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Characteristics of microsatellite DNA in lepidopteran genomes and implications for their
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Beijing 100080, China

Abstract A comparative analysis of microsatellite DNA in lepidopteran insects was carried out, based on our data from
microsatellite-enriched genomic libraries of lepidopteran insects (the cotton bollworm and the masson pine moth) and a va-
riety of other organisms (the migratory locust, gadoid fishes, fen raft spider and the crested ibis) , as well as published da-
ta on other lepidopteran insects. Qur results suggest that: 1) Both the proportion of the positive clones in genomic libraries
and the optimization efficiency of microsatellite loci are much lower in lepidopteran insects than in other organisms (Tables
1, 3);5 2) A much larger proportion of microsatellite loci bear repetitive flanking region (s) in lepidopteran insects than in
other organisms (Table 3) and some are present as multi-copy microsatellite DNA families (Fig.1). This means that al-
though the overall abundance of microsatellite loci in lepidopterans is lower, the proportion of multi-copy loci is more pro-
nounced. Therefore, the majority of positive clones from genomic libraries are not suitable for use as diagnostic markers in
population genetic analysis. This considerably increases the difficulty in microsatellite isolation in lepidopteran insects. 3)
There are relatively more trinucleotide microsatellite loci in the cotton bollworm, with the majority of them being a single
copy locus (Table 2). This compensates somewhat the difficulty in the isolation of effectively usable microsatellite markers
in this species. 4) Null allele appears to be a commonly occurring phenomenon for lepidopteran polymorphic microsatellite
loci. It means that there possibly exists an elevated mutation rate in the flanking regions of microsatellite sequences in this
group of insects. 5) The existence of poly (T/A) sequences in the repetitive flanking regions of microsatellites (Fig.1)
suggests that retrotransposition or retrofection may be involved in the formation of microsatellite DNA families and other
multi-copy microsatellite loci. [ Acta Zoologica Sinica 50 (4): 608 — 614, 2004].
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MIPE (Microsatellite) DNA F B}t 8% #% h 58
HECE S F 5] (Short tandem repeat) K f&] # & Bk
#HE F % (Simple tandem repeats, 3 /T2
minisatellite) , —M&FE L 1 -6 MIEHE Hy F A4 T R
TTHBRBREEFS ., MY THESFHRIEmE, ™
TE DNA RF )&, EHEFE, L8 0
. 255 BAE R E X DNA $E F ik
BERMK, o EEE, TRERRETE, &
BEHFEMA, RAMMAZRHR DS PHER
H . B 1R E 40 2% DNA #5738 (Zhang and
Hewitt, 2003), M L2 DNA EELXFLETE . F
BEmILL . BEMB ARG R ., FEEAT
S BFEAT R . AR RE A S5 1% F LB Y P A5 2
T8 (Blouin et al., 1996; Bowcock et
al., 1994; Dib et al., 1996; Favre et al., 1997;
Queller et al. , 1993), #Rii, B EE DNA 7
WREN LR B LN EER, RAHES
ZHMAMBERMNERNR. B ERAMITAE
DNA AR # 43 B T B8 2 A 45 35 20 DA By X ot 1) R
TE [FAE B R B2 v T B A% 2 i ] R T B L s W
BlEEDTFEBEYA (Meglécz and Solignac, 1998;
Neéve and Meglécz, 2000), & AN [\] 19 3 3 17 5
XFMAZEE FHFT TR (Neve and Meglécz,
20005 Ji et al., 2003), B B #4553 77 1 1) &
BT :

RATBE SRR H DNA SCUE & F AL
FMIRBREASNTYMEL THITERIERSE. A
WIBRIWERER, FEHELREFCEENRE
B, WESEREBRREFH P IE DNA MEEM
LR R TERAREMAN, TR T B0
TSR B B A A g sr F R A T E AR e &,
1 M5k
1.1 SEIedkrst

PR L 31 4%, ST AT B R
s MBI 124, RKZERREST; KHk2 1,
F B % E Middle Fen H#1 X i 4K, BIBET
JE 3L BPEAT DNA #1485 SR RS M A &R B b 3
Yy

