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Isolation and characterization of microsatellite DNA loci from ten
important agricultural pest insects using anchored PCR method
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Key Laboratory of Integrated Crop Pest Management of Shandong Province, College of Agronomy and Plant Protection,
Qingdao Agricultural University, Qingdao, Shandong 266109, China

Abstract: [ Background ] Microsatellite DNA consists of both prokatryotic and eukaryotic genomes. The characteristics include rich
polymorphism and easy detection. The technique has been applied in animal and plant genetics and breeding, for the construction
for genetic maps. [ Method ] Using the 5" anchored PCR method, microsatellite DNA from 10 important agricultural pests were isola-
ted and analyzed, including Carposina sasakii ( Lepidoptera; Carposinidae) , Conogethes punctiferalis ( Lepidoptera: Pyralidae) ,
Ostrinia nubilalis ( Lepidoptera; Pyralidae), Proxenus lepigone ( Lepidoptera: Noctuidae) , Frankliniella intonsa ( Thysanoptera:;
Thripidae) , Thrips hamaiiensis ( Thysanoptera; Thripidae) , Thrips palmi ( Thysanoptera; Thripidae) , Drosophila suzukii ( Diptera .
Drosophilidae ) , Lissorhoptrus oryzophilus ( Coleoptera; Curculionidae) and Phenacoccus solenopsis ( Hemiptera: Pseudococcidae ).
The characteristics of microsatellite DNA in these insects were analyzed. [ Result]The positive clone rates, microsatellite rates, clo-
ning efficiency and redundancy rates of microsatellite DNA among the species were variable. Dinucleotide repeats were the most a-
bundant repeat types (93.2% ~100% ) , while trinucleotide and tetranucleotide were rare. Among the dinucleotide repeats, AC/GT
is the most abundant type (89.2% ~100% ). This is closely related to the anchor primer; The average repeat number within these
species was 6.7 ~8.9 and the highest repeat number (34) was detected in O. nubilalis; The types of microsatellite mainly consist of
the perfect type (91.0% ~100% ). [ Conclusion and significance ] The anchored method can be used to reveal the microsatellite
DNA in the agricultural pests, and can be used in monitoring and detection.

Key words: agricultural pest; microsatellite; 5" anchored PCR method; clone; characterization
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RS FS 2 - B T PCR FARNS 10 A 2R 3 HURCTLR DNA 7 i 19 i 18 S AR 0B - 61 -

quence repeats,SSRs) , M D& DNA " ¥Z /04 T H
BA Y SE R Al b e A AR ) ) BE DR 2 rh i A 2D
O (B 0OKAF,2003) o il T DNA 74 d il
JRBALR S B i B FE 2 a8,
Gy TR, & — AR A1 43 b id (fR4: 72,2005
A, 1998 ; Xi4EWE 55,2008 ) o 3 LA DNA 7345
WA T Z N FHE, B B0 T AR HF JLr i
U5 AAZIEAR SR BRI 5T v (REARSE,
2007 2012 ; B/ %5 2011 ; Chu et al. 2011),
TR DNA (7R3 05 2 E 2 LR &4 (1)
e B R SR, & A TR AR B e R TR S
Hh i 18 A TR P 910 %) A e I O, PR
T TR DNA 9 3 1) 0 38 7 50 B 5 1 0, dsc e FHAZ
SIHIXF R )3 T3 DNA 7 5 fE M43 #7 ( Rass-
mann et al., 1991), It ik TAE & K, 2R,
(2) RS &, &M LR T 2R #E 17 2%
AEE A, Ay i HOE B CE (Kandpal et al. , 1994
Karagyozov et al. ,1993) . X Fh 7 i &2 4,
Y H W B R, A T R E B ITAR )
(BRIGIR TN E 4K, 2004 ) o (3) #%R GenBank \EM-
BL F1 DDBJ 253 e84 2 LIRS & SSR P31 (1 J7
B, R B TR AR 228 M — AN 2 AR = (Bt
BAAE,2012) o AR, T E PCR FEOR R {E |
RRL AL A T TR e AR B T )iz
(R R B4R, 2007 ; kAR B 45, 2012) . %07 02
Fisher et al. (1996) $2 i , HI 5k € A -3 AR 510
FEZH DNA SEAT97 88, o7 — Mo s i A
(R TR B PR T 1, e T SSR B AR I BEAILYE , H
AW H AP REGR ) S R R m T LA
3 B8R, HOl o B FRSER& A 2 e B i
PR, TF RN (BRI AR A E bR, 2004 ) .
H i, Bk/NELU L Carposina sasakii Matsumura
kit W5 Conogethes punctiferalis ( Guenée ) | K MR
Ostrinia nubilalis ( Hiibner) . — /5 Z 1% Wk Proxenus
lepigone ( Moschler ) | 1£ #i Ty Frankliniella intonsa
(Trybom) | B i ] & Thrips hamaiiensis ( Morgan ) |
FENE ] 5 Thrips palmi Karny | B¢ # S 18 Drosophila
suzukii ( Matsurmura ) | f5 7K 2 B Lissorhoptrus oryzo-
philus Kuschel | £ 5% 45 ¥; # Phenacoccus solenopsis
Tinsley 2533 46 5 2 Al o i) ol T0 B A7 a5 1o R L
HR3E . ARG A PCR FAR N 3R 10 Fb i 2k
b EE PR AT B TR DNA 37 5 0 o, I X6 i 10 &S

