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Abstract

Sex determination of insects is really high diversity. Here, only primary signals for
determining insects developing into females and males are addressed. The primary signals
are also diverse mechanisms. Most mechanisms are depended on the difference in sex
chromosomes. Male heterogametic sex refers to insects with heterogametic sex
chromosomes in males whereas females have homogametic sex chromosomes. On the
contrary, in female heterogametic sex, females enclose heterogametic sex chromosomes
whereas males comprise homogametic sex chromosomes. In some species, even if their sex
chromosomes are male heterogametic sex but their sex is determined by the ratio between
the number of X chromosome and the set of autosome, called genetic balance. In most of
Hymenopteran insects, male and female insects harbor different chromosome set, called
haplodiploidy. Female insects have two sets of chromosomes (diploid, 2n) while male
insects contain only one set of chromosomes (haploid, n), developing from unfertilized eggs.
This sex determination is called haplodiploidy. Moreover, some rare insects can produce
offspring from unfertilized eggs and all offspring are diploid (2n) females, called thelytokous

parthenogenesis, caused by cytogenetic mechanism and the influence of Wolbachia bacteria.
Keyword: Chromosome, Primary signal, Sex determination, Insect

uni1 (Introduction)

wandungudsdtindugeiifddunniian danuvainnarglusiwusinuinian s
muunwalustasnianuvainuatsunguiy dulnguiausazyiadasansfeo iwagiuiwede
Pnmsinsmsimuamalustamainuatesianuin nssuiumsivuanrzsladuseuneu
Tnajq fumouusn (Primary signals) @rulngaziiendesiulasluloume Aunnsetuszuiname
(Kaiser & Bachtrog 2010; Blackmon et al., 2017) %umawiamwu“]umaﬁﬂwﬂuizé’uimLaqa Tu

UNANULILNAIDIANIENTEUIUNITANVAUALNATULS NV UU

NNIAAUAWARIEANULANAIIVRLAT T B WA
adidinmngueslondiulngmuiusasailashilsiduand Inslaslilsuagmiiousudy
A 9 sniulastulvane Ingluwegiunailsazilaslulousianig (autosome) ndlouriy uadl
Tnsllguimauansedy ansnsontseentsiu 2 ngu il
1. Male heterogametic sex jUkuviinagazlaslulaumaunniteiu drumedoosd
Tashilamnamiioutu TusuuuuilesTulenmaagld X wag ¥ unulasTuloume suwuulasTuloume
wuuil & 3 wuu fe
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1.1 wuu XX - XY wendedlashulaumendu XX daunegilastaloamweduy Xy
TasTulsumanuuinuluuuamatssiin Wy uuadlusudu Diptera Tiun wuasiu wasiunes ga
(Anopheles indefinites) (Figure 1) (Intarajaroensak, 1981) Wuau9lanludufyu Hemiptera 1@y
WU UUAIAU (Lethocerus indicus) Tastulaunavasuuainutulsemalng eunnm199 ke
purmesuauewiing Aelasluleuiwaaziinnndeudetulaslulausrsnieguils Gonlasluluamne
WU neoxX Tunmde wazienlaslulesnagdn neo-XY (Wisorum et al., 2013) (Figure 2)

i X-
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Figure 1 Chromosome of mosquito (A-B) Chromosome of A. indefinites (2n = 6) (A) Female
chromosome (2n = 4A + XX) (B) Male chromosome (2n = 4A + XY) (C-D) Chromosome of A.
vagas (2n = 6) (C) Female chromosome (2n = 4A + XX) (D) Male chromosome (2n = 4A + XY)

Source: Intarajaroensak (1981)
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Figure 2 Male chromosome of L. indicus in bivalent metaphase 1, neo-X chromosome and

neo-Y chromosome (circle)
Source: Wisorum et al. (2013)

