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Simple sequence repeats analysis of Bactrocera cucurbitae
populations from custom ports in China
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Abstract: [ Aim] Understanding the spread routes and the origin of quarantine pests is important in international trade. Bactrocera
cucurbitae is a worldwide quarantine pest and is also included in the Chinese quarantine list. We aimed to study the genetic differ-
ences of B.cucurbitae populations intercetped at different customs ports in China by simple sequence repeats (SSR) identified from
transcriptome data. [ Method] Polymorphic primers were designed based on the SSR obtained from four transcriptomes of B . cucurbi-
tae in different regions by bioinformatics methods. Forty-nine B.cucurbitae samples from eleven provinces/regions of China were se-
lected for verification, and the NTsys and Popgene 32 softwares were used to analyze their genetic diversity. [ Result] Fifteen pairs
of primers with reliable polymorphism were selected. An UPGMA cluster analysis clustered the populations of Xinjiang, Sichuan and
Guangxi into one clade, the populations of Zhejiang clustered with the ones of Guangdong and Jiangsu, and the populations of
Shanghai clustered with the ones of Yunnan, Hainan; the populations from Beijing formed a separate cluster. [ Conclusion] The ge-
netic differentiation coefficient among populations was 0.6712 , indicating that B.cucurbitae populations in different regions have var-
ied genetic background, and these populations might have different original sources. These results provide the theory and technique
support to identify the origins of quarantine pests.
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JNSZW8 Bactrocera cucurbitae ( Coquillett) fAFK ™ 52 M5E 5% JIVAL A9 i 5 Ml 7= 1 ( Nishida & Bess,
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fiij B H5 &2 ¥ 5| ( simple sequence repeat, SSR)
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SYRTRHERR . B MG AE (2014) BEF R R 4B
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Table 1 Geographic origin of B. cucurbitae samples

X Region FEA I Sample size (R AETT B Preservation methods e 4E H# Collection date
B EASE Xinjiang Urumgi 3 95% £ B Ethanol 2018-09-15
KEFH#E Tianjin Xingang 3 FHEA Dry sample 2018-09-25
8 7 1 Hainan Haikou 46 FHEA Dry sample 2018-09-09
A5t Yunnan Jinghong 20 FHEA Dry sample 2018-09-11
J VB H#E Guangxi Fangchenggang 8 FHEA Dry sample 2018-09-21
It B F Beijing Changping 7 95% .1 Ethanol 2018-09-16
RN Guangdong Guangzhou 10 95% ., 1% Ethanol 2018-09-09
VL7575t Jiangsu Nanjing 3 FEEA Dry sample 2018-09-15
WM Zhejiang Hangzhou 23 FHEA Dry sample 2018-09-07
¥ % 11 Shanghai Baoshan 7 THEA Dry sample 2018-09-18
PUJII%EFH Sichuan Ziyang 22 95% L% Ethanol 2018-09-20

1.2 & RNA HRE 5K
i} Trizol Reagent J7 42 HUEL RNA, H] 1% 35
BRI BB TG I B RNA (1) 52 241, 28 Nanodrop
2000 436G+ (IMPLEN, CA, USA) il 2 RNA Ay
4l AKPE Qubit RNA Assay Kit i F 150 BH 22 12 72
RNA ¥, I Agilent 2100 ( Agilent Technologies,
CA, USA) RSB RNA HYSEREE
1.3 cDNA XEHZFNFF
RNA AN S A% 5, 74 Oligo (dT) AR

B S 4 mRNA HITA fragmentation buffer, ¥ mRNA
FTWT R A B, DL mRNA A AR R 00 15 SCE, S
@*@@%ﬁk}ﬁ,ﬁﬁﬁ Qubit 2.0 Agilent 2100 F Q-PCR
TIVERT SCRE AT R, DAORUE SCPE i i, d5cJim A 1]
llumina FE G AT cDNA SCZEM
S B b ST A R BRI PR Bl 5E L
1.4 HERAMERE

D 75 21 1 JRL LR B0 (raw reads ) 28 A B 25 45
3k poly-N AT 2 17 41 J AR A5 w55 Jo 2t A 00 ) 450 4l
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C AR BRSO 7T 43 T ) L Q20 (BT
{H =20 BYFEE S EFRE R A 73 1) \Q30( B {H =
30 AYBBCEE 5 SRCEE 1Y FT 3 L) RN A AR
o ] Trinity 208X & B i 1Y clean data #E4THF4% |
IR NS e AR5 5 B i Y unigene
1.5 %3R4 SSR Kyt