DNA JPA #7007 e, B TERRIZ T AR L
Wi E A2 DNA G 3 H i A 8otk , e — 2B 42 a A
b 3 BT A SR S AN R R A 2
FE SEAit
1 #REF*
1.1 iIe# 44 % DNA 2EX

AW 5T B RS ) Fh B30T 95% £ B,
20 C F{#4F, H:PZH DNA (932 BT 52 8 Chu
et al. (2005) i AAREARZ G R 1 3k JE U
DNA jit T =20 °C F{#47,
1.2 4$#7E PCR ¥ 1

DI FE [ 4 DNA Sk PCR 2 R A A4,
FHMR R F5 S8ty 5" 4l 2 187 JF 514 NNNNNNNN-
KKVRVRV(CA)6 #4174 3, 57 50 b K
2L KR EF DNA A 3 L. buffer 5 WL dNTPs
1 uL @514 1 wl(10 wmol « L") (ddH,0 39.5 pl.,
Taq fiff 0.5 pL, PCR W R .94 °C AR PE 4 min,
35 MEIR (94 °C 78k 30 5,55 CE P45 5,72 CHE
fif 2 min) ,72 °C F-ZE{f 7 min,
1.3 ZESF

W4 577 28 2% T REARE R I L VKA TN, it
A& (et 2 X G AW H AR A R A A Y1 E i
K 500 ~750 bp A DNA, 5 PMDI18-T #3315 A
KIGATFEA Trans1-T) JBAZ S UM, K T & A &K
PEAR(0.1 mg - mL™") A9 LB BfE A L. BRECH
BRIYA T & A &SP (0.1 mg - mL™") 19 LB
IR IR G B 9%, B2 L W, AR 51
M13 Xt A Btk AT PCR P34 13 pl [k &R
&G B 2 pl. buffer 1.3 pL,dNTPs 0.26 pL.
MI13 381514 0.26 wL(10 wmol - L™") (ddH,0 9.3 L,
Taq T 0.13 pL, PCR )% :94 CHiAEM: 4 min,35
MG (94 C7AZME30 5,55 CHE 45 5,72 CIEff
2 min),72 C FLAEH 7 min, PCR /=¥)%: 1% Bifig
WHERE I HL DR ARSI, PR B T
1.4 FINESHH

BEAILIE B BER /A 500 ~ 750 bp Y 50 4~FH
PESERESEATIN Y . FIH] Sequencher 5.0 Demo {4
(http: // www. genecodes. com/ ) ERITAFH , 15 H
SSR Hunterl.3 # {4 % DNA JF31) #E4T SSR {7 15 (1)
WR, WEEZHE DR S5 R EE TR
Bzl 614~
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2.1 fEFHSIHT SR PCR YRS F
&4 CA BE FILHY 5" 4 E T T 51 93