12 wuu XX-x0 Taslulsannauuudl nuluuwuasdudu Hemiptera I wawung
iln uazuuasludusu Orthoptera i wuaweu snuay 3evin tnomemdoilasiulsunedy XX
dumnedilasluleamadu X0 Ao fasluley X iswiador fefuluuiaanardmadiisiou
Taslalwutiosndnnends 1 windu fnunungu Schistocerca Inanadlofllaslaley 2n = 24 wadd
Tastalon 2n = 23 (Husemann et al., 2022) fegadu snununuindulelslinaila (Hieroglyphus

banian) (Figure 3)
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Male Female
2n =23 (22A+X) 2n = 24 (22A + XX)
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Figure 3 Karyotype of H. banian (A) Male karyotype (2n = 23) consist of 22 autosomes and 1
sex chromosome (X) (B) Female karyotype (2n = 24) consist of 22 autosomes and 2 sexes
chromosomes (XX)

Source: Phimphan & Aiumsumang (2022)

1.3 WU U Multiple sex chromosome (XpX/X.Y, XX/XYn, XoXi/X20, XiYn)
TasTuleumenuuil TasTuley X vde Tastalew Y fu1nndn 1 wite nulusuasunsednludusu
Hemiptera W Assassin bug (Fitchia spinulosa) iedeiilasiulaanendu XX XX, drumagily
X XY Tunguaau Coreidae Tastuleuluimwendewdu X XXX, Tumedidu X:X,0 Tu Cryptostemma
pusillinum Tastuleumendedu XX wadidu XYY, waz lududu Orthoptera i Fnuausgn
glsy (Mantis religiosa siedleckii (Linnaeus, 1758) ineidlefilasTalammentu XXX, luwadily
X1X5Y (Patawang & Tanomtong, 2019) (Figure 4)

Male Female
2n=27 (24 A+ X1 X2Y) 2n = 28 (24A + X1 X1 X2 X2)
B0 A0 38 AR aw B 48 #1 AR aw
1 2 3 L3 > 1 2 3 4 s
#8 A~ 40 se sa P8 A~ a0 e ea
3 ! 8 9 10 I 7 8 9 10
as aa x ’(‘ aa asa X ’ ’
1 12 y S 5 Y 1 12 > 2E R P ¢
A Autosomes Sex chromosomes B Autosomes Sex chromosomes

Figure 4 Karyotype or M. reugiosa siedlecki (A) Male chromosome (ZNn = Z() consist of 24
autosomes and 3 sex chromosomes (two X chromosome (X, X,) and Y chromosome) (B)
Female karyotype (2n = 28) consist of 24 autosomes and 4 sex chromosomes (X; X; X; X;)

Source: Patawang & Tanomtong (2019)
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2. Female heterogametic sex sUnvufinadsazillasiulommeaunndraiy daumadi
Tasllenmamiiouty Tneld Z unilastuloumainuluiaoand wazld W unulaslulsumadiny
anglumedls masmuamasoudsl 3wy feil

21 wuu 77 - 7w wuluunasdusy Lepidoptera laur lny fide wmiled
Tashulaanendu Zw drumedilasiulaunedu 2z

22 wuu 2270 wegilastulaunedu 2z druwediailaslulaume ZO 113
MuumALuuinUluLe SuRy Lepidoptera 1 InuUn Antheraea asama kag WNAISUAU
Trichoptera (Traut et al.,, 2008, Sahara et al., 2012)

2.3 WUU multiple sex chromosome (Z2,212,Z2,/\W 21725, ZZ/\N,1W,Z) Taslulay
mrAnuvinuluusasdusiu Lepidoptera viewiin feghawu Samia cynthia wadleiilaslalew 2n =
25 Usznaumglastuleusianie 22 wis uaziilaslulaume W/Z,Z, dauney dlastalay 2n = 26
Uszneumiglasluleusieniy 22 wis wagilasluleane 2,2,2,7, Tuwuas Orgyia thyellina wweilily
flaslaulay 2n = 23 Ysgneumelasiulousianig 20 uis lastulasma W,W,Z dyunegilasiuloy
2n = 22 Ysenaumelasialausianie 20 wiswasilaslulouiwendu ZZ (Traut et al,, 2008; Sahara
et al., 2012)

