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B E [8B8] Wmplaokis Sodoptera litura 3ZHEUCE N AZ IO F /AR, [ FE ] FIH
Tk TR BRICRIAS R Z2 R SE Fe b RS AR SR TR AT oA 2 . SER el 5 Xt A ARie, JoR4EE
271 kRIS IR BEAS, AR 21 3k, A 40 3k, PR 210k [ER ] MUERICHEMIEEE. 1
WA R RSB EITEA HHN 4.800, 0.647. 0.596, YE BASEE T 80%, Hr 106 LK
BRI 95%. ARG LS 2 SLHE R IASEE 1R, JEACELHE U AR ASCAL L B R 78%; M
51 SRR 2 K, PS5 — Sk MERSRL 1R, 2 SKUE A FARACAL LI R 50%; MRS 1 Sk HE AR
Bt 1K, T35 05— kM OHE 2 WK, J5 3 ECHE H ) FARACAL LU i3k 90% ;5 ME HL 5 3 Sk AN [ Ak H - Sl 22 i
10, 3 3kMERTARACHLEL BT B 5% . 20%F01 75%. [ S8 ] RIS IR AT v BRI AS B W7 3 252 i AL
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Using microsatellite markersto deter mine the pater nity
of Spodoptera litura (Fabricius)
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Abstract [Objectives] To investigate the effect of mating frequency and male mating order on the paternity of Spodoptera
litura, an important global agriculture and forestry pest. [Methods] Paternity was determined using five pairs of
microsatellite markers. 271 samples were collected, including 21 from female parents, 40 from male parents and 210 from
offspring. [Results] The average number of alleles, expected heterozygosity and polymorphism content information were
4.800, 0.647 and 0.596, respectively. Confidence in estimated paternity was overall > 80%; > 95% for 106 offspring. If a
female mated once with two males, 78% of the resultant offspring were the progeny of the last male to mate. If a female mated
with a male twice with a male, then with another male once, 50% of the offspring were the progeny of each male. If a female
mated with a male once, then with another male twice, 90% of the offspring were the progeny of the last male to mate. If a
female mated once with three different males, 5%, 20% and 75% of the offspring were the progeny of the first, second and last
males to mate, respectively. [Conclusion] Both the frequency and order of mating affect paternity in S. litura. Males that
mate more than once, and those that mate last, have more progeny than those that only mate once or that aren’t the last to mate.
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Z WSS AE B A b %36 778 (Jennions
and Petrie, 2000; Liuetal., 2010; Tayloretal.,
2014 ), 2B AT IS AR UL —Fh MR 52 i 35
% ( Omkar and Sahu, 2012 ), 22 HeHH R AE A A
Yy o AN [E B RIAN [R] 30K h SE I 4 A= 5 A
2 535 M AY( Liv et al.,2010; Scharf et al., 2013 ),
YT MEREPIPEERC T B ES, — Bk, HEk
H A e R 8 & T iEE ( Backhouse et al.,
2012 ), HEMEZ WA 5 AL B WL, el
CESSVE 2/ GN L SIYIIES 3 WINE2) & Way:d
YA B R IE A 4240 ( Bateman, 1948 ), 1M
P 3 S TE — U P A FS AR B, (L
5 2K MEPE S BE A A 38 A7 7E( Meade et al.,
2017 ), HEHLHETE - E AN, HERAZ A T
Z A ELAT AR, X2 ME He 2 R S e A9 B
/5 (Awadetal., 2017 ),

MEVE 5 2 KA SS , S AAR 3.
W e DUAN [R5 22 S e U AR 52 B, 25 5 30k
HOWG 7 fRG 22 v 67 B A8 48 DTGS2 e 5 B0 1
ST, Fe 2T AN R R 38 4 3. I,
K ¥ 78 4 52 SR B 28 B e PR B ()5,
— 2P HEPE B ACA L A5 ( Firman et al., 2017 ),
RZ M B HU5 s BeHEVE RS A A5
2% ( Harari et al., 2003; Calbacho-Rosa et al.,
2010; Guoetal., 2021 ) , Pair 5§ (1977 ) i
T MEME AN FE 7% 1 Heliothis virescens ( Fabricius )
Se 5 IE MRS S B 50T B e sC D, L
K B — e RR I T 90%, SR, 1EAR}
LI TR A R AR S ok B T RLEAC
e e PR 1 A - o R ORORS T Bk A e > T

