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Abstract [Aim] To provide baseline data on the mechanisms underlying silk production in the silkworm, Bombyx mori.
[Methods] This study integrated previous annotations of 15 B. mori genes related to silk production and employed
transcriptome analysis to identify those that were significantly differentially expressed. Chromosome mapping,

physicochemical property analysis, subcellular localization, and enrichment analysis were then used to elucidate the function
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of these genes. In addition, interspecies gene family identification and a phylogenetic analysis were performed on the key silk
production related genes agtpbpl and lov of 60 lepidopteran species. [Results]  Silk production related genes NDRG3, PDSSL,
beta-Spec, KNCK1, unc-22, BR3, ZMYND8, XNP_1, Binl and lov, were significantly differentially expressed in anterior silk gland
of B. mori during the dispersal stage compared to 5th instar larva, respectively, with the P-values of 4.523 2x 10 °, 1.586 6x10 *,
5.261 5x10°7, 6.210 8x10 °, 8.113 4x10 "%, 2.014 5x10 '°, 4.858 2x10 2, 7.767 6x10 *, 3.361 3x10 7, 3.896 7x10 %
beta-Spec, XNP_2, KNCK1, agtpbpl, BR3, XNP_1, Binl, dpyd and lov, were significantly differentially expressed in middle
silk gland of B. mori during the dispersal stage compared to 5th instar larva, respectively, with the P-values of 9.518 4x10 "%,
1.984 3x10 °, 4.451 3x10 °, 1.536 7x10 °, 3.185 9x10 *, 1.111 6x10 °, 6.770 7x10 *, 9.297 5x10 °, 4.735 3x10 %
NDRG3, beta-Spec, XNP_2, KNCK1, agtpbpl, unc-22, BR3 and lov, were significantly differentially expressed in posterior
silk gland of B. mori during the dispersal stage compared to 5th instar larva, respectively, with the P-values of 8.433 2x10 3,
1.372 5x10 %%, 1.059 8x10 ', 6.215 6x10 °, 1.235 0x10 ", 2.491 7x10 3, 8.664 0x10 %, 9.349 1x10 *. These genes
directly, or indirectly, influence silk protein synthesis and storage at multiple levels, including transcription,
post-transcriptional modification, translation and post-translational modification. The interspecies gene families agtpbpl and
lov contain 34 and 37 genes, respectively, with 26 and 1 positively selected gene in each family. Eight genes, including
Bbet001799 in the agtpbpl family have positively selected sites. [Conclusion] These results shed light on the function of
15 silk production related genes and the interspecies gene families agtpbpl and lov.

Key words Bombyx mori; silk production related gene; silk production mechanism; phylogenetic analysis; gene family analysis
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Table1l Detailsof 18 transcriptome samples

1 %405 Transcriptome ID U Z12HY Organizational type B3 Sampling instar
SRR10035756 HT#2fi% Anterior silkgland 5 W56 3 H4H 3rd day of 5th instar larva
SRR10035757 R 22} Anterior silkgland 5 W55 3 H4h 5 3rd day of Sth instar larva
SRR10035758 A 227 Anterior silkgland 5 W56 3 H4h 5 3rd day of Sth instar larva
SRR10035669 22 Ji Middle slikgland 5 %% 3 H4hH 3rd day of Sth instar larva
SRR10035670 Hh 22 i Middle slikgland 5355 3 H4IH 3rd day of Sth instar larva
SRR10035671 Hh 22 i Middle slikgland 5355 3 H4H 3rd day of Sth instar larva
SRR10035619 JG %21 Posterior silkgland 5 W56 3 H 4 3rd day of 5th instar larva
SRR10035620 J5 22 Posterior silkgland 5 W55 3 H4h 5 3rd day of Sth instar larva
SRR10035621 J5i 22 i} Posterior silkgland 5 W55 3 H4h 5 3rd day of Sth instar larva
SRR10035749 A 22l Anterior silkgland AT Dispersal stage
SRR10035750 R 22 Anterior silkgland 1 A7) Dispersal stage
SRR10035751 RTZ2 i Anterior silkgland 1 A7) Dispersal stage
SRR 10035662 rh#2 i Middle slikgland IE AT Dispersal stage
SRR10035663 rp 22 i Middle slikgland I AT Dispersal stage
SRR10035664 Hh 22 fif Middle slikgland I AT Dispersal stage
SRR10035612 J&i 22 I} Posterior silkgland AT Dispersal stage
SRR10035614 Ji 22 Posterior silkgland I AT Dispersal stage
SRR10035615 Ji 22 Posterior silkgland AT Dispersal stage

Kyt b, BAREENE. FHik, F)
H agtpbpl il lov %R T4 S & AT, 45
i# 3t BLAST #{FAY blastn 5 blastp TIREK R
e-value < 10 ° WAZIR T 5 8 (HF 1 ( Hfh 24k
WERNIIN) , WERGSSE, kil agtpbpl il
lov J& PR 5 i 10 W el ] ) 2D it A
FF Interpro (4% ( Paysan-Lafosse et al.,