nsAuAWARI8IUIYAYalasluley (Haplodiploidy)
AruuanessuaugelastulamvhlmAnmausnsstuainsofniuldlunaiensd
1. innneadduiuglésuu fausvioli lasTulvmmauuuinuluwuasdudy
Hymenoptera L &4 #io o ua wuadlungudl medainnlildsunmautvadsa Walnaid
flasluloudu 2 ¥ (diploid, 2n) wazimundunedle drunediilaslulauiiosyaifies (haploid,
n) Lﬁm’mL%aa‘?ﬁuﬁuﬁ:ﬁlﬁlﬁ%’umﬁuﬁau%ﬁualﬂ%u (Figure 5) Awg9 lasluleuvesunung (Figure 6)
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Figure 5 Sex determination of chromosome number (Haplodiploidy), In male develop from

unfertilized egg (Haploid, n) and female develop from fertilized egg (Diploid, 2n)
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Figure 6 Chromosome of red ant (A) Male chromosome (n = 16) (B) Female chromosome
(2n=32)
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2. Paternal genome elimination (PGE) N15AWuaLNATILANAIIMLARINNTS
sdelaslulsufiannriefislufmunudelaslulonfiunanwenmunianisadndy wlstasundiu
(Heterochromatin) lalanunsasiniinile 3en3snisuuuiiin Paternal genome elimination 13
fmummeanuuil wuluwuasnga coccids (scale insects) 1 st indeves daoglududugos
Homoptera U998UfU Hemiptera ﬁauslwqﬂﬂﬂﬂszmLWﬂIuLLmaQﬂchuﬁLﬁuLLw XX-XO lusuasngy
S]] ?: g4 (Lecanoid) W Planococcus citri, Pseudococcus nipae, LLuaﬁﬂ%bﬂ (lac insect, Kerria
lacca) Woiamsufaudsewialifuadiund lelnalddulaslilsunnanwowazus dlasTuloudild
fusnanwewsiiuglaslufu (Euchromatin) avn dufelesTulsuiommannsaviauld lelnaas
Waludunede uwiglaslulendiunanwenmuainnsasaldvhaunaieduemlstasiniiv oy
lHlalnndazosgludumead Sdulunadoeilasiulonfiviiauld 2 ga danluneadusioss
FrualasTaley 2 ga wiilasluloudivhanldifesmadeon Figure 7) fogna TasTalsuoundouds
uzile (Figure 8) daulunuasmaninasnes (Diaspidiod coccids) wiin1smnummnaduuuy
Haplodiploidy aiiamsufauslalelng dlastaleuildsumannonazusl ansnsaviedldiaan
wlilalnediaundunads vuedlufseufiasimunludumad Taslulsuildsumainme

(%
o W a

(Paternal genome) ggnidanislunmun dlastulauiinnanuinandnsinnuld (Fisure 9)

Female Male
|| "‘
'f'/- _\\ '//- A\I
Paternal chromosomes | “ " | \ ll | Maternal Chromosomes
\ ,/) \ /
Mg = i —

} |
= (D m'i"'”" @) s

Paternal chromosome condensation

§ @ ——0 |

Female

Figure 7 Sex determination of lecanoid
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Figure 8 Chromosome of Coccidohystrix insolota (A) 12 Heterochromatin chromosomes of
female (B) 6 Euchromatin chromosomes and 6 Heterochromatin chromosomes

(arrow)

Female Male

N

Maternal II " Oocyte Spermatocyte ( l | Patemal
chromosomes (2n) (n) ‘\ / chromosomes
l Meiosis Meiosis l e

Fertilization

Dtsardpaemal
e (I ~—/||II - II
1 Zygote
,¢,.

