14536 13040 14548 FE[KE9 3"UTR 4 UTR 3 prime 215 4961 4313 5072
prime
BIP)ZARRAS Splice site 19 602 537 600 BY) 52449848 Splice site acceptor 6 205 180 208
acceptor
By UIfIR SR Splice site 19 572 504 583 BIYIL RS Splice site donor 15 238 211 243
donor
5P AL R X R AR 197 8380 7632 8392 BIYIL 1 X3R4 Splice site 91 1860 1653 1879
Splice site region region
i R E S £ K Start 6 188 172 190 EIR D % K Start lost 2 57 52 61
lost
[ SIS 46y % A R AR 0 0 0 0 T4 9845 Frame shift 221 4924 4339 5067
Synonymous start
AR [ SCH R 40 5 1 5 % 0 0 0 0 F5F k% Codon deletion 41 916 849 928
4% Non synonymous start
F X 4w % RO 2095 73693 66954 73645 Hh TR Exon deleted 0 2 2 2
Synonymous coding
e X4ty 548 Non 2471 70267 63993 70180 “H9F4# A\ Codon insertion 55 1471 1282 1499
synonymous coding
E & F R AR 3 135 119 137 Y7 BB+ %7 MR Codon 31 628 561 625
Synonymous stop change plus codon deletion
L% F 3K/ Stop 50 1249 1121 1263 WY T A+ T T4 A\ Codon 19 488 430 503
gained change plus codon insertion
K7 E K Stop 9 214 195 219 2 1R85 T 3K45 Stop gained 16 130 114 141
lost
HAth Other 0 0 0 0 2 1A%k Stop lost 5 69 57 64
FoAih Other 0 0 0 0
2.3 KB T BARE X I 05 1%

2.3.1 ETFSNP-indexB) XBk &R

I P it 22 it 1 D8 e 63k 45:34280694

T B SNPA 5 T 95 Bk 47
Hr (E2A. C) o &%, 3T ASNP-indexBHEX [F]— Ytk _EIFRic ERE TS, LLUBIT99% B 15 /K 111 &



FENEEX R, BALE3S, 55, 105 RI1L1S etk b 45w He1A B 0K, S K h14.76 Mb.
— B RHEDRIEEAT RI /0 #r, RAISNPNUM T AR EDIE AT G, B 2 35 1t SC TR R 1510, 15 1) [X 8] Jy fiz
LX), f£35. 55, 105, 115k ERIGI7AN BRI X, SKEN12.27 Mb. &5, BEMMX
B BTT AR, ISR 5 1 2 404 i BLAS FE R P E AR ST MEOE X (R, 4940 T35, 55 . 105 R111

SR, B7E%12.08 Mb.

A: SNP-index; B: InDel-index; C: SNP-ED; D: InDel-ED. A. BEIH#E{ALF AR EAALTR, BELAME S A SNP-indexFl A InDel-indexfi ,
AR EFEB(E. C. DRI AR EALTR, BEOELNNERMEDM, MM K0.158 3 MR BIHE.
A: SNP-index; B: InDel-index; C: SNP-ED; D: InDel-ED. The horizontal axis in A and B represents the chromosome name, the black line represents the
fitted A SNP index and A InDel index values, and the red line represents the 0.99 confidence threshold. The horizontal axis in C and D represents the

chromosome name, the black line represents the fitted ED value, and the red line represents the 0.15 significance association threshold

B2 EFSNP-indexFlInDel-indexHl XBX S HT45 R

Fig. 2 Association analysis results based on SNP-index and InDel-index

2.3.2 EFInDel-indexAEXBRGER WP HUE 2 20 48 J5 JL 153 17443474 = /5 & InDel 42 5347 48 (J&12B.
D) o XFIXELAT 2R FH 5 SNP A M Al SRR E A ik . 8 23 T InDel-index /5%, #3404 [ — Yt fhhn
IC M AInDel-index{t, LL99% & (/K T1E N S, {E55ML105 Yetafh b4 154 B3 CBEIX i, K
48.24 Mb., Bl 5 R FIEDFVE AT KB AT, 18I SNPNUM J5 540 A EDE I B 0,154 15 35 1k S B B AL »
FESH 105 Yetafh F IR IR B35 SCB [X I, SK i 210.53 Mb. 55 Ji 6 Pl S B o0 B 7 1 1 SR Bk 4%
BHATEA, RALES'SL0S Yotk e T 1740 BAS FE TS N E R Bk ik X 1], B2 98.24 Mb.