10 FI DNA, 338 R BUR R i, Z2 8 T 200

~2000 bp, £t PCR i it , 2 FP A 7C R i BeAe

500 ~750 bp Z[a], BHPE e BEAAE 10 S Fhrp Ay

BRI 225, e AR R ST 5 (95.8% ) , f AR B

8 55 (20.9% ) , - 35 PHE 72 % 57.8% . 10
AWFR ) PR HRAE 70.8% ~ 100% 22 [8], 5 5
SRR S 4 B I (100% ), B KA 2 S B OK
(70.8% ) S BRI FEF 91.3% , w2z
SRR, e AR R (88.2% ), e ik oy v iy i
5(19.9% ) , el FH30% R 52.8% (£ 1) .

x1 WIEXEMNFREER

Table 1  The screening result of microsatellite library
Al
. " , R~ PRI
S S oV L - R
o G () o~y WEsERER N SRR () BCARLHR ™ suheseR
. Positive clone Number of Microsatellite  Cloning efficiency
Species Code  Number of Number of Number of clones . .
K .. rate (% ) microsatellites rate (% ) (%)
selective clones positive clones sequenced . .
identified
BANE O H CN 89 65 73.0 41 39 95.1 69.5
Carposina nipponensis
Ak e cp 65 56 86.2 44 43 97.7 84.2
Conogethes punctiferalis
o N ON 72 50 69.4 38 38 100.0 69.4
Ostrinia nubilalis
AR PL 120 84 70.0 48 34 70.8 49.6
Proxenus lepigone
e85 FI 136 65 47.8 43 36 83.7 40.4
Frankliniella intonsa
o g ] L TH 211 44 20.9 44 42 95.6 19.9
Thrips hawaiiensis
AR i TP 72 69 95.8 42 38 90.5 86.7
Thrips palmi
T SR i DS 69 45 65.2 46 39 84.8 55.3
Drosophila suzukii
K H LO 72 65 90.3 44 43 97.7 88.2
Lissorhoptrus oryzophilus
R b0 PS 104 51 49.0 45 45 100.0 49.0
Phenacoccus solenopsis
" B e R AR B s b o BT A SRR T 40 L s TR HORAR B T T R A e M o BT B e MR 1 43 LG5 ™ e BERBORAR B A

TR B S RE T SERERT T AL

* Positive clone rate refers to the percentage of positive clones in all clones; ™ Microsatellite rate refers to the percentage of microsatellites identi-

fied in all positive clones; ™ Cloning efficiency refers to the percentage of microsatellites identified in all clones.

22 WMIDEHKH

EBREE PO G AT DA R K80t
G5 R, TUR R (EE T ECR/ BT 8 5L
i) FE N A A ) 22 S A OR, AR AR O B R A
(2.3% ), Jcfm AR A B (71.7% ) (K1), &
AP FpF S5 53 557 5 S i R R 1.9 ~ 2.4,
BE/INE o HL B SR W DA 7K G2 0~ 28467 1 4K
ANTF 2 HAWI R R T 2,

AR TS AN, A5 (R R B 2 B ) 3 A 2 AU (1) £
FE53 0T BRI 1 e &A1 CA/TG EEFHIAL,

Rk AR E LT A, AT R AT .GC,
CT/AG %5 3 FhiE & ¥ot; =1 R AAC, GGT,
GCA .GCC \TCC %5 10 FpE & o0 ; DU R TCGC |
GACA .GTGC ,ATCT TGTC %5 5 Fi & & Bt N[
WAL B R CA/TC EE P E &£,
89.2% ~100% Z [8], —#% H 2 (CT/AG AT GC)
SR TR RN U A% A IR BT o b AR, Hrh, AR
Iy R 40k W AR K G W R H R 1Y Ee A8 R
100% ,$k:F 4 ki i) CA/TG EE h 100% (F£ 2)
IR TR A (A B 43 A 2RI £ B2 A, 10
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A B S e B R R ORI 3R 39 1K,
HeARH S UCECH 5 (SSR hunter (14 5 1% 5 52 AL
WENS5 W) KETWRAY SSR FF 4 &, tnbk
NVELO U SSR /B R 10 ~ 36 bp, EOKIE Y
SSR R B FEH 10 ~ 78 bp, £ M Fh 118 5
WECH 6.7 ~8.9 IR(KE2) .