(2n)
|

Female offspring (2n) Male offspring (n)

Figure 9 Sex determination of Diaspidiod coccids, All normal zygotic chromosome develop
to female offspring, While paternal chromosome is elimination develop to male offspring

(Female chromosome - blue colour, Male chromosome - red colour)
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nsMUALNARIENI1SEndduIulasTalen X fadnuiuyavadlasiulyy

TuuAIW Drosophila melanogaster wiiagilasulagumnALUy male heterogametic sex
winsfmuamatuiuegusnsduseminesualaslulsy X Audunuyavesselnslen (x/A) &1
gn3EUTENIN X/A WU 1 uuasssdumeille wuid1dnsidin X/A windu 0.5 unasazilumery
uwamaiidnunrveanauazinadsUuiuEenit intersex Adnsndiuannnit 1 ssdusilouas
Dunidu 15907 superfemale usidntoandn 0.5 aziludguaziluniudendn supermale (Table 1)
sgiiiuilastuley Y vosusasidliifianuddnlumsimuameard udazieafumiuauysaitusues
#f 1 unasidleslulomdy AAXO azstmunluibumagusiaziduntu

Table 1 X/A ratio of sex determination in insect

Sex chromosome X:A ratio Sex
AAXXX 3X/2A =15 superfemale
AAAXXX 3X/3A = 1.0 infertile female
AAXXY 2X/2A = 1.0 female
AAXX 2X/2A = 1.0 female
AAAXX 3X/2A = 0.6 intersex
AAAXXY 3X/2A = 0.6 intersex
AAXY IX/2A =05 male
AAXO IX/2A = 0.5 infertile male
AAAXY 1IX/3A =0.3 supermale

Thelytokous parthenogenesis

Thelytokous parthenogenesis wdagldldnisimuanelagnss LANAINNTEUIUNTTIYN
Tianitlatmunfummiowazilasiulemdy diploid (2n) Parthenogenesis ifun1sduiuguuulsl
odoina lnemefloairawadle (Ootid) filaslulusniiesyaiied (haploid, n) diwadldaunsa
fauludusufufelaglildfunsujausivadisn wadlvdanadyluduned widisadlaldsy
nsufausivadsuazimunluidumedes drulvgaznulunuasdusu Hymenoptera Ly R ol
WA UA T,ﬂaLenaa“lsziﬁlé’%’mﬁﬂﬁau%ﬁuatﬂﬁmzﬁmmmL{‘Jummﬁaﬁﬁiﬂﬂﬂ%mﬁu diploid, 2n du
wadlalalldzunsuavaziaiydumadiilasluloudiomaiien (n) Son n1siAn Parthenogenesis
LL‘U‘UﬁﬂW Arrhenotokous parthenogenesis (Figure 10) @11 parthenogenesis ﬁamﬂmﬁ fi3enan
Thelytokous parthenogenesis ﬂ'ﬁzmumiﬁwaa‘léﬂﬁlﬂé’%'umiﬂ.ﬁau% auiasgludunadlefis
Tastalendu diploid (2n) wlfasifunssuaunsimuennusinuludaivssuna 1,500 siln saumidl
uassne Tnglannzusiaslududiu Hymenoptera wusnfiga n3iin Thelytokous parthenogenesis

N3N 2 NIZUIUAIT LAUA NT2UIUNIININEEE (Cytoplasmic mechanism) wazlAnaINBvsnaves
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wuaii3efiondueglululnnataduvesuuas (Endosymbiotic bacteria) (Stouthamer & Kazmer
1994; Rabeling & Kronauer 2013)

N5%UUNITMadE (Cytoplasmic mechanism) lukiasaeiugisiiAanisduiuguuy
Thelytokous parthenogenesis iiawad Oocyte wiaziwadlumedlowvasaduuululedaldivadly
4 wwad wiavwadilasluleady haploid (n) 91ntu wadly 2 wadaiinnssaniy (fusion)ldiwad
flaslulwandu diploid 2n) wagiamluidugninadle Tnglildsunsufausivaddn sy
Yougaa bl @msaiala 3 Wuu Ao Central fusion, Terminal fusion wag Random fusion (Figure
10) fregrnguluils Apis mellifera capensis N15.AA Thelytokous parthenogenesis LARY1N
Central fusion (Oldroyd et al., 2008) uonaNd Thelytokous parthenogenesis SalAna1NLgaALY
\Ain gamete duplication InstAnananuiaunflunszuiunsuiagadszes luleda 1 wioinau
Anunflunisutaeadszerluleda 2 WeAuganisuvaeaduuvluleda aeldwadlafidsiuay
Tastaloandy 2n LLazﬁ’wuﬂULﬁuqmwmﬁa (Figure 11) (Pearcy et al., 2006; Rabeling & Kronauer
2013)

