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ABSTRACT 

The present study aimed to investigate whether adult males could fertilize immature female pupae in 

the leek (L1) and tobacco-associated (T) Thrips tabaci lineages and to investigate the potential effects of 

mother to son inbreeding on the appearance of deuterotokous females in the T lineage. To confirm the pupal 

insemination, a single female pupa was exposed to a single adult male for 24 hours. The removal of a male 

from the tube that contained the female pupa was made before the female pupa emerged to adulthood. 

Emerged female adults were isolated and reared individually and the sex of their progeny was determined 

in the larval stages. To examine a mother and son inbreeding, a single female adult was exposed to her son 

for 48 hours, and for two consecutive generations, the mode of reproduction was determined by identifying 

the sex of the progeny. This result showed that pupal insemination was not successful; thus, all the tested 

females produced only male progeny. Virgin inbred females produced both male and female progeny that 

refers to deuterotokous reproduction mode. Three virgin females produced a total of 20 females and 75 

males in two consecutive generations. A study concluded that deuterotokous mode of reproduction is not 

a persistent mode of reproduction in the T lineage but is a result of irregularity in the mode of reproduction, 

and it might be changed because of brother and sister inbreeding and need further studies. 

 

Key word: arrhenotoky, mother to son inbreeding, pupal insemination, thelytoky, virgin 

 

INTRODUCTION 
 

Thysanoptera insect species were classified under 

the hemimetabola postembryonic development, because 

they do not follow distinctive hemimetabolous devel-

opmental stages. They convey the transition between 

hemimetabolous and holometabolous postembryonic 

stages because the comparison of an immature nymph 

with adult exhibit many similarities (Moritz 1995). 

The life cycle of Thrips tabaci Lindeman (Thys-

anoptera: Thripidae) includes an egg, first and second 

instar larvae, pre-pupa, pupa, and adult (Lewis 1973), 

and all these stages pass through moulting. After 

hatching, the first and second instar larvae start to feed. 

Pre-pupa and pupa stages are inactive and non-feed-

ing. Pre-pupae and pupae are found in the soil, at the 

base of the onion plant neck, or underneath bulb scales 

to protect themselves against environmental effects. 

The reproductive organ of the pupa develops 

prematurely; for this reason, immediate egg fertili-

zation is not common. However, a most unusual 

form of coupling has been reported in Limothrips 

denticornis Haliday in which a mature male mated 

with female pre-pupa (Lewis 1973). The adult males 

of Frankliniella occidentalis Pergande were able to 

mate with the last stages of female (Ogada et al. 

2015 not published). Insect’s reproductive organs 

comprise a spermatheca that are used to store male 

sperm during hibernation and to fertilize the eggs 

laid next spring (Lewis 1973). 

On the basis of the mitochondrial DNA data, 

reproduction mode, and host adaptation, T. tabaci 

has three major evolutionary lineages; two of them 

are associated with leek (L1 and L2), whereas the 

third one is associated with tobacco (T) (Brunner 

et al. 2004). 
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The most common modes of reproduction in 

T. tabaci lineages are thelytoky (females produced 

from unfertilized eggs), arrhenotoky (males pro-

duced from unfertilized eggs and females produced 

from fertilized eggs), and uncommonly deuterot-

oky – females and males produced from unferti-

lized eggs (Fekrat et al. 2014; Li et al. 2014; Mor-

sello et al. 2008; Nault et al. 2006; Sogo et al. 

2015). L1 and T types are following arrhenotokous 

reproductive mode, and L2 type is following 

thelytokous reproduction mode. The deuterotoky 

reproduction mode is not well documented for the 

whole Thysanoptera insect species, except for 

T. tabaci (Nault et al. 2006) and Apterothrips ap-

teris (Daniel) (Strauss & Karban 1994). There are 

some suspected reasons that such mode of repro-

duction is due to some external factors such as pu-

pal insemination. In some cases, although the adult 

male mated with the immature female, the male 

sperm might be stored in the immature female 

spermatheca. Thus, later on, when this female be-

came an adult, this male sperm could be used to 

fertilize the eggs, and thus, an already mated fe-

male during the immature stage will be producing 

a combination of male and female progenies. The 

second factor might include the mating between 

mother and son resulting in inbreeding depression 

that caused reproductive irregularity by increasing 

the homogeneity and decreasing heterogeneity of 

individual genome. Such external factors might 

lead to wrong conclusions regarding deuteroto-

kous mode of reproduction. 

