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Analysis of population genetic structure of Diaphorina citri in Jiangxi

Province based on mitochondrial COI gene

HUANG Ai-Jun'?, MA Jia-Yu', ZHOU Jun'?, YI Long"* (1. College of Life Science, Gannan Normal
University, Ganzhou 341000, Jiangxi Province, China; 2. National Navel Orange Engineering Research
Center, Ganzhou 341000, Jiangxi Province, China)

Abstract: Diaphorina citri Kuwayama, a major pest during the citrus shoot stage, is the primary vector of
the bacterial that causes Citrus huanglongbing in the field, posing a serious threat to the healthy
development of the citrus industry. Elucidation of the population genetic structure of this insect is therefore
indispensable for the devising of targeted and effective management strategies. In this study, the
mitochondrial cytochrome ¢ oxidase subunit I (COI) gene was employed as a molecular marker to analyse
the population genetic structure and diversity of D. citri across Jiangxi Province, China. Eight haplotypes
(designated as Hap_1 ~ Hap_8) were identified in all the COI gene sequences of 316 D. citri individual
samples from 16 distinct populations. Hap_1 was the dominant haplotype in all populations, accounting for
92.7% of the total samples. The observed pattern of the haplotype network manifested as a typical star—
shaped structure, with Hap_1 occupying the central position, thereby suggesting its ancestral maternal

status for the surveyed populations. The overall haplotype diversity index (Hd) was 0.139 and nucleotide
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diversity index (Pi) was 0.00022, suggesting a low level of genetic diversity within the entire population.

The differentiation index (Fst) of XYYS population between others was found to be greater than 0.15,

indicating a high level of differentiation level, while a low level of differentiation among the other

populations was found. The neutrality test and mismatch distribution analyses indicate that D. citri

populations in Jiangxi Province have undergone a recent rapid dynamic expansion. The results of the study

provide fundamental data for a systematic understanding of the population genetic structure of D. citri in

Jiangxi Province.
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475 A L Diaphorina citri Kuwayama JEEWEH
Hemiptera Ji A B} Liviidae, 2 fi 52 B9 AH 7% 3 5
Z— o FORE AN BT SRR A AR O L R S R
BRI . WO T AR ZH O A E
I 1% 7 M A S5 M T ARG B Je o, 2 3R 4 R
ZHOT X e FE P H AR A B L, ™ U
AT 7l A e e o AR R LR B T 1907 4F:
FEREGE T RIE A4 (Kuwayama, 1908), J&
B HOTAR D TV RESE 13 . AR IXEL
FEAATECIX (T2, 2018) . JLPG4 T 1978 4F4f
BEARAE (kA , 1978), FE AW Aty e
TE X532 D R AR M A T EOR R (R
5, 2016).,

T 45 R S 48 A 0 B DR Bl R 28 A 1) i) g A
LTI S HE (3G 51 W (F I L 7B B i [ A4 o o E ISR N
W B ZHEMETE . G ey R B A 4k
AEVR T ELAR TSR 03 N, (R E TE 5 A T
251k (Xin et al., 2014). 423 HUAFHELE A X
Tl A AL A R A R S ORISR
0 DNA (mtDNA) J& FLAZ 41 M 19 20 —3st i (5
HRZMEBEE SN, ARG RaE, BAEREARIR K&
RN AL S LA, W e Fhnid, 0T
FEEL A A Z FEPEDFTY, HrP 2 (3R C 41k
fiFCOl . COMWETE RN FERMZESR, HERTF
Wroc Rk E MBS Tz (5,
2012) o COIHEPN C AT T AN ) A FHE AT A7 A T igs £
LRI (Boykin et al., 2012; Lashkari et al.,
2014; Luo et al., 2018). FFXJ [ A A [R] A A% A &
FRERFFE A R Won, b NS A BCR A 5
HAZ &M, HiggEA 2 MME AKIE (Wang
et al., 2017; Zhang et al., 2019). F&TF COIFH
BEXS VLG A AR A EURPRE S5 F O 50 % BLZ X 3
o P A B PR — A R 2k A, HLPTRES
T R R R Sh A K (B LS, 2019), (H
JEZWEFERT IR Rk A T8, JFRE SR

