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Current status and hot spots of insect sex determining gene
researches based on CiteSpace analysis

XING Yu, HOU Zehai, ZONG Shixiang"
(Beijing Key Laboratory for Forest Pest Control, Beijing Forestry University, Beijing 100083, China)

Abstract In order to clarify the development history, research hotspots and trends of insect sex determining
gene researches at home and abroad, and provide reference and suggestions for future research
directions, the papers on insect sex determining genes included in China National Knowledge Infrastructure
(CNKI) and Web of Science (WOS) databases from 1933—2022 were sorted out and screened.
Bibliometrics analysis software CiteSpace was used to conduct visual analysis on the date of publication,
keywords, authors and institutions. The results showed that: The number of publications on insect sex
determining genes showed an upward trend from 2001 to 2005, with the United States having the highest
number of publications (446), followed by China (111) and Japan (88) ; The most frequently published
journals at home and abroad were Acta Entomologica Sinica (9) and Genetics (94) ; Keyword co-
occurrence and cluster analysis showed that insect sex determination was a hot issue of widespread
concern at home and abroad, and the research directions at home and abroad were generally the same.
The research focuses are on model organism. In conclusion, the use of insect sex determining genes for
pest control is identified as a new trend in future research through keyword co-occurrence and word
analysis.

Keywords CiteSpace; insect; sex-determining genes; bibliometrics

Wi A 2023-05-05

E4£TH: BREAFLITXBTIE (2022YFD1401000)

% —1EE: ME(ORCID: 0009-0006-9898-1995) , Fl £ 7 5% 4 , E-mail: xingy0714@163. com

BIRMEE: Ritt#(ORCID: 0000-0002-4137-4514) , #$% . T ENERAH UM TR BN AE 5 ESBIERAHA R . E-mail: zongsx@126. com



2 3]

T H 45 . He T CiteSpace 114 B H: 51 P i ik R B 5% BUIR 5 #4543 17 111

Pl P S A M R IE AR R R E W
SEAb X RO AE Sk v LR ARk JE AR
2 AR W B DR RD PR s AN T 1Y) e e i A2 B b ke
22 1 O T, A AR AT T ) e HLR A T i —
BT FER AR R E AL R E £
BERU e RO A A B R b A 22
M HAEAT R AL ER EWAEE — 2255, X
PR 591 3 R P ol e R ) oA 2 A i BRI 2R
SERU R AR G e O R i
P, eI A v R A 0 35 DR O P i e S PR
PR ) 3 Ak 2 T P A8 S Ak R Y R 3k 3K SR T Y
FEIR T BT M R PR S SR R TE T
s MR e 4 R 3N )2 U, B A A S e g A
B 2 B 53 A R SR D A 80, G v A 4 v ) e
43 Ay ik TR AR e S A i) o i e PR g R ) A
B Z EI I A5 PR B8 A g vk ) CUnl B2 ' BE ORI L
A DY L HE R [A) L HUT] A A i ) R S
I PR 057 1 i) ke K5 B 5 1 )2 B B %
PER ZHEE s 2 5 R 12 0 J2 56 R Y O S 58 IR (A zra/
SemDBL T4 2 2 Hak Ak, Bcf B B PR~ 45 4
B AR T I 2 I B0 3 R doublesex 75 AR A
ANV S T] 4 ) D 90 5 PR EL A A TR 1 R ST 5
B B A WE S B TE AR L R S e
Shy A B UM S ke s AL ] B A DU O 3 B
B IFREBTIR AR

CiteSpace 1 2y 5 2L 1 SCHR T 5 27 o0
SRR R BE A AR T L B R R R S
SRR A AT A AR A ST B 2 R A
GE Y K A (A5 A M R L S R AR R
Mot 5 e s TR BF 9T O e D B LRI O AR K
e AR5 F F CiteSpace 7] #18 4L 43 B 544 4 #r vh
FR (CCNKD il Web of Science (WOS) 5 J5 H i
SR B HP ) P R DR DG SOk, X Sk i AR
FE 53 A OB R AESE K SCHLIG RN E K A N A kAT
GET Ay BT, LAAE (1 25 385 O G Wl 1 i 3% 8 1 F A
{0 FIR WY 2 R
1 #RERZE
1.1 HERIE

