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Genetic variation and population genetic structure of the small brown
planthopper, Laodelphax striatellus ( Hemiptera:. Delphacidae ), in

Northeast China based on microsatellite markers

JIANG Shan, WANG Xing-Ya, WANG Xiao-Qi" ( College of Plant Protection, Shenyang Agricultural
University, Shenyang 110161, China)

Abstract: [ Aim] The purpose of this study is to clarify the population genetic variation, population
genetic structure, population genetic differentiation and gene flow of the small brown planthopper,
Laodelphax striatellus , in Northeast China. [ Methods] Nine pairs of microsatellite primers were used to
sequence and analyze 375 samples of L. striatellus collected from 15 geographical populations in Northeast
China, and the genetic diversity, genetic differentiation, gene flow and population genetic structure of
these geographical populations were analyzed using GeneAlex 6.51, GENEPOP 4.0.9 and STRUCTURE
2.3.4 based on the nine microsatellite (SSR) molecular markers. [ Results] The average number of
effective alleles per locus was 6. 898 among the 375 individuals of L. striatellus assayed. In general, the
genetic diversity of different geographical populations of L. striatellus was high ( mean observed
heterozygosity Ho = 0. 548 ; mean expected heterozygosity He = 0. 582 ), and the gene flow between
different populations was low (Nm = 0. 660 ). The results of UPGMA clustering tree, PCoA and
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STRCTURE analysis showed that L. striatellus populations in Northeast China were divided into two
groups; populations from Jilin (JL) and Shenyang (SY2012, SY2013 and SY2014) were clustered into
one group, and the remaining populations into another group. The AMOVA analysis showed that the

genetic variation of L. striatellus was mainly from within the population (87% ), and the inter-population

variation level was low (13% ). [ Conclusion] The genetic diversity of L. striatellus in Northeast China is

relatively high, different geographical populations have a certain degree of genetic differentiation, the

gene exchange is low and a certain population genetic structure exists.

Key words: Laodelphax siriatellus ; microsatellite; genetic diversity; genetic structure; gene flow

K K &\ Laodelphax striatellus 3 Jg& T - ¥ H
( Hemiptera) K FEF} ( Delphacidae ) , 423 [ 5 5 A 4
W F Rz — A& FE KR K EKREZFARAFR
FEY) B AT 3 ™ H A 2 T (B R 4§, 2005)
AN E R A T AR AR RS B R E 58 45 b
X, 6 RAZR I Ty e X A £ 3 e iy 7 B, AR 3R DK
T 3277 DX 3l 3 A1 (X1 ) AR 5, 2006) 20 fiE4d 60
A AN AR VLR R AR 2 &, T i 80 4R A4
REAHEIERNAR, Ik, A bk e A
B R AR R HOR DL K8 i 7 b A 4
(AT R AF, 2005 ) , [A) i) 52 4 Z= - 2SI Y T s LA
R ARSI WAL 551 2 R 52 (R 52584,
2005) , K WER K A BAE RGN, R AR R,
F TR Al A 2 2% U A KR U — Lk
A T R E SO R, 5% LB B IR R T
KIRAE (PG4, 2018)

i B EFRiC (microsatellite marker) , X 4% FR A
PR3 & (simple sequence repeats, SSR) , J&ffri
WAL Ao AR 2 A AR Y U ) B oY T
BAMZEME ARERE I /N IR Lk
HIZ MR A DNA ARAREESRAR LA S 58728 33 1y A0
JTT )2 0 T 35t 4% RIS A | Se e IRAED) & 7
ARG o015 R A 52 AE G (Jarne and
Lagoda, 1996; Tang et al., 2015; Duan et al.,
2017) o WeAb, BE5E W Fh Rl e 5 4L 25 4 2 gk
TRHR BN A B TR R ) 35 4% E 4k ¢
R s HOR TR YRR 2 St #he, i m ok WA % R
B A Bh A 5 RCIGE AL R A RS LA

VAR, BE L R 25 i TR T A
O3 BVE AR B . H AT, 3 TR R A
FRBL ZREPE MY HOS s s s A 55 T o 2
A E . Hoshizaki (1997 ) F| H ] T 45 AR X
H S AR [ 15 7 b DA (] SR E 00 ¢ R R A 73
e Z2 WA, R I [R) b DX K LA A b B
FREZE 5 5 7 RS (2001 ) X0 A [] 3t B AY KK

BT RAPD 23, H H oy A A, 7 1 AL ds
AU b KR R DT U1 R s R S B 2
57 BN HATIRE . I HAS R DO 6 mURRE Y 35t
P B 5 B BRI B AN A SCHE . X B4 A5
AT AR RE R AR5 Y, KR E tDNA
FYFEDA [A] B X (intergenic spacer, 1GS) £ Ff A 77 1£
LT AR AR 8 0 14 e B A 3
LB, 2004) o FIJH] 642 bp f) Lok A 4 41
FrBOXE 1S A~ SRR R 309 Sk B mU R I P 45 R 2
F3o3HT, JLHE 16 Bl AR R o BT LR
T2 SR d B AR, ARG 87. 7% , AN TR
PRRRRE B ) EL 38 A 20 AL R B B/ (Zhang et al.,
2013) o MR IAEE A (COI A1 COIT) F113 4~ SSR
LA F ] 22 AR T R AR AT AR AR L 4
Hay B R IE AL 2 BEPE IO IS S B, AR X B AR
TEZHEMACEREAREL(Sun et al., 2015)

