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Microsatellite marker analysis of the genetic diversity of Galeruca daurica

( Coleoptera: Chrysomelidae) populations from Inner Mongolia
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Zhuo-Ran® (1. Research Center for Grassland Entomology, Inner Mongolia Agricultural University,
Hohhot 010019, China; 2. Inner Mongolia Grassland Station, Hohhot 010010, China)

Abstract: [ Aim] Galeruca daurica (Joannis) is a new pest causing damages seriously in Inner Mongolia
grasslands in recent years. This study aims to investigate the genetic differentiation and gene flow among
different geographic populations of G. daurica in Inner Mongolia. [ Methods] By using five microsatellite
primer pairs, we analyzed the genetic diversity, gene flow and genetic differentiation among eight
populations of G. daurica. [ Results] The number of alleles and effective number of alleles per locus
ranged from 10 to 18 and 9. 2796 to 16. 0388, respectively. The polymorphic information content per
locus ranged from 0. 6760 to 0. 8985 and the expected heterozygosity ranged from 0. 3430 to 0. 5284,
demonstrating the high degree of polymorphism. Moreover, the expected heterozygosity of the eight
populations ranged from 0. 2216 to 0.3701, with the average of 0.2680. The genetic differentiation index
(Fg) ranged from 0. 1244 10 0. 4116, with the average of 0.2521, and the gene flow ( Nm) ranged from
0.3574 to 1. 7596, with the average of 0. 9622. Eight populations were clustered into three groups
according to their genetic distances, and the genetic distance between populations showed a highly
significant correlation with the geographical distance (r=0.4854, P =0.0180). [ Conclusion] The G.
daurica populations are characterized by low genetic diversity. The gene exchange seldom exits and high
genetic differentiation occurs between different geographic populations. The lower migration ability of this
leaf beetle and geographic obstacles might be the main reason for the low gene flow and high genetic
differentiation.
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Vo R Galeruca daurica (Joannis) Jg&—fh
UEAEARAE N 52 B 5t SRR I 3 3 1L, DA 2009
SETFIRTE N 5 5 B SR SR R T AR 2 & U, 2 31
BAEINE A K AETEHE A 2009 485 Akl i W
AR R B B PRI AR TIT 7 R 2 JEEE A B (2 T AL 45 4
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Allium mongolium . ZZ ML 2 A. polyrhizum F1E3E A.
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WPAE DLIR T Y K A2 D 3 S AR TG S AT T 0020 i A,
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W EAEYN HARK LK E I TR .
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B EIBOHTZ) 40 ~ 50 m BURE £ 4 A, WEEAS
WORE S 2 m A RS A A 3 ~ 4 3%,
T AFE R ERLRE R, A7 B %5, thie e,
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Table 1 Sampling information of different geographic populations of Galeruca daurica in Inner Mongolia

FEACAS RS HbFR AR HEH (m) SRR H
Population code Collecting location Geo-coordinates Aliitude Collecting date
XQ HE R FEATE New Barag Right Banner 48°15'16"N, 117°17"20"E 552 2014-5-9
XS BMIEFET Xilinhot City 43°54'53.07"N, 115°39'13. 19"E 1 069 2014-5-19
AQ fr] (4 i Abag Banner 44°13'10.07"N, 114°4'0.05"E 1 001 20144-15
SY 1 JEFi 47 Sonid Right Banner 42°17'10.4"N, 113°31'23.51"E 1 267 20144-28
SQ PUF FJif Siziwang Banner 42°15'29.54"N, 111°2936.44"E 1303 2014-5-25
HJ HUER i Hanggin Banner 39°52'18"N, 108°28'56"E 1293 2014-5-21
EQ ZRHL Tl Otog Banner 39°14'10"N, 107°39'38"E 1272 2014-5-21
HQ HEEH i Xianghuang Banner 42°24'36"N, 113°49'58"E 1193 2014-5-28

1.2 E[FZ DNA FRE

IRCBASK Vb 28 L R 4l RURTVR B 5, B8 A
1.5 mLELOA IR dp304 g4 5L 24H DNA
SRR G, X B Sk P 280 R A 4 UKL TR 20
DNA, 2 U DNA 28 1% 35 i 4l 6 0 P ik A6 U0
-20°C A7
1.3 WIES

AW 98 3% FH Sk @ SC#k (Patt er al., 2004;
Verbaarschot et al., 2007; Waits and Stolz, 2008 ;