A HIF 5 SCSCHR R P T b RN B S Sk ok

I T- Web of Science #%.0> 4 £E , I 8] 15 15 34 Ry 4% %k
P JE B = 2022-12-31,

CNKIM PR ER R A fF . E =R @7
AND “ P 51 P 52 " OR“ 51 73 £k 7 OR“ 1 531 9 4
AND“BE K7D, SR ffi 43 B 45 R SEAF & S BR s O, HEBR
55 B o P i e s R DR T O 1 SCRR | ) A R B 5
ST SCEE SR, B 2445 B b SCSCHR 112 (R 46 A
TP SC69 %) .

WOS # .0 & & ol B R &M TS=
(“insect” ) AND TS=(“sex determination” OR “sex
differentiation” OR “sex regulation” ) AND TS=
(“gene”) , CHR 2 A Sy b 58 98 SC (Article) A5 iR
(Review) , 1 Ff i £ 9 15 |, & 215 3 9 3¢ SOk
1 008 7 -

3 o ) A A R G B ] O AR A0 R B b v
IR ZAFE S SOk AT 1 1200 .

1.2 SHitH*k

A58 L CNKI A WOS 5080 122 #9 SC ik $i 8
KeHa U8, M CiteSpace 5. 7. RE#AF, 28 T &6
H A VENLA A 1E B 5O G g L o B 5, O 45 A
R N E D SN N e RRIP o N Y
P 5 e 5 R DR U Y R e S S M . LI IR
F B R S e DR A BF 5 AR B I B A AR
TR MG 5 1 A A 22 L R IE
B AT A Excel 47, M1 2 KIIE A OriginPro 2023
AL .

2 BERE5HM

2.1 RRABBEEEDT

B P A A O B S 0 e B TR I & S B
B FTR . # ik % 2000 4F , o30Sk BT & SN
6 Faf L B SCCHR BT & SCE S 293 5 X B B R R
P ) ke 5 IR A 0 4 & B Be . 7 2001—2005 4F
HSCSCER B R T 105, BRI SEES LTH E
Yo SCSCHR K SCHEE AL G AR Y R SO R A 180 .
SRR T AR G S0 Sk 1 % S T R SCSCEk Y
K, Ho A SOk & SC R Y RS K
vt B P A B P ) e s 3 DR B S T DL R
ES Qi
2.2 EHXHHSWH

112 7 B HUE ) ke 5 35 A Hp S Se ik (e ik H3
SRR AL 5l 3 SC R AR Y 43 5 Sk D 43 A 7E 29 B
WA E . #ocE 2/ &L EEA SR T, St
195, SCSCHR B R 9 44.19% . o (B s 2%



112 I S

2024 4F 55 29 %

350

—=— CNKI

8%

The number of papers

il /
0 @ 1 L 1 L

0N 99 o® 0 0 V2
< \99\/\ \996/17,0“\/ ';,0“6/ 10\\/119\6/2

AEA)) Year
E1 ERMINAEERHEXIBEXHE

Fig. 1 The number of articles published related to insect sex

determining genes
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Table 1 The top 10 Chinese journals in the study of insect sex-determining genes (CNKI)

4 7 R HE S K - (2022)
Ranking Journal Number of published papers Impact factors
1 (R 2 4i) 9 1.003
2 9@ i) 3 0.078
3 CRE T B R 2741 ) 3 1.285
4 Cig &) 2 1. 450
5 Crf I 20 i A 2 2 4T 2 0. 661
6 (PG AL A B 22 4R 1 1. 746
7 ol [ B A A 2 T A i 2 ) 1 1. 594
8 (RIL K%M CA RO ) 1 0. 506
9 (i = B W B G 2 R0 1 1.639
10 CRE A 52 4) ) 1 3.108
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Table 2 The top 10 English-language journals in the study of insect sex-determining genes (WOS)

fF 4 16 e v W A T (2022)
Ranking Journal Number of published papers Impact factors
1 Genetics 94 4.402
2 Development (Cambridge, England ) 39 6. 868
3 PLoS Genetics 28 5.917
4 Insect Biochemistry and Molecular Biology 26 4.714
5 Scientific Reports 25 4.525
Proceedings of the National Academy of Sciences o