The aim of this study was to reveal if adult 

male could fertilize immature female pupa in the ar-

rhenotokous L1 and T types and to identify if the 

mother to son inbreeding could lead to the existence 

of deuterotokous mode of reproduction in the ar-

rhenotokous T type.  

 

MATERIAL AND METHODS 

 

Pupal insemination 

Rearing 

To begin the experiment, 12 adult females with the un-

known age was isolated from the culture of each line-

age (12 females from L1 and 12 females from T) type. 

They were reared individually in 2-ml micro-cen-

trifuge tubes with single leaf discs of their ideal 

host plants (cabbage leaf discs for L1 and tobacco 

leaf discs were provided for T) as a food and ovi-

position substrate. The leaf discs were replaced 

every 24 hours. The rearing has been carried out 

under the environmental growth chamber at 23 °C 

with 16 : 8 (light : dark). The eggs in the leaf discs 

have checked with an under-light stereomicro-

scope. The dead mothers were preserved in 96% 

alcohol and their mitochondrial cytochrome c oxi-

dase subunit I (MT-COI) gene was sequenced to 

confirm the lineage (Farkas et al. 2020). The 

hatched first and second instar larvae were individ-

ually transferred to new tubes with fresh leaf discs 

and raised to the pupal stage. To test the pupal in-

semination, 42 female pupae from L1 and 44 fe-

male pupae from T type were used. In order to in-

vestigate the response of immature pupa upon mat-

ing with an adult male, a single female pupa was 

confined to a single adult male in a 2-ml micro-

centrifuge tube for 24 hours. The response of fe-

male pupa to the adult male during mating was 

checked using a stereomicroscope.  

To avoid the mating between newly emerged 

female adult with male adult, a male from the tube 

that contained the female pupa was removed be-

fore the newly female adult emerge and the female 

pupa was left on the leaf discs until they became 

an adulthood. The newly emerged female adults 

were reared for 8–10 days to produce eggs and all 

their newly hatched first and second instar larvae 

were collected and preserved in 75–80% ethanol 

alcohol. This immature preservation method was 

suggested by Morison (1947). After that, the pre-

served first and second instars of L1 and T types 

were slide mounted to identify their sex. 

At a later period, 439 first and 219 second in-

stars of L1 and T lineages were mounted by pour-

ing few drops of Berlese mount medium on the mi-

croscopic flattened rectangular glass. After adding 

the larvae specimens to the drop of Berlese mount-

ing medium, the microscopic glass was covered 

with a glass coverslip. To dry the specimens, the 

slides were kept in an oven at 50 °C for 2 days. 

Identification of larva stages 

For immature identification of the first and sec-

ond instar larva, the technique described by 

Speyer and Parr (1941) was used. This identification 

key for Thripidae is based on the number of setae 
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on the II to VII abdominal segments and the number 

of setae on their pronotum, and the differences be-

tween first and second instar larvae are listed below. 

1. First instar larvae is small in size when com-

pared with the second instar larvae, and it comprises 

two pairs of sternal setae on the abdominal segments 

II to VII and six pairs of setae on the pronotum 

(Vierbergen et al. 2010). It also contains one pair of 

spiracle on the abdominal segment II (Kirk 1987). 

2. Second instar larvae has a larger and fat body 

when compared with first instar larvae. This stage 

consists of three pairs of sternal setae on the ab-

dominal segments II to VII, two pairs of spiracles, 

and seven pairs of setae on the pronotum (Vierber-

gen et al. 2010). It has no spiracle on the abdominal 

segment II (Kirk 1987). 

Sex identification 

The sex of the first and second instar larvae in the 

family Thripidae is determined based on their ab-

dominal segment IX. The first instar male larvae ex-

hibit four pairs of setae and female larvae exhibit 

three pairs of setae on their abdominal segment IX, 

whereas the second instar male larvae exhibit five 

pairs of setae and female larvae exhibit four pairs of 

setae on their abdominal segment IX (Vierbergen et 

al. 2010). All the features and sex identification of 

the first and second instar larvae were examined us-

ing Leica DMLB binocular light microscope (Leica 

Microsystem GmbH, Wetzlar, Germany) with 

400×, 600× and 1000× magnifications. 