( Etman and Hooper, 1979 ) . & F a4 ) HAK
75 =2 H BT R B BUESE

R 1 Spodoptera litura ( Fabricius ) Ji&
W H Lepidoptera 7 ik F} Noctuidae, HA % FiE
BRI Brebthom . BRI R . BIHAE TR A RE
R AR R E AR HL ( Ahmad et al.,
2007 )o RIS —A: e 2 AT R 6 Ik, -
YIAEHE 2.54 W, AAAEZWALIAT N (Li et al.,
2012; Dietal., 2020), {HHZRAZH)G AL
SEMFE DA HGE o SEAVE EWARRE T8, 2TE

DNA PRI Fistfe: . AW HoR T B
W5 FRERHEAMEZCR (FEDF,
2009 ), 1 T2 ( Microsatellite ) #ric & LA/ 4%
TR E A A R E R A, 2—
Tt 22 FH 3 %) FH T fiff DR R a5t A% 2% A 0] Ry
S FAMIC B, TES A Y B ACA S 8 AR 3 )
ZNFH (Brante et al., 2011 ), K T f#FS0R gk
ZWRAEBLJE I ACAL ST FEAE L , A9 A T RESUR
IR FP AL FCAR B, SR B b e F B SR
SIIFRICHRSS G, IRRE RSO Mk AE Bo R BRI 28 e
JIGEJ X5 ACAL A3 BE A 5l o A48 7ok F 3 S 7E AL
BOCERTER, R 2R 2SS BeA T kA AL
il P S A o

1 #MB5ERE

11l RiE

R Ik &)y H R B B A8 PRV BT UK 1)
FRE P, 7 A1 5286 %8 DU R Nicotiana tabacum
(Linn. ) A EEMEN TS H# LR AR, i
HAESEER EIELR AR SR 30 AR LA b IR (27+1)°C,
FIRHTEE R 65%+5%, JGHRJEW] 141 : 10D,

12 BHERF

FHRIR IR 2%-3% K EALEN T T, B
R TG TRIZK Mk, P FH 8 4 D B 3R 1T 7K 43 T
T, BT A TR IR AR B FE LA AR fef R T
L 30 AN/NEL, FEOIRIASRE AL Rk
EWIMEL) AL, & U SR TR B (35 em*20 emx
12 em) ", FRHREITH — 2L LMK E T
T2, JBEYA 3 em, ETLHRALE, fRBIK
PRI, JFE BB B R AN, TP, 4 Ak
2 dJ, KigERTRERm, SR, P
BCHUBERE 12 1 BCXHEIFR T 1 000 mL RHR
FH 200 HB9ZP M3 1, BT 10%86 27K 1A
Bk, EHANRE SR, BREERRER, 7O )EIL
LE U AR SR 5

13 ZBRIZEAE

AREE 1. MEHCEHERCEIC 1 UG AbEE 2 M
U5 2 SKANTRBE HL AR IS HE 1 UK AREE 3. R
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51 SKHERAZRE 2 K, HR5 05—k MERZIE 1
W AbIR 4. WS 1 SLEERASE 1k, 55
— LRSI 2 W AbHE S MEHUS 3 SOR A
HUIR B2 E 1 UK o 2% A H o A MBSO IR 1
EHITERS 200 PSSR O, kR 10 min
WL — I, SCIBC 4SS R K WA 18 SR 0 O A 57
BORE, IE R AR A . 5 28 22 IR SC L I Ak BEAE
Bif— R S IC 45 R 45 M J R 0 O, 4% iR Ak
T 5 B A 4 e ARG I ) A A Ak
S BC UK. W B A AL BRAY B, #EAT T
(GBI