ABIFFEA T AR B ZR Al DX R L
[ B BR A 14 388 % 2 A A gt A S R HEA T
PAS 73 A o T AR G M DX R R[] #3821 23 AL
P, il KR AL B IR AR T R
Jr SR LA

1 HR5H®

1.1 i RiE

2012 -2016 4F, S Hb R AR E AR 13 A &R
(1) 375 S K KB i (% 1), Horb 48 43 il 7E
2012 - 2014 4 RAEVLIH 3 DFhHE. SRAERT 433k K
CEUS AR 3 m DL RS R AR BOR A R —
AT AR . B AR B FE S IR AE -20C,
95% L BEH  RAF T UL PR KA ) AP 22 B o
1.2 7 ¢ EEEH DNA 25

B U E T 1.5 mL B0 A I AZEIEK
WG T A RAR A Ak (b)) A BRA R
L/ 240 L/ 2 235 R 2 DNA 4 0GR 7] 8 2 HIUK %



14

AR BETRCEEFMCH T AR IXOK CEE 1L 48 5 AR s AL 254 0 Hr

75

®1 PEFRILHMRRACEARERS

R ik AR E

Table 1 Collecting data of Laodelphax striatellus in Northeast China

FREAAD . AL Wi KARMT A (4E-H-H)
Population Sample Developmental Collecting date
Collecting locality Latitude and longitude
code size stage ('year-month-day)
1L KUk 40°23'48.08"N,
FC 30 A Adult 2015-05-13
Fengcheng, Liaoning 124°04'18.05"E
LT 41°13'54.61"N,
PJ 19 JH Adult 2015-04-22
Panjin, Liaoning 121°5949.25"E
LT RAE 40°38'54.41"N,
DSQ 31 JIH Adult 2015-05-13
Dashiqiao, Liaoning 122°31'13.04"E
ST RE B T 41°49'26.44"N,
SY2012 22 A Adult 2012-04-27
Shenhe, Shenyang, Liaoning 123°32'44.11"E
15 Y Wk 41°49'26.44'N,
SY2013 10 JGH Adult 2013-04-27
Shenhe, Shenyang, Liaoning 123°32'44.12"E
1T Ve BRI 41°49'26.44"N, .
SY2014 13 A Adult 2014-04-27
Shenhe, Shenyang, Liaoning 123°32'44. 13"E
UTFHEL 41°23'14.44"N,
AS " 27 A Adult 2015-05-13
Tai’an, Liaoning 122°25'50. 65"E
i 2 39°24'3.57"N,
PLD h 16 A Adult 2015-05-13
Pulandian, Liaoning 121°57'39.92"E
TR 42°32'46.71"N,
KY 30 A Adult 2014-09-03
Kaiyuan, Liaoning 124°02'17.76"E
TR 41°59'6.69"N,
HT 29 A Adult 2015-05-13
Xinmin, Liaoning 122°50'12.21"E
IRV 44°35'37.86"N,
MDJ 30 A Adult 2016-08-21
Mudanjiang, Heilongjiang 129°37'21.60"E
Y RS 46°25'27.05"N,
AD 43 A Adult 2016-08-22
Anda, Heilongjiang 125°2015.39"E
ERaN=Ed 45°37'8.95"N,
BC g 15 A Adult 2016-09-05
Baicheng, Jilin 122°51'45. 60"E
HFME K 43°50'44.09"N,
JL n 30 B, Adult 2016-08-20
Jilin, Jilin 126°33'17.94"E
R NN 45°08'27.23"N,
SYS " 30 Ay Adult 20160822

Songyuan, Jilin

124°49'41.48"E

@ DNA, F NanoDrop ND-2000 8 f3% &= 4% & 25
D) SRS ) ) K& LR PR 4 DNA IR B3 D S g
JCREAE KR B 4% 1 DNA R 5 BT - 20°C KA A
TRAF
1.3 MIEMSHHE

HPEFNHI (2012) 1 Sun % (2015) i 16 4~ JK
REH PR ICHE T E , DR S W h B T
BV TRBEARM S ARA A G, Sk, A
WA 2380w, 2 TV 9 MU LR AL, 5
YRR T2,

PCR WK% (20 wl) : ddH,0 16.3 pulL, 2.5

mmol/L dNTPs 0. 2 pL, 10 x EasyTaq Buffer 2 pL,
RS9 (10 pmol/L) 4% 0.4 ul, EasyTaq DNA
Plymerase 0.2 pL, DNA #&#z 0.5 wl, S 551
94°C 4 min; 94°C 30 s, 53 ~58°C 30 s, 72°C 30 s,
I35 MIEH ; 72°C LM S min, 4°CAE7E, PCR 474
FAPE S 1. 0% Bh W B8 FE HL VAR D 4 34 15 B S
¥ HAR =k e e TAE AR A T E
QIH%EE?JMSTR) FE K , £ J5 F GeneMarker #1044

AT AL B R BER /NI BRI, JF N TR A7 067 s R
?EQCXULO
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Table 2 Information of microsatellite primers

(04 19I5 -3") HEHIT IBAKIREE(CC) GenBank % 5% 5 PHKIE (bp)

Locus Primer sequence Repeat motif Annealing temperature ~ GenBank accession number Amplified length
AGAGAGAGAGAGAGACACAC

