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repeats) /- FHRICHE AR W R4 10 M B FP L0 B R WA T T 8 G SRR . 45 R BEMILEMNERZ
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Analysis of the genetic diversity of Nephotettix cincticeps in Hunan Province

GAO Sixi, GAO Hongshuai, ZENG Zhihao, HE Hualiang, DING Wenbing, QIU Lin, GAO Qiao, XUE Jin, LI Youzhi*

(College of Plant Protection, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: To investigate the genetic diversity of Nephotettix cincticeps across different regions of Hunan Province, we
analyzed 10 geographic populations using inter-simple sequence repeats(ISSR) markers. The results showed that the
genetic diversity among populations(Ht=0.366 8) was higher than that within the population(s=0.247 5), indicating the
genetic heterozygosity among populations was lower than that within populations. The coefficient of genetic
differentiation(Gst) was 0.325 3, indicating that 32.53% of the total genetic variation was attributed to differences among
populations, while 67.47% originated from within populations. The gene flow(Nm) among different geographical
populations was 1.036 8, indicating a moderate level of genetic exchange. The high intra-population genetic diversity and
moderate gene flow within the Nephotettix cincticeps populations enhanced their adaptive potential, facilitating
population continuity under pressures such as geographical isolation and pesticide application. Based on this result,
during the control of Nephotettix cincticeps, attention should be paid to the potential risk of rapid evolution of resistance

caused by its strong genetic adaptability.

Keywords: Nephotettix cincticeps; inter-simple sequence repeat(ISSR); genetic diversity
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OrARE R, O A TR S 2 N K FH a) By e
Tl FH )7 B A% 425 114 G B it 5.
ISSRAFFHric &b 9 15t A Z2 A6k 1Y) — Fol B 22
HORFBD), s R R R b T2 A7
BSSRIF AT 5 Y, FHAE G &0 T 1T
ISSR-PCRY/"##16], m?il@¢ﬁﬁ5ﬁﬂiﬁ
H, GIERISSR W n] LAY 3 it 2 2ADNA B, il
1 1% B NEWHEE IS HL Uk ) %#ﬁﬁ%fﬁﬁ%%ﬁz
(] (ARG B DA % [ml—A37 8 T 2% A JG, XTISSR
SrFRRC T A i 2SR LA T AT, HRE
PRI 23 T P9 7 22 A A7 o Bﬂﬁ%ﬁﬂﬁﬁﬁ@
AT LA . e ta st IR . BERbR

i, PR B LEERRETT |
DRI AN SE PR AGHI S AT 5E 811

AR T W44 10 M BRI S 24N
MR ) R R IR A, X R Y 15
ZRERFER RGO R A0 b, LA T p 4
JE LAY Ml S 25 e DD AT B St 225

1 MRE5RE
1.1 ¥

F20234E6 H £20244E9H , RAETHIFGE 101
HOBRFPEE K24 F M8 H BRI R 0 S 2 R B (3R 1)
LK CEHR I, T-20 °ChHEfT

RYLK T i ek

®1 BEMHEEKRER

Table 1 Information on Nephotettix cincticeps samples

RAEH A lines L (E) HHEL(N) Bz KRR IR AR &

HAET IR CD-1 111°40'50" 29°01'07" LR 2023-06 10

T 2 T XT 112°17'15" 27°44'02" S 2023-07 10

T IORE CD-2 111°58'19" 28°54'19" AL 2023-07 10

N A TR R HH 109°44'08" 26°53'13" IR 2023-07 10

FIS B o7 ] 11 B SY 110°23'46" 27°1826" L 2023-07 10

g BT L X YY 112°22122" 28°34'45" I 2023-09 10

PRI A 77 113°20'44" 27°00'00" R 2023-10 10

VG L FE T BTG MRS VAN 109°51'04" 29°00'04" i 2024-07 10

S T e Cz 112°44'02" 25°45'19" i 2024-09 10

Ko CS 112°22/30" 28°16'41" R 2024-09 10

B T PG X HZ 120°08'00" 30°16'00" i 2024-07 10

BT S X NN 108°18729" 22°50125" R 202407 10
1.2 7& 6 pL. PCRYIEFYTH: 98 °CHIAEM:2 min; 98 °C
101 EReT NG IR 30 s, XPIISSRG MRy A& AL TR k30 s,

