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Gene mapping analysis of white fruit rind trait in watermelon based on

BSA-seq

Sun Lei', Yu Lijie', Liu Zhongye', Zhou Xin', Zuo Shiyu', Zhu Zicheng’

(1. College of Agronomy and Horticulture, Liaoning Agricultural Vocational and Technical College, Yingkou 115000, Liaoning, China;
2. College of Horticulture and Landscape Architecture, Northeast Agricultural University, Harbin 150000, Heilongjiang, China)
Abstract: This study used the watermelon with white peel variety Sanbai Gua and the dark green peel material LN1-1 as
parents to construct a genetic population, systematically dissect the genetic mechanism of white peel in watermelon, map
the key genes regulating this trait, with the aim of providing a theoretical basis for molecular marker-assisted breeding of
watermelon with white peel. Using Sanbai Gua as the female parent and LN1-1 as the male parent, a four-generation popu-
lation was constructed. The peel color phenotype of the F, population was investigated, and subjected to genetic analysis.
Bulked segregant analysis combined with whole-genome resequencing (BSA-seq) technology was employed to sequence
the extreme pools of white and non-white peel individuals in the F, generation, and bioinformatics analysis was used to
map key candidate genes, followed by sequence alignment and phylogenetic tree analysis to verify gene functional associ-
ations. The results showed that among the 225 F, plants, 60 displayed white peel and 165 showed non-white peel, with a
segregation ratio fitting the theoretical 1:3 ratio(y>=0.33, P>0.05), indicating that white peel trait is controlled by a single
recessive nuclear gene. BSA-seq localized the gene to a 2.74 Mb interval on chromosome 9 (11 793 001-14 532 000 bp),
containing 78 genes, among which Cla97C09G175170(a homolog of APRR2) was predicted as the key candidate gene.
Sequence analysis revealed no variation in the coding region of this gene, with only one critical G—A SNP within the 9th
intron that co-segregated with the white/non-white phenotype. Phylogenetic tree analysis showed that its encoded protein
is highly conserved with homologous protein sequences from other crops such as wax gourd, cucumber, and tomato. Com-
bined with the known function of the APRR2 gene, it is speculated that this intronic mutation may affect gene expression,

thereby impairing chloroplast development and leading to complete loss of chlorophyll, ultimately resulting in the white
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peel phenotype. This study successfully mapped and predicted Cla97C09G175170 as the key candidate gene controlling

watermelon white peel, laying an important theoretical foundation for further gene functional validation, and molecular

marker-assisted breeding.

Key words: Watermelon; White peel; Genetic analysis; BSA-seq; APRR2 gene
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Fig. 1 Comparison of pericarp traits between parents and F,, F, generation
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Table 1 Separation of peel color of F, population

£zt SN EIaS ket S
Index White Non-white  Total
WME (%) Observed value 60 165 225
FERME (B ) Theoretical value 56 169 225
Va 0.33(P>0.05)

L LA Theoretical proportion  1:3

SERAEH W] TS SRR A B A DR A A
AW G W B B AT TR G AR Rk
5IhRedE R, it Rk 4 fion. HLEEW
478 152 /) SNP F1 124 758 4> InDel, £ 41 2 1
DX oA ) HE AR [A] SC5RAR 5596 4> SNP LSRG 178
A InDel #% i 4fi A\ 143 A InDel, DL J& 2 11 % 15+
K13 81 A~ SNP. & 1L %651 2% 31 4~ SNP, ixX &

AR ] Ref B R D RE S AR . e B AR
S o B oh - JE A [A] X (SNP: 382 253; InDel: 87
046) , H K N F X 35 (SNP: 43 298; InDel: 17
038) . 4 55 B [f LLAdl] Cts/tv) Ry 2.222, kb TAED)
DU PP S I P s W BRI P9 L BB S T 5. Utk
A FEBE DR B TR X3 A T AR BT D)7 i A 3
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23 ANEEREEREEN

RAEA R R AV N % e 5 B s MR ARG 1)
A X, K T I R T T 2 A VR i )
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Table 2 Summary table of sample sequencing data quality

FEA JE IR H A PRI EESRVE A El ﬁ&ﬁlﬁﬁ Atk B IR Q20% Q30/% GC & &
Sample Raw base/bp Clean base/bp Effective rate/% Error rate/% GC content/%
w 9962 213 400 9902 484 900 99.40 0.01 99.33 97.56 35.69
NW 9976 468 800 9908 870 400 99.32 0.01 99.34 97.65 36.31
SBG 5409 292 500 5360428 500 99.10 0.01 99.09 96.80 38.08
LNI1_1 5316 488 700 5265928 500 99.05 0.01 99.05 96.68 37.82
®3 MNFREREBEZESGT