F4l Weber (1990) 143 T3 &2 43 2 brife, A 5%
HEG R 10 NIRRT 2R 90% LA b H R 5E
R ORSEERIE A RIE SSR BT e Bl b, A
Sea R TR R R Y R R OK R
(5.7% ), 2 A BB I T35 HE 3R 05 8 1 0 b Sl Bk /s
BOH(5.0% ) o Horr, £ 5 2080 i Ak i 1 1 7
PRERB R 5E2RI(K3),

80 -
70 4 B
60
50
40
30
20 4

ainil

T T T T

JUAZF Rate of redundancy (%)

Ll

TH TP DS LO PS

CN CP ON PL FI

YiFt Species
1 FIARKRESH

Fig. 1
CN = Carposina nipponensis, CP = Conogethes punctiferalis, ON = Ostrinia

Distribution of redundancy rates of the analysed sequences

nubilalis, PL = Proxenus lepigone, ¥1 = Frankliniella intonsa, TH =
Thrips hawaiiensis, TP = Thrips palmi, DS = Drosophila suzukit,

LO = Lissorhoptrus oryzophilus, PS = Phenacoccus solenopsis.

R2 WIBMREELSH(ETREREEYE)
Table 2 Distribution of microsatellite types ( based on nucleotide numbers)
YyFh ¥R Dinucleotide share (% ) SRR PR R
Species CA/TG CT/AG AT aC 23t Total Trinucleotide (% ) Tetranucleotide (% )
BeNE D H 92.3 1.5 1.5 3.1 98.5 - 1.5
Carposina nipponensis
Pl 4 89.8 2.3 -L1 93.2 3.4 3.4
Conogethes punctiferalis
FOKIE 89.2 2.7 - 5.4 97.3 2.7 -
Ostrinia nubilalis
ATk 92.2 2.0 2.0 2.0 98.0 - 2.0
Proxenus lepigone
B 92.9 2.4 - 4.8 100.0 - -
Frankliniella intonsa
o g g 89.7 - - 4.4 94.1 5.9 -
Thrips hawaiiensis
TR 93.5 1.3 - 1.3 96.1 3.9 -
Thrips palmi
T SR i 90.1 4.9 - - 95.1 4.9 -
Drosophila suzukii
FKEH 97.3 1.4 - 1.4 100.0 - -
Lissorhoptrus oryzophilus
kb 100.0 - - - 100.0 - -

Phenacoccus solenopsts

* g H A B CTG GCA \GCC TCC ,GAA (AGA [TTA [TCC ,AAC CCA; ™ fLIF & B TGTC ,GTGC ATCT ,TCTG ,GACA,
* including the repeat unit as follows: CTG, GCA, GCC, TCC, GAA, AGA, TTA, TCC, AAC, CCA; ™ including the repeat unit as follows:

TGTC, GTGC, ATCT, TCTG, GACA.