14 PYiEEEH DNA AR
e 1.3 A FEAY S eI R K H R A

R, A EEBEILIEE 10 3k 3-4 @B TCR R4,
BT DNA HJH2HL,

SEEHHH Ezup HENSh3E N4 DNA e
R a (B T A TR ERAT, 75
5. BS18251) HEATRISUA MR e FREE A
41 DNA MHEH, DR BTICKLTES, B A BT L ES
VR, FANTE S AR mE] 1.5 mL .08,
iz BT & LAY TR DNA

1.5 SSR & #5{i A B i 1%

TR 513 RSO g 2 FF & 1 51 Py
HHATIEI (Wu et al., 2019), MHiEEE AN
AL ST AU AT, BTk i 5 X e
SALE AT HNTEIL R 2,

x1 NYUBRBEEZAZEELENEFERER
Tablel Samplinginformation for each treatment of multiple mating of Spodoptera litura

AZ P Ak 3 REAK ACA KA TAH e it L
Mating Number of Number of Number of Total Number of
treatments female parents male parents offspring sampling replications
A 1 1 10 60 5
B 1 2 10 65 5
C 1 2 10 52 4
D 1 2 10 52 4
E 1 3 10 42 3

A: MEREHERZERS 1 R; B: MERE 2 SOARRIMERSHIZEHS 1 ks C: MERS 1 LMERAEH 2 Ik, 50—kl
W LR D: MERE | SKMERARED 1R, 500 —MERAEHE 2 k; E: MRS 3 SORTRIME R A3 5128 1 IR,

A: Female mate with the male once; B: Female mate once with two different males, respectively; C: Female mate with one
male twice and then another male; D: Female mate with one male once, and then with another male twice; E: Female mate

once with three different males, respectively.

®2 PURBEHRIESIMER

Table2 Primer information for Spodoptera litura microsatellite markers

L ERE (O
I i TEWE R HEKE (p) )
name Primer sequence Repeat motif  Dye Size (bp) temperature (°C)
CWM-2 F: GCGTGAGGGAGCATTA GTAT (10) FAM 285-391 54
R: TTGGGTGGATAGAATA
CWM-3 F: AAACAAGCAAAGTCAC GTAT (10) VIC 429-515 46
R: GTACACCAATNTGAGA
CWM-4 F: AAAGGAAACGCAAGGCTCGT TG (8) VIC 144-202 58
R: GATTTGTTATGGTACCGAAG
CWM-5 F: TTGTAATTGAATTCGTCA AT (8) NED 239-289 46
R: TAAAATAATCCCAGACCG
CWM-6 F: GTAGTTACCGACCGAATG TG (10) FAM 311-349 55

R: ATGGAGTTGGCTCTATGC
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1.6 FHARIES|H PCR ¥ ig

ORI Y A T AEY TR AR
PNEVE R, SIS O YR gL, 3l TE
H s s Bon Foou&, ff PCR 7=
Y b A v ehnic (£ 2). PCR ¥ AR N
25 uL, HH 2 x Taq PCR MasterMix 13 uL, F
W45 1 ul, ikl DNA 1 uL, ddH,0 9 mL,
PCR W FEF N : 94 °CTIAEM: 4 min, 94 °C7AF
PE20s, 46-58 °CiEk 30 s (HARIE K L3
2), 72 °CHEfH 30 s, 36 MG, 72 CHELE(H
3min, 4 CHRAF. BRI EEE, Diai
M 5 ERR . PCR DG )45 HL 5 L 26 & [fF
A= TAY TR A A7 BN 13354 T STR 23 B4 7,
FES TR RFR LIZ500, 7E 3ABI3730XL FE[H
AHTAL B T A AL

1.7 HESHR

WA (Ho) 22— a=H
SRV SR R 3R R P IR T A o ST ER S B SR X
MEFEESENARER., WEBEAAEST 0.5
I B R B I 2 B R s, e &
B EE . Z28FLEE (PIC) B
TR EAASKFRHBEIE R, Z28GFEB&E
PIC > 0.5 B}, AL R i JE 2 AR 852 0.25 <
PIC < 0.5 i}, T EARICAESRAL i & B
B, % R EE AN 2 PIC < 0.25 B,
DR BEIR A L E R, M L2
PR 2 AGE A L i o JEACHE
B M SR 2 — AN AR 1) 35 A% B T R AN
A AL SE I B P HERRARE R | 32 R PR i L2 b