¥z BEDN A BUR T 5 (DP304, KARAE LR
At ETRA DA, FRBCREMBIEZHDNA
1.2.2 3l#pikit

Z: BN RS HE K24 (UBC)Y AR A9 E
5197 %)(UBC primer set #9), Ze4Tb R E YR
H AN FR S FIE L1007 5 [ #7021 ik s Ha g R
g, 28R A EWRIISSRS 11 FPCR

i[:))‘iElo
1.2.3 [ISSR-PCR¥ 3%

PCRIZWAKZ }20 uL, HH2xEx Tag Mix
10 pL, BARDNA 2 uL, 51492 pL, #4ii/K (ddH0)

72 °C N IEH2 min, 30MEFR; FE72 °CF 4L fif
7 min. K HEYIE T 12 °CIRAEE
1.3 HURGITS5HHR

PCR“Y14e1d 1% AR HHEE I L Tk o0 B fe e
HLUKAHS, [Rl—0 EATEW AR e <1, JoAk
HHIIC K07, M F <0 R 4L R AR, IF
W B B B A A% 2R3, 5 AExcel . 4
ISSRIF LA B a4 4 5 APOPGEN 32443435 A1
KBH, O R RN Z R . PN LN £
FEVE(HS) | 38170 R B Gst FIEE AR (Nm) S5 14
HR P Nei’s3 PR 22 B 8 B (FD B B, e BEAS
FUA AR S35 5 UPGM A X B B2 i i A [i] 3l B Fof
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2.1 DNARE®N

it P A R (i) ey PR vl R Ak
HAEETTH(80480ES03 )Ml DN A [ AT i
XL 12/ H A SR R I DN A A TR
45 RRWI120 % R MR LR AU DNA BT 5455 i
FIR, BEEOD:s0080 HUE A 1.8~2.0F10D2601230 FLIEL
2.0~2 2(DNAFE TR ZaaAgm?,

<2 ISSR3I¥IHFF

2.2 ZEER#ISSR-PCRY 144 R

XT100XFISSR G | H A Tk , Lok ih 1255 2
AL AT . EREMTEIY. 1255519
(F2)ILY 8 15152577 o BEAR S [ DIbRic I 2R B
H8~165%, ML WECNS~1154, FKir K/INE
£EHPF200~5 000 bp. 5 UBC 835F1UBC 855
5 IR 2 i) 2 80 S B 2, M 115%; 4

S UBC 8081151 Pk I 3] (1) Z2 385 1 2% i B i
N5 5%k o ZASYERFREE LB 1 PIHAR EJﬁ‘ﬁIIEJO
XHELE LR, G S fIISSRE | Y REW F T4
TS [ B A R W a5t % 2R RRE
B AGREE R 1R

Table 2 Sequences, annealing temperatures and amplification profiles of ISSR primers

FlE7E 53 51975 iR KR EE/PC P4 A EL RN ZRMERLE T R%
UBC 807 AGAGAGAGAGAGAGAGT 57 11 8 72.73
UBC 808 AGAGAGAGAGAGAGAGC 51 8 5 62.50
UBC 825 ACACACACACACACACT 55 13 8 61.54
UBC 835 AGAGAGAGAGAGAGAGYC 55 16 11 68.75
UBC 836 AGAGAGAGAGAGAGAGYA 53 15 8 53.33
UBC 842 GAGAGAGAGAGAGAGAYG 51 13 10 76.92
UBC 851 GTGTGTGTGTGTGTGTYG 52 9 6 66.67
UBC 855 ACACACACACACACACYT 55 15 11 73.33
UBC 856 ACACACACACACACACYA 49 14 10 71.43
UBC 857 ACACACACACACACACYG 56 14 9 64.29
UBC 873 GACAGACAGACAGACA 56 11 7 63.64
UBC 881 GGGTGGGGTGGGGTG 53 12 7 58.33

W 151 100

Ty 12.58 8.33 66.22

T SIFSIFRY=C/ T,

2.3 ERMMEAREZHEEST
T POPGENE 328504 X A [vi] b B AR 114 22 2

IR )5 AL AR oM, 45 R (R3)ERI, FhEE
Kb, SN EINa=1.727 8, A&7 L N %k

#*=3 BEMEYIFFIFPEK RS R ST

Table 3 Genetic diversity of Nephotettix cincticeps at the species and population levels