2.3.3 BNEBHFMMERIEXETFE X SNP-indexAlInDel-index¥i Fh 43 Bt 7572 3k £3 1F SC I X Ssdh AT 45
B, E BT E SRR IUVE R SRR L X IR (k4D , A TS Rk b (XD 1105 Jetik
(164 X3 , EKEIN8.18 Mb, ZRIRIX I A IR 21681 1AL A . o, 105 Zeth ik 2B B2 1 5T
R RIR, Wiz g AT e 5 42 00 SRS HU IR ) S e DR 2 X B



R4 AN BHHEE R RE XS

Table 4 Candidate region of gummy stem blight resistance genes of watermelon

R KR
Btk EHALE (bp) # 17 (bp)
(Mb) Gene number
Chromosome Start position End position
Interval size

5 29383470 29599175 0.22 29
10 17911820 18009954 0.1 2
10 18025796 18040171 0.01 0
10 18041782 18074768 0.03 1
10 18115804 18122415 0.01 0
10 18140805 18853944 0.71 30
10 18910116 18950869 0.04 1
10 22351648 22372683 0.02 1
10 22394617 22414795 0.02 0
10 22428518 22438268 0.01 2
10 23231018 27824711 4.59 366
10 27940144 27952583 0.01 0
10 27958856 29054845 11 94
10 29148394 29387229 0.24 19
10 29454930 29508526 0.05 5
10 29529516 29595417 0.07 7
10 34141736 35096439 0.95 124
&t Total 8.18 681

2.4 BFERFRTHESIHEES 1

FT 2B X 8 X ) P9 B JE R AT TR BEVERE, LR RI63L MR, H A 4551244k R SR
AR R8BS M RAZEE R (3R5) o N [ HE— DM RIE N ThRE, X HHAT T GOE Lt MIKEGGIH #%
GrHT. GOTRE & S/ T R (EIBA) , i 8 rI 4 R 403 B FEIRE RN /3 T IhiE (4361) .
AHMIZE R (3464) FIAEMERE (2434 o £ Inesnr 3, REhdFE (Metabolic process, GO:0008152)
Migk& (Binding, GO:0005488) Tifie & i ‘i & & AR MR . KEGGIE IS/ A it — 4R R 1 g e B[R (1)
FEERINLE] (E3B) o Hdr, -5 A EAFE (Plant-pathogen interaction, ko04626) FlIZE A ke A4 & hk
(Phenylpropanoid biosynthesis, ko00940) i i 2 HLIE 25 E & . X AN B2 3P0 B AR G 9% B A8 ) 5S4 A5

T PRI AW =GB NAENTTE N SRR T HLRIER AL T EEL R,
25 {FRIEXIBASNP R InDel h EFHIhEEERE

Table 5 Gene function annotation of SNP and InDel in candidate region

. TR JeIR) L FA D H
TIREIEREEIR BIEREREEE
Annotation Non-synonymous gene
Annotated_Database Frame shift gene number
gene number number
NR 629 511 85

trEMBL 628 511 85



SwissProt 473 384 57

GO 547 446 73
KEGG 465 378 64
COG 225 181 30
7t Total 631 512 85

A: GOHEHSEE: B: KEGGH:RFLEM &1, B NiERRizis ik T i EmEcE
A: GO enrichment classification chart; B: KEGG gene pathway enrichment analysis, the number is genes number annotated to each pathway

E3 EHXEREEEEGO (A) MKEGG (B) EEM#
Fig. 3GO (A) and KEGG (B) enrichment analysis of candidate genes within the localization interval

2.5 BRI IREEEE N

AR NG T AR HUPEE AL X H],  7EBSA-seqfiik X T & 1 120X InDelbrid, ik 212X 7> 145
WEAZEME. W1S0MKRILE AT B R 4 AL, 2540 RIGE SRS % R ik SRR DR A, %o 174 &
B, B T TG S A M A as [X k46 /N 4R Chr10_30103333F1Chr10_ 325542792 ], ¥y HH i ) y2.45 Mb

(El4) , 5230 MER ISR .