6 the Um'techtjz(les of America " ! 2 12719
7 Insect Molecular Biology 22 3.148
8 Developmental Biology 22 3.148
9 Cell 20 66. 85

10 PLoS ONE 19 3.752
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The size of the graph represents the frequency of keyword occurrences; The colour identifies the year, the darker the colour, the more recent

the year; The purple outer circle represents intermediary centrality, and the line between the nodes represents the co-occurrence of both.

The same below.
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Fig. 2 Keywords Co-occurrence map of insect sex determining gene
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Table 3 High frequency keywords of insect sex-determining gene researches
- CNKI WOS
No. 5 5 K o TR K N

High-frequency keywords Frequency Centrality High-frequency keywords Frequency Centrality

1 P ] e s 41 0.90 Sex determination 240 0.04

2 KA 30 0.65 Evolution 232 0.12

3 PASERAN 6 0.17 Expression 128 0.06

4 PE5 434k 6 0.09 Drosophila melanogaster 125 0.07

5 i /1N 552 6 0. 04 Differentiation 121 0.06

6 EAREREN 5 0.09 Gene 117 0.16

7 W7 K 5 0.07 Protein 97 0.05

8 Fikig 4 0.07 Dosage compensation 81 0.09

9 P 5] 4 0.06 Gene expression 71 0.11

10 | 4 0.01 Bombyx mori 70 0.05
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The size of the clusters is inversely proportional to the number of keywords included ; The connecting lines indicate the relationship between clusters.
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Fig. 3 Keyword cluster map of insect sex determination genes
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Table 4 Top 25 prominent words in the field of insect sex-determining gene researches (CNKD
KR 4y WA TR 4R
. 1997—2022
Keyword Year Strength Begin End
P59 734
. o 1997 1.69 1997 2006 B e e e e e e e e e e e e
Gender differentiation
14 440 Jifg
) 1997 1.27 1997 2002 S —
Somatic cell
R E XS
Metering 1997 1.24 1997 2001 I ! B e e e e e e e e e e e e e e
compensation
. 2000 1.20 2000 2004 ! N e e e e e e e e e e e
Regulation
P ) 47 1]
2001 1.31 2001 2003 B e e e e e e e e e e e e e e e e e e
Gender control
. . 2006 0.96 2006 2015 S
Prokaryotic expression
KA
2003 6.18 2009 2013 T —
Bombyx mori
Fikik
. . 2009 1.71 2009 2015 B B e e e e e e
Expression profile
PEY (A K Sex
2004 1.30 2010 2014 e B e e e e e e e
chromosomes
HE B I Gonad 2011 1.31 2011 2012 e e e e e e e e
AR R Locusta
2013 1.23 2013 2014 e e e e e e
migratoria manilensis
5 B Clone 2013 1.09 2013 2015 e —
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KR Ay 5 JEE e 4R
. 1997—2022
Keyword Year  Strength Begin End
XPEFE K Doublesex

2013 0.97 2013 2016
gene

e A fk Chromosome 2002 0.90 2013 2014
WG /NSE W8 Bactrocera

dorsalis 2014 1.07 2014 2022
transformer 2 %

trasformer 2 gene 2015 17z 2015 2016
L Insect 2000 0. 89 2015 2016
10 #) B\ Bemisia

tabaci

JRSZ M8 Bactrocera

cucurbitae

V4§ J7 % 1% Western

bees

75 % ¥ Oriental

bees

— M Z i A female

and multiple males

IRE BB e

Spodoptera litura

¥ KkE

Spermatogenesis

FH M PIIA Pest

control

2016 1.08 2016 2020

2017 1.70 2017 2020

2017 1.15 2017 2018

2017 1.01 2017 2019

2017 1.01 2017 2019

2019 1.09 2019 2020

1993 0.96 2019 2022

2020 1.01 2020 2022

T £0 00383 3 7m i% S BRI TR 12 6] i) B 32 B BIF 5 N 5 o 8 T A0, VR (0 0 4048 708 A IRF 1) 42 AR AF 5 O i AR, R (0 A O3 R T