BRE LR (Va) RN

LR H(Ve)

YY
77
CD-1
XT
CD-2
HH
SY
AR
CS
CZ
HZ
NN

YRR

1.766 2+0.422 6
1.714 3+0.453 2
1.818 2+0.387 0
1.681 0+0.477 3
1.818 2+0.387 0
1.753 2+0.432 5
1.701 3+0.459 2
1.629 9+0.484 4
1.636 4+0.482 6
1.714 3+0.453 2
1.720 8+0.450 1
1.779 2+0.416 1
1.727 8+0.442 1
1.995 3+0.0806

1.4312+0.374 1
1.418 7+0.386 2
1.428 3+0.353 5
1.380 6+0.369 8
1.458 9+0.352 0
1.433 5+0.368 5
1.433 3+0.373 9
1.370 9+0.366 2
1.336 0+0.362 2
1.433 5+0.386 6
1.463 5+0.385 6
1.483 0+0.364 3
1.422 6+0.370 2
1.642 2+0.300 1

Nei’sHEH 21 ShannonfF B ZFE 28/ ZBMEALT
B8 WD P HAE%
0.252 2+0.191 6 0.380 4+0.264 2 118 76.62
0.241 8+0.199 3 0.362 4+0.277 0 110 71.43
0.256 2+0.180 2 0.391 2+0.246 2 126 81.82
0.224 7+£0.194 2 0.339 8+0.273 2 105 68.18
0.271 9+0.180 6 0.410 7£0.248 1 126 81.82
0.255 4+0.190 9 0.383 9+0.265 6 116 75.32
0.252 0+£0.196 7 0.375 4+0.276 9 108 70.13
0.219 0+0.197 0 0.328 7+0.280 9 97 62.99
0.200 5+£0.191 8 0.3059+0.2719 98 63.64
0.249 9+0.198 6 0.373 1+0.276 8 110 71.43
0.265 1+0.199 7 0.392 3+0.278 8 111 72.08
0.281 1+0.186 1 0.418 9+0.258 8 120 77.92
0.247 5+0.192 2 0.371 9+0.268 2 112 73.00

0.366 8+0.135 5

0.541 5+0.167 1
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Ne=1.422 6, Nei’sH:[H ZF 188 H=0.247 5,

Shannonfr ELZAEPEFR§=0.371 9; 7EWIFIKF- |,
Na=1.995 3, Ne=1.642 2, H=0.366 8, [=0.541 5;

. B R I WA A R KO R KT 3 B B
e 2R . BT TP 2 JE X (NN) I H L B
B, 430281 1F10.418 9; K¥PTHT T £ THI(CS)HY
HFBAHAR, 43512450.200 5710.305 9, POPGEN 32
AR s KR BER N Z B A A %R
62.99%~81.82%, F14473.00%. ZNSEIHT4E

SRR N AATE A R R S 8% 201 o

NFATTLIE Y, 12 MR 22 8] i Nei’s 15t
1 — BT R 0.700 1~0.949 4, SF-34{H40.824 8;
WALHEES 40.051 9~0.356 6, “F-H{E40.204 3, H
W ARBHTE O BL(SY) AYis L — 80U 5 A1%(0.700 1),
LI K (0.356 6); BUMN TP X (HZ) )%
— S i 5 (0.949 4), BHEIE B H5/1M0.051 9), XL
S5 EUR, B —BUEHE, BEESEBN; R,
WL — SRR, B B A

=4 MEEINe’sEE—HEIAZ LA)MEEESEIARL&TH)