3 g

ABFFEFR B, 10 APy Fhorr PH A o B o5 i 1
95.8% ,F-YIFIPETERER N 57.8% , w55 Tl i #R4H 2%
28 ARAG 1 BH M s R e (22 i AR AF, 20115 8 R AR
45 20125 7 W ASFI SR A4 ,2004) o AHFSE A T

B R m N 100% M TR AR 91.3% , 5
TR IRET A S R AT R B LR L (R A B2 4%,
2013 ; 5[ 2 M LRF-,2008 ) o % R A (2007 ) A1)
FHAE PCR FARMN S5 R R, P ve B i 1
B2 HERETIRE T 100% 5 5K AR M5 55 (2012) ik WA
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FHZHE A BE (3 108 LM i, 1K 97.7% o TRk
L5 (2012) X IR 2R & Tk S 4 PCR B TF & 15
JATNEE Lamprotula leai ( Gray ) i TR bricd 47 Lt
B, R E PCR ARG A BHPE s B L e i
A AR & B 10 NSRRI AR R (2.3% ~
71.7% ) ABFAEZ(0 ~29.2% ) Z B 2Z 5K,

1 O % % 7 52X $0 Maximum repeat number
40 4 O B A€ 7 52 7K 4 Minimum repeat number

1 V4TSI EL Average repeat number
35 4
T
2
£ 30 1 M
E _
=
T 251 1
s ~ -
& 20 A
@
15
®
MIO'
% 2 %
N | A1 ||
A _J |17 [ ||
0- _' | L | 1 ¥4 y L1 | L | L] | 1

CN CP ON PL FI TH TP DS LO PS
YRl Species
2 MIESEER¥HSHE
Fig.2 Distribution of repeat number of microsatellite
in the species analysed
CN = Carposina nipponensis, CP = Conogethes punctiferalis, ON = Ostrinia
nubilalis, PL = Proxenus lepigone, FI = Frankliniella intonsa, TH =
Thrips hawaiiensis, TP = Thrips palmi, DS = Drosophila suzukii,

LO = Lissorhoptrus oryzophilus, PS = Phenacoccus solenopsis.

O52 4% Perfect BASE4A R Imperfect B A% Compound

100 - - N _
B - N -

90 1
80 4
70
60
50
40
30
20
10
oA i lh e llallnll I8
CN CP ON PL FI TH TP DS LO PS
Wit Species
B3 MIDEARBST[ETF Weber(1990) #xif ]

Fig. 3 Distribution of microsatellite types [ based on Weber (1990) ]

St Percentage of distribution (%)

CN = Carposina nipponensis, CP = Conogethes punctiferalis, ON = Ostrinia
nubilalis, PL = Proxenus lepigone, ¥1 = Frankliniella intonsa, TH =
Thrips hawaiiensis, TP = Thrips palmi, DS = Drosophila suzukii,

LO = Lissorhoptrus oryzophilus, PS = Phenacoccus solenopsis.

EA SRR AT, (CA)n (TR & i
HFEE (Brenner et al. ,1993) . [H I, A< 55 4
(CA)n R 5 AW 5T 10 D Fh, LIRS E 289

MBEA S, AR, AR AR DU
TR T2 BT e H AN H XUH H | [R3EH F
W H P22 ORI, TR AEAS [R] H ] 5 Eb 1]
H95.1% ~100% , = HZAF R HAgl 2 0 ~4.9% , 4
BHTRH] 0 ~1.73% , %5 2 W A% 4T R LL ) vl g 5
B R 5 | P e T VR R

AR BT T R TR I 5 1 B 6 AT
ELEA )P 45 F AR B, ARAS 9 B 7 it R A &
SEA 6 AN TRATIRE R, I H AR ST R
A 2 AL ERY BT RS, B A E R 5 T
HOT] DA OGRS TR DNA 37 5, AR P4y B
M B E G ECN 6.35 ~7.50 K, M E R
UCECR 34 W, ShiAE (2008 ) 3 i 1% 7 12 AR A% 1Y
BREMPFHELZE N 7.19 K, i ek w E %
PAFHRL TR B 1 R ECR R 43 A 10 UL B
(AR AT, 2011 5 3345, 2012) , X SEZE SRR
G 7E PCR B ARIRAS A3 12 o B BUIK T HEBR & 4R
(LR 4E 2008 ; ek 4 ,2012) .

Weber (1990 ) 4z FE {3 TLE 420 5 91 B A [R)KE £k
TSN 3 FpZEAY . 5E 2 (perfect) (ANTE 4 (im-
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