LS1 (AC) 5, (AG)g 53 JN835260 97 -177
GAAAAAGCACTTGCCACATT
TCTCTCTCTCTCTCACACAC

LS3 (AC)s 53 JN835262 201 -259
GCGGTCGCTAATACACTCC
AGAGAGAGAGAGAGACACAC

LS6 (AC), 53 JN835265 126 - 147
TAATACAGGGTGCGTCGTTAT
AGAGAGAGAGAGAGACACAC

LS7 (AC)y 53 JN835266 91 -123
CTACCATCCATCGGAATGG
TCTCTCTCTCTCTCACACAC )

LS8 (AC) 55 JN835267 84 - 142
AACTCATTTCATAGCCCCAAC
GCACAGTGAAATTGCGTCAT

LS13 (GT), 57 SRR035224. 4952 134 - 166
TGTGAGTGAATTCGGGTGAA
TGCACTGACACCACAGTCAA )

LS12 (GGC) s 58 SRR035224. 123990 181 —199
AAGGTGTCGTCGTACCTGCT
TCCAGCTACGGACAACAACA )

LS15 (ACA)q 57 SRR035224. 153340 92 - 141
AAGGTGTCGTCACCCATCAT
CCACTGGGATAAATCGATGG y

LS16 (GCA)5 56 SRR035224. 161832 96 - 141
AGGATGAGCGGACAAAGAGA

1.4 RS

AW 58 ) I GENEPOP 4. 0. 9 ( Raymond and
Rousset, 1995) $E47 K CEAS AL 5 FIFP G -V
AFIAR P-4 4G DU K 3% B P A A, ) GenAlex
6. 51 ( Peakall and Smouse, 2006 ) #4318 Fh e 7E &
3 BB AEA FE B (Na ) LN 2453 5 (Ho ) 9152
A BE (He) (AR 22 B2 945 FE (whe) | Shannon {5
BAEE(T) (F-statistics GETF AL (Nm) , A K AL
FUTERS TR 8 A 7 ZE DB LI A 5 2 I B 2 5
JELL K Nei [CHIRZG BE . TR 15t 1% 1 B9 AR R
47 PCoA ( principal coordinates analysis) 43 #1, fii F
MEGA7 ( Kumar et al., 2016 ) 3&F Nei K& iz
i UPGMA vkt & R 4 k£ W, 1]
Arlequin3. 5. 2. 2 ( Excoffier et al., 2005 ) ¥4 43H Ff
HE )5t A% A RN R 3 K- o - STRUCTURE 2. 3. 4
( Pritchard et al., 2000) AR 45 D1 m-Hr 2S00 T 0 M
FREBH LS54, 52 10 000 YK, fdH Evanno ) AK
J7 1 (Evanno et al., 2005 ) i 2 fe £ 9 KBS &
CLUMPP1. 1. 2 #% 4 ( Jakobsson and Rosenberg,
2007 ) Xof 45 Rk L X FIEE G I8 ] Excel 2016 FEE,
fii ] GeneAlex 6. 51 {4 i 17 43 ¥ 5 22 4 i
(AMOVA) ¥ 15 AN K KR BEFRREVE A 34k 422 1R
DUSr SRR G5 R BEAT 5320, SR 5 43 0 A 33X P e

SP7 T HERT AMOVA 434,
2 #FR

2.1 RCEFHEM T E A SRR

I G AR R, o T 9 X AL
Rl H 2SR M D RN S (£ 2) , g
B R/ 9 XFaSehric sk 3 4. fli H
GENEPOP 4. 0.9 X 25 57 s 547 W 8 - Yk 11 4% ~F- i A
55, HA5 3 238 Bonferroni £ 1E , FH 70 5 A I 25
ey 3l - R AP ~F- A5 (P < 0..00024 ), HL i 725 i it -V A1
A7 1 P R S AR R B HH A A TR R L (R
3) o NPT AR 22 I A 3 AN S 1 0 55 T B, 4567
SURIANAEAE 3 BB 4 (P <0.05)

O AN S TCRL A B A% 0,021 ~ 0. 127,
Hrp (37 a5 LS (1% I 850 46 o7 32 PR A e de o o4 0. 127,
JITA A A1 T 305 3 A7 35 R R 25 /N T 0. 200, F AR
b IX 15 4N K KIS BRRPREAE 9 ANt DA
MRS Z RSB (R 4) AR, B ALY
WAL EE IR 20, - A5 2 R 0. 566,
PR G BE 0. 814, 734 Nei [CHIEE A G Ny
0.813, A [, IR EASA i S57 J RBUH 1, 4%
B K-35 e HLIE A8 R A, R W% 2 REPER o
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Table 3 Hardy-Weinberg equilibrium test in each population of Laodelphax striatellus in Northeast China at nine SSR Locus