1.2 DNA i
B8 DNA B3R A Zhang and Hewitt (1998)

W7 B D T B . HARAEERFMGTHE,
MEBMEETIKL; FERAMBEREET
55C/K# 2-16 h; BBEABKERFRE, &7
B0 R MASERE Tris @Ml (pH 8.0), B
BE, BFIKLE 2 min, PEFREG—IK; 7 4T
A LA 8 000 r/min .0 10 min, B EER,
100 pl Tris-#E A B (pH 8.0) 32 2 B Tris-1
B (pH 8.0) F TE-MIFEF A 1K, HMW
MAE EAE B ETEATE, WA 100 gl Tris-if
B (pH 8.0) ZkLefiRJLYK; VIAHX F HIER 1
fERRMESIRE (10 mol) I 5 fE &M T /KB N
PLE DNA, EEME 15 min L L fF12 000 r/min
B0 15 min, F LR, IS A 70 % B
LEPIU. 100% TR BE— K, ZEWRBT/EHET 100
¢l TE 1,
1.3 BIEIEEHMEREA DNA XEHME

AT ANMMMITECENHERES I
Zhang et al. (2001) 1 Ji et al. (2003). f&jk4n
T EFA DNA KR ENLIEE (BRL 3 Bio-
labs) HiL/E 5L MER (T, DNA Z#E, In-
vitrogene), &3t — K B £ )55 pBleuscript W & %
Bk (Stratagene) EH, FAKRBGHFEEGFRLRH,
Wil o« EANEHEEFSHFEHATFIINTE, BRE
R MR B AT R . 4 38 0 1 BT A R 45
B 8 Fb, @FE: (GT),. (GA),. (GTA),.
(CCA),. (TTC), (CAG),. (GTGA) -~
(AGTT), o BHME T R 1 18 R F AR 05T 4 A T O 3%,
i Sigma 2 W A4 7= 19 CDP-Star™ 58 A A I 2 7
&, Rl & BT BT B AT B AE, TR A R AR AL
B, MER, BHK, RESYMELTHTES
SEMEE R4 DNA U,
1.4 F5IMEMS] Mgt

FF 50 2 {8 B Applied Biosystems 2\ & B U
R F & (ABI BigDye™ Terminators Cycle Se-
quencing Kit V2.0), RN A& 3HEHE BES
M R AR ZR, RN A Applied Biosystems 2 ) [
9700 ! PCR Y _E#4T, JFF# 0¥ ABI PRISM®
3100 & 1% 8 s 4 BT L #EAT . B84SR 30 B 3 4 F
#EIE ] Sequence Analysis (V. 3.7, Applied Biosys-
tems) AN T FFIIE LB {H B Sequencher
(Gene Codes Corporation) # 4, Fl#i%it HOligo®
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PRISM® 3 1005 16 A sh 4 i L L #AT, 4T BN
¥ 3 GENESCAN® 400HD [ROX] Size Standard
(Applied Biosystems)
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Table 1 Microsatellite loci characterized in lepidopteran insects

RAMDER SR G, ARCHERSHRATY
P —HEEMTELRSHERRLH (M 56%
B 91.7%), HP# RKLEHHFR CAGT EXR
(54.5% —94.6%), HKE CT/GAER (5.4%
~45.5%), AT/GCEERD, L5 0-8%; =
HMESMIENFEEN0-28.6%, BEANRYH
hAERAER, HEBREANE, ERRRMNRER
h, SHEEMTESHEEZHMABEHH 80%
M36%, BREZTHEURH,
2.3 SENHMIEMS

FRF R & Wy R B 02 DNA ST 1 7 26 45
BEsTRI: EREHR, MER, BEK, R
By, kuEDI RS, WEMERN 3.8% -20%,
ZAEMELER0.6% — 5% . TERFHHELHZE,
EREZEYHPURANMNEF I ELFRHAPER
M. R R £ N R FEN M T E DNA i
A, HHEH24% —87.9%, UM HREFRA D
TSN AR B, & 87.9%. BLSh,
EMBRAMERPRMNENEE M EE DNA K
W O(EDNE R R AR — A P E DNA fif
A, A1) mEE, HHES N 30.7% M
13.3% o