WG RFEE T ERE ) (B, 2014 ),
{8 Geneious prime A B M P L5,
WA B A B D 7 BRI, e o R
f 20 ¥ 5 B8 E A Cervus
3.0.7 #AF, FIH allele frequency analysis JJfE 43
IR AL ARG B (H ) WL 245
(Ho )\ oG LI R | 285 B2 (PIC)
FEAEACHEBRME R . ] Cervus 3.0.7 #K 419
simulation of parentage analysis IJJ HEA 421 Af
10 000 RHA TR , FILLSR L FHERR 1A 45
B 1R 7 VB 8 R TR R B AT o

2 GBRE59H

ARHETE BRSBTS AZIE 5 A BELE,
w271 3k, HrpaEA 21 3k, A 40 3k, 7R
210 3k, 3 5 D BB RO R AL A .

21 FHNERHE

5 AR AT s R 24 AR (F
3), SAIEENBUE 3-7 . CWM-3 S K7
SBURZ, H T CWM-5 2540 3k R S 50
&, L34

22 MIBMRESN

SEREW] {75 CWM-5 (01 R 2R 4 BE 50
MG 2 iR, N 0.262, fiis CWM-2 &
CWM-4 ZHB/NF 0.1 (£ 4), BIAENEES
W2 2BV, VT DA e A3, ]
DA ECAE TS 1) 52 4 G I Ak SR 114 338 A 23548
SRR IR, RIS 255 B e
T 0.5, WELBAHAAREMZEN (£4),

x3 WIEMRHNEMERKERGE
Table3 Allele and gene frequencies of microsatellite loci

(BES E Rk ARSI PS BN

Loci Number of allele Alleles and allele frequencies
CWM-2 5 313 (0.6590) 317 (0.0958) 341 (0.0670) 349 (0.1303) 353 (0.0479)
CWM-3 7 439 (0.0113) 443 (03774) 447 (0.0038) 471 (0.0736) 479 (0.2849)

487 (0.2283) 497 (0.0208)

CWM-4 4 168 (0.3333) 170 (0.4186) 176 (0.1647) 180 (0.0833)
CWM-5 3 239 (0.5057) 245(0.2261) 267 (0.1856)
CWM-6 5 323 (0.4925) 325(0.2228) 329 (0.0693) 331(0.1367) 339 (0.0787)
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Table4 The heterozygosity (H) and polymor phic information content (PIC) of polymor phic microsatellite loci

3L WA ATE (H,) WA ATE (H,) LR (PIC)
Loci Observed heterozygosity Expected heterozygosity Polymorphism information content
CWM-2 0.521 0.534 0.503
CWM-3 0.928 0.720 0.669
CWM-4 0.651 0.681 0.621
CWM-5 0.360 0.622 0.551
CWM-6 0.562 0.679 0.636
23 FWEE S ) AR LA 50% 5 MR 5 1 Sk ol

231 HESCHERR#EER  AESCHEBRMES> 99%HT,

Y TE N5 I 98%-99%; HEBRF < 90%HTf, nl{E
FERE, TBXt S g R Tt — 2P Ik . A
FEEE R, CEARWI MR R T
(E-1P), T DR S HEBRBE R R 70.0%-
84.1% (& 5); CHI—EA (E-2P) MM T E
P S HERHE R N 52.9%-67.0%, 5 7 5 1) 21t
AR TS AR ACHERR RANVE T 99% 1 2
K, HIEX 5 A7 R DRSO IR T T
232 EMETELER TRAHIHIZRDR,
RER AN R A B BRI, He AR A A AL L
BIARTE CE 1), —MEE A B B, AR
ACAL 100% 4 5 MEPESSFL A It s 5 2 S gy
SIASHD 1 W, SEss WotE B A AL KL R 22%,
J& S L U FRACA L BliR 78%; MEHRE 1
SLHEHRASHE 2 R, 5 05—k i RS 1K, 2

ZCHE 1K, P50 — Sk il AR L 2 Wk, Sesc Bk
H AR KL 10% , 5 38 Be M Ay 4R A
KB 55 90% 5 Mt HU 3 SLAS W) I He 4331 38 i
1K, 3 Sk BRI FARACALELAF 4351 5% .20%
M 75%.