TR fi 1 Locus

Population code LS1 LS3 LS6 LS7 LS8 LS13 LS12 LS15 LS16
FC 0.002 0.001 0.000 * 0.000 * 0.004 0.855 0.001 0.001 0.122
PJ 0.019 0.000 * 0.001 0.227 0.017 0.031 0.035 0.000 * 0.000 *
DSQ 0.028 0.000 * 0.001 0.000 * 0.024 0.163 0.991 0.001 0.670
SY2012 0.242 0.929 0.000 * 0.001 0.230 0.000 * 0.042 0.129 0.000 *
SY2013 0.000 * 1.000 0.000 * 1.000 0.084 0.000 * 1.000 0.000 * 0.007
SY2014 0.004 0.845 0.000 * 0.729 0.004 0.000 * 1.000 0.122 0.002
AS 0.006 0.264 0.367 0.499 0.217 0.119 0.100 0.838 0.224
PLD 0.014 0.249 0.245 0.753 0.166 0.518 0.423 0.293 0.628
KY 1.000 0.000 * 0.025 0.818 0.017 1.000 0.264 0.158 1.000
HT 0.000 * 0.134 0.027 0.988 0.001 0.612 0.000 " 0.855 0.095
MDJ 0.006 0.000 * 0.000 * 0.012 0.088 0.444 0.310 0.236 0.000 *
AD 0.001 0.59%4 0.030 0.005 0.000 * 0.348 0.073 0.000 * 0.000 *
BC 0.031 1.000 1.000 0.554 0.061 0.093 0.830 0.434 0.570
JL 0.011 0.851 0.000 * 0.018 0.031 0.000 * 0.017 0.198 0.017
SYS 0.000 * 0.032 0.562 0.219 0.000 * 0.854 0.022 0.001 0.461

FPREEACAS L2 15 F A, For population code, see Table 1. The same below. f53/8% Bonferroni £ 1F Ji5 5 Wl IR AP M S5 1776 B W 22 (P <
0.00024 ) , Asterisk indicates significant deviation from Hardy-Weinberg equilibrium after Bonferroni correction (P <0.00024 ).

x4 HEFRIEHMEX 1S NARCEAMBIHED I MIDEC SR E S

Table 4 Genetic diversity of nine microsatellite loci in 15 populations of Laodelphax striatellus in Northeast China

AL Shannon

\ SR EL N . PURIIIE/SE JE Sl LEE/S Nei [GH1522 TR AL
. AR SEPREC 5 A - o
v, Number of . . Observed Expcctcd Py S SpTES
Sample Number of effective Shannon-Weiner . . .
Locus . alleles . heterozygosity ~ heterozygosity Nei’ s expected ~ Null allele
size alleles index .
Na Ho He heterozygosity frequency
Ne 1
LS1 654 34 3.919 2.130 0.312 0.746 0.745 0.127
LS3 646 45 14.303 3.071 0.678 0.932 0.930 0.042
LS6 548 13 4.799 1.888 0.460 0.793 0.792 0.091
LS7 706 17 6.932 2.204 0.629 0.857 0.856 0.042
LS8 690 33 11.563 2.753 0.641 0.915 0.914 0.084
LS13 596 8 2.399 1.198 0.456 0.584 0.583 0.037
LS12 714 9 5.250 1.823 0.487 0.811 0.810 0. 101
LS15 728 12 6.459 2.067 0.714 0. 846 0.845 0.031
LS16 744 16 6.452 2.173 0.712 0.846 0.845 0.021
-2 {H Mean 670 20 6.898 2.145 0.566 0.814 0.813 0.0064

WEAM( R 5) , &N K REVF BT B SN RECY o 9 MR S AE 15 A JCCEUH B AR kT
5.511, P39 RGN BE B 3,253 SF M 48 RRB(F ) 75 - 0.223 ~0.367 Z 0], FEA RT3
EHE S 0. 548, E B MR & K 0. 582, Shannon  ZRE(F,,) JEF K 0.098 ~0. 618, FhiE] 431k &%
HEFEEAE 0. 614 ~ 1.679 [a], Hor, JFJE (KY) Fif (Fop)JEEA 0. 178 ~0. 462, 4 3 K 19 KDy,

RE AL ZAE IR AR, B 22 5 (PLD) RSt f8 260 (0 LS8 AL RIS I R A X 38K (1 < Nm < 4)

mu%%o /\/\{i,‘\\lﬂﬁ.iblbﬁlr&/j\(Nm < 1) ) /LA\'{ZIKJ:
2.2 IkEMBRESUESERR A TR E R /N A 0. 660
T B LR W ETEEL F g, Fp A F o K 30 A JRREA [7] b R () 352 4% 3 Ak (F ) BT

RERYBAL 0k, &AL R F-statisties S0 AT 45 R0 Ui (Nm) BIFSEERERIT, & MR Ay g% o e ds
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Table 5 Genetic diversity among 15 populations of Laodelphax striatellus in Northeast China
AR .
SRR LR T A man RO e
FpEEACAS Number of Number of AR Observed Expected . A Fixation
Population code alleles effective Shamfon_wemer heterozygosity heterozygosity Unbiased expﬁmted index
Na alleles index ", He heterozygosity "
Ne 1 ule