A HABAHE ™ XA EURE A

ABFFE AL R COIERAE R 7 Thric, Wk
T VU4 A TR A 7= DM G AR TURE A, S0 322 X
MR A BRI B9 I8 A% 25 K T8 A% 2 BEE EA T 20
B TEIRITIZ)™ DA [a] b R RE ) B9 38 4% 728 S A O
OPAERREE, RRREDT SR BhAS, PSS AR et A
MR A LA T 3R L B S K

| AR A%

1.1 BAKE. NEFFZSH

2021-2022 45 7E 715 44 A [R] AT A 7= X 3 i 42
8 /™ Hb AN A 240 K PN A BB FE S . SRR
AR 75% L BEHR T 4°CORFE AT, F T3
K20 DNA i o [A B A GenBank 045 22 vh T 3%
ELA A VT PG 2 R A AC LR 7 R 32 IR e 3 T 43
Mo BeZe3fiqs 16 4> M BAP R 2L 01 316 Sk A7 A L
FHMEE . BAREEA M S . % . GenBank ¥
SIS ERILE L,
1.2 DNAREX, PCR¥ &, MF

* H ik | & DNeasy Blood & Tissue Kit
(QIAGEN) 42 Hu 5 > Al A AR mUAE A 11 i R I 21
DNA, H ARG 42 BR300 & v B 45 45 B b 47
BeVE L LIBIIXS COI-F (5'-AGGAGGTGGAGACC
CAATCT-3') F1 COI-R (5'-TCAATTGGGGGAGA
GTTTTG-3") (Boykin et al., 2012) ¥ 34 HHHE A &l
LRiRCo T B K BP A . 514 h v s & i
PR A BRA T A . PCR W B 2 M 20 pl:
H 1 Premix Taq (TaKaRa) W 10 wL, 10 pM
B WA WS4 1.0 wl, 50 ng/wWLDNA 54t
1.0 pL, ddH,0 7.0 pL. PCR VAR : 94°CHiAE
PE3 min; 94°C7EPE30S, 56°CIB A 308, 72°CHEfH
1 min, 35ME¥; 72°CHEMH 10 min, fF A PCR =
Wyid I 1.3% B e W e RS EA T FL UK R S L 3R VTR
S MER A YR FRA Rl 4lifl . SR
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Table 1 Detailed information and sample sizes of the collected Diaphorina citri populations
R o FEHoE o o o it R
REEHLT AU GLh (5) SRAEHb A PR SEE ()
Sampling Population Longitude and Sampling Population Longitude and
Sample Sample
location code latitude location code latitude
number number
HETHFER M T AL
Yifeng County, YCYF  28.59°N, 114.98°E 30 Ningdu County, GZND  26.25°N, 116.14°E 30
Yichun City Ganzhou City
HARTK X R T B < B . .
. . 25.89°N, 116.02°E
Yushui County, XYYS 2787 N, 11491°E 30 Ruijin County, GZR] R . 10
25.79°N, 11597°E
Xinyu City Ganzhou City
BT H S i PH I T o X
Fenyi County, XYFY  27.86°N, 116.25°E 30 Nankang County, GZNK 25.83°N, 114.70°E 5
Xinyu City Ganzhou City
P e 111X .
, T S : :
Linchuan R R 25.61'N, 11429°E
FZ1.C 27.83°N, 11459°E 30 Chongyi County, GZCY R . 6
County, 25.55'N, 114.28°E
Ganzhou City
Fuzhou City
P irg 45 . . N R AR . .
27.22°N,116.49°E 2540°N, 11436 'E
Nanfeng County, FZNF R R 35 Dayu County, GZDY R R 13
27.22°N,116.52"E* 2544°N, 11445°E
Fuzhou City Ganzhou City
EEUE S N TR
Taihe Count, JATH  26.81°N, 114.94°E 30 Xinfeng County, GZXF  25.39°N, 114.92°E 7
Ji'an City Ganzhou City
EEIVE = M T 22 B . .
. . 25.19°N,115.35'E
Wanan County, JAWA 2646 N, 11478°E 8 Anyuan County, GZAY R . 35
25.14'N, 11539 E*
Ji'an City Ganzhou City
2 Y 25 =i
R T %[ B M S B
e 0 . s 24.97°N, 115.64°E
Xingguo County, GZXG 2627 N, 11534°E 6 Xunwu County, GZXW 11

Ganzhou City

Ganzhou City

24.96°N, 115.66°FE

e A FRICAEE N GenBank 1R 2751 . Note: * indicated sequences downloaded from GenBank.

