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Abstract The wasp Hyposoter didymator (Hymenoptera,
Ichneumonidae) parasitizes several agricultural pest moths
and could therefore be used in biological control. The 454
FLX Titanium pyrosequencing technology was used to
define two distinct sets of multiplex combining 14 poly-
morphic microsatellite loci: 10 (referred to as HD) located
within the genome of H. didymator and 4 (referred to as
HAIV) located within the Ichnovirus genome which is
integrated into the wasp genome. Genotyping of two pop-
ulations collected in France on Helicoverpa armigera
revealed that most of the loci are independent and at
Hardy—Weinberg equilibrium.

Keywords Hyposoter didymator - Helicoverpa
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Hyposoter didymator is a larval endoparasitoid wasp of
many Lepidoptera larvae that carries a symbiotic poly-
dnavirus (named H. didymator Ichnovirus, HdIV) inte-
grated into its genome, insuring, like many other wasps, its
vertical transmission. The most common host of H. didy-
mator is the moth Helicoverpa armigera (Lepidoptera:
Noctuidae), but this wasp can also parasitize other noctuid
pest species. H. didymator may partly regulate their
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populations and therefore can be used in biological control
of those pests.

Microsatellite markers of this parasitoid were isolated
using the new generation 454 FLX titanium pyrosequenc-
ing technology (Malausa et al. 2011). Enrichment of
microsatellite loci was carried out at Genoscreen (Lille,
France) using the procedure described by Clamens et al.
and Dumas et al. (in Arias et al. 2012). The selection of 454
FLX Titanium sequences for primer design was done using
QDD software (Meglécz et al. 2010).

A total of 1,290 microsatellites loci were identified,
amongst which 298 allowed designs of PCR amplification
primers. Based on the expected sizes of amplification
products, first attempts for polymorphism, multiplexing
and quality of the chromatograms (details not shown), we
chose 14 polymorphic microsatellite loci: 10 HD (referred
to as HD loci) were located within the genome of H.
didymator and 4 (referred to as HAIV) were located within
the HAIV genome (Table 1). Those 14 loci were then
amplified in two multiplex (M1 and M2) PCRs. PCRs were
conducted in 10 pL reaction volume containing the Qiagen
Multiplex PCR Master Mix (1x)—with a final concentra-
tion of 3 mM of MgCl, and an annealing at 58 °C for
1.5 min.

To assess the polymorphism at these 14 loci, we geno-
typed 10 males and 19 females from Notre-Dame-de-
Londres (NDL, 43°49'N, 3°46'E, France) and 28 males and
42 females from Mauguio (43°37'N, 4°00'E, France). Each
individual originated from an H. armigera larva collected
on alfalfa (Medicago sativa L.). DNA was extracted using
the DNeasy Blood and Tissue Kit (Qiagen). All microsat-
ellite loci displayed at least 4 alleles per locus (Table 1).

As expected, at all loci, all males (n = 38) displayed
only one allele, whereas all females (n = 61) displayed
two different alleles—i.e., were heterozygotes—at least at



S9[Q[e [[hu Jo Aouanbaxy YN ba.yy

VLILVVOODILODIOVVILIOOD ¥

7€9ccd™ 0000 890°0— O¢I—¢cl S 0000 S¥00— 9cI-Ccl € S 9CI IN 5(1D) DVOVVIOLVODLVVVIIIOVODD-1dd ‘d 6AIPH
VODDIOLOVOLVLIODDV.LLOV ¥

€e9Tedd 1000 L£€00 £se—6ce 01 0000 0800 LYE—6T¢ 8 [T gee TN 3(ILD)LV(LD) DIOVIOVOLOLVODLVDLODV-INVA ‘4 8AIPH
LODLIDLLVODLOVVIIIVVY ¥

ce9Ted™ 0000 ¢S0'0— 06¥y—9Ly S 0000 191°0 981—C8Y € S 1214 TN S(ID)LISLD) DLLLOVLLOLIOVIDDOVOLID-DIA ‘d  LAIPH
VOVIOODLOOVLVOLLOVOLY ¥

1€9¢cd3 0000 1S0°0— 88¢—¢8¢ ¥ 0000 €II'0— 98¢—C8¢ € 14 98¢ [44\ (VL) LODIVIDLLVDIOODDLLVO-INVA A  9AIPH
VODODLVLLODILOLOLLLOODD ¥