Checking of insemination 

To determine the female pupal insemination, the sex 

of the progeny was identified at first and second in-

star pre-pupa, pupa, and adult stages. Thus, the fe-

male pupa was considered as inseminated by adult 

male if there is a single female from her progenies, 

and the female pupa was considered as not insemi-

nated by adult male if all the progenies are males. 

Reproduction mode in T type T. tabaci lineage 

T type lineage is reproducing through the ar-

rhenotokous (sexual) mode of reproduction in which 

the virgin females produce only males and the mated 

females produce both males and females. The sex 

identification of adult progeny was the method 

used to determine the mode of reproduction in T type. 

A virgin female producing only male progeny was 

considered as arrhenotoky female, and a virgin fe-

male producing a combination of male and female 

progeny was considered as a deuterotoky female. To 

confirm the arrhenotokous and deuterotokous 

modes of reproduction in the tested individuals, the 

following procedure was used: 20 female adults of 

unknown age were isolated randomly from T type 

culture and reared separately in 2-ml micro-centri-

fuge tubes. The tobacco leaf discs were used to serv-

ing as a food source and oviposition site. Before the 

tobacco leaf discs were provided as a food and ovi-

position object, all tobacco leaves were checked un-

der a light microscope to ensure that the leaf discs 

were not contaminated by other thrips. The progeny 

from these mothers were raised to adulthood also in 

isolation after egg hatching and were used as F0 gen-

eration. The reason to use these progenies as F0 gener-

ation is that their mothers were taken from the culture 

and had been exposed to high densities of males and 

experienced to mate by any other males and it makes 

difficult to determine whether the females were pro-

duced either through the arrhenotokous or deuteroto-

kous mode of reproduction. 

Mother and son inbreeding 

To test whether a mother and son inbreeding is the 

factor to induce deuterotokous mode of reproduction 

in T lineage, 10 females of unknown age were iso-

lated randomly from stock culture and reared sepa-

rately in 2-ml micro-centrifuge tubes. The tobacco 

leaf discs were free of contamination by other thrips 

species. The newly hatched progeny from these 

mothers were raised to adulthood. Those progenies 

were considered as F1 generation and used as a pa-

rental generation for the subsequent inbred line. 

Thus, all the tested inbred generations were assumed 

to be related. Mother and son inbreeding has tested 

for two subsequent generations such as (F1) females 

were daughters of females taken from stock culture 

and used as a parental generation in the experiment 

and (F2) females were daughters of F1 inbred females. 

To ensure a possibility to obtain a son from vir-

gin female, 30 virgin female adults of T lineage 

were isolated from the F1 females and reared sepa-

rately on the tobacco leaf discs for 2 days at 23 °C. 
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As they were virgins, their eggs would not be fer-

tilized and only sons would arise. Then the repro-

ducing females were placed at 15 °C. At this low 

temperature, the mother’s longevity has increased, 

which increases the chance for mating with their 

sons. However, some mothers died within a rela-

tively short period before mating with their sons. 

They were excluded from this test. When the son 

became adult, single mother and son were confined 

into the same micro-centrifuge tube for 48 h. Then 

the male was removed, and its mother was kept 

isolated individually for the rest of her life. The 

same procedure was used for F2 mothers and sons 

inbreeding test. The relatedness of isolated indi-

viduals in the F1 and F2 progenies were recorded, 

and F2 sisters were produced by the same F1 inbred 

female (Fig. 1). 

MT-COI genes and sex determination at the 

adult and nymphal stages were the criteria applied 

to describe the lineage and mode of reproduction, 

respectively. A virgin inbred female produced 

a combination of male and female was considered 

as a deuterotokous female. 
 

RESULTS 
 
Morphological description of the first and sec-

ond instar larvae of T. tabaci 

The morphological identifications of these two lineages 

larvae were based on the number of setae on their 

pronotum and the number of setae on the abdominal 

segments II to III. As described in the methodology, 

first instar larvae consisted of one pair of setae on the 

ventral abdominal segments II to III and six pairs of 

setae on the pronotum (Figs. 2 A, B and 3 A, B). 
 