MIERNI, TR,

Note: The red section indicates that the keyword was highly valued by researchers at that time, the dark blue section reveals that there was less

research attention in the field at a given time, and the light blue section indicates that the node has not yet emerged. The same below.
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Table 5 Top 25 prominent words in the field of insect sex-determining gene researches
5% Bt 1) E Ay 548 B TR R
Keywords Year Strength Begin End 20032022
Drosophila melanogaster 2003 9.30 2003 2012 I T T O O e e e e e e e e e e
Expression pattern 2003 5.47 2003 2008 T
Homolog 2003 5.03 2003 2007 e e e e e e e e
Fly Megaselia scalari 2003 3.66 2003 2011 T O O e e e e e e e e et
Musca domestica 2004 6.52 2004 2014 e B s e e e e e
Lethal 2004 5.98 2004 2011 B O et e e e e e e e e e
Pattern 2004 3.82 2004 2012 e —
Male courtship behavior 2005 3.72 2005 2010 N N e e e e e e e e e
Neural circuitry 2006 4.01 2006 2008 e e e e e e e e
Bactrocera oleae 2007 4.06 2007 2012 S
Female Drosophila 2007 3.74 2007 2008 N e e e e e e e e e e e e e e
Determination pathway 2009 6.35 2009 2016 T T T —
Determining mechanism 2010 3.62 2010 2015 P B s e e e e e
X chromosome 2006 4.14 2012 2016 e ——— T e e e e e e
Sterile insect technique 2013 4.78 2013 2018 O
System 2012 6.07 2017 2020 e ——
Sexual dimorphism 2010 3.64 2017 2022 ——— i s e
Mosquito 2018 5.18 2018 2022 =
Silkworm 2009 7.73 2019 2022 e e
Identification 2007 4.83 2019 2022 e —————— i o
Lepidoptera 2011 3.83 2019 2022 e ————— e
Chromosome 2010 3.83 2019 2022 e ———— ——
Juvenile hormone 2019 3.65 2019 2022 i
Sex chromosome 2012 3.64 2019 2022 m———— i
Sex differentiation 2019 3.61 2019 2022 i

il AR E S ARSI . P 4Ca) S v SCSCHR BT S AR
HAMEILBE A 174 A E L SR R .
7 SCHR R 2 AR BT e B R RS L, 3
Y DU R L INCD SO UE 3 UL N
A E SR SR N 30, KR 2RSCE W
EEAT 1844 o 18 4(b) JJy & SCSCHRBIE S AT 4 5 1 3

WA, K S HRTE AT 3 194 # 2 Huang Yongping il
Beukeboom Leo W (] & 14 5 ) . Xu Jun fil Aoki
Fugaku ([ & 1155 ) \Beye Martin (1055 ) . Huang
Yongping Fl Xu Jun 2 W [ AE %, BEHT N A AT 5 A
DR E TR HUHE S e B R B SE L ORI PR A
— & W0 ) .
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Table 6 Top 10 countries in terms of the number of articles published on insect sex-determining gene researches

The year of first publication between 1933 to 2022

1933—2022 4F [8] 17 ¥R K& SCAE 4y s P

Centrality

K R/ T
Country Paper amount
K IE USA 446
1 [ China 111
H A% Japan 88
f# [ Germany 69
¥ [ England 68
i+ Switzerland 51
PYPEA Spain 49
B KA Ttaly 22
5 E France 48

fif 2% Netherlands 38

1979 0.28
2007 0.04
1991 0.01
1994 0.18
1989 0.06
1983 0.09
1990 0.02
2005 0.06
1991 0.12
2003 0.00