FIH SciRoKo 3.4 A4 (BRIAZH0) 4R O S5 i
e s 21 v i) SSR A 3 A5 B (Kofler et al.,2007) ,
Pt A2 H TR SSR B U TR A |
TEHRES CEHRER UETTRER | X
HRREE AEHIRER SSR, M Excel # A A[H
M BN IUSE M ) SSR {5 BT830,
1.6 DNA 2B 5| #0fiti%it & PCR #1

& H DNeasy Blood & Tissue i3] & ( QIAGEN)
PEEC S IS g g IR 2 DNA, A Primer 5.0
XF i >R % SSRF 4 #4751 #1152 11 ( Untergasser
et al. ,2012) , ik th 15 X 25 ER R SSR 5 ¥t
175288 (R 2) 51k L E VEdr B2 80 9

WA TE AR e R, BT S AR T AR T
FE () A BR S F) 5 . PCR B £ 20
wL: Premix Taq ( Takara) 10 wL, I FHFSI#4% 1
pL, DNA #ig 1 wL, /il ddH,0 % 20 pl, PCR ¥
FEJF:94 °C 3 min;94 °C 30 5,55 C 305,72 °C 45 s,
35 MEFR; 72 °C 10 ming4 °C {R-AE# M, B8 plL
PCR 77T 3% 35t g W06 I FL JKAS: DN, I 7 58 M 1
BR G TR,
1.7 HIELER ST

Xof R TR s T P 5 g K1 i b g T IO 400 1) 1 A%
AT AT, ZEAR R A 38 R A7 & L A Ak
1, JC A 0, T2 B[ 0, 1] BRAE s, SeRk A NT-
edit B SR AT B0 1 5 A FRAE, B A NTsys %K
-1 Popgene 32 (Nei, 1978; Yeh & Boyle, 1997) %k
PEGETE o3 BT R R O3 A 2 88 A R PR ) 22 R R
FEOR N R 2R | SR I B st 1 A AL 3R Bk R s A%
#E2, UAE InACZE - 247 (unweighted class average
method , UPGMA ) #F47RIS1HT , F HPIR LA
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Table 2 SSR primers with polymorphism of B. cucurbitae
IMFS SSR EAIFY ElL7)e2]l 1B KR E PRI E
Primer number  Repeat motif Sequence of primer Annealing temperature/ C Product size/bp
BC-2-1 (GA)11 F:ATTGTAATTTTCCACAC R:TCTAACTCACACTCCCT 55 150-200
BC-2-2 (AC)9 F:TCTCAACCCGATTCGTT R:GGCACATCTGGTGCCTA 55 100-150
BC-2-3 (GC)7 F:CGTGCTCCCTCTCTCAG R:AACCAATTCGCTTTTGA 55 600-620
BC-3-1 (AGG)5 F:CCCGTCCTACACCTAC R:TCTCCTCGACAACCTC 55 150-200
BC-3-2 (ACG)5 F:CCCGTCCTACACCTAC R:TCTCCTCGACAACCTC 55 150-200
BC-3-3 (ATT) 11 F:ATGAAAAGGAACAACAT R:CTAAAACGAGCTAAGTA 55 100-150
BC-3-4 (ACT)S5 F:ACTTCCCCCATTCCTA R:TTGTCGCTTCGCTTAT 55 150-200
BC-3-5 (TGT)6 F:AAGGTGTTATTTTGTGA R:GTGTGTAGAGGCTGTITA 55 100-150
BC-3-6 (TCG)5 F:TGGCACCATCAAACAG R:AGGCGTCATGCAACGA 55 150-200
BC-3-7 (CTC)6 F:CTGCGATAGTAGTGCTG R :CTCATTGGTGTAAATGA 55 100-150
BC-3-8 (CTT)8 F:GCACGCACATAAAACAC R:ATAGGAACCTGAGGAAT 55 100-150
BC-3-9 (GTA)6 F:TGGTGCTTGTGTTGGT R :AGTATGCCTGGCTTTT 55 100-150
BC-3-10 (GCT)6 F:GTGGTTGGTCTGTGTAT R:TTTGAAAGCGATTAGTA 55 150-200
BC-3-11 (GGT)7 F:AGCCCCACACATTCATC R:TCACTACTGCTCCGCCG 55 150-200
BC-3-12 (GCC)6 F:ACGAATCATAAGAGTG R:AGTTACGAGCGAGAAC 55 150-200