Harman et al., 2009) 141 3T ES I YFH, e
RBELRIG o DR 7 8 H 25 T i 2 5 e Y 5
XS, 1 E AR 2,
1.4 PCR 35 iz Iz {4 22 1 Sz Bz 5% 14 B 7= 4 i)
PCR JZ W& & 4 20 wL:DNA #ifg 1 wl,10 x
PCR Buffer (Mg’* free)2.0 plL, MgCl, (25 mmol/L)
1.2 pL, dNTPs Mixture (£52.5 mmol / L)1.6 pL,
RS9 (10 pmol/L) % 0. 8 wL,TaKaRa Taq
A5 U/uL)0.2 wL( K5 Wy TRAT A )
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5 min; 94°CA5PE 45 5,48 ~55°C B k 45 s(HMEH
O 0.2°C) ,72°C ZEAH 45 s, 3L 35 ANMEER; 72°C 4k

{#1 8 min ,4°CI{-AF -

6% RN IR L e A PR BRI 73 85 S A HE Y fE ) R
70 W,k 1 h, 28 AgNO; Je(5, NaOH 5%, B 15
FARRRAE
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Table 2 Microsatellite primer sequences and annealing temperatures

(A=) SIFFI(S" -3")

Primer sequence

R HTT

Repeat motif

B KR K () s EE PN
Annealing temperature  GenBank accession no. References

Mymsp e AAGATTTTTAAGCCATGATA (TG) 48 -55 AY575862 Patt et al., 2004
v R: CCGATTAACATTACTTCCCAG " - att et at
F: AACAAAGTGTATGCCAATGTC
Ls-A121 PO i ’ (TG) 4 48 -55 EU854473 Harman et al., 2009
R: GGCAAATGGAGTAATTTCC
F. CTTCTTCCGATGCTTCTTC
; TACA - aits and Stols
Dba08 R. CGAGTATGTGGCGAGTTC ( )7 48 - 55 EF524283 Waits and Stolz, 2008
F. CCTATGTCCAGCAGTAGACG
i : GGA) s (TGA - aits and S
D2 CCTCCCOAGTAACCTATT (GGA)5(TGA) ; 48 -55 EF524287 Waits and Stolz, 2008
F. CCGTTAGGAGTGTGGATG
Dvizl : ATG 48 - EF5242 its and Stolz, 2
vizl 3 R. CCGTTATGCGAGGTTCTA ( )g 8 -55 524288 Waits and Stolz, 2008
1.5 HEHH Z 1], A 55 A5 5 R LR 9. 2796 ~ 16. 0388 22 Ji]

MR8 43 5 K/ 3 S5 iE AT ge it AR 3
IMEUGIEH A, B, C, -, % RATEHABE 2004
B PopGene32 (version 1.31) (Yeh et al., 1999)
XA BB S A ER H BN RN IMA A TG S 40>
BT, 53 00 5 55 60 BE TREC ((Na ) A 5805 o B TR B
(Ne) WEHATE (Ho) JHE A JiE (He) Shannon
FRIEE() ZBFERE & (PIC) (F-statistics Gt
(FIS’ Fy, FST) \%{}ﬁ(]vm) \%ﬂﬁfﬂﬁqgﬂﬁj f 35t
FERILE R B (1) JBL IR (D) o

F) JH MEGA4. 0( Tamura et al., 2007 ) #4, 3T
Nei [CIGfhist % I 8548 ] UPGMA LMy H# R 40
KRS, BT TFPGA (Miller, 1997 ) B4 i1 7ist A% i
555 b PR B R A DA S #T o

2 #HXR
2.1 HEEMPES MU R AMEE S

N3 ATHL, 5 AL SF 7 B R ETE 10 ~ 18

%3

Shannon {5 B4k 3. 0967 ~ 5. 6086, 7£ Mv-MS11
P B EER Z e &, 78 Dba08 i g [ (15
HZFEPERAR, 28058 &5 h 0. 6760 ~0. 8985,
H¥RT 0.5, Ut ABF 5 Frik - 5 N6 B AL
MR 2SR S WSS B AR 0. 2789 ~
0.4567 Z[a], SEHME R 0. 3556 ; WIEAZL A FE 0. 3430 ~
0.5284 Z [a] ,SEX{E M 0.4303 , 5 AN s 114 3 2 7%
GRS R TSGR BRI LA 25 1 L, 2%
BRI

8 AMVP 2 i RN Rt L ZREPEFR RO 3R 4
8 AFPHEY HE Y S5 07 S R BCH 54 ~ 62, DU T T i
T fe b, I Je Rt TR B 22 5 A RGN i IR
47.5532 ~55.7141, U+ E iR B>, 750 8 45 A i
P2, MEEIRG R 0.2832 ~0. 4111, F-H{H
7 0.3395; HAEE A 4 4 0. 2216 ~ 0. 3701, SE- #4918
90.2680, “FHMIEAE RN <0.3), BT
A R N S 2RI

WEERES MIIECRNEES Y

Table 3 Genetic diversity at five microsatellite loci of Galeruca daurica

SENLAE R AR R Shannon {5 517 4% MBI A TE W a ZHEL AR
715, Number of Effective number Shannon’ s information Observed Expected Polymorphism
Locus alleles of alleles index heterozygosity heterozygosity information content
Na Ne 1 Ho He PIC