120 0 LN ES I Y NS S 4

2024 4F 55 29 %

JF b P e J o A, e AE A SCRCR: T i s T
PR AR T S I 5 (LA R R W DA CHLAG D (o
2 VAT BN 235 g R 28 S0 ) o 4 5 T 5 k3K T XA
eI A7 Rk 3 5 AEAH 5 T T Bk — 2255 7

4 & it

AH 5T K H CiteSpace SCHK T 2% 1] WAL 2 BF
A X6 ] 0 D) Bl 4R ) R Web of Science # 00 B
JE i A O B HU R ) ke v R DR A Y 1120 J SCHR
RSO P R SCER OB AR R SCHLR FIE &K
SEHEAT A BT OT A AR L A 2006 4F DLoE B U HE )
P R E I 098 SCRCER TR E N A & BT
B e SCOSCHR AN e S SR e R AR A 22 0, HIE A
X T 32 sk ) B o A AP L A I 5 I A e SR A
BAAH L, PN 1 3 D B 2 [a] & PR3 2 5 b B AR 100
B e S BT RS (S e g AR ) O S
B 7 ] Rk [ 5 R ok 3% S0 S AT 5 A R T R R
i A AR AR SR v ) e s B IR, DA T R
PRI TR BLT R A A4 v 9 R 28 BR A

£ % #k References

[1] Bopp D, Saccone G, Beye M. Sex determination in insects: Variations
on a common theme[J]. Sexual Development, 2014, 8(1/3): 20-28

[2] Dafa’alla T, Fu G L, Alphey L. Use of a regulatory mechanism of sex
determination in pest insect control [J]. Journal of Genetics, 2010,
89(3): 301-305

[3] Geuverink E, Beukeboom L W. Phylogenetic distribution and
evolutionary dynamics of the sex determination genes doublesex and
transformer in insects| J]. Sexual Development, 2014, 8(1/3): 38-49

[4] Gotoh H, Zinna R A, Warren I, DeNieu M, Niimi T, Dworkin I, Emlen
D J, Miura T, Lavine L C. Identification and functional analyses of sex
determination genes in the sexually dimorphic stag beetle Cyclommatus
metallifer[J]. BMC Genomics, 2016, 17: 250

[5] Gailey D A, Billeter ] C, LiuJ H, Bauzon F, Allendorfer J B, Goodwin S
F. Functional conservation of the fruitless male sex-determination gene
across 250 myr of insect evolution[J]. Molecular Biology and Evolution
2006, 23(3): 633-643

[6] Sanchez L. Sex-determining mechanisms in insects [J]. The
International Journal of Developmental Biology, 2008, 52(7): 837-856

[7] Hopkins B R, Kopp A. Evolution of sexual development and sexual
dimorphism in insects [J]. Current Opinion in Genetics & Development,
2021, 69:129-139

[8] Cho S, Huang Z Y, Zhang J Z. Sex-specific splicing of the honeybee
doublesex gene reveals 300 million years of evolution at the bottom of the
insect sex-determination pathway[J]. Genetics, 2007, 177(3): 1733-1741

[9] Kageyama D, Narita S, Watanabe M.

Insect sex determination

manipulated by their endosymbionts: Incidences, mechanisms and

implications[J]. Insects, 2012, 3(1): 161-199

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[23]

Sarno F, Ruiz M F, Eirin-Lopez J M, Perondini A L, Selivon D,
Sanchez L. The gene transformer-2 of Anastrepha fruit flies (Diptera,
Tephritidae) and its evolution in insects[J]. BMC Evolutionary Biology,
2010, 10(1): 1-14
Verhulst E C, van de Zande L, Beukeboom L W. Insect sex
determination: It all evolves around transformer[J]. Current Opinion in
Genetics & Development, 2010, 20(4) : 376-383

Shukla J N, Nagaraju J. Doublesex: A conserved downstream gene
controlled by diverse upstream regulators[J]. Journal of Genetics, 2010,
89(3): 341-356