2 HRES
2.1 RNA ZEEREWRN

3% 5E PCR M Agilent 2100 43 Hr {4 B
JRSZIE B RNA B E A7 DR oAl 45083601 RNA
R AT LA AT IS gk AL (B 1.2.3) .
2.2 JRSCHBBER RERAMIEALERE

K Mumina — AR 5 & X5 RS0 (3 4~ 5

B WS SEATINY . TAREA GC S RHIAN T
38.88% ~42.31% ; B ANFEA Q20 KT 94%, Q30
YIRT 91% , I e 248 S o off B e v, vl LU T I
G307 FIF Trinity 0 647 40 %6, 15 207 51 S K B2
43 9 h 29462159 | 20646356 , 44400736 , 46515243
bp, i BEFHK BE 4002 151,126 101,100 bp, -1
GC &AM 42% 41% 40% 39% (3 3) .
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Fig.1 Agilent 2100 electrophoresis of total RNA of the
B. cucurbitae populations from Guangzhou lab
A KRN 1B AR 2,CFEAD 3,
A Sample 1; B: Sample 2; C: Sample 3.
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Fig.2 Agilent 2100 electrophoresis of total RNA of the
B.cucurbitae populations from Shanghai
ARES 1B RS 2;CLRRA 3,

A Sample 1; B: Sample 2; C: Sample 3.
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Fig.3 B. cucurbitae total RNA samples
on agarose gel electrophoresis
AN SER A SR S A s B ¥ X M TS o
A Samples of B.cucurbitae kept in Guangzhou lab;

B: Samples of B.cucurbitae from Shanghai.

®3 NEERAEMIBFEERAE
N BRI gt
Table 3 Summary of sequencing data of different
geographical populations of B. cucurbitae

it FraliE FBKJE GC it
Population Total sequences/bp  Sequence length/bp GC content/ %
JUNSE 29462159 151 42
Guangzhou lab
2% Shanghai 20646356 126 41
BT Taiwan 44400736 101 40
F[E America 46515243 100 39

N [ s, o B ) IR S 2 S v SSRA R B
HEEIAH =HARES, M, il G mER
e SN SIS ) — A% 17 R H 52 2 A1) SSR 4303t 43
4% H B SSR B 41.23% . 32.90% , 34.58% .
38.12% ; Hy O WU AZ T e 85 &2 2K A0 (5 4% A &L SSR
BRI 21.57% 20.64% 22.94% 22.92% ; %F )M
G FSEEMBAN S, 5 = F 5 A SSR ERE N
THHREEEAR, L& AR SSR BE A 11.93%
10.82% \13.67% , 1 L VAP BE 07 LU AE = A9 2 B A% 1
PR RN 17.23% , SR ST IR 8 A2 25 A
o7 el B £ R 55 [ AR I SC I A9 7S A%
MR A 2RI SSR i 43l 5 45 H SN SSR B 1Y)
7.47% 8.50% .8.06% , |~ M FlAE Al BA A2 iR 1 & 2%
R e fb A5 H L SSR B ) 7.48%

JUMN £ R 5 R 1 I S e S A
AN A 25 SSR | B 1 R 8 2 R 7 3
KRR, 43 %M 22.82 .30.58 ,23.75 Fil 23.82 bp;
AL IR T BB B /N, 430 R 17.97
18.55.17.78 F118.79 bp, J M . _LIGEHI G IS FIHER
S SR ZH Y SSR A H B T IR A A T
YIS BB K, 70 9N 0.56,0.62,0.57 , 55 FEFPRE R
SR SALIY) SSR A7 i R OBURZ iR T A 2 A 1)



VPEEPFAE . FRIE DR IS AR AS B SSR 73 F-Aric 73

- 263 -

VIR ER R, 0.52, PR O BUR /M & Tt
HRRE S, 7090 0.14 .0.18 .0.12.,0.21

J7N i 6 RS R Y I S i i S A
(AN IR B 2K 78 SSR i, - 349 E  c K R J2 — F
FREE A2 439 112.43 107.32,100.12 ,106.35
kb D3 £ 75 R S5 [ RO ) JIN S M 5 S 4 1) AN TR
A SSR PS4 I B S R S T R
KA 3R 24.37 22.32 24.8 kb, X T M R
JISE B s 20 SSR T , - 349 IR B e e Y 2 B