Fig. 1. Mother and son inbreeding scheme in T lineage: 10 females were taken from the stock culture and reared them 

to produce F1 progeny. Then, 30 F1 virgin females were reared to produce son and when the son became an adult; 

both mother and son were confined in the same tube for 48 h. The male was removed from the tube after 48 h and its 

mother kept reared on tobacco leaf discs and named as the F1 generation. Since then, F1 female allowed to produce 

a son to continue the F2 mother and son inbreeding and similar procedures were used with F1 inbreeding line 

 

Fig. 2. (A) Indicated that the first instar larvae and the numbers are used to indicate the pairs of setae on the pronotum; 

(B) Indicated that the second instar larvae and the numbers are used to indicate the pair of setae on the pronotum  
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Fig. 3. (C) Indicated that the first instar larvae and the numbers are used to indicate the pairs of setae on the ventral 

part of the abdomen; (D) Indicated that the second instar larvae and the numbers are used to indicate the pair of setae 

on the ventral part of the abdomen 

 

Fig. 4. First instar male. The numbers are used to indicate the pairs of setae on both dorsal and ventral abdominal segment IX 

 

Fig. 5. Second instar male. The numbers are used to indicate the pairs of setae on both dorsal and ventral abdominal segment IX 
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Sex identification keys 

On the basis of the morphological identifications of 

first and second instar larvae, the sex of the imma-

ture progeny was determined based on their number 

of setae on the abdominal segment of IX. First instar 

male larvae consisted of four pairs of setae on both 

dorsal and ventral of abdominal segment IX (Fig. 4) 

and second instar male larvae consisted of five pairs 

of setae on both dorsal and ventral abdominal seg-

ment IX (Fig. 5). 

Pupal insemination 

According to this experiment result, pupal insemi-

nation is not possible in the T. tabaci lineages within 

24 hours of mating. Thus, all the tested females pro-

duced only male progeny (Table 1). 

 
Table 1. The sex of progeny produced from virgin L1 and T 

type females that were exposed to male adult at pupal stage 

 

Lineages 

First 

instar 

male 

Second 

instar 

male 

Pupae 

progeny 

Adult 

male 

progeny 

Total 

male 

L1 187 95 66 118 466 

T 252 121 22 127 522 

 

Mother to son inbreeding 

Deuterotokous reproduction mode has encountered 

during mother and son inbreeding test. At F2 gener-

ation, the inbred virgin female taken from F1 gener-

ation produced a combination of male and female 

progenies, and this female was considered as a deu-

terotoky ones (Table 2). 

 
Table 2. The existence of deuterotokous mode of repro-

duction from F2 mother and son inbreeding 

 

Genera-

tion 

No. of 

inbred 

female 

Male Female 
Reproduction 

mode 

Deuterotoky 

mother 

F1 30 ✓  Arrhenotoky 0 

F2 17 ✓ ✓ Deuterotoky 1/17 

 

The deuterotoky females produced from in-

bred females for three consecutive generations. 

About 20 females and 75 males were produced for 

two consecutive generations. F1D female has pro-

duced 10 deuterotoky females, and 2 of them died 

at the pupal stage; of the 8 deuterotoky females, 

only 1 was continued to produce both males and fe-

males and the rest 7 females were turned to their 

original arrhenotokous mode of reproduction. Sim-

ilarly, at F2D generation, of the eight deuterotoky fe-

males, only one virgin female yielded both male and 

female progenies and the rest seven females were 

turned to their original arrhenotokous reproduction 

mode. After three generations, all the deuterotoky 

females turned to their original arrhenotokous mode 

of reproduction (Table 3). 

 

Table 3. A sex ratio of progeny that were produced by deu-

terotoky virgin female for three consecutive generation 

 

Generation 

No. of deu-

terotoky 

female 

No. of progeny from 

deuterotoky female 
Reproductive 

mode 
Male Female 

F0D
a 1 5 8 Deuterotokous 

F1D
b 1/8 4 10 Deuterotokous 

F2D
c 1/8 66 2 Deuterotokous 

F3D
d 2 72 0 Arrhenotokous 

aF0D – the deuterotoky female produced from F2 inbred mother; 
bF1D – the deuterotoky female progeny produced from F0D female; 
cF2D – the deuterotoky female progeny produced from F1D female; 
dF3D, the female produced from F2D female 

 

DISCUSSION AND CONCLUSION 

 

The genetic variability of onion thrips has 

confirmed that T. tabaci is not a single pest species 

but rather a cryptic species complex, which is based 

on significant differences between the lineages re-

garding the mode of reproduction and host plant 

preferences, and that there is considerable genetic 

variability within the three lineages. The currently 

recognized lineages are arrhenotokous leek (L1), 

thelytokous leek (L2), and arrhenotokous tobacco-

associated (T) T. tabaci lineages. 