Pan X L, Yan E J, Cui M, Hua W N. Examining the usage, citation,
and diffusion patterns of bibliometric mapping software: A comparative
study of three tools[J]. Journal of Informetrics, 2018, 12(2): 481-493
B, BREBZE, XIMN, #35RI, WL, CiteSpace FIRE E K 77 £ Th
BE[J]. BEFHR, 2015, 33(2): 242-253

Chen Y, Chen C M, LiuZ Y, Hu Z G, Wang X W. The methodology
function of CiteSpace mapping knowledge domains[J]. Studies in Science
of Science, 2015, 33(2): 242-253 (in Chinese)

Chen C M. Searching for intellectual turning points:

Progressive
knowledge domain visualization [J]. Proceedings of the National
Academy of Sciences of the United States of America, 2004, 101 (Suppl
1): 5303-5310

HEE,RAR, EEE. vEELXAL(M]. B#H: OJIRZRARHRK
i, 1996

Huang J T, Zhu W M, Xia J G. Complete Works of Sericultural
Technology in China [M]. Chengdu: Sichuan Scientific & Technical
Publishers, 1996 (in Chinese)

2R, SEE, ZER. BRMMEIRESEEH[I]. #TRLZ
#, 2001,13(6): 327-334

Niu B L, Weng H B, Meng Z Q. Insect sex determination [J]. Acta
Agriculturae Zhejiangensis, 2001, 13(6): 327-334 (in Chinese)

EEE, BRE, BMR. BRAEINRENS FIHRARERD]. BLR
#, 2006, 32(2): 151-156

Zha X F, Xia Q Y, Xiang Z H. Research progress of molecular
mechanism of sex determination in insects [J]. Science of Sericulture,
2006, 32(2): 151-156 (in Chinese)

XA, B, KEAE. BERMNRENGRARH#RI]. BRER,
2015, 58(4): 437-444

Liu Y T, Xie W, Zhang Y J. Research progress sex determination
mechanism in insects[J]. Acta Entomologica Sinica, 2015, 58(4) : 437-
444 (in Chinese)

Bachtrog D, Mank J E, Peichel C L, Kirkpatrick M, Otto S P, Ashman
T L, Hahn M W, Kitano J, Mayrose I, Ming R, Perri N, Ross L,
Valenzuela N, VamosiJ C, Consortium T O S. Sex determination: Why
so many ways of doing it?[J]. PLoS Biology, 2014, 12(7): 1001899
Hasselmann M, Gempe T, Schiott M, Nunes-Silva C G, Otte M, Beye
M. Evidence for the evolutionary nascence of a novel sex determination
pathway in honeybees[J]. Nature, 2008, 454(7203) : 519-522

=R, BRBE. CiteSpace B XAEZBMRARMLIM]. ItH: EMEFRE
SRFHARAE, 2016

Li L, Chen C M. CiteSpace Technology Text Mining and Visualization
[M]. Beijing: Capital University of Economics and Business Press, 2016
(in Chinese)

KB, schERMBEAINMRERZEMLHEAARI(D]. EX: AFEKR
AWKk, 2001

Zhu Y. Genetic analysis of sch gene and its application in silkworm



2 3]