FC 7.111 £0.841  4.199 £0.614  1.516 £0.185  0.573 £0.082  0.682 +0.073  0.693 +0.0734  0.168 +0.096
PJ 6.778 £0.812  3.570£0.358 1.464 +0.114  0.550 £0.090 0.688 +0.044  0.714 +£0.046  0.204 +0.116
DSQ 7.778 £1.382  4.785+0.988  1.569 +0.211  0.635+0.085 0.696 +0.075 0.708 £0.076  0.100 +0.067
SY2012 4.667 £1.202  2.580+0.679  1.025+0.246  0.582 +0.128  0.496 +0.102  0.516 +0.108 -0.213 +0.154
SY2013 3.111 £0.790 1.977 £0.489  0.705 £0.217  0.437 +0.135 0.358 £0.103  0.394 +0.114 -0.211 £0.118
SY2014 4.222 +1.051 2.815+0.865 0.972+0.246  0.469 +£0.122  0.473 +0.104 0.505 +0.113 -0.063 £0. 186
AS 4.556 £0.530  2.956 £0.382 1.160 £0.120  0.584 £0.067 0.616 £0.0463 0.627 £0.047  0.067 £0. 060
PLD 7.890 +1.060 4.838 £0.695 1.679+£0.149  0.719+£0.066 0.749 £0.043  0.774 £0.044  0.055 +0.057
KY 2.890 +0.389  1.638 £0.140  0.614+£0.093  0.374 £0.071  0.354 £0.055 0.360 +0.056 -0.045 +0.085
HT 6.333 £0.553  3.849 £0.471 1.440 £0.130 0.614 £0.098  0.692 £0.053  0.705+0.054 0.134 +0.116
MDJ 5.890 £0.696  3.531 £0.507 1.352 0. 151 0.611 £0.078  0.658 +0.054  0.670 £0.055 0.061 £0.010
AD 7.444 £0.899  4.313 £0.605 1.551 £0.155 0.546 £0.061  0.708 £0.059  0.718 £0.059  0.218 £0.065
BC 4.000 £0.408  2.406 £0.224  0.993 +0.091 0.560 £0.038  0.557 £0.040 0.577 £0.041 -0.018 £0.051
JL 4.000 +1.014 1.823 £0.418  0.665 +£0.225  0.333 £0.128 0.319+£0.110  0.328 +0.112  0.241 +0.162
SYS 6.000 £0.553  3.511£0.442 1.374+0.114  0.630£0.064 0.679 £0.038  0.690 £0.039  0.074 +0.079
iei{i;;m{ﬁl% 5.511 £0.812  3.253 £0.525 1.205£0.163  0.548 +0.088  0.582 +0.067  0.599 £0.069  0.051 +0. 101
%004 0.012 ~0.550, Horb, P FH (SY2012) Rk fH (KY) R EE A i f /N (Nm =0.204) o Behh, 35
(SY2014) FRERLE ML Ui /N (Fop =0.012) 354k (JL) FldE S HAl 14 A Mo AR A9 5L DAL (N ) 25
(JL) AJFJECKY ) B g ) 3 A2 s e e K (Fyp = /T 1 MU R B (Fop ) ¥IRTF 0.25, NI, 3

0.550) , £5% Mo ¥ Fh B (8] 3£ K3 Nm Sk 0. 204 ~
20.275, Hib, s BH (SY2012) FIok BH (SY2014) Fi
FEME] PRI e K (Nmo=20.075) , 35 AR (JL) A1 FF I

x6

MRS H AR R A 7R B 38 15 3k, FEAt R
Sr PRIl AL AN (R 6) o

HREFRILHEX 15 N CEMBIEFREE X EERY Fo ( T=f/) REER Nm( L=f) 517

Table 6 Pairwise F, ( below diagonal) and gene flow Nm ( above diagonal) among 15 populations of

Laodelphax striatellus in Northeast China

Etfifjjz code FC PJ DSQ SY2012 SY2013 SY2014  AS PLD KY HT MDJ AD BC JL SYS
FC 1.014 5.671 0.793 0.560 0.634 1.098 1.593 1.593 0.979 1.197 1.339 0.740 0.334 1.352
PJ 0.198 0.967 0.992 0.696 0.806 0.856 1.757 0.356 0.991 1.268 1.339 0.740 0.332 1.029
DSQ 0.042 0.205 0.734 0.536  0.611 1.023 1.584 0.377 1.051 1.330 1.236 0.741 0.371 1.287
SY2012 0.240 0.201 0.254 2.940 20.275 0.668 1.399 0.395 0.976 0.732 1.029 0.862 0.358 0.947
SY2013 0.309 0.264 0.318 0.078 10.051 0.438 0.784 0.235 0.604 0.504 0.636 0.496 0.252 0.553
SY2014 0.283 0.237 0.290 0.012 0.024 0.530 1.097 0.294 0.813 0.634 0.757 0.563 0.339 0.660
AS 0.185 0.226 0.196 0.272 0.363  0.321 2.036 0.425 1.331 1.317 1.494 0.903 0.315 2.041
PLD 0.136 0.125 0.136 0.152 0.242 0.186 0.109 0.735 3.326 2.480 2.480 1.157 0.535 3.469
KY 0.402 0.412 0.399 0.387 0.516 0.460 0.370 0.254 0.536 0.504 0.477 0.257 0.204 0.487
HT 0.203 0.201 0.192 0.204 0.293 0.235 0.158 0.070 0.318 1.347 1.332 1.009 0.537 1.298
MDJ 0.173 0.165 0.158 0.255 0.331 0.283 0.160 0.092 0.332 0.157 1.723 0.713 0.348 1.638
AD 0.157 0.141 0.168 0.195 0.282 0.248 0.143 0.092 0.344 0.158 0.127 0.904 0.461 2.352
BC 0.253 0.255 0.252 0.225 0.335 0.308 0.217 0.178 0.493 0.199 0.260 0.217* 0.316 1.041
JL 0.428 0.430 0.402 0.411 0.498 0.424 0.442 0.319 0.550 0.318 0.418 0.352"0.442* 0.468
SYS 0.156 0.195 0.163 0.209 0.311 0.275 0.109 0.067 0.339 0.162 0.132 0.096 0.194 0.348

* P <0.05( ZHEKIE Multiple test) .
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79