I IR RS BB FH 1 7 EHMR Bodm R IR

Species Number of polymorphic loci  Number of probes Positive clone(%)  Polymorphic loci( % ) Reference
Melitaea cinxia 2 - 0.0125 0 Palo et al., 1995
Lymantria dispar 4 - - - Bogdanowicz et al. , 1997
Parnassius mnemosyne 3 4 0.83 0.18 Meglécz and Solignac 1998
Parnassius smitheus 4 1 <6 0.6 Keyghobadi et al. , 1999
Bombyx mori 15 2 2.37 0.4-0.8 Reddy et al., 1999
Lysandra bellargus - 5 - - - Harper et al. , 2000
Lycaeides melissa samuelis 4 - - - Anthony et al. , 2001
Speyeria idalia 4 1 0.03 0.003 Williams et al., 2002
Lymantria dispar L. 3 10 0.125 - Koshio et al., 2002
Heliconius erato 15 »(3 /~FE, 3 libraries) - - - Flanagan, 2002
Helicoverpa armigera 5 (2 /NEE, 2 libraries) 8 2.5 0.6 Jietal., 2003
Coenonympha hero 7 3 0.91 0.09 Cassel, 2002
Zale galbanata >5 - - - Caldas et al. , 2002
Bicyclus anynana - - 0.133 0 Meglécz et al. , 1998
Spodoptera frugiperda - - 0.077 0 Meglécz et al. , 1998
Coenonympha hero - - <1 ND Meglécz et al., 1998
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Table 2 Percentage of different types of microsatellite loci in various species

B KR —HE R Dinucleotide = AHE & Trinucleotide T
Microsatellite CA/GT CT/GA AT/GT &t o P T M A HESMRNELR Other types

type (%) (%) (%) Total % of all positive clones % of all characterized loci (%)

& H CBW 55.5 3.2 - 58.7 28.6 80 12.7
#E R MPM 44.8 8 3.2 56 15 36 29
B FRS 53.1 10.4 5.5 69 5.5 0 25.5
#Zf PC 50 41.7 - 91.7 0 0 8.3
g ML 58.0 28 4.7 90.7 7 12.5 2.3

CBW : Cotton bollworm, Helicoverpa armigera. MPM: Masson pine moth, Dendrolimus punctatus. FRS: Fen raft spider, Dolomedes plantarius.

PC: Poor cod, Trisopterus minutus. ML: Migratory locust, Locusta migratoria .
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Table 3 Summary characteristics of microsatellite library screenings

LS KBS kg i

Yk ‘ L WEL

Species Cotton bollworm  Mass pine moth Fen raft spider Crested ibis Migratory locust Poor cod
TR AR 3.8 10.5 14.62 18.99 14 20
Cloning efficiency (%)

E23 L Ergy: S 87.9 42.3 39 24 35 0
Multicopy loci (% )

MPERIKRLR 30.7 13.3 0 0 0 0
Microsatellite DNA. families (% )

EHMEE 0.6-0.9 2 3 3 2.3 >5

Polymorphic loci (% )

FENERESEMTEN AR S A EERENT N, S NALR LRI S I G A R T A, MR R RS
EFPIAFNBERGHROUSERREE AT ENSE R R SFAMEREN TS, 50N HLEEREFEEHZEHLE R

ITEARSHEEARBNE R,

Cloning efficiency refers to the percentage of true positive clones in a library. Multi-copy loci % refers to the percentage of multi-copy microsatellites in

all true positive clones. Microsatellite DNA families % refers to the percentage of microsatellites existing in gene families among all true positive clones.

Polymorphic loci % refers to the percentage of polymorphic microsatellite loci in a library, that is, in all recombinant clones.

B 1 BRMA RN —A2EN GT/AC M TLE
DNA H ., B LA RS TE DNA {51 E
BRI B 45 H b7 BEADL, 7 B — L R4
i, B3 MMERNEE —BREE T [ply (T)]
B, SR, MEBRPEE LB %S
BH (AY/RT) F—4l5%42EE (CATA) MIE
DNA M. 7EE P/ Y0 F 9 3CHE o B 5 % B
RER £ 4 % T B DNA %K.

2.4 EHEMNEHR

BATHTO0 AL B 10 AR 4t 9 TR for R 75

R R AR TP TE A BB , R PN A B TR

S BE R R AE | P AR P AT 3K 50%, A A

FLRTE3% —5%ZM, WIEA 8 M TE RN R
TRME Y Ty R B o s R A TE R R AR BE W TR AR L B

H, BEMRHAEL 5% (LBRERERHE
%) o ‘
3 %W w
3.1 WMEEDNAEE

EA5 NIk, BERZE (Reddy et al., 1999) 4ME
BT M T E DNARICH +&MEEE R &
H, —REFE AR B T A R AL — R A
SA (D ARIBIETUEL, MERMKRE
s T 4 S TP A I R e T A )
3.8%F110.5% , 1&F FIRAE 5 & [ B 2 S A 755 i
BRFTRES M DEUER AR T EBLNIEHA
(Zhang et al., 2001) FI &I (Zhang et al., 2003)
M T ESCE (£ 3). RAITEMRE B FBEY
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ZRSH PO AENSE A B RYESRME, Mk
FRPTERRHNE T HESAEYH, RELRHE
A HYMREE—EER, Reddy et al. (1999)