s 4 . HET CiteSpace fY B HUPE 1) e 12 56 PR ATE 58 BUAR 5 #4323 B

121

breeding [D]. Chongqing: Southwest Agricultural University, 2001 (in

Ewvolution, 2020, 10(18): 9584-9587

Chinese) (28] HAE. KHREFURRUSEBEIMBRERRI]. I"'EFRL,
[24] BER, BRlAk, BRENME, MR, BEEHA. FIARSREEHAMRE 2022, 56(2): 10-12
FREMERI]. BZER, 1992, 37(12): 1133-1136 Huang S D. Analysis on the development prospect of silkworm industry
Pan QZ, Chen Y L, ChenJ W, Lin J R, Huang Z R. Controlling sex of and high-efficiency breeding technology of mulberry and silkworm [J].
silkworm by using temperature and humidity sensitive traits of green Guangdong Sericulture, 2022, 56(2): 10-12 (in Chinese)
cultivation [J]. Chinese Science Bulletin, 1992, 37 (12) : 1133-1136 (in [29] Yang X, Chen K, Wang Y H, Yang D H, Huang Y P. The sex
Chinese) determination cascade in the silkworm[J]. Genes, 2021, 12(2): 315
[25] TEB. REWIFESFIRCHIES Bndsc EEMRIEHR(D]. JEK: [30] Giuseppe S. A history of the genetic and molecular identification of genes
AR RIKE, 2003 and their functions controlling insect sex determination [J]. Insect
Wang H C. Screening of female-specific molecular markers and Biochemistry and Molecular Biology, 2022, 151: 103873
expression of Bmdsz gene in silkworm [D]. Chongqing: Southwest [31] B, TZM, &iFE, AFE, BER, FTEF, HxHm. WHEBEHRES
Agricultural University, 2003 (in Chinese) NBEANARERREBE[I]. BHRE®R, 2020, 63(7): 902-912
[26] BBOHS. SKoRAE. HiGE, XIRE, HAARR, /8. &FALKIEEPSXLE Peng W, Li Y X, Weng S H, Zhou R H, Pan X, Li J 'Y, Han B Y.
EAYEESREESFI]. FERUAL 2022, 28(4); 1-4, 9 Progress and prospects of sex-separation techniques for dipteran insects
He P P, Zhang L B, Xiao H B, Liu Z Y, Yang M L, Han X. Bioinformatics [3]. Acta Entomologica Sinica, 2020, 63(7): 902-912 (in Chinese)
and expression analysis of EPSXL gene of Euzophera pyriella[J]. Tianjin (32] Exk. SMEMBEMARBRAEL]. EORE, 1990, 4(4): 297-300
Agricultural Sciences, 2022, 28(4): 1-4, 9 (in Chinese) Wang X J. Principle and method of genetic control of fruit fly[J]. Plant
[27] Agarie A, Miyaguni Y, Sugio K, Kobayashi K. Male-specific alleles in Quarantine, 1990, 4(4): 297-300 (in Chinese)

x S ro o s
the ryukyu drywood termite Neotermes sugioi [J]. Ecology and n ﬁ'%#@ﬁé\/ﬁ

E—1EEE Y W, & W HFFIE A . 2017—2021 45 5 32 F I b 40 K28 BRMAR 24 Ll 3R A 4k
St ASBHYIIA] Y 3 EAT S N A R U A ) B AR S0 Y AR R R T RS I AAE SR
A oA L BIFTEM e 208 FEFE TS A i R HC A DA Tl 0 1 A0 0 2, O L R 2 B AL
WA BB 6 AR B ARAE o ASREE R ] B 3R 3k — SR 1R AR A R 2 K [ SR Dl
BHRAEE IR 2021 FEARAF WAL L F5 Ml L "SR TR S o 2021 AFAEAE %Mk 58 = 1L S s AR ik
B HOMY 2 BOSE A L WF S AR, ol T ) S ARARDR AP 2 o BE A S0 IR A 2 A2 A 28 R A 1 e S
A DG R 1 0 25 8 S B R IR AT L 90 O H G B = A2 A6 88 K AR Pk ) s HIL ) 2908 T R .
TS TR 1] ARG AR

BIRAEEE A SR, 55,1976 484 1 b, B ROMROY 2 AR e AR AR AR 4P 2 B B2 1 A R 0
FAT [ Aoy e AR AR R U2 2o B AT 2 B L op ] R ol A e boll B 0B ol 22 B 2 ) AT OMORA AR
Yy P2 A 0T e A A TR SR SR ARl AT A s 4 G AT BA T B BN A (O T B L A
HOCHY R FE W PR ZE . EZOTF 710 MR GG I T B SRR . BR = EEE A
WF R E R AR EEFLZADIE o REZP A EOR D AR Rl B R — R %L
ASBEIT, LAERE 1 58 N S A MOl AT M b 3 0, LSS — 2 WA B AL IR 22 5 W R 5 33, 52 JTT B 2 4 )
2o VLS — A & B8 TR 5 A8 6 N A R R AR SC 120 % SCTIRIE L6753 <