WFFT 4G T2 B, A [) b B A RS TR 1 338 A4 B
BTE 0. 135 ~2.198 Z [a], KUk (FC) A1 K & #fF
(DSQ) FiE ] (14 32 % 1 2 45 /N (0. 135) , AR (JL)
FRREAN XU (FC) e ] 38t 14 FE 28 K (2.198) (%

7)o BEAN, A [t B AR R LA 38 AL R RLRE
0. 111 ~0. 874, KUk (FC) A AR (JL ) B R a] 2t 1% 4
B fRz/IN (0. 111) KUK (FC) R A B (DSQ)
BEAMUEZ R K (0.874)

&7 HPEFRIMEK 15 MR CEBIEFEF EEEES(T=fA) MEERUE(L=/)

Table 7 Genetic distance ( below diagonal) and genetic similarity ( above diagonal)

among 15 populations of Laodelphax striatellus in Northeast China

FhEE ﬂ:ﬁ% FC PJ DSQ SY2012 SY2013 SY2014  AS PLD  KY HT  MDJ  AD BC JL SYS
Population code
FC 0.398 0.874 0.252 0.171 0.176 0.544 0.553 0.264 0.392 0.538 0.527 0.379 0.111 0.567
PJ 0.920 0.352 0.303 0.231 0.283 0.402 0.551 0.305 0.366 0.541 0.547 0.360 0.123 0.406
DSQ 0.135 1.044 0.211 0.161 0.158 0.499 0.534 0.253 0.414 0.570 0.474 0.361 0.140 0.533
SY2012 1.379 1.193 1.554 0.715 0.785 0.221 0.475 0.399 0.357 0.224 0.240 0.399 0.201 0.308
SY2013 1.769 1.464 1.827 0.336 0.833 0.129 0.345 0.292 0.244 0.135 0.137 0.343 0.129 0.190
SY2014 1.737 1.263 1.842 0.242 0.183 0.198 0.463 0.340 0.353 0.220 0.213 0.358 0.190 0.264
AS 0.609 0.910 0.696 1.510 2.048 1.618 0.717 0.446 0.613 0.637 0.640 0.561 0.127 0.750
PLD 0.593 0.596 0.627 0.745 1.064 0.770 0.332 0.678 0.761 0.728 0.725 0.547 0.342 0.784
KY 1.334 1.187 1.374 0.919 1.233 1.079 0.807 0.388 0.501 0.494 0.378 0.221 0.283 0.455
HT 0.937 1.004 0.883 1.030 1.412 1.042 0.490 0.273 0.690 0.577 0.515 0.531 0.384 0.539
MDJ 0.621 0.615 0.562 1.498 2.006 1.512 0.452 0.318 0.705 0.550 0.649 0.393 0.166 0.660
AD 0.641 0.603 0.746 1.427 1.986 1.545 0.447 0.322 0.973 0.663 0.432 0.456 0.243 0.728
BC 0.970 1.023 1.019 0.920 1.070 1.026 0.577 0.603 1.511 0.634 0.935 0.785 0.185 0.559
JL 2.198 2.095 1.967 1.607 2.045 1.661 2.066 1.072 1.262 0.958 1.794 1.415 1.686 0.266
SYS 0.567 0.900 0.629 1.177 1.660 1.333 0.288 0.244 0.7838 0.618 0.416 0.318 0.582 1.324

2.3 IRCRMIERBIRE LY BTt HE A PR 1Y PCoA S5 2R R, 5 1

FIH UPGMA 3:5%F 15 AN K % T Hb R Fh #E 34T
Nei [T, ZEARLR BN 0. 80 &b, &3k 15 4>
JRREFIERE PR S, 55— S R ARTT (JL) FREE, 5
TR HABFNHRE , MIAEARRIRECH 0.70 4b, 5
FhRE S 43 b Uk BH A BE (SY2012, SY2013 Fi
SY2014) FnHAbFPHE (K 1) o

PLD

SYS

AS

AD

MDJ

HT

FC

DSQ

BC

PJ

KY

SY2012

L— $Y2013
SY2014

JL

0.60 0.40 0.20 0.00

R ZRAEHBIX 15 AN KK R BE A ) L T
Nei [QIEAZHEES ) UPGMA BE[A]
UPGMA dendrogram for 15 geographical populations

0.80
&1

Fig. 1
of Laodelphax striatellus in Northeast China based on

Nei’ s genetic distance

5 2 A brRfl I SSR A% 5 53 ik R 43 5l ok 43% FI
149 , T DU H R 28 0 v E AR L M X O R L 15 4>
PR A T 2RI AR A5 A (B 2) , Horh ik
FHADBE (SY2012, SY2013 F1 SY2014 ) il 35 Ak Fh B
(JL) fiita) T 2R —2, i HAR R R A SR o — 4

i Jl STRUCTURE 2. 3. 4 #4554 K [HY4E
B0 W, K =2 (K 3)  himfEandr=l, Rk
ZERWR, Y K =2 B, 5 ARAEE (JL) 00 FH A i
(SY2012, SY2013 #i1 SY2014 ) FIF 5 fl i (KY ) 5
R RPN — R (I 4)
2.4 AMOVA ZFFHESH