0€9¢cd™ 0000 +00°0 €91-6¥1 L 0000 €200 LST=8V1 14 L 123! IN 5(L1D) DODDIODLLLIOLLIDOLLVI-DIA ‘4 06dH
VLLOLODLIOLYDDLODDVD ¥

6C19ccd™ 8200 1900 861-¢91 Il 9200 LCIO S61-¢€91 S IT <6l [44\ 5(oVv) DOVOVVODDOVIODVIIODLO-1Hd ‘4  [8AH
VIVOIDLOLIDDLOVVIOLVD

8CI19¢¢d™ 0000 0200— 00C-+¥81 6  LTI'O OLYO 20C—981 L 0l 88l IIN 8(vD) DODIVOIOVLLLIOVODDLOVL-dAN A 08dH
LVODOLLODIDIODLVVIODD ¥

LT19TCd 0000 6¥0°0— 6£Cc-LLC S 00000 191°0— 9€C—LTC 14 S 0¢€c IN 8(vvD) VVVOVIODIVVVOLOLLOLO-INVA ‘4 LLAH
LOVODODLIDDLYVOIVILIOLO ¥

9¢19ccd™ 0000 OI00— S9I-9ST ¢+ 0000 <T9¢0— S91-6S1 € 14 6S1 (44 °(0OV) VIVVIODDIOVVOOVOVVID-AIN ‘d OLdH
DVOHOVVDHOIOVOVOIIVOVD ¥

gero9ced™ 0000 <CLO0 G8C-9LC ¥ 0000 ¢€Te0— G8C-9LT 14 14 8¢ 34\ °(DD1L) LLLODLOLIODLODIODLVD-INVA ‘4  S9AH
DOOVOHOLODVOLLOLVIOOL

¥C19¢cdd 0000 8€I'0— €LI-¥91 + 0000 0610 0LT=¥91 € 14 0LT IN $(VOV) DODLVVVDLIODOOVVOVVVOV-AIN ‘d 6SAH
VVOOVLOVVOVVLLDOVOLV -

€C19cedd v100  TTT0 S0I-€60 & 1200 8CI'0 SOI-€60 14 S 660 [44\ 5(19D) LOLODODIOVVILOVVODLVVV-Ldd 'd LydH
DIOLODLVDLOLLIODLVOLVD

cc1ocedd 0000 001°0— 911=s0I ¥ 9100 ¢SSO0 OI1-0T11 € 14 (0281 (a4 S(QOLV) LIOOODLLVOVVIOLOVOVOD-DIA 4 ¢vdH
DVOOVOOILVVVIOIDLID -

12197243 0000 LPI'O 001980 L 0000 9900 760-980 S L 760 44\ 5(12) VODLOLVLLLLLVIDLDLLLODOVD-AVA d  TvdH

VN o3uex VN
baxg St oz1Is oN  baig s14 d3uel zIS ON QAp [°qe[-oInyj apn[ouf
‘OU UOISS90oR oN (dq) ADd
Yuegquan (eoue1]) om3ney (eouel]) TAN [BIOL 9ZIS —ONIPS  Jnour jeadoy (,6-,6) @ouonbas 1oLy  snoo

s14 ‘s1onpoid YD Jo oSuer az1s ‘(ON) SI[Q[[E JO IJoquinu ‘d[o[[e PauUo[d Jo JZIs ‘saouanbas towrid YM Uoppudpip 1210s0dSE U1 PAYR[OSI 100] JO SONSLIOBIEYD) | IqEL



six loci, which is consistent with H. didymator displaying
the dominant mode of sex determination (females being
diploid, males being haploid) in Hymenoptera (Heimpel
and de Boer 2008).

Tests performed with GENEPOP 4.0 (Rousset 2008)
revealed that the genotypic distribution did not signifi-
cantly differ from those expected at Hardy—Weinberg
equilibrium (HWE) except at NDL for one locus (Table 1).
Accordingly, null allele frequencies were <3 % at all loci
but one and in each population (Table 1). Across the two
populations, three pairs of loci showed significant linkage
disequilibrium (P < 0.001 after multiple testing correc-
tion): HD43 and HD77, HD77 and HD90 and HD47 and
HdAIVS.
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