All modes of reproduction have been reported 

in T. tabaci populations. However, deuterotoky is rel-

atively uncommon mode of reproduction in T. tabaci 

because it has been reported only by Nault et al. 

(2006). It is suspected that such mode of reproduction 

is due to some other ways. The first way might be 

pupal insemination by adult males. Adult males and 

female pupae coexist together in the field, and insem-

ination or mating between them could be expected. 
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Insemination at pupal stage upon the metamorpho-

sis to adult stage is possible because of the storage 

of the male sperm in pupae spermatheca and using 

this sperm to fertilize eggs. Therefore, mixed prog-

eny of male and female offspring are produced by 

the mated arrhenotokous female. This phenomenon 

was reported in L. denticornis in which a mature 

male was found to mate with a female pre-pupa 

(Lewis 1973). The second factor is the mating be-

tween mother and son resulting in inbreeding de-

pression that caused reproductive irregularity.  

The determination of mode of reproduction in 

T. tabaci lineage based on the sex of progeny takes 

more time. A time-saving technique for differentiation 

of the mode of reproduction using the COI sequences 

was reported by Toda and Murai (2007). However, 

sometimes the lineages showing arrhenotoky were 

reported wrongly as showing thelytoky according to 

the COI-based technique (Aizawa et al. 2016). 

This might be due to the interbreeding between 

arrhenotokous and thelytokous T. tabaci lineages, 

resulting in the thelytoky female carrying arrhenotoky 

male-originated nuclear gene (Li et al. 2015). 

Heteroplasmy, where females carry multiple mito-

chondrial DNA genes within the cell, has been reported 

in T. tabaci population (Gawande et al. 2017).  

This result has shown that adult males were at-

tempting to mate with the female pupae. However, 

the mating was not successful; consequently, only 

male progeny was produced by all the tested proge-

nies (N = 988) in the arrhenotokous leek (L1) and to-

bacco-associated (T) T. tabaci lineages. There are 

feasible reasons to explain the failure of female pupa 

to inseminate by an adult male, such as (1) this stage 

is inactive and could not identify the sex hormone 

produced by the male to mate; (2) the developmental 

stages of T. tabaci are passed through molting and 

adult male genital might not get the female pupa 

genital part because the molt skin might cover the 

female pupa reproductive part; (3) the pupal stage of 

T. tabaci is inactive for feeding and, at the same time, 

the reproductive part might also not well developed. 

Since Nault et al. (2006) report, deuterotokous 

mode of reproduction has never been reported again 

in T. tabaci, and it still might be thought of as mere 

developmental irregularities. Such a scenario led to 

do this research, and pupal insemination was the 

suspected factor. 

However, this result has shown that insemination at 

pupal stage is not possible in T. tabaci lineages. The 

other possibility might be mating between relatives, 

which led to induce depression effects on the next 

generation, and this result has shown that mother 

and son inbreeding has induced deuterotokous 

mode of reproduction in the T lineage (the virgin in-

bred female produced the combination of male and 

female progenies). Therefore, the mating between 

mother and son potentially change the arrhenotoky 

female to deuterotokous mode of reproduction in 

the T lineage. The deuterotokous females in the T 

lineage were reared for three subsequent genera-

tions, and their progeny sex ratio was female biased 

at F0D and F1D generations (Table 3), and during the 

F2D generation, the proportion of males were higher 

than females. Lastly, the deuterotokous females 

turned back to their original arrhenotokous mode of 

reproduction. F3D deuterotokous females produced 

all male progeny. Therefore, this result indicated 

that deuterotokous mode of reproduction is not a 

persistent mode of reproduction in the T type but is 

a result of irregularity in the mode of reproduction. 

The variation in the mode of reproduction and ge-

netic diversity among T. tabaci lineages changes 

across time even though when they shared the same 

COI haplotype (Nault et al. 2006; Jacobson et al. 

2016). Inbreeding between brother and sister might 

induced the deuterotokous mode of reproduction, 

and it must be examined in future studies. 
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