AHIFFEHG I 2R b XK R EUF PR Ry 2 AR i
TP F I 22000 (£ 8) , ils AK EKF 15 A~ 3 Fp
BEY N 2 N, 2548 PCoA ZE L 45 1 41 vk B A it
(SY2012, SY2013 Fi1 SY2014) FI 75 M AN RE (JL) 41,
52 AR HAWAP R, AT F T E T (R 8),
MEFERST TR AN R RE ] AA7E— 2 1Y 5%
fb(Fg =0.131, P <0.001), Hr, 87% ({545
Sk A OFRRE N A, AR R AF 9040 B (hierarchical
AMOVA) 7 Hr&5 3R, AR Z [RIFELE B B 401k,
i TR AL 22 1 25% , ) — [X 38 PN AN ) b 2 b
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AKY
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Fig. 2 Principal coordinate analysis (PCoA) of 15 geographical populations of Laodelphax striatellus
in Northeast China based on the genetic distance matrix of F, values

W1 Al 2 S RNEEE T 43 % Fil 14 % )75 R, Forty-three percent of the variation was explained by axis 1 and 14% by axis 2.
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Fig. 3 The graph of the value InP(K) in each K and the number of the inferred clusters (K) by AK method
1 -15: 43510 15 S HuFEFPEE Fifteen geographical populations, respectively.
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Fig. 4 STRUCTURE clustering analysis of 15 geographical populations of Laodelphax striatellus

in Northeast China based on nine microsatellite loci
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Table 8 AMOVA analysis of 15 geographical populations of Laodelphax striatellus in Northeast China
7 SRR AlE I J5 253t BT P {8 [f RE 54X
Source of variation d.f. Sum of squares Variance components  Percentage of variation  P-value Fixation index
AMOVA BB SH7
Global AMOVA analysis
FHEER] Among populations 14 63.302 4.522 13 0.001
FIEPN Within populations 360 343.600 0.954 87 0.001 Fgr=0.131
I3 FAESAER AT
Hierarchical AMOVA analysis
#H [A] Among regions 1 464.471 3.205 25 0.001 Fgr=0.248
ZH N FPFEE] Among populations 13 1 094.404 3.117 24 0.001 Fi5=0.321
FhEEN Within populations 360 2 374.293 6.595 51 0.001 F;=0.489

] F) A% oA i i AL A2 53 14 24 % , 73 5 51% it

Az Sk A APREN

2.5 mfEEEES 5 ithIE BE B A HOAE K 1 A
WNELS i, % 15 A G R (8] fr) 6 1%
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y=0.0061x +0. 1323 (r=0. 036, P =0.480) , it
AL, 15 A E B AR R 19 352 4% 1 25 -5 b P
Jo i FAHAE

0.9
0.8
.
07} o *
y =0.0061x+ 0.1323 A4
0.6 | R?*=0.0013 P=0.480>0.05 .
¢ L 4 *
. s
w05 S .
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Fig. 5 Regression analysis between genetic distance and geographical distance among 15 populations of Laodelphax striatellus

in Northeast China based on nine microsatellite loci
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3.1 FEHERfEEEN

RITYI TS AL 2 A7 B T e s Wy At 955 R4k
Ji 51 (Lohman et al., 2008) , W& NN, Yl B A
o A% A S T30 ] L W) R T LA R Y 1 S BR B

AEAERIE ST (Eriksson et al., 1993) o S5 FE N HCA

B BT SRR AR N st A% A8 5 i B AR A, [A) B,
SO TR s Z R R A, (H S0 R A H
Dy ZBIREAS T 20 (Maudet et al., 2002) , FEA &
(R R/ I S5 R B IE AR G (B 4, 2018) , 4%
PSP L | U8 B A i i a8t AE R R . R
MZ A BE (Ho ) J&— 1~ JRE 7 1 2% A F 5055 LA L2 A4~
REE, E S INBRIRG E (He) FALL, 15 ZHEA K
INEE R Z S (A R 5245, 2007) . Takezaki Al

g
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Nei(1996) $2 H o TR THE H B 74 5 8 (He)
£ 0.300 ~ 0. 800 =[], W) ] 158 B 4k 352 14 22 A 1
B

TEAMFFRH 15 K REB BRI EE 375 LK &
ALY SSR ZM T4 B R L9 AN DR 2 AR, P
IEFASL XTI 15 A 1 B A0 4 25 457 JE R B A T
8 ~45 A4~ P 20 A~ (K 4) o DU 9 X B A
1WA 15 A MR Ap R b g i 2 8 B F R
HFEE REZREE TS T 5, 15 b PR
R T X5 ORI 2% 5 B -S4 A B 2 5 B 43 R 0. 548
F10.582( 3% 5) . #5 M B AP E AL ZREERE S, U
T KRBT PR 5 A3 I AR T 5 (2R A A,
2006) . Sun % (2012) & T 9 AN K REL % T2
AL IR 3 A s A (VTR L R AT
PEAT I RIS, 45 % Wl sk Se 47 i A w238
PE BT R Y 3 ASFPRER 13 ~ 30 A48 5
P, $4TRR (2014) FF & T 7 AT ST 3 A
JRCEFRRESELT RIS A Z R A 4B, AR 3 A
e (1) W58 7% 4 8 R0 4% A B 40l 7 0. 543 ~
0.971 F10.604 ~0.876 Z[i]. Sun Z£(2015) %t [H
24 AN K HR R E AT a8 AL 22 R AT I 45 2R
W ARBETEAG 25 R AL, P 24 5 % H, 8
$70.590 ~0. 774, uHe {3} 0. 752 ~ 0. 810, jafk
| T E AR AL XK ) b PR AR IR KA B Y
L 2R
3.2 MEBEAESUSERR