Dvizl3 10 9.2796 3.2276 0.4567 0.5284 0.7760
Dba08 11 9.9034 3.0967 0.3253 0.3616 0.7607
Dvizl2 12 11.5375 4.0304 0.3078 0.4834 0.8985
Ls-A121 13 11.0438 3.5201 0.2785 0.3430 0.6834
Mv-MSI11 18 16.0388 5.6086 0.4096 0.4353 0.6760
SEHI{E Mean 12.8 11.5606 3.8967 0.3556 0.4303 0.7589
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Table 4 Genetic variation statistics in eight geographic populations of Galeruca daurica

FRE SRR AR R L pUR /St s WG R
N Number of alleles Number of effective alleles Observed heterozygot Expected heterozygoty
Ponulat cod ygoty P ygoty
opulation code Na Ne Ho He

AQ 61 53.5464 +0.0509 0.3388 +0.0435 0.2695 +0.0274

SY 62 55.7141 0. 0487 0.4111 £0.0425 0.2999 +0.0258

EQ 60 52.3183 +£0.0489 0.2832 +0.0424 0.3701 +£0.0242

HQ 55 48.6961 £0.0514 0.2965 +0.0435 0.2423 +0.0289

HJ 59 50.5761 +0. 0521 0.3332 +0.0449 0.2216 +0.0281

SQ 54 47.5532 £0.0583 0.2959 +0.0475 0.2576 £0.0311

XS 58 53.6490 +0.0558 0.3812 +0.0490 0.2539 +0.0299

XQ 57 49.5729 +£0.0483 0.3762 +0. 0406 0.2293 +0.0268

SE-F{E Mean 58.25 51.4533 0. 1465 0.3395 +0. 1251 0.2680 +0.0786

P EAE NI £ FRifEIR . Data in the table are means + SE.

2.2 HEEMEBEMEENEES L

VRFEMH 5 ALY F-statistics 434
T (FS5), MR m B AL b RE(Fy) BE R
0.2521 >0. 15, B RN e ) 35 14 0 AL R B o PR
FER - BIE R 0.9622 < 1, 15 W A i) #& 4k I 35
AT

R T it — 2 BN [ Rl =2 )35 1% - 1
JEE T 6 B T 8 BRI R] A 38t 44 B A st AL
FEARLEE o 35t A B B RS A ARLRE SO T A ] b 3
eI SR 06 R I 3T , PO FP R (R) SR 2% 06 R G, 35k
TR PEEG RN AL AL BE K, 2 IR 8k Vb A st
PR [ [0 174 338 £ B 25 7 0. 0744 ~ 0. 2551 2 ],
BUHR RN SRAE SO R 5% FE 258/ (0. 0744 ), #iL
R RIE CL R PA TR (F) 358 1 P B K (0. 2551)

AR 0. 7726 ~0. 9255 2 [a] , AT HUFIHT B

IR R A TR AR AL A% AT BLRE de/)N (0. 7726) , A4 e

IS T AR 6] 382 A2 AR (LB £ R (0. 9255)

xRS5 DEBRMRES MIZEA SR F-statistics it
FITERUAREER

Table 5 Results of F-statistics analysis and gene flow

at five microsatellite loci of Galeruca daurica

4 RHAPGESE BEAREGESE BEARRME SRR

LO(:,:l; EYi e EYie R Gene flow
Fig Fir Fo Nm

Dvizl3 0.1907 0.2832 0.1689 1.2302

Dba08 -0.4096 0. 1440 0.3582 0.4479

Dviz12 0.1007 0.489%4 0.4116 0.3574

Ls-Al121 0.1534 0.2243 0.1244 1.7596

Mv-MS11 -0.0257 0.1229 0.1975 1.0158

SEH4{EH Mean 0.0019 0.2528 0.2521 0.9622

F6 DEEMBAAEMEBEMEEREEFESNEERMURY

Table 6 Genetic distance and genetic similarity index between geographical populations of Galeruca daurica

FhEE Population XQ HQ SQ SY AQ HJ XS EQ
XQ - 0.9155 0. 8659 0. 8845 0.8731 0.7726 0. 8084 0.8363
HQ 0.0883 - 0.8874 0.9023 0.9108 0.7767 0.8725 0.8018
SQ 0. 1440 0.1195 - 0. 8883 0.8811 0.8012 0. 8455 0. 8096
SY 0.1228 0.1028 0.1184 - 0. 8606 0.8259 0.8736 0.8315
AQ 0.1357 0.0934 0.1266 0. 1501 - 0.8376 0.8545 0.8312
HJ 0.2551 0.2527 0.2217 0.1913 0.1772 - 0. 8457 0.9255
XS 0.2127 0. 1364 0.1678 0.1352 0.1573 0.1676 - 0.8362
EQ 0.1788 0.2209 0.2112 0. 1845 0. 1849 0.0774 0.1789 -

XL b AR G R B, XML T 7 Bt fE BB . Genetic similarity index is above the diagonal, while the genetic distance is below the

diagonal.