R A 2R {°h20.4 kb,

JUMN iV R S R 1 I S e S A
SSR EE HITMEE R M Z 2 S KEX,
A3 B SSR B Y 25.96% . 20.48% . 24.16% |
22.07% , &/ 13 14 IREE T MR R IS
WAL S SSR AR I EE A 2R FAZ TR 15 IR
HE SR 14 REL S5 EFHER RS b 5%
2] SSR HHFA M EE KR NN IR 13 KEH

R4 AREMGEFBFNLEERAS SSRWEXEFR

Table 4 SSRs information in transcriptomes of different geographical populations of B. cucurbitae

e g H L ] PR PHRE PSSR PR
Population Type of repeats Nur;i)er/ Percentage/  Frequency/ Average .Average .Average
| % % length/bp mismatches  distance/kb
I ER BARAFBZ Mononucleotide 1228 7.48 2.05 22.82 0.56 20.40
Guangzhou Lab WAZHF R Dinucleotide 1958 11.93 3.27 21.23 0.45 32.53
ZHAFRR Trinucleotide 6768 41.23 11.30 19.87 0.43 112.43
VUK R Tetranucleotide 3541 21.57 5.91 19.01 0.29 58.82
%R Pentanucleotide 1498 9.13 2.50 17.97 0.14 24.88
AR Hexanucleotide 1422 8.66 2.37 21.98 0.28 23.62
BT Total 16415 100.00 27.40 - - -
L FZHF R Mononucleotide 4474 17.23 6.04 30.58 0.62 56.18
Shanghai WAZ TR Dinucleotide 3353 12.91 4.53 21.49 0.49 42.11
=HAFMR Trinucleotide 8546 32.90 11.53 20.10 0.44 107.32
VUAZH R Tetranucleotide 5361 20.64 7.24 18.86 0.29 67.32
TAZ 2 Pentanucleotide 2297 8.84 3.10 18.55 0.18 28.85
AR Hexanucleotide 1941 7.47 2.62 22.30 0.28 24.37
SBT3t Total 25972 100.00 35.05 - - -
B AR Mononucleotide 1756 10.79 2.92 23.75 0.57 28.33
Taiwan RAZE R Dinucleotide 1761 10.82 2.93 20.13 0.37 28.42
=R Trinucleotide 6205 38.12 10.31 20.12 0.44 100.12
VU R Tetranucleotide 3734 22.94 6.20 18.94 0.28 60.25
TR Pentanucleotide 1438 8.83 2.39 17.78 0.12 23.20
AEHR Hexanucleotide 1383 8.50 2.30 22.33 0.31 22.32
H3t Total 16277 100.00 27.04 - - -
XKH FARZHTR Mononucleotide 2511 11.05 4.07 23.82 0.47 33.99
America AL FZ Dinucleotide 3106 13.67 5.04 21.46 0.52 42.05
=A%TFER Trinucleotide 7856 34.58 12.74 20.19 0.45 106.35
PUF R Tetranucleotide 5207 22.92 8.44 19.02 0.29 70.49
HAZH R Pentanucleotide 2207 9.71 3.58 18.79 0.21 29.88
NIZHE Hexanucleotide 1832 8.06 2.97 22.53 0.30 24.80
3t Total 22719 100.00 36.84 - - -

24 NELBAEMBEMEBEENEREBNREZLZE
X

FIFH NTsys 8 f4:%F PCR HL 9k 45 9 (& 4) #E47
GEITFNERIE b, 45 5R (R 6) WoR, mife —BUETE
0.17 ~ 1.00Z [8] , 156 B JIVSE e AN [i] st B A B 105 00 A A
[ AL Ak, v R LA R Sk U 5, A
5 ATLUE RN EE AR T A 4L, D) AR A

C 20 WA e A T D 4, b at . mmg K g
MEEME T E AR AR T BUE 4, i 7T
DU 16 % il VNS O =W LT 11 D R
SR IS MR AL ZE A B B — | [ — 3 XA 3R
SRAE—f W7Vt DX 0 30 0 SRS g 5 ot )
AR TR WA SR B — 32, 1 ) AR
I NS A3 B E BEAL I B AN ) 52
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Fig.4 The PCR amplification of B. cucurbitae populations from different regions by using 15 pairs of SSR primers