2022 ) e TR i R LA AR LSS AL 3 S
5], FJ5FH TBTools #f4 ( Chen et al., 2023 )
Y “Simple HMM search” ZNREXS iR JFH 1T
KA. B e A H MAFFT %4 ( Version 7.402)

( Katoh and Standley, 2013 ) #E1TZ 45 AT,
LBRRBEMEIE N, AR L i A

15 249K IAGSERAXRKENRELE . R T
EFERATFERESHT

151 RHEXREBEHSH M MAFFT #/H Katoh
and Standley, 2013 ) 531X 5~ 5 PR 2 0 1) 4 3k

EREAFH#HITZ )P A (S E R
-auto) , PE/SHIA trimAl #{4 (version 3)
( Capella-Gutiérrez et al., 2009 ) XJZ 531 b Xt

SR TG ( S4B M -automated] ) . BJ5

#&FE TBtools #f4:( Chen et al., 2023 )it “IQ-Tree

Wrapper” ZIRE, F &AM E ( Maximum

likelihood, ML) MR LA FTM . wZ, HH]

iTOL % ( https://itol.embl.de/ ) ( Letunic and

Bork, 2021) S8/ ALGEL B R AL

152 RTFEFSRTFEMESHT A MEME

15 ( Version 5.5.5) (Bailey et al., 2015) 43

Bt agtpbpl Fl lov 3L ZIE RSP ELT (fRF3E

FPABBCEA 10, HASHACE BN ) L 2R

T WA 5 PR R0 ) DR <1 605 o0 A A 8 5 P AR

SFHEFRI; A NCBI /9 Batch CD-Search Thfg

ST BRI SRR R SE A5 A S, ARAG RSP 4

o4 {5 8. . A TBtools & (Chen et al.,

2023 ) ) “BioSequence structure illustrator” ]



4 11 SR Rt I 2R N A 15 B i © 949 -

AE AT PR <1 2 7 5 PR AT 45 I8

16 2NRE IAGERARKNEFEEADITS
R ST

FIFHPAS R K 1) 2 )7 51 BR B A5 8, i ]
Codeml #2574} PAML #2574 ( Version 4.9 )
( Yang, 2007 ) &3~ [F] i 56 R A9 2 3 g 1 (] L
B (Ka) 5K (Ks) B FRHE (o)
P (B8 Model=0, HASHE N
iN), Ka/Ks [HRT 1 HFEFE BN JE IEvERE I
» FfiJ5 , | F Datamonkey “F- 15 ( Weaver et al.,
2018 ) iy RELAX ThRETH S ML N K h 2 75
DUFERE) K B W&, DAPEAS 3 5 DL
H AR EFE A2 . RELAX DhRErTfh £
S ANE i SRS i T L Y Y (Y =R
K>1 RonEPEsm g, K<l FnitfamEr
%, #&%Ja, T#iik agtpbpl F1 lov R F G H Ka/Ks
fERT 1 W3R, f#H Codeml 27L& PAML
PP ) (Yang, 2007 ) SMr HOIEBEBR 5, ( S5k
Model=2, HRASHEBE NN .

2 GRESH

21 154 IAGsH) T REEmER

FETFHTIOEGE, 430xF 15 DRAETZLLH
) IAGs #HATHERE (£2) o FRilit, agtpbpl
60 I R A 2 3 P SR i P A SR TR, LR K
g I LA B4 15 1 ;. BR3 A balbiani FRE
3 SRR X2 fgmAn LN, B Fe” RIS IR ;
lov i & EEH8 Il BTB Z5F3 0 (1 42 It 5k
B, HAHE 45K 5 BTB 454 5 & & A0 ¢ ;
XNP A% s A ARTX [A) 54 S5 F A X4 19 45 5
FeH, BARSFITIIEE (XNP_1 5 XNP_2 Ny
A R IA 25 50 XNP JE K A 28 BT 44K )
154~ TAGs 7£ SIikDB %4 2 Hh iy 56 A 1D L3 2,

22 154 IAGSHIERFRIESTER
FIH RSEM K {:5 5K B 4l U e S 2 8
Xt 15 4~ 1AGs #4722 5 Kk b, S5 L,

TERERIHRT AN 5 #2218, 12 4> IAGs 7E22 3
W AR EREAZES (K1 A1-C2) . 124

IAGs £ SHLikDB %4l iy ID a1 .
KWMTBOMO02872, KWMTBOMO11045 .
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XNP_L7ERT . 22 i o 35 T ik (P IESN
7.767 6x10 2, 1.111 6x10°°) , XNP_2 U 7E
JE 22 FIE IR (P S5 1.984 3x10°°
1.059 8x10° ') . BtAh, 4 SilkDB 3.0 di )%
TR, agtpbpl E A M i FR AKEFZ5 4 ( Lu et al.,
2020) , ZEEIRFEHTEF | J5 2R R R
&5, agtpbpl WS 54 EH S 4 KEH—
G EEMIIE R . SIIkDB 3.0 ¥4 T BR3 LA
Fe® ARIHHAR O 1 Bl 075 5 1 i 20 I R b It 485
¥ (Lu et al., 2020) . % FEFRHxT2£EN