3 itig

2R AE L2 e W35 30 A7 E (W) A FC SR e, T
PRI Z2 IR AL 23 X st i 2 FE M I YR Fr A S B
M, 2 PR AR SCBUAN A 2 e
AR ARG, SE8 ) ART LA o 5 DR A 4 )
F4% K Z (Sliwinska etal., 2008 ), Ak, Mtk
TE 2 R A BEH T 2352 i ARG &R ( Awad
etal., 2017 ), AHCJE P AR SR nT B J2 f A
TREDR A BN, M FIR G R s Aty
IR E AR 0T, BREATACAUSE € ( Naud
etal., 2016 ),

R5 WIEMSHBRBERSN

Table5 Exclusion probabilities of microsatellite loci

15 HEBEAE % Exclusion probabilities TR A i PR A A

Loci E-1P E-2P E-PP E-1 E-S1 Null allele frequency
CWM-2 0.841 0.670 0.483 0.248 0.546 0.0321
CWM-3 0.700 0.529 0.351 0.129 0.423 —0.143 1
CWM-4 0.746 0.583 0.412 0.162 0.451 0.005 8
CWM-5 0.807 0.661 0.510 0.214 0.493 0.273 8
CWM-6 0.730 0.553 0.363 0.146 0.447 0.106 9

E-1P: SEASENBUORA HEERESR s E-2P: T RAEN B HEBR AR s B-PP: —XIRARIHERR IR E-1:

PN TERAHEBRAE A B-S1: Al — K R MM HEBR LR

E-1P: Average non-exclusion probability for one candidate parent; E-2P: Average non-exclusion probability for one candidate
parent given the genotype of a known parent of the opposite sex; E-PP: Average non-exclusion probability for a candidate
parent pair; E-1: Average non-exclusion probability for identity of two unrelated individuals; E-S1: Average non-exclusion

probability for identity of two siblings.
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P, 78%

P; 100%

P 22%

P, 50%

P; 50%

Bl SeRBARLTELENENEESESR
Fig. 1 Parentage analysisresult of different treatments of Spodoptera litura
A, MERUSHERCZIC 10 B, MEHS 2 SOARTRIERE HL AR A0 13 C. MEH S 1 Sk MERASRE 2 I, S —3k
MERAEHE 13K D. MRS 1 LRSS 1R, 50— MEmAghe 2 9 E. iR 3 AN RIMEdUA 5152 0E 1R,
Py 55— 3k 5 MfE B S PC A e ST G ACA LA 5 Py, B Sk H S A M R ACA L B 5
Py 55 =3k 15 fE He S TG A 2R o ACARL R
A. Female mate with the male once; B. Female mate once with two different males, respectively; C. Female mate
with one male twice and then another male; D. Female mate with one male once, and then with another male twice;
E. Female mate once with three different males, respectively. P; The proportion of paternity attributable to the

first male mated with the female; P, The proportion of paternity attributable to the second male mated
with the female; P;. The proportion of paternity attributable to the third male mated with the female.