FEREPHERBWYHX — S, AREXSREN
5, SHEESSHEYMHMEL, mEREMESEA
SR FHRENAT (1, 3), BEMNE, 8
W H B s R DNA = B A SR LR — A 8 i 7
FERIE
3.2 SERINASHIETERE

FEFR AT BT 5T 10 K 2 B F oh WA 2R 5 51
EERNAPERN. BATREUEE UL AN
T EDNA LS (F3), HIHEHEMETER 24%
—87.9%, FLAMRES o SR 20 P i oh B 2 P LA R
ML B B R (87.9% ). i H7E84® H B B AR £
HAMEBRFPHEAT UREAREERGHEN S
NTEMSE (B 1), Mammk, R, g,
% DA J2 W W 58 85 B 3 B AR Y R B ik T
(REE) WHIESFETNRMNEBXHAR,
FrLL, MMFEEYMmNE, MERAMRERERN
HPANTTRESERZHZHENMIEME, MH
XU 55 UL S A A 2 —ER AR DL R R B
R

M TERER R, TEA A [R5 ik i A R A SC
PR, M R TEESCREM, (VR YRS
NP =nz—; MERNEESERRS TRZ
B, AAARREREIE BB EEKE, ERE
ZHIFE 273 A7, B, ERBHEET, &
F % B AL B B P BT IR A S S M T B LS W L
BIELFEEYM (F3), XMREERAPE
KM T E DNA FEFEME S LANEZFIIRE
ERMER., iR HE REFA P T E DNA &
REFMRK. ZHENMAEZHES, RREBETHE
E DNA Wi R, BB T 78X Lo b g
SEE TR BRI T EAR ISR, HIt,
FEHER R PECENELBPHEESLEY
ZWEATE; M, 72519505 A M T
EFRFIHTEAD, UERTRBIGBELR
5, BRBENBDOALENEHEA

KREZENMTEMSNTFEERRESHEE
PR T B A SIR R TR, HARE
BEEMTEEERHYERER, EREALAER
SR EMESMAE, Flln, ERGRP, B
BRI T BRI £ MM T E DNA X EF
B THY SR ZENMA (30.7%), ERSHR
S MR TRAT R T R A P R R, 3R
—URMEZERNIERH TRE LA (87.9%) W
SN BRFE. RITHAK RS, Fedi Mt
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WERIFEITSIPUE, HTEL RSN PCR
AL RBIKEZH BN (ERBRP R
57.2%), B4k £ 5 AV 5o i A E S R E
TFRAESFIRCmEEIR (R 3).
3.3 ZHESHIE
AHFRY, WP RMMERERAT=HE
BT E K KB B = T AR R S8 el 7 2 M s 3
FEHEEYF, MEMBSRP=MHEEMTEER
LB RE N ZAMA S PISIHIETE T
HXE/FAEAPFR S, H=HEEMIEE
FREREE (£2) ZHEAMTEERS K
FHEERAERE R = HEEMTEMNAREZHEN
MEMTRREESRTEERBYMBEMR, B
M, RSN T E DNAMRC N B BE HE
HERA4 DNA Mg RS, MEEFEHA=M
BEEMTERE . HEELNE, BHEMHEEZHT
B R SRR B B 2 IR, RBAS B E K
HAEABFHWEE (Flm, “BFHF BOTHE
7)), XIESMBIEER. B MaN+aE M.
Fm, WEEHELERTESH - HEEMIE, ¥
BAK EXTLRAREEER . U, WRESHE—
2Bt 9% BRI B AE X IR 5 B = A B R BB = MR
A3 2w B B R T2 DNA B — 35 R 38 16 4F
fE, WSHERKEE LRI BYFHHUTESE T
HPREA RN BEFEE. 280 A
5 T R ) SR B
3. THENEEAESRIENEFIINRET
BHCAEEAPFEZTE @S PCR ¥ 1%
RE YRS BB RRETREMERE, BIIHEY
REFEESWEES M AN EAEH X, Keyghobadi et
al. (1999) TEMGEBISRA T P E SRR Z B, W
BREAMPEMNEFIEREHRER, F5
Fe T 3T PCR ¥ 38 MBS K, #E A A]
Bk Ae 80 A B A7 R, JORR S AR BT
o XfHAp— MR PSS RER, A
B 3 X7 A —1> 50 bp WA ABERK, —4 1 bp
BT A BUBRE LA K 5 AR, RATITS R MM 4%
B PEASWRARMENERBESMBEPR
mFERZE N EARI, SE59ME TR
AERBERRKR . BRIV B B 10 585 &
I DR R e B AT sk S RN, B
FERNIREIITL IR, 5 50%, BAED
MLRTE 3% — 5% Z Rl FEM T2 & K kit
EH, PCRIRM WS R EZ5| WA RN