Table 3 Statistics of sequencing depth and coverage
A ERUYSIIP S AREERDFEC o P LTI PR IR 1 X i 4 X EHE
Sample Mapped reads Total reads Mapping rate/%  Average depth/X  Coverage at least 1 X/%  Coverage at least 4 X/%
w 65361932 66 016 566 99.01 17.97 99.65 98.41
NW 65 349 526 66 059 136 98.93 17.20 99.58 97.06
SBG 35270943 35736 190 98.70 13.24 97.59 86.09
LN1 1 33048 421 35106 190 94.14 12.25 98.29 89.19
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Table 4 Summary of variant calling and annotation

eS| SNP # InDel %
Category Number of SNP Number of InDel
K 37 Upstream 22221 10 762
A Exonic 2% 1B %513k 13 Stop-gain 81 12
281257 % 2% Stop-loss 31 4
[ X 9¢74F Synonymous 4843
JE[F) L Z€74F Non-synonymous 5596
Rk 2k Frameshift deletion 178
#0546 N\ Frameshift insertion 143
JER L H 2K Non-frameshift deletion 172
JEF D46 N Non-frameshift insertion 189
AR R 147 A Unknowns 53 0
P& F Intronic 43298 17 038
[ AF BT Splicing 39 34
A T Downstream 18332 8 547
LR i/ T 0% Upstream/Downstream 1405 630
FHE[A X [] Intergenic region 382253 87 046
4t Transitions(ts) 329793
Hii4e Transversions(tv) 148 359
e S AT LA s/t 2.222
#fi N\ Insertion 59 767
R4 Deletion 64 991
S Total 478 152 124 758
A
1.0 4

A (SNP-index)
=
= O

1 |

4
W
1

L
=
|

Yett /& Chromosome

B A Jetafk Cla97Chr09
A Chromosome Cl1a97Chr09

III\\IIIIIIIIIF[-H\IIII\IIIIIH\IHIIIII

0 369 13 1721 25 29 33 37
Jeto iR fr E
Chromosome position/Mb
7 : A, ACSNP-index) 7E Qe (A K370 18], IS 2L 2R 95%BIELR ; B. 9 5 Ytk ACSNP-index) 730717 , B 4 (L 209 95% R {2k
Note: A. Distribution of A(SNP-index) across chromosomes, with the red line indicating the 95% threshold; B. Distribution of A (SNP-index)

A (SNP-index)
o

on chromosome 9, with the green line indicating the 95% threshold.
2 ET ASNP-index I FI/N B &REERMRIEXE

Fig. 2 Candidate interval for the watermelon white peel gene identified based on ASNP-index mapping
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Table 5 Candidate gene list

£ 1D
Gene ID

H K D redtik

Ee) o .
Description of gene function

T 8 A S5 450

Core protein domain

1 Cla97C09G174730 #:3:HF MYC2 HKUUE
Transcription factor MY C2-like

2 Cla97C09G174800 ZiikH Iz B AT
Mitochondrial carrier protein

3 Cla97C09G174980 #4 LSDI
Protein LSD1

4 Cla97C09G175000 4R F RIRILIZE 1 12 REUEA

Aluminum-activated malate transporter 12-like

5 Cla97C09G175030 NAC 45K 1 74
NAC domain-containing protein 74

6  Cla97C09G175060 ZkfiifkH%EE M SufB
Iron-sulfur cluster assembly protein SufB

7 Cla97C09G175070 4 {2 P450
8  Cla97C09G175080 Cytochrome P450
9  Cla97C09G175090

10 Cla97C09G175170 P4 2H 43 M B 1 15 25 1 2RI . APRR2

Two-component response regulator-like protein

APRR2

11 Cla97C09G175220 DNAJ [V C WS 7 2
DNAJ homolog subfamily C member 2

12 Cla97C09G 175320 TE¥AHIFK K 1 (DUF581)

Senescence-associated family protein (DUF581)

TP E B e - B - JE 45 FA 45 (IPRO1T1598)

Myec-type, basic helix-loop-helix (bHLH) domain profile(IPRO11598)
T4 bHLH 5% K7 ACT FES5#4 1 (IPR0O54502)

Plant bHLH transcription factor, ACT-like domain(IPR054502)
LR AT P S BE BR 8 2R AR R 45 443 (TPRO50567)
Mitochondrial basic amino acids transporter-related (IPR050567)
LSD1 £ {45115 (IPR005735)

LSDI zinc finger(IPR005735)

BRI S SRR e 12 VR 4 Mg 48U (IPR020966)

Aluminium activated malate transporter(IPR020966)

NAC £ 43 (IPR003441; IPR036093)

NAC domain profile (IPR003441;IPR036093)

H-2%4k ABCIT 4 AR SR S5 KI5 (IPRO55346)

Protein ABCI7, Chloroplastic(IPR055346)

SufD BRFEE e e 4 F 45 #15 (IPRO37284)

Stabilizer of iron transporter SufD (IPR037284)

R P450 45 K48, (IPR036396; IPRO01128)
Cytochrome P450 (IPR036396;IPR001128)

W 2 15 45 4448 (IPR0O01789)

Response regulatory domain profile (IPR001789)

Myb % HTH DNA £ & 45 #J38 (IPR017930)

Myb-type HTH DNA-binding domain profile (IPR017930)
Myb #f DNA & & 45435 (IPR001005)

Myb-like DNA-binding domain (IPR001005)

FLZ MR EE M3 (IPRO0T650)

Zinc finger FLZ-type profile (IPR007650)

FCS TR 1 AISRE5 115 (IPRO44533)

FCS-like zinc finger 1-related (IPR044533)
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Fig. 3 Phylogenetic analysis of homologous proteins of candidate gene Cla97C09G175170
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