TR [R] [ 22 48 B F g W T FORE ] 09 53 10 A2
JE o Fo 3T O, Rl ) A ) Beir 1 1, 404k
R AHIESE 25 R B, R[] M R R A KR
A —E WA Ak, 45 B RR R 6] 4 35 4% 01k &R
R 0.012 ~0. 550, 4% Hb FEAFPHE (] 19 JE K Nme 2Ry
0.204 ~20.275 (% 6) , HrAr 3 MoppfE (JL) 5 H Al
14 A b FEFP R 9 5 DRI 35 /N1 1, AL o0k R 803
KT 0.25, BEHTHEMOFPE (JL) B AR A — 2 1
wAL b, INAIE (2012) XK REFPRER F o 45581
TR EK Fyp ok 0.0036, H A R0 0P Fl A 45
T o3k, X S5 AR 45 AR
3.3 MEHEEEN

Wit # @ UPGMA R 4tk & M. 32 A6 b5 20 #r
(PCoA) Jx STRUCTURE 52 43 i 47 Fb 15t 1% 45
R (1 ~4) 25 R R 0, I REEAT — 2 1935
FRIGLERE T B (L) A X LA A 7= A 3R
WS s A5 o Ak BEAE, AMOVA 437 250 i1
B (% 8) ,87% {7 7 EZ R AETER BN, AR 57 45

2% 3 M1 (hierarchical AMOVA) /3 M4t 2200, AN[a]2H
ZIAIAFEAE B 43 Ak, TR — DX 3 P9 A () el B A 8 [ 11
AL, di AR A S 24% , 5356, 51% it
Aok AP, 2R B AR b IX O K L AR AE B
st o34k , T L35t 4% 434k T8 — o 1Y b sl 1 22
S, M IR B R R EGER AL o3 A A B3 R
ARG (2014 ) R 7 A0 BE AL 3 A KR E
PR A TR 515 Z2 REPE B 504, 45 2R B K R
FIRE LA/ (HAR A 2R TR VL AR 5 A AR
AR B, BB AR UM R e A T — e R
(3515 oAk, X AT g 5 K R EFP R A7 7R J B A &
H, XL S AN

ARACEZ R 2 KUl VS XU X, SRR
AT HRTEAN R B AR F5E, A AT REX A ZRIL
B LA B A Pied pipe 800 (2 1A 3C, 2001)
177 1] A K 6 EUTE AR b b X RE A AT LA (bR
BASE, 2004) , FIHZRLARSL [ (COI Fir COIT) F
13 A~ SSR A5z s % rr [ 22 AN 6 I B A T R
TG S I 35t 1% ZREPE I RIESE R B, AR
i DX T3 TR Z2 R P 7K BRI, o T Zeobir (A ik
PRI 20 L A% 5 DR 2 B ) 52 3 52 ) iy DX 7 4ok A4
MK AR T HA S D, HE AT B T 2R
Fbth X ) K R A T AR R A K KRR A%
AL AL (Sun et al., 2015) , fEICA(2013) L
BT IRE S A FRARE R 52 2% 0 55T
50 WO TR] R TR A Y A A R R 22 S, DA A
Lo R DI A RSO A5 D T e Bk B b XK
FE 5 oA DCOMPORE AT OO TR, DA 19 TiEZL AT
B, ZR AL DX K R Ao T AR 2R JE 0 AR FR b X T i
PR 82K 2 e B X AL BB X, 3 0] B Ry it
YK CEGR AL T AR YRR, R ZR b X
JRCE 5L A T e AR P B S FE B ALY
A
3.4 EHMEBREREXIME

FHT, KRB 2 o0 A0 TR E A KR 771X, %
o HORY I IR B I RAT O A T TR A b XA R L
FPREAAAE— E YL (Sun et al., 2015) , fi k2
PRI B B B3R %, AT RE - BOR HUR ok 5
(R TGH ARG o R, 73R Y i 23 Y5 N A & B A
A WFIGTLGPER I B R, BT R H R
AFXS T35 1 48 R 35 DR 7K ST 14 43 A1, RE A 1 o H:
XF A& R BT Ko ARG e ft FH % 3G EURE
AR FRIEH X, T — AT R4 ]l DX K R
EFPHERES TAE R AR 0T 4 [ 1l DX A R U R
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AT G ZFEE Bast AR 45k BT

R T MR AN LA, A A B A AR
HOR) Ayt I T B S e KR RN R 35t % 78 S 1) A
( Brévault et al., 2008) , R, &1 % [F]—Hb X K KL
AN TRVAF: B[] () o 8 A s A 5 A F Sk A Bh
7R R R T2 DAY I R o AR SOR AR LB X Y
IR REGE NG Z R S AR S5 AT TR B T
FE R AR PR, AR b 1 XK & L[] — by XA [ 47 B
[] R R A S st A 2 A G R PR e Ab, 4R
K AT IA U 0 R B 2 20 iz FA, X A R EUA
AEYI ZREE B9, BB ¥k LATEIR BT
JLA ( Berasategui et al., 2016) . TG K K E7EF
FE] () R B AR SRR 20 A I S8 R AR ST, X
JRCE A TN TR A AR R, Rk T
TG b PR A KR L R P s A AL A S
HASR Y HOHAT HE R T 4, B 75 20 T Btk
frift—09% .
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