SERFARI S B IZ S (Chang et al.,
2015) , BR3 Al A i Fe* U2 522 H
T R EE R T B

23 124 IAGs Wit EMk. BHLERSTE
HARERE L 5 1

FIF Rldeogram #A73EPR @ nl AL,
7~ 124 TAGs TCHU A A fe SR A (B 2)
43 5F1 ] Expasy . Cell-PLoc 2.0 #I WoLF PSORT
SERLFRALPE BT S AR e (R 3) o Hah

N A ERFH NI Gene location A‘KNCKI
NDRG3 I N Binl
| PDSSI N A~
ZMYNDS
agtpbpl X
Betal Spec BR3 | unc-22
sivis | | ||
@qéj’ 1 Loy
1 23456 78 9 1011121314151617 1819 20 21 22 23 24 25 26 27 28

Yutafk S Chromosome ID
2 RANERRIE IAGSHEEEME
Fig. 2 Chromosomal localization of 12 differentially expressed |AGs

®3 124 IAGs R 5 L 40 B 7E oL
Table3 Physical, chemical properties and sub-cellular localization of 12 |AGs

PR IR EL Iy ¥R (D) SN V40 7 A7
Gene name  Number of amino acids  Molecular weight (D)  Isoelectric point Sub-cellular localization
agtpbpl 706 79 522.34 8.12 40 fLK% Nucleus
beta-Spec 63 7248.19 6.54 7T /2 e 2
Cell membrane / Cytoskeleton
BR3 456 51 269.21 8.99 YNt Cytoplasm
Binl 157 18 100.71 9.03 AN ff1#% Nucleus
dpyd 1059 115 318.02 6.66 Y fifiJf Cytoplasm
KNCK1 311 34 262.68 7.06 45 Cytoplasm
lov 705 77 363.82 6.55 41 ii4#% Nucleus
NDRG3 54 6149.92 4.49 1 5/ A
Cytoplasm / Extracellular
PDSSL 238 26261.28 8.22 YNt Cytoplasm
unc-22 2205 251 331.74 5.78 YL Cytoplasm
XNP_1 1208 138 147.74 6.70 4 ffi4% Nucleus
XNP_2 683 77 197.01 6.39 4 ffi4% Nucleus
ZMYNDS8 1499 164 949.26 8.61 41 ii4% Nucleus
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R T 1AGs WAYERZIRERESL: 10 4> TAGs Fi
i HE A T, Hir agtpbpl. Binl, lov,
XNP_1. XNP_2 il ZMYND8 [Efi T4ilfitx, =
55 92 55 RN 22 [ B8 1 Y % SR 5 e SR S B

BR3. dpyd. KNCK1, PDSSL I unc-22 Ef{i ¥
YA, PR 22 B S AR R B S B S
&4 . 55, NDRG3 % {3 T 41 M 5t 5 4 w4,
J&T NDR &H MMM . % T NDR ZKIGEEH
M R EZA/ER (Yoon et al., 2021)

Pl Je NDRG3 7E Ji5 22 %35 L4 , NDRG3
AT REVE R AN IR BT RAZ A5, 38 A B = 22 A OG5
SO TRV G RS P EREE , JE T R0 4
M JR AR 22 BR A 2k B % . Ah, beta-Spec
FENL T A0 MR RN A 42, R R s 2
K, H T EE 2 BRAE A 5 A% 3 A Py i R ol 4 o
B %#E/E R (Kondo et al., 2007 ) , beta-Spec
Al B2 5 7= 2205 5 IR 5 85 AL 36 LA I 22 Jij
AL A G AR

24 124 IAGSHITHEEE EH

i1 TBtools #4447 12 1~ IAGs BIIIREE
S8 (Kl 3: A, B) . KEGG &HEH s,
IAGs MYJRETEZ IR . HilG A W& LA R Z Pl
JEI A G B PR R A, RIe e T A
iR AT /N PR AR, X R A e
RIS YA G R B SR . B AN
) KEGG il J§ 217 IR ARG A A4 K
(P{HE4 1.908 8x10° %) , %45 H % Wiz i Ak
itk A )55 BT RE R 5 e 7 22 3k A v ) AL B
Xt 2238 YA S AR B . GO 4R
AHTER, 1AGs MUIREAEA S kB i B %
wHHE (PEN5.004 3x107°) , &it—BEm T
129~ TAGs FEA A5 7 & FAE KOk B i
HEEEH ., BERNEEN GO MK EEALE
(P{HH 4140 0x10°*) , FWTEAREA
AR A ez B A EZAEH .

25 2