M:500 bp DNA marker; 1 ~3 . HTHRFITE 4~ 6 REBEFPRE; 7~ 9 TTIANE; 10~ 14 VBRI AHE; 15~ 19 R FPRE; 20~ 24 . ] PURPRE,

25~29 AL HUFRRE ;30 ~ 34 T ARFIHE 35~ 39 W VL ANAE ;40 ~ 44 . LWGFRFE 45 ~49. U)IFpi,

M: 500 bp DNA marker; Linel-3: Xinjiang; 4-6; Tianjin; 7-9. Jiangsu; 10-14; Hainan; 15-19; Yunnan; 20-24. Guangxi;

25-29: Beijing; 30-34: Guangdong; 35-39: Zhejiang; 40-44; Shanghai; 45-49: Sichuan.
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Table 6 Nei's genetic identity and genetic distance in B. cucurbitae populations from different regions
s s PNE jie3e] =T I dext I7R HDIN WL 1 pu)i
Population Xinjiang  Tianjin Haikou  Yunnan  Guangxi  Beijing Guangzhou Jiangsu Hangzhou Shanghai  Sichuan
HriE Xinjiang * 0.4496 0.4914 0.4783 0.7642 0.4401 0.5688 0.6118 0.5887 0.4928 0.8235
KHE Tianjin 0.7994 ® 0.9792 0.9622 0.6131 0.9062 0.9083 0.8860 0.8780 0.9221 0.5897
MRS Haikou 0.7105 0.0210 * 0.9515 0.6349 0.8719 0.9114 0.8775 0.8885 0.9292 0.6244
2z Yunnan 0.7375 0.0385 0.0497 * 0.6411 0.8745 0.9192 0.8924 0.8993 0.9294 0.6296
J7 V8 Guangxi 0.2689 0.4893 0.4542 0.4446 * 0.5048 0.6040 0.6004 0.5808 0.6094 0.7172
b5 Beijing 0.8207 0.0985 0.1371 0.1341 0.6837 ® 0.8867 0.8537 0.8628 0.8429 0.5875
J" %% Guangzhou 0.5642 0.0962 0.0928 0.0842 0.5042 0.1203 * 0.9577 0.9733 0.9160 0.7200
VLI Jiangsu 0.4914 0.1211 0.1307 0.1138 0.5101 0.1582 0.0432 * 0.9481 0.8997 0.7605
WivT. Hangzhou 0.5299 0.1302 0.1182 0.1062 0.5434 0.1476 0.0271 0.0533 ® 0.9352 0.7344
¥ Shanghai 0.7077 0.0811 0.0735 0.0732 0.4952 0.1710 0.0877 0.1057 0.0670 * 0.6851
PaJil Sichuan 0.1942 0.5282 0.4709 0.4627 0.3324 0.5318 0.3285 0.2737 0.3087 0.3781 *
ML =) E=AM e —BUE, R =M,
Above the diagonal ( * ) is the Nei's genetic identity and below the diagonal is the genetic distance.
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Fig.5 The neighbor-joining tree based on SSR data of B. cucurbitae populations from different regions



5 4 1

VPEEPFAE . FRIE R IS AR A B SSR 73 F-hric 73

- 267 -

—0.4143  Fv# Tianjin -~ 7

1.0584
0.4143 .
1.5409 L =222 %74 Hainan
%1
1.5238 1.4728 Z# Yunnan Clade 1
3.0136 k¥ Shanghai -
1.9320 07807
— 2 1O0 ShIT. Zhejian T
0.9710 H Jlang %2
19.3840 2.7858 L 0.7807 % Guangdong cﬁfa o2
1.7517 JL.3% Jiangsu |
N 6.4694 3L5% Beijin 533
Jing Clade 3
13.8300 F P Guangxi
12.0230
9.5137 X %4
-] Sich
43171 D)l Sichuan | oy
L 95137 3:3E Xinjiang
6 ET Nei's trAEiEEEE S AN E IR Fh B I Sohs M AR B2

Fig.6 Dendrogram of B. cucurbitae populations from different regions based on Nei’s standard genetic distance
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