dvdnavesuuaiiFefiondelulslnnaraduvesuuas wuafiFedvinldiAnnsdufusuuy
Thelytokous parthenogenesis Tuwuaaiiisesunsanuil 3 ¥ie liwn Wolbachia, Cardinium
wag Rickettsia wardrulvg i unuasfimvuameawuy Haplodiploidy (Duron et al., 2008;
Kageyama et al,, 2012) usfiwusnnfigareuuafise Wolbachia fiedveglulslnmataduveusiuas
d1enenludsgn Wolbachia \inluiisnawasienginssuvedasiulanlunisuvsgaduuululedaves
wadlvdrulug v liiAn Gamete duplication vl ldiwadleAifilastuleudu diploid 2n)
(Stouthamer & Kazmer 1994; Heimpel & de Boer 2008) wuluuwnuideouly Genus Trichogramma
\u Trichoeramma cacoeciae (Vavre et al., 2004) wiagwui1 Wolbachia TuuyasdInufiniase
(Eusocial insects) 19y 1o Ae wadalalfisnearuin Wolbachia m™ 1% 1A e Thelytokous

parthenogenesis FLuLLiJa\‘mfjaJ‘l‘f!, (Pearcy et al., 2006; Rabeling & Kronauer 2013; Masuko, 2013)
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Male (n) Female (2n)

Meiosis Meiosis

P ANN

Figure 10 Diploid female develop from fertilized egg, while haploid male develop from

Unfertilized egg, called arrenotokous parthenogenesis
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Thelytokous parthenogenesis
Terminal fusion Central fusion Random fusion Gamete duplication
- | W | o
Oocytes Q © 0 Q (20}
meiosis 1 medosis 1 meiosis 1 meiosis 1 melosis 1 fallure
o © o 0 o O o 0 €3
meiosis 2 melosis 2 meiosis 2 medosis 2 failure meiosis 2
ootids @ O W N %o OoN XOoNe (2n ] ? (22
e e e g .
@ @ @ ® @)
famade (2n) female 2n female (2n) female (2n) female (2n)

Figure 11 Cytoplasmic mechanisms cause thyletokous parthenogenesis

d3U (Conclusion)

wiaafudadiFinmingaislendfiiaduuinuazsiiaiiaalulon uwamatssiadinig
Aeriutuigudidlunmemsauaenisden varselnteauiiaig varerindunmeiilsnnguysd
vliianisgadedinlasvareiuau vissiaasisormsnieilulusfunaunuunuyudlaenss
Lmamma%ﬁﬂﬁmmﬁﬁmmﬂmqmsmwmﬂzqﬁaiﬁl,ﬁ@mmL%&Jmwiamamémm«,nwmai’wmu
wma uivsriasidudensuanunaniiofiunandnnisnisnuns fdunnuiiugiuiiieades
msduiusifind Lz MstmunwAvesuas gl ARA WIS A susUNTAIUANTIUIL
wiasdngiin savisnsmdauasdinelfifalse TnglddeliAnnaidefuawandoumiiounisld
a151Ail (Marec & Vreysen 2019) miﬁLmaaLWﬂLﬁaamﬁﬂﬁﬁ%ﬁmgﬂmeﬁaﬁmﬂlﬂﬂmahjéfaaLﬁmmi
Ufaustuadsuniuiulsslonininlunismuauuuasdagiiv wu wiudeuly Trichogramma fioy
hanldauauuuasdnsiisnanfisvusuiidenarsvia Sndawnudouldlagldansiugiiin
Thelytokous parthenogenesis agana1lda1uA191WITIUNTHAALNAS Lﬁaqmﬂlﬂﬁauﬁauw@%ﬂﬂ

anusaviangluuuasdmgiale
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