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Genetic analysis of Asiatic rice borer Chilo suppressalis populations in
Ningbo City based on whole-genome resequencing
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Agricultural Sciences, Ningbo 315040, Zhejiang Province, China)

Abstract: To investigate the population structure and phylogenetic relationships among different geo-
graphic populations of Asiatic rice borer Chilo suppressalis in Ningbo City, China,whole-genome rese-
quencing was performed on 37 individuals from eight populations (six from Ningbo, one from Beijing,
and one from Hangzhou). Genomic variations were identified, and population genetic analyses includ-
ing population structure, selective sweeps, genetic diversity, and historical effective population size
were conducted. The results showed that a total of 42 149 215 single nucleotide polymorphisms and
11 912 812 insertions/deletions were identified across the 37 genomes, with most variations located in
intergenic and intronic regions. Among the six Ningbo populations, Yinzhou, Yuyao and Haishu popula-
tions were closely related, whereas the Xiangshan population showed the greatest genetic distance from
the other Ningbo populations and exhibited moderate genetic differentiation. Genes within the selective
sweep regions of the Xiangshan population was significantly enriched in seven signaling pathways,
including melanogenesis and circadian entrainment. Among the Ningbo populations, nucleotide diver-
sity was relatively higher in the Haishu and Yinzhou populations, but lower in the Xiangshan and Feng-

hua populations. The Ningbo populations experienced a rapid contraction approximately 3 000—1 000
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years ago, followed by a rapid population expansion.

Key words: Chilo suppressalis; whole genome resequencing; population genetic structure; genetic

diversity; genetic variation; genetic differentiation
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Table 1 Sequencing statistics of genome resequencing samples from Chilo suppressalis populations
pripiEd Clean Q30/% Hexf PR 7 55 ¥ Coverage/%
Population data/Gb Mapping rate/% Sequencing depth 4x 10x
N FPHE Yinzhou population 13.8+1.8  92.9+0.6  99.0+0.5 16.3+2.1 82.3+0.7 69.6+3.5
BB MRFPIEE Haishu-Gulin population 14.8+1.5 92.840.9  99.5+0.1 17.5£1.8 83.0£0.6 72.1+3.3
TEEEAE - HEFIEE Haishu-Jishigang population  15.4+2.6  92.9+0.7  99.4+0.1 18.243.1 83.1+£0.8 72.6+4.6
ZEALFI ¥ Fenghua population 147433 97.1x0.1 86.9+9.4 15.4+5.1 81.9£1.6 65.1£10.0
2 1L Xiangshan population 13.3+1.1  93.5+0.7  92.9+11.2 14.5+0.9 82.2+0.6 67.8+4.1
ARWEFIRE Yuyao population 132415 941209  98.4+2.1 15.31.9 82.140.8 68.6+4.8
& BHFM#E Fuyang population 12.540.7 97.0£0.2  99.1+0.1 14.7+0.8 81.9+0.4 66.9+2.4
A5t Beijing Population 14.742.6  97.0£0.1  99.1+0.3 17.3+3.2 82.0+0.5 73.4+3.4

T RG4S %PRiEZS . Data in the table are presented as mean+SD.
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Table 2 Functional annotation of single nucleotide polymorphisms and insertions/deletions

in the genome of Chilo suppressalis populations

. HZTTIR 2 50 fHABE
eI Single nucleotide polymorphism Insertion/deletion
Functional category ” ”
¥ Number A% Percent/% #+= Number L% Percent/%

HE[H 6] Intergenic 23153 111 50.430 6 681 603 50.330
P4 T Intronic 14 238 777 31.010 4152 489 31.280
4t 731 Coding sequences 558 734 1.220 37217 0.280