. 31 94etE . 519 58 DNA B kI B % %
WRK, HBIWEE MR 5 R fFERAEN &
EHEIYK 3 RKEEE - M RERESERS S,
BESABEMT £, NMFE PCR KKK .
M PCR KR 4% 14 4 Ak B8 3 DA Be TG 8% 45 7 4 B B9
HUBEHTEMEFIIMREZR R, Hig EXT
7£ PCR I 1 A8 th 77 76 85 2 To A% 55 for 25 TF A9 A 48
DAL T m A R DA B R BE A% R O BELAE B iz
M, AT EE ROl gk, HEATIER
— AL R TR U B BT B T W R R A
X—[ARR, EWHERT, OS] BB
TEAR L B2 MGEAR . X — L6457 B iy S5 3 B 1Y 7 51 4
W& RO DI T X W,

3.5 12 DNA KKRTEWATREN &

FATEM B A B BB E 7 & &
MR TR DNA ZHE, H T HHR 30.7%
13.3%, WHEME R —HMTE DNA ZKEH
MBI FHFE—BZE T/AFH (B 1),
WM E DNARBRMHEEZHE NI RN HEER
719 B ob L B, 4 40 SR 88 (Wilder and Hol-
locher, 2001), A (Nadir et al., 1996), K Z
(Ramsay et al., 1999) 4§, 7 Hif W 5], X
ZEINM PR AERNAPEE S BEETE
IR Bhist 1L A A SR K, R BI R 1 % b B T RN 3%
X (Retrosequences) (Ramsay et al., 1999;
Wilder and Hollocher, 2001), M, Af7#E N 5
I 4H o Z 42 NG T2 DNA BT B Y 50UR 7] BE ¥
Rtk F 2 (Retrotransposition) BY i ¥ #
#Y (Retrofection) (Nadir et al., 1996), T 3'#%
MERFI P ZR T/AFHHNEFELELR=Y
(Graur and Li, 2000). BUCFRATHEN, ML H—
Lo i TR DNA ZHR B 7= 4 A 2 L A AP i 3 B 7R
ARE S W R A REN EREBLE X, HAX
TELRHATIRARAE

B 1 PR 12 1 EP M DRI EE R R
IS BEEFIINEMLRMEFIIYEZR,
BETUELMEFNNEFEEL N TFHTEESR
PO REE, XWAFERE: £ -, ZHIAE
DNA KRR LG C 457 T8 KM R i a1k, %
MAFEMEFFI MU TEER R T EHERET
S B, EHEIRT, MTEEERMEN
B AR AR T B R R R T A
RADEA, F, BAEETMEF 531k
BHUEREEWHE S B E &4, HE—E
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it i) RUBE P B X A B AL A AT B IR RN R, T
BRIt H SR R E R MR DNA AR LA
HHE A FiRic i REB AR A HE.

AHREW, HEEHICRENELR—IE
Zeid#E, x@HE AR RNERML, BTHERNS
i P2 DNA FEEMK, FHERKESHENHT
BN SR, Wt B 4 DNA SR B i %
H A oK 22 B0 PR M T S B R ORE TR iR, T
HERBRITSIUHAAT, KB EEAEST
Yok AR gEk. Hit, £RELHM
PEREL R ERARBEATHERESSERE
fy, BFRA RN A BEEENRE, #ERERS
B TR BB AR 40T R B R AL R T R B A R 6
WRBIE, AMEHERNELE.
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