2.3 DEEMBAMBHNRESN

W] PopGene BPFTH5 i Nei FG Gl it 14 1
B, PN MEGA BR4FXH V0 2082 T 8 S ik
Fr IR (UPGMA 35 ) 8 AN [ Hb s A 7 28
HIRNEE > 0 3 S (BT L) - R 5 JE A T\ DY -

L | o EEL LA B AT A ol R 1 B Rl , SR M
— A3 S HURR AR5 SR T SE RN AR 3R O — S5 8
B JR B A AR g At ol 3 i 2 B 0 A e, B g
WA — 3o
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Fig. 1 UPGMA dendrogram for eight geographic populations

of Galeruca daurica in Inner Mongolia
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Fig. 2 Regression analysis between genetic distance and
geographical distance among eight populations

of Galeruca daurica
3 itig

AR 2 Ak B AL R N I A BRI AT
R Z AT . Z28E B8 & (PIC) &M st
{2 REVEINEEFR, XY PIC > 0.5 B, %6 S S B £
MRS 340.25 < PIC <0.5 B, Z S hpEL
BPEOL A Y PIC <0.25 W], iz 47 U N IR E 2 2859k
{7 5, ( Vanhala et al., 1998) . AMHFHE S M D
BRI PIC {ETE 0. 6760 ~0. 8985 Z [1] , #f ik 2 K
T 0.5, ULHIABE IR 5 AL 3 ki BE 2 8 A
KL BB st e 2RV pr it se 15 R o

AL Z R — e T8 T N Y 35 15 22 S7oKF-, —
FERREE b Sl 7 — Nl B Y RE ) B i
RIS T7 0 RN G B R BRI 2 h
P, B SEARA IR B 2R/, 50 PR BE R AR Y
AL Z A4 ( Frankham et al., 2002), Takezaki FiI
Nei (1996 ) #2 th it T2 4T3t i 2B 2% & 7
0.3 ~0.8 Z[u], W mTi5d W RE A 33t 14 Z AR R . AR
7T Hp b 2 g F 8 AN B AR A R A 5
4 0.2680, KA SRHG v AP HE >0.3(0.3701) , it B
WA RS L ZREE R . X AT Be S5 VD208
PR, RO A T 28008 HE ) ) 3 T 5 U RTR
P BRGSO B — A 5 [, Tz il
JUEATT IR RIRFR 28 K, 32 A% HUFR) A Joih 30 e JBE s 4
iR, 2578,

FEE NS R T F s ) 2R ML AR A~ AR 8]
TARRAEAILAE TE 11 -5 250 WP RE P 2% G B ) i 2R
O, B SE RHECF ) WS B SRR 2 5 BE A i 2k
FEEE B IETE -1 ~ 1 Z[8], KT 0 RmA s
TR, /NT 0 KIRAE T F (Weir and
Cockerham, 1984) . ZBFFEH F o[ ¥{E K 0. 0019,
FoR3B(E N 0. 2528, LA FPRE DL 2GS 500 32, 2%
BB R HA R UGB Z R IR P A X
— G (T EALSE, 20105 FMELISE, 20115 whifE
&5, 2013 IiliBeaE, 2014) o G FHUBRK TR
1 TR P AR R AV IR AR AR (sibling samples) |
BT ARARTFR0 (Wahlund effect) | 4R HE 4 |
TR A BT i Je A A BE B (null alleles ) K Fffi [A]
2 320, KA A (inbreeding ) 45 L DA i, AR 3C
RSB IBURE D7 1250800 T AL IR AS 7 AR HE AR AR U0
VO R 0 2 s T s AL AR 5
M) , %57 i A 2080 58 7 ik PR oy, e s 1% 2 A A
JER, B RAZ TR/ BRI, B A A 52 n] g
e A T A

PR AR B A s H IR PN AR AR S A
T 6% 20 B B [8] B4 79 46 ( Whitlock and McCauley,
1999) o PRI, 5 PRI 1 A 8 A 5% W ol B i) 352 4% 93
P EER R Z — o AT &7 03 R A
90.9622 <1, 15 W] AR b 70 28075 - Y 2 PR S di AR
D EARATRESE RO R Ay« (1) T HL I H %)
HAR AR SRE ) 25, FERECA TR, AREiF TR
PRESIERS ; (2) YA F LABRAE 2R 3 e ST
AR 45 B Ak B A, N PR 3 K R B i
AR BEMER /DN ; (3) AF F A il B L 1t R
14347 ( Mendelson and Shaw, 2005), b2 %Nt
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