Table 4 Nei’s genetic identity(above diagonal) and genetic distance(below diagonal) among populations

ik YY 77 CD-1 XT CD-2 HH SY VALl CS CZ Hz NN
YY 09423 08555 0.8296 0.8498 0.8180 0.7338 0.7657 0.7750 0.8427 08235 0.8166
7z 0.059 4 08567 08366 08439 0.8122 0.7292 0.7576 0.7786 0.8451 0.8170 0.8163
CD-1 0.1561 0.1547 0.876 7 09082 08406 0.7427 0.8019 0.8340 08831 0.8067 0.8303
XT 0.1868 0.1784 0.1316 0.8062 0.7800 0.7001 0.7564 0.7769 0.8097 0.8052 0.7943
CD-2 0.1628 0.1709 0.0962 0.1506 08693 0.7522 0.8084 0.8350 0.8781 0.8743 0.8415
HH 02008 0.2080 0.1736 0.2485 0.1401 0.8535 08436 0.8498 0.8722 0.8460 0.8106
SY 03095 03158 02975 03566 02848 0.1584 0.8024 0.7878 0.7945 0.7888 0.763 6
VAR 02669 02776 0.2208 02792 02127 0.1701 0.2201 09425 08713 08711 0.8024
CS 02549 02503 0.1815 02524 0.1804 0.1628 0.2385 0.0586 0.8959 0.8942 0.8008
CZ 0.1712 0.1682 0.1244 02111 0.1300 0.1367 0.2301 0.1377 0.1100 09494 0.8596
HZ 0.1942 02021 0.1431 02166 0.1344 0.1673 0.2373 0.1380 0.1118 0.0519 0.847 4
NN 02027 02030 0.1860 02303 02052 02100 02699 02201 02222 0.1513 0.1656

24 EREMEREES K

o AN (] B DL R I W 1 358 A% 43 AR IR A T
Br, 255K, BRI s R R 3
ZREVE(HEY) M0.366 8, FREEN LR ZREE (Hs) Jy
0.247 5. FlE PN AR (1) 358 1% 2 REHEAR 1 T 0 Rh
WL AR B0, AT, FRE R LR 2R
INFRIREN LR 2R, FREH SRR I MR (B] () -
WA BEAR T AR N I SE R 24 5 B . FEEIED S 15 40
b ZE(Gst) 40.325 3, FRHH AN A4532.53% )35
Heris S [ RIREN] , 67.47% 845 78 Sk H Rl
N, 8L =R IE TR AR 5 o FER i Nm
491.036 8, FREHN[RIFRRENR] A9 JE R AL Hh 45K
(4>Nm>1), FERFEA LRI f s 4 AR 5 | R
TRl e s],

*®5 ERMESHEHRES U RRREER

Table 5 Population genetic differentiation coefficients and gene

flow in Nephotettix cincticeps

- é%lﬂ ﬁlﬁ%%lﬂ Wt g

ZREVE(HY ZREMEHS)  REU(Gst) (Nm)
35 0.366 8 0.247 5 03253 1.036 8
Frifi2s 0.0184 0.0115

D24 B 2 i oo 0 [¥1] F <N s i DR 2 AR 45 $00 %k
PR ehh, X2 BRI BRI T AT AT, AR
e (E ), BB BRI 2K, A
10 BRRDEE SR 12, 2 AN R EER 126,
FETI Sl 3 X (CD-1) A £ T 5 L (CD-2)2 4 Al i
(RS2 S ES 53l

————CD-=2
L———cD1
YY
ri:cs
Al
XT
|:zz
cz
7 T |:HH
SY
HZ
NN
2Cm
1 ETEEMMELEINeisE FH % #1415 1
UPGMAR £ HitE R

Fig.1 UPGMA clustering result based on Nei’s genetic identity

among Nephotettix cincticeps populations
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WAL AR T S B AR RS L 431k

AR BAL2E R, PRl i85 A8 5 ply R o
S, AL AR N EE 1 o T AR f
BLJE T HE R DN ARREE 751 (A L1, P iy si il
ZREMRILKIA I R Y, PRl st L ZREE
R, B SEEEE, REAYIR B R IE N AR
i, ez W02, AEgE N BRI FHISSREE AN £
PR KA 3 BB /b T TFE . XIESENT]
X E27 A1 RE(Sogatella furcifera, WBPH)HE
PR REUEA TR, R BRI N s AL o Ak i ik
99.8%, FRFEIEE1L 01N 0.2%, LIUSEISIXT YA
OIS 14 WBPH IR R AF R S5 R s, Fh
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JE BRI RO D R A 01210 b P s
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ZSFMINTE SN FEHNRE —E R THBTFAEY
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procerus WIWEFT 45 B B, FhBEE] 2% 401k R EL
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Gst(0.325 3). H(0.247 5)F £ &V 5 | 4%
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