SEBRIEIX 5" untranslated region 193 080 0.420 48 994 0.370
39 HHPEX 3" untranslated region 902 739 1.970 262918 1.980
[/ . Synonymous 292 430 0.640 - -
AT %K Start lost 585 0.001 469 0.004
2 1| 74f45 Stop gained 9 344 0.020 2135 0.016
2 b5k Stop lost 4510 0.010 1336 0.010
2 [ FHEK: Stop retained 1612 0.004 43 0.001
B 55 X 45, Splice site region 52070 0.110 14 101 0.110
# 4 Frameshift - - 24156 0.180
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Fig. 1 Density distribution of single nucleotide polymorphisms (A) and insertions/deletions (B)

across 29 chromosomes of Chilo suppressalis
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Fig. 2 Genetic structure analysis of eight Chilo suppressalis populations

232 AR E RS & PR WA Hot 5 AR T, R ILRR
TES 1 By b, AL R RE S UL 70 BRREEEOR, SRR A T A R — B (51 3) .
PRI B0 T 5 TAESR 2 R0y b, AR IR |

B 5 o JLRFE
o Beijing population
\ ® FALFEE
Fenghua population
', e © ERHFEE
Fuyang population
© MR MRANEE
Haishu-Gulin
| population
-0.2 o R TEMH
Haishu-Jishigang
population
o ZLFhEE
-0.4+ Xiangshan population
RYFEE
Yuyao population
¢ ® RN
L I L L L ) Yinzhou population
0.0 0.1 0.2 0.3 0.4 0.5

5 1E 54> First principal component
3 ITAZHEER BB ER S T
Fig. 3 Principal component analysis of 37 Chilo suppressalis samples
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population; FH1-FH3: Fenghua population; FY1-FY5: Fuyang population, HS-JSG1-HS-JSGS5: Haishu-Jishigang population;
HS-GL1-HS-GL5: Haishu-Gulin population; YY1-YY5: Yuyao population; XS1-XS4: Xiangshan population.
El4 37 HIEFRNRERER
Fig. 4 Phylogenetic tree of 37 Chilo suppressalis samples
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Table 3 Genetic differentiation indices among eight Chilo suppressalis populations

JERCRIHE EOMAREE BT FHADEE ABERPRE MREELE IV RIRY TREE LRI 2R LA

Pojilgjtion Beij ing Yinthu F uyang Yuya(? Haishu-J isbigang Haishu-Qulin F enghga
population population population population ~ population population  population
RN AP Yinzhou population 0.272 -
= BAAMEE Fuyang population 0.296 0.028 -
AWEFIEE Yuyao population 0284 0015  0.039 -
TR R Haishu-Jishigang population  0.272 0.003 0.031 0.019 -
TEFHE 5 AR Haishu-Gulin population 0.252 0.003 0.031 0.019 <0.001 -
Z= AP Fenghua population 0.349  0.025  0.060  0.045 0.025 0.024 -
211 Ap 3 Xiangshan population 0.348 0.056 0.086 0.073 0.055 0.054 0.090
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Table 4 Nucleotide diversity and Tajima’s D values of
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e BRI
. Nucleotide  Tajima’s D
Population . .
diversity
N A3 Yinzhou population 0.003 31 0.691

TR T AR 0.003 33 0.666
Haishu-Gulin population

63 S R 0.003 31 0.683
Haishu-Jishigang population

Ze Ak Fptf Fenghua population 0.002 87 0.427
%111 Fh ¥ Xiangshan population 0.002 98 0.642
A WEAhEE Yuyao population 0.003 19 0.632
& BARIEE Fuyang population 0.003 15 0.743
b 5UFREE Beijing population 0.001 36 0.878

6
10 F— ZE4bFPHE Fenghua population
F— YA MR Haishu-Jishigang population
YEHE M ANEE Haishu-Gulin population
Z 1L Xiangshan population
— RPEFEE Yuyao population
— B A Yinzhou population

1l L M|

10 10°
FF 1A Time/year ago

7 TR T ZEEFEE D SR AR RN
Fig. 7 Historical effective population size of Chilo suppressalis populations in Ningbo City
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