A: BSA-seqB[HE N MT: B: 4 HAH FBRIN HE R BRI R AL
A: BSA-seq gene mapping analysis; B: Genotype and phenotype of recombinant plants (partial)

E4 ANBRRHIEEEEN

Fig. 4 Mapping of the gummy stem blight resistant gene in watermelon

2.6 BRRERRFSHAENEEREILSH

NT RGHS T S ERRHUEAR RO EE R, X SN B2 440 hA112 hA 76 IR 2L GUEAT 1 % 20
Fotr. @i ER, PUiARIPI189225 B 1 kL K3Pi R 1 22 B % (E5A) , RNA-seq7- HTEP1189225
K3 73 il ar ) £118246 118273 /N RIS FE K o« i3E— 2K FH DESeq2 4k - #E AT He PR 0k 22 ¢ B 35 k40, DA
FDR<0.05 H.logz(FoldChang)>1 A i brite, 75 €Ak B 1= 44 J5 IIP1189225 FIK 3 [A] 3 45 5E 1142201 7 7 3%
IR, HA1532 LA B2 L, 26881 HENEE T (KIBB) o IXLEILKFEPI189225 K3 H} ] A A
wERER (E5C) o #b— XX B RIAFE K AT T KEGGHEEE /T, SRR, X8R AL K7L 2 M
BREP R ESE, HhERERE YA RI&#E (Biosynthesis of secondary metabolites, ko01110) &
HEE (EBD) |, FUTIX LR N AT R 52 5500 P8 IR SRR PTIE R, 7 P8 TN S A s 1 A o R 4%
PR .

A: SEARE; B: ZRRIEEFEMKNE, EHEOR SR THEZERESER, COMNANREREHEZERKISER; C: ZRRILERKEIH
K D: 75 RIAEFKEGGIHEE & 450 7T
A: The phenotype of parents; B: Volcano plot of differential expression genes, the blue dots in the figure represent downregulated differentially expressed
genes, the red dots represent upregulated differentially expressed genes; C: Heat map cluster of differential expression genes; D: KEGG gene pathway enrichment

analysis of differential expression genes

5 BimEFINERRAEEDH

Fig. 5 Analysis of differential expression genes response to gummy stem blight pathogen
2.7 KEXXBAERIEERE fHiE
K BSA-seq i A7 X [] f 8 5 P b5 A 05 1 15 5 1 e i 2L 22 S R B R REAT LB A W7, B 6N SR R TE B
S B E R RIA (R6) . HAPCla97C10G200100gm g4k & (., Al BEMEME ISR (55 7 S B
R AR A AR h R R EAE M. Cla97C10G2001404m iSbHLHEE R 1, M %) v R R e 2



—, TEMYIPiIE R KA EEEH . Cla97C10G2016904m 154 & TF-B345 #1825 H . Cla97C10G202570%# 5 LRR
TR ER I, X R A3 O IE S 5 EYIPUR RN . Cla97C10G20194071C1a97C10G202140 0 K 15

Ho 5 EPNA, XEefe ik K] e il e i 278 70 RpT & R pal fE v A 2R H .

*6 IRIEEEREER

Table 6 Functional annotation of the candidate genes

ZERRwS Rtk RIRHRL R (bp) A UbAL R (bp) ThAeHRE

Gene ID Chromosome  Start position  End position Gene function
Cla97C10G200100 10 30168414 30171018 FRIEN
Cla97C10G200140 10 30208262 30213624 bHLH 3% 1+
Cla97C10G201690 10 31730254 31732143 % TF-B3 45 MIRE A
Cla97C10G202570 10 32440367 32454995 LRR 8321k 5 G
Cla97C10G201940 10 31927552 31928415 RHNE A
Cla97C10G202140 10 32053279 32061867 RKAEA

2.8 qQRT-PCREIFIRIEEE R FTIX

SRSRUE 5 S5 ZEL KR 1 T SR PR TR R JE DR E B 1 A2 R AR, A 50 R FHQRT-PCRIE— 5 4047 76
M 26 FE P FE 1189225 FIK 3 [37 & At B 1= % i AR IA ARG, AR EIR (816D , AR G122 h, 643
R RIAEFH MR REE S, HERMR T R 22 R 1RE, RUHAETE I & R R R
BIEA—ERTEE. Hid, 240%EE (Cla97C10G200140#1C1a97C10G202140) 7E 17 Y Jm e #1 kL K3 115
SRR =T BRI RIPI189225, 15 B 1 L4 5 K 7E B A R 5 A6 S L p R A B BEAE . AR IR, HoAtha S5t
(Cla97C10G200100, Cla97C10G201690., Cla97C10G202570F1Cla97C10G201940) 17 4L 5 Humistkl
Bk e T RO AR, R UTIX LSS IR W] 82 5 R PR A R RE R R B LA o X Le LR [f) gRT-qPCRE:
IFSE RS HF A T G5 R —8 BB IE T A 78 RNA-seq B i mT Sk, S AgAIT 6 I R 1) 437
LIS ft T B 2 ) B K] 2 U



ANEFEHREREFE AR FRE M T RIE %27 B3 (P<0.05)
Different letters represent significant statistically different expression levels among different samples (P<<0.05)
E6 {RiEEERRILDH

Fig. 6 Expression analysis of candidate genes
3 Wig

S T T A P BN . T A 3 FANIE R A L DA 4 (R SR AR e
A, I H G PR SRR AT A 2, DL SO BN A B R A R G, 1 SRR B A T
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Btk 8 2 3 IRt 110121 5121, Norton Z50101 3L P1189225 Hy 1) & Al Pt b 8 JE 1] db %41l 4R 17, Gusmini
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P AR DS XA, X — R TS5 SR I 2 TR 90 4 SR — S5(013:200, Sy ek g 70 1 S A R M AR A
THROESE, b5 SRR T R B 52 2 R R B R 2 P R

5] Py 4127 2 % P I 2 R 0P JE R ) s A T J 7 KB TAE . Hong S5 S1% s A+ 1. 10 A1 11 5
ettt 3 AN &R BUEA O QTL. Adams Z5P4id QTL-seq BiARTE 2. 5. 9 F1 11 S Yethfk R 4w h &
R IEARDE QTL. Gimode S51OVR BT MERER 734 T~ 3. 5 M1 7 S 4utafk. Ren MY Lee MK Hi ik
PLEUEALLE 6 5 f1 8 S fifk. Natarajan ZO00E—04F 1. 2. 3. 5. 7. 10 & 11 Stk L RMEANHE
RS B S 3 ORI, R IR e e R AR TS RE 5 UM (5 IR o ASHIE T0HE 176 T At i o e e R o
£ 5 51 10 S tfk b BARIAR R, ARWFFIAE 5 53k e A IX [A] (29383470~29599175 bp) 5
Adams 251 (25968975~26536280 bp) % Natarajan 21 (fi7 F 3475336 bp [ QTN) ¥ AHH[H, {H L Gimode
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B, (AREIEETEN, 3R T HUR R R E AL R HERR I .

SAGESE DX 3 ) R DR AR 7R 1 5 1 T B2 A 5 B 42 e (M B A A i A . AR BSA JE PR sE ir
iR BT, ARFFOIRIE L 6 ANTERE R PIIERERE R, X LI P AT AR R R A . AR
W EEESEZHEENFEER, LFES 5 IS ZRE 0Pk, EREERE S, BiHEA
(Clag97C10G200100) . bHLH (Cla97C10G200140) 14 TF-B3 45Hi & 4 (Cla97C10G201690) ¥ h%%
TR . KEWFFR, R PR YA KR G A0 RS US Rf C R, LR R 4y
FIFRUUN R B X BV E e, oS ] TR, B 2 U R B BB IE R A A
(21220 WEAREER R B FVZFP 1 7EMH S ol Rk 3 7K IR R AR G R Rk, IR T R AE
I 25 1 2% 1 3 B T 250 28 Rl DC 3000 (Pst DC 30000 12 44 a /KM IRIMAR R, 11355 NbZFP 1 [ fH 5
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