M T EAmC TR R, 28— EE
RHRFEIRENSEL, WA i TR B 43R
MIbRIEZ —, Wu 2§ (2019) FEvEd 9 MRlak
R DR FRIE . ARBFIEE = 7 N2 BE R
R I D RARIE , e S A
CWM-2, CWM-3, CWM-4, CWM-5, CWM-6
FF 2B o FITFABFFE AL PIC > 0.5, HE
BRAE> 99%, PRI AS S5 T i 356 1) i T A6 a5 4
AL FARARR ETL0E , BA BN E
JE o ARSI o R ) 2 e v B S AS iy sCAL B
it AT T 1 0 BT SO ik 22 R S L S 1 A2
BUTHL . 5532, RIS Z WA, J558
BCHEMES AR U0, I T S A SR L B

B R AR IC8E )z F T 2 YRl i R s
R oE . RS E FOERUC R % E ( Garner
etal., 2000; Good et al., 2006 ; Wusterbarth et al.,
2010; EUIWIAE, 20215 JAIWRGESE, 2021), o
N5 (2019) FEH 14 A AN A bR IC IR
R, X 48 MEFEAIIT R RN, BiHHECHR
YIRT 99.99%; Delghandi 45 (2017 ) #EH 7 4>
TRV A5 X A R ZEHF Panulirus homarus 1
FETY%E, W T 83% TIVIISEAR . AWF5E

IR SR AN 7] Z2 R A e b $H 5 5 f5 A8 e e
A E Z A, X 5 M Bactrocera
cacuminata (Hering) . 7S~ 5f H Bl # Menochilus
sexmaculatus (Fabricius) M 7K # /\ f & H
Octodonta nipae (Maulik) % ) iff 5% 2% S — 2
(Songetal., 2007; 5K, 2015; Dubeyetal.,
2018 ) A 7 AL TR A SO0 SRl 1Y 22 YR S TT
Ja FREGEBOC R WG A IR, 55 2SS L i M Ry
FEARMEAR Ny 81.4% (Song etal., 2007 ), /NHE
B 5 2 Sk A8 A I SR AL & 56 1 kA8
fic it dt ( Dubey et al., 2018 ); ZKAB/\fAEkH 5
PPN WY EE A T e L gl L A () SE2 8
2015 ). M/, XFEEA Harmonia axyridis
(Pallas)BIFFE & B, 45 1 S d LB AS 2 Sl il
G (Awad etal., 2017),
ZIRAN G ZH R R ZRING 2 Kk
HOAS LG ( Birkhead and Hunter, 1990; Naud
etal., 2016 ), 5% 2 SkACHCAHYHEH AT BE 2R HOHE
HORAE T MRS ZE Rk, DTTAS DU HORS 15
A T HER O B e Mo T oeny
Bl (Ueno, 1994 ). W& ZHECIAIRRAGES I, Py
(EALZSIE I, AT RS P A B YR SS T ) e HOk 15t
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T2IAS NG FIEAE (JEMS, 2016 ). tAHH5E A&
B, $ERACHS, Py 5 Py {HAHN (Dubey et al.,
2018 ), X AIfE S HEIR A E)A G, o nl G2 48R
LG, HERTER PR R 2 TR TR
Bro B2, SCHC P A8 P B[R] 2 25 5 mi R o A
PERISERLLE B o ARDFFE Y, BSR4 )5 28 B
PRI fe s 0SS EL B ME LS 2 Skl v 433l
ZEHE 1R, S5 3L e R AR EL B R 78% , Tk
S 1S MRS 2 WK, 5 55— R R AR T
1 RES, Sk i A AR R ) AR EL ] . SRR
A2 A HE AR S5 398 0 SO I 1) ACA 43 e He A9 o T 2
MRS 1 Sk AERASES 13K, B S — kiR AR
e 2 W, J5 A FE R HE R ACACR 90%, 5 143
5 2 S AL 1 R AYSSAL LB, X —45 R
WESE T #5228 e 2 1 LA A 43 B L 3

2 WAL BL LA K AN [ AS AT 7= A 1 3t 4% 2
FEME, &R Aat S kb b %€ 9 354l ( Loope et al.,
2014 ), TN BGR AR 2T FE RAIE, A
REE A T 50 4 OHEME BR AR SE B AR ACAUE R i
MIVER, LI 7R B 2 WSS BEAT R i it AR AL
(5K FMISE, 2016 ). ZURACHL ARSI 7
AARFE 132 2545 E— 2B 5T . ARBIFFE X &t
SURIEAS I ZE L J5 B SEACR R IR, ik —2
FE R #R I SR SR AL T A
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