1.3 DNA FEfHUIE1E R 4T

38 12 Chromas A1 2 U - Bicdl , 4 1E 77 1)
J¥ B BFE R 72 NCBI [ 3 1T BLAST FUXF s, #fiA
Ry A A R B COTEE RIS 5 T IS 26 0 L X 4
Bro RIFES ZHTCAFAET GenBank 4l 22 %L
P HEAT O, K DU T A5 4] 45— AU
706 bp KEFII TR L0, AP MEGA 7.0
(Kumar, 2018) A4 Clustal W B2 0E47 50 HEX) o
v FH DnaSP ver.5.10 (Librado and Rozas, 2010) %X

PR AR AL AL B TR, B B 2 R
(Hd) . B HRZHMEIRE (P) FEE. B
Arlequin v3.5 (Excoffier and Lischer, 2010) k{4
TR [E] 35 4% 0 AL AR BE S8 Fst, TR () PR
Nm, FfF#EATREEZE S0 (AMOVA), JRiEfTHh
P k5 . 0 FH Network 4.6 (Leigh and Bryant,
2015) HRAF TR g SRS AL AY RO 25 A 1R, SR
Median—joining S5, H FL PG RI R LT L
F 1 MR e BT R O HEDT
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1.4 DNA B EENEH

8 PR T E S A A RE R DD s sh A . (1) R
HI DnaSP ver. 5.10 #4565 £ A FESEA T R PR 5
F ZAL45 . Tajima’s D (Tajima, 1989), Fu and
Li’s DAl Fuand Li's F (Fu, 1997) 3. (2) i
P Arlequin v3. 1 B C 20 A6 96 AT AR AR LR
BETEVLP R B & i sk gk, A5 IC o0 A
s AT AL 7 AR AR T s sh i . — i
K, B AP A RhRERS I A L2 IR
T 28 17 3 30 30 47 ke %) ol R A8 15 A1 2 52 R B
% J&  (Slatkin and Hudson, 1991; Rogers and
Harpending, 1992).

2 RS9

2.1 BEEHESIREEN
T RAE 240 Sk FEARIY AT Y48 2] Cor3E N | B,
Jin_E GenBank H N #1751, H316 25)F 5T

geortr OpdE R WNE2) . IAET NS ZEMA
R, AR R AR B AL, 3 R AR R
H TEF A A A I A A B e B
JIT A AR b 2 B 8 A A AL, Bl Hap_1 ~
Hap_8, . Hap_1 HATA Pz oAl g
WA, TEA AR R XL,
A1) 92.7%; Hap_3 A5 w3 BAG 8L, 73 HiIAE
XYFY., FZLC. GZXG. GZCY. GZDY iX 5 itz
FREE PRI R, EREAS Y 2.8%; T4 6 Fh LAY
RUASCAE BT b )

HE 16 AN AHAR A EURP R i B R R B0 L 2 A
PEFE#C (Hd) 4 0.139, Bttt s (P
90.00022, 16 DFPRE N FRAERUETE | ~ 3, Hd{H
WHEFEO0 ~ 04, PifHIEEFEO0 ~0.00057 (F£2).
SRR AR Hd <0.5 H Pi<0.05, FEUIBHA
WG Z AL, R R BB N feil kAR T
£ % N (Bottleneck effect) 8% BS 3 #F &k N
(Founder effect) o

R2 HBARRAEZMECOIERRERAR, RERNSHERZERSFESN
Table 2 Haplotype composition, haplotype diversity (Hd) and nucleotide diveristy (Pi) of the COI gene in each Diaphorina citri population

T Tl EEE P B 2 SER A Z A B IRZ AN GenBank #5115
Population Haplotype Hd Pi Accession number

YCYF Hap_1(30) 0 0 0P906166 — OP906195
XYYS Hap_1(23) ,Hap_4(7) 0.370 + 0.084 0.00052 + 0.00012 0P905956 — OP905985
XYFY Hap_1(27) ,Hap_3(3) 0.186 + 0.084 0.00026 + 0.00012 0P905986 - OP906015
FZLC Hap_1(30) 0 0 0P905686 — OP905715

0P905896 - OP905925
FZNF Hap_1(30) ,Hap_3(3),Hap_8(2) 0.262 + 0.093 0.00051 + 0.0002

MH970606 — MH970610
JATH Hap_1(28),Hap_5(1),Hap_6(1) 0.131 + 0.082 0.00019 + 0.00012 0P905836 — OP905865
JAWA Hap_1(8) 0 0 MH970621 — MH970628

MK804806 — MK804809
GZXG Hap_1(5),Hap_3(1) 0.333 £ 0.215 0.00047 + 0.0003

MK804842 — MK804843
GZND Hap_1(30) 0 0 0P905926 - OP905955

MH970616 — MH970620
GZR] Hap_1(10) 0 0 MK804797 — MK804799

MK804837 — MK804838
GZNK Hap_1(4),Hap_2(1) 0.400 + 0.237 0.00057 + 0.00034 MH970611 — MH970615

MKS804810 — MK804814
GZCY Hap_1(5),Hap_3(1) 0.333 +£0.215 0.00047 + 0.0003

MK804844

MH970591 — MH970595

GZDY Hap_1(12),Hap_3(1) 0.154 £ 0.126 0.00022 + 0.00018

MK804821 — MK804828
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4532 2 Continued table 2

Pl PR A B Y HH R 25 KA R 2 Sk GenBank 75115
Population Haplotype Hd Pi Accession number
GZXF Hap_1(7) 0 0 MH970629 — MH970635
0P905866 — OP9058995
GZAY Hap_1(33) ,Hap_7(2) 0.111 = 0.070 0.00016 + 0.0001
MH970586 — MH970590
MH970636 — MH970640
GZXW Hap_1(11) 0 0
MK804815 — MK804820
B3t Total Hap_1 ~ Hap_8 0.139 + 0.025 0.00022 + 0.00004

e R AT RS H55 N A BT R X R A UK SRS . Note: Numbers in parentheses after the haplotypes in the table

indicated the number of individuals of the corresponding haplotype of Asian citrus psyllid.

22 HBARR COIEREBER S

YL VG 28 S0 I R A7 A T A B 7R () 45 ] Oy i 7Y
R RIZE R (18 1), Hap_1 ¥4 094345 76 T A 1Y
KRR, oAt 7 Fh A AR Hap_1 285 1 1R EK
Z RGBT o HH S B B RS e AT
(] B 52 T o 2 (&1 ehos B AR AR, BRLIHGHE I Hap_1 2y
AT T A BT R A AH S A 70 FC A 7 A A
FERECE 3K, Y07 T 2% 25 0 Zeus, HE T
RE S TE S ALt 7 v i B 28 AR B -
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Fig. 1 Haplotype network structure of Asian citrus psyllid in

Jiangxi Province

2.3 HEABERMEEERESUSERRSN

A 16 /4 P YH A A5 A U R o P A e o 3
SRR ] AR RO Fst Al o o Bl RE 1] DR g AN A A
ZAMERLA, WIARRETH Fstff. nITHSR RPN Fst
{EVEFITE 0~0.207 Z[H] (K 3), KRABSTFEERE 7L
RN T 0.05, RI BRI LT o (A E
R XYYS RS 1A B BE R IR R BOE T
0.15, H2Em R, UEHIZAIES 2 AR

R B R . R Nm (B S R Won, bR
XYYS 550 FREE] Nm AE/NT 1, HAWFDEER] Nm
(HERT 1, UlWIRPRE R R ASimm % (3R3).
AMOVA 455 8 /R it AL A S A 8] 07 22 4100 A
0.0066, FIr i J5 22 LU0 8.45% 5 FiEN Jr 224150
90.07149, Fir 55 2 RN 91.55%, K-
#F, RUILVEAE A AE A ZURD R A9 384 0 A 3=
TR A FPREN AR A A 5, HIRA RRRA T
FRREE A AL (R4).
2.4 I M HEE AR TR EZEDH
PRSI A5 S R, VIV A U A A R ELE
FPEER Tajima’s D, Fuand Li’s F A1 Fu and Li’s D ¥
M a5 R R AR B, B CR A AL
R S AR, B R R I o A
e st AT ER LS (H 9 45 i Ze UL 45 72
B4, SSD (Sum of square deviations) #F1 HR
(Harpending's raggedness index) P12 8411 K5
B AN, RN BT I 22 Dy ad PR i ek A
(K2),

45000
é‘ 40000 L ZE{E Observed
% 35000 Hi2{& Simulated
£ 30000

25000 $8D=0.00001987, P=0.44

20000 HR=0.5549, P=0.67

15000

£ 10000

5000- .
O 2 5 6 7 8 9

34
AEMC 43 Af Pairwise mismatch

Wl 2 HF COTTP AT A M A UL R TIC 7 A 73
Fig. 2 Mismatch distribution analysis of Asian citri psyllid in

Jiangxi Province based on COI gene sequence
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Table 4 Analysis of molecular variance (AMOVA) in geographical population of Asian citri psyllid in Jiangxi Province based on

COI gene sequence

7 S SR A 5 kWi T 22 (%)
Source of variation df Sum of squares Variance components Percentage of variation
FHEEN] Inter—population 15 2.980 0.0066%* Va 8.45
PN Intra—population 300 21.447 0.07149* Vb 91.55
JAE 5 Total variation 315 24.427 0.07809

[ 52 228U Fixed indices FST: 0.084%3*

E: *RREREE (P<0.05), **FRWEREE (P<0.01). Note: * indicated significant differences (P<0.05); ** indicated

highly significant differences (P<0.01).

3 i itie

AR FHLRAR COPFEPRE N 2 Fhric, it
VLV A8 A [) b 38 53 A1 %) B A A EURI A 1) a4 22 4
PE L BE LS R IETT T RGBSR . E
16 4 FhAE b LRG0 5] 8 Rl JE PRI AR, 4% R P AL
HURCTE 1~3 2Z 18] . Hap_1 J& Jr A Fh 1 i) 26 52 e f%
R, HAEFTA BFPRE A XA, g A A
U ) 2 (5] Hap_1 &b F rfvaos {7 B ik S 25 Bk R,
Hap_ 1 AAHESE i 56D A AL S PR 8 [R]
G PANITE i 0 N L e R T o ol SR
A BB H B — R A . AT R BT 1978 4F
HIRTEVL P il A (Bkscd:, 1978), fEAJR
BTG I T Y SRR, OBl % 3 47 ok 4Bk
SApAs Wz, MILPGE NGRS R LY K, &
A mdbyEe (5KPE, 2022).

AL o3 AL TS B Fse o] LA BEFRRE [R] 114382 % 20k
PRI, 38N N 24 Fsi<0.05 I R4 ] 431 72 B AR
ik, 0.05<Fst<0.15 B /ML FREE 45 | 0.15<Fst<0.25
IR R AETE B K85 oAb, Fse>0.25 B R4
[E) e IR S (Rousset, 1997). ASfFEr 154
FREER LA N T 0.15, H R ZEFRRER] Fse /N
F0.05, VLB AFRE R BE b . BARER
LA, KRN AR, A
TX L AN TR IR 58 A AR A AT A AR RN AR T Y
WAL . (EHAREENEXYYSFRE, MBS
LAFRER Fse (R T 0.15, HEBE2ES, WX
FREES A N IR RE D =4 T m B b . HEMNZ
T e AR S5 %) D BRI 1T R 5 2 el okl 5% 5 it 8 224 b /NS
fEAESG, . SEBE K e B ORR) A R R, BR

P IR, &FRERIGR, B Bk
IR R, T AREM RS

TV 3 [ o B A A 7 X, A 6 i JE
B B EEAN . i A A A A A
MG A B IL D™, ]I B e 3 g2 e 1Y
AIRE, O ORBEATREG L B R RR AR LR, WA
R AR A BB 2 SR W o ASBIE T & X T4 48 A 45
R EGE AL ZREPE ML EAT TESE, SR
Xt Tl A RO AR AR B R B — 2 S %
W (e o H A0SR 2 S 4 A 1 %48 AEAR AR L Rl
TEEEH, A A BB TS o i 47 R s B A AR A
TWHL, FERAEZ 070 7hic, XHEARE
SE SN AR 5 4 SR A1 138 B <2 v ) b R O 1
AT TR B
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