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QTL mapping of fruit length gene in bottle gourd
Xu Qinglong, Fan Pengfei, Chen Dikai, Jin Zhiheng, Wu Xinsheng, Liao Nangiao

(Ningbo Weimeng Seed Co., Ltd., Ningbo 315100, Zhejiang, China)

Abstract: Fruit length is a critical determinant of commercial quality in gourd (Lagenaria siceraria), unraveling the regu-

latory networks underlying gourd fruit length development offers a theoretical basis for breeding elite gourd cultivars with

superior commercial traits. Using forward genetic methods, we constructed an F, genetic population from a long-fruit in-

bred line E22A509M-S and short-fruit inbred line GB-16-S to map the key genes controlling bottle gourd fruit length. Ini-

tial mapping efforts identified a candidate gene for this trait within a 10 611-18 022 641 bp region (18 Mb) on chromo-

some 10, utilizing bulked segregant analysis by sequencing (BSA-seq). Through further fine-mapping with high-density

molecular markers and the screening of recombinant individual, the authors refined the mapped interval to a 136.6 kb ge-

nomic segment(2 286 097-2 422 721 bp). By integrating whole-genome resequencing of the parents, among this region,

ten protein-coding genes were identified within this region and a nonsynonymous mutation leading to an amino acid

change was detected in HG10007188(IQ-DOMAIN14-like)between two parents. This gene belongs to the calcium-depen-

dent calmodulin-binding protein IQD family, members of which have been reported to be involved in fruit elongation in

tomato, cucumber, watermelon, and wax gourd. These findings suggest that HG10007188 is a key candidate gene regulat-

ing fruit length in bottle gourd. In this study, revealed new loci in the regulation of gourd fruit development and the theo-

retical foundation was laid for subsequent candidate gene functional verification and molecular mechanism analysis.

Key words: Bottle gourd; Fruit length; Gene mapping; BSA-seq

90K [Lagenariasiceraria (Molina) Standl.] 4 #
PRV P R — AR B LAY, AT R
KN BIFAESE, 5= TR, R E W72 750 A1,
93 e 7 X B ) R 8 S ERS AR , Pl Hb
X =B AR AL RS TV Y95 T AR
TR SURNHET 2, HE A, F R

Y ts BHA:2026-01-15; 1& 2] HEA : 2026-04-16

JRAESEF , B IS RFK 98 RS T R
ARG — AL ER S T E M RS 1
A 5 B BE e 00 1 58 26 A0 e, H A A I
TS A ) B B Bl AR SRS AR 77 BHE
Vi EE LD AR R —, 2 — M2 E
QTLs CHCE PR mD 42 i (1 = A AR IO R

EZ RN VFR I, 55, AR Z0 B 78 J5 R R BR3E T i &« E-mail : xql@nbweimeng.com
BIEIEE IR, 55, mZCR 200, 007 W N EESE5F B e E-mail : Ingiao@zju.edu.cn

« 40 -



E

VFIRJE , 8« SRR SR HE A (1 QTL 3£ Ar

X ISR 5T

FEHRESFEE A kA TR AR R
TR I 7 K I 12 K 3 IR B L BT L K AE AL T L 4l A
FEE TR PR AR R A KL

SR /IME BRI B ZE A T MR, 50
HREM L, WS EERNTERK, B2
TP E PP ) ey B AT, B 4T ek
/INEE R B AL AR 7L R B 2 R, Hor B AR R
SR AED , X5 K /N IR FERCR RN 5
FERMEDD oI &R 52 /N R AR I8 i 2,
[[TR-19)087 35 5 AN 0B~ 3PS DR VA1 I 5% N Sl 1= 2
SR o 2 0o I Z AR RS S R B SR 2 AL, SRk
TEAR KN BV 5 A 2 MR 356 TR 42 0 R T3
BRI B BRI T T A

SIS 77 THIIE TR 25 FH G R, 255 IR 20 =00 )5
T 2021 F5E R, HES) T AR R BB A AR
JiE o WFFCEIR SR A 2 3 R, o ol RS SR T , it
T 326 & H A0 E S AN & 53 AR R I TORT b Ll 2
HAREHFREREEF UG A AEERE L. B4
PLEIUTAK: B IE A4 B E22A509M-S ABEA 5 5 44
Bl GB-16-S AL A AT A, 1 2 F, 8t 4% 73 B 7
A4, 38 IR A 2 4L (BSA-seq) X 42 il B 52 K4
(IR A et SR AT 58 7, AR AR 4 256 DR 40 2 000 7 040
X TR SR S A AR D% 110 4 24 5 DR 2R AT T000 5 DABA A
5] B TSR S /N [ 383 A% AL 1) B 5 il

QY PR SRS DARES

1.1 ##

BB R B E22A509M-S A1 GB-16-S ) i
TR A A IR A F H R IEE RS DEURK
RIEA KL E22A509M-S Ry BEA(BLR iR XD 4 4
BIMEL GB-16-S NACA(BL R &K Y),2023 452
BUERHAT A AT B, MEKES FO2 % H R
FARBE AR T, F, bk B 2CHN B Bl 7o WAL Fa
BEAR (474 DBR BT 2024 435 FOEAE T 9 09
Tl A7 IR 2 ) B s AR 3 b M P 5 R 4l o 7. F B
1T 2024 FEFKZER 2025 4352 PR AE T U T
Tl A PR 2 ] IS o A% 37 35 H K P9 5 40 )AL 45 20
25 Mk R
1.2 7%

121 #MAREKEEAHKENE XNEHE?2
JA B XSY FooFa A Fs BEAA (1) 50T SR S K R gk A7 DU
B MERINE 2 AR R A K, BT
B

122 #MNEEKEEmEE WL KE

B EE , ki F, B4 rh A SR S 20 BRANEE S 20
MR 5 ECH 326 AL AR (10 T P A 2 R ST it SR i A
Ui VeIt , PR SR AR R o — AR 1A 2 b v AR B
B I 0 A BR 2 7] 9 /7 (1llumina NovaSeq6000 ~F
5, M FFR/ANEAN 6 Gb, ity 12 Gb.

{8 FH Fastq 344 %0 00 Fr 2 9 2047 o4, 48
bwa PR R EE RSN 225 B 40 E (http://
cucurbitgenomics.org/v2/organism/29) , f# H sam-
tools #XAFBEAT sam SCAFHEF RN bam AR
515 8 GATK B o A A 1) B A% R 2 A 1k
(single nucleotide polymorphisms, SNP) Al i A #ik 2k
#5 1 (insertion and deletion, InDeD) » #J H] SNP-in-
dex VAT 5 AR R I XIS, 430 H 5K
SR SRR S S A i VR Y] SNIP-indeex {HL, P A
W v VB Y SNP-index B i 2 15 1] A(SNP-index) ,
A (SNP-index) fEL it ot 8 1L £k 1) [X 45 B Dy m] e 1 %8
KRR QTL X35,

BT R AN P HAE KSURSE LKA, £
QTL figie X 45k A i 126 72 55 A (8] 47 2 A B 1K) SNP T
KIS KASP 5140, 519 H A TAY TR K
WA BRA A& e
123 #MAREREEARGH@E iz o HlE
2024 FHEMKERREFSN F, 1 AEUNK
TRAEDR E AL R BEAR , 5 22 AT AL BRI Ik . ¥4 F,
B 20 R SR TSR A1) Fs 723 S 7E 2024 4R FK
R 2025 R R, 97 18 H AlE R R E L, 5
MELR B THEA E AL

2 AR50

2.1 SRR MRS

W 1-A~B Fin, sURK R X s RE Y
K TR, T KR4 B 38.85 FI
21.40 cm, A X MR SEKER B E R TEAER Y.
LK X FERIE Y #1723 3RB 10 F,, Ho°F
RS KN 31.50 cm, 4 F R4 6] o

DK SR X AR Y R A& F 4 B Rt
A 6 By o0 B BEAAR 474 AN FR R 0 RS2 K AT
. GREIR A BB RA T, R BRI
RIEGAA, , BAR R ILIE 040 (- 1-0), 1k Ak, —
Bo bk 2R 1) A S RE R I H SR AR IR, R
H ] BEAELE 2 ML QTL A7 &1, 7 & HeE Mok st
FERUAE , Phode thmi R BUA i TR E AT BSA-seq 74T -
2.2 MR RSEKRE MR E AL

H% 1 a5, KRIE A X3R5 5.00 Gb,

e 4] -



K BT hoOE N % 30%
A B 50 -
45 + A
5 35t
5 30} —I—
S 25t C
=9
i 20 +
w15t
o0 L
i s |
0 L L 1 1 J
X Y F,
# & Material
0.25 -
C
0.20 m
,—/3
(>)\. pre—
g
g 0.15 /
S
X 010
0.05 |_|
N (RININ RN R R
. el e qf? e o Ne e X o2 e e 92 NG
5/\ (e/\ « b/’\, & b’% » ‘o;b b/m’ ‘Q)‘ ‘o)‘ b)‘ (O/b‘ ‘o;)
N S N N . . - L T TR R e

RSK P Fruit length/cm

HACEAR XY MF RS ALB. G A XY B FORSEKE RS C R AR KE A E T B .. AREKE FRERIRTE 0.01 K

Note: A. Fruit phenotype of parental lines X, Y, and their F, hybrid; B. Quantification of fruit length in parental lines X, Y and the F, hybrid;

C. Frequency distribution histogram of fruit length in the F, population. Different capital letters indicate extremely significant difference at 0.01 level.
1 SURREKIE MR EE

Fig. 1 Comparison of long fruit and short fruit in bottle gourd
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Table 1 Quality statistics of sequencing data

. % GC & xR
Bl PR 0 Qaor Al ExE
Clean GC Mapping
Sample % %
data/Gb content/% rate/%
X 5.00 96.65 90.99 36.43 99.79
Y 5.08 96.42 90.52 34.14 99.78
KRB 1038 96.48 90.73 36.21 99.42
Long fruit
mixed pool(L)
AR S 9.93 96.74 91.26 35.28 99.58
Short fruit
mixed pool(S)

R EAR Y R HE 5.08 Gb, KRR IR
1315 5dE 10.38 Gb, FE TR IRI IR 1515503 9.93 Gb.
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Table 2 KASP markers used for mapping

Fric 44 FR ER 51 R AL EIE el
Marker name Forward primer sequence Reverse primer sequence
98777 AAACGGGAATGGAGACGGCTTCIA/G] GTTTGGCTCAAGCTTCTTCTTCCAC

1367366 GAACAACCCTTGAGCTCAACCA[G/A] AGGTAGAGTCGAGGTCCAGCA
1595572 ACAAGCAGCTAAGGACGCAGCA[A/G] CTGCAAGATCCTTTGCTGCCAACAA
3199739 ATCTCCCGTCCCACAATTGTTG[G/A] GGATGTCATGTACGAAAGCTTGTGC
5785216 TCCATTCTATGCCGTTGGCCA[G/A] GAGGGTTGACCTAGAGTTCCAAATC
7202308 TTCTCCTGCCGCTTCCAAATT[G/A] CACTCGAATTCAAGCACAAAGCACA
8563779 TATAAAGCTAGTTGTGCGACGC[A/T] GAAGGTCAACAAGGGGTCAATT

14213357 TTATAGGCGACTGCTCCATTCA[G/A] GACACACTTCCTTCATCCACTTACT
1914723 CTTTCGAAGCATCCACGCAGIT/C] CAGTACTCCCTAACTTGTTTTCTGG
2422721 GGTAGAAGTGGAAATTGGGCCT[G/A] GAGGTCACTTTTTGGGCCTATCTTC
2797668 CATGTCAGTGTCATCCGTCAC[A/G] GAAACCGTCATGGAATTCCATTGGA
3020162 CGGATTCTTCCTGTCATTCTCG[C/T] CCCAGCAGTGAGATTACTTACTGAG
2228099 TTTCCATCCGCCACAAACGC[A/G] ATAGCCCACCGGCTGAACA
2286097 TGCTGGTCTCGCATCTGAAG[G/A] CCAGTGGGAAGATTATCCACATAGC

T HIE S PRI SOR SR A IE 7 SNP R F 2 P o

Note: Different bases in square brackets represent the SNPs of the parents.
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Fig. 3 Fine mapping of gene controlling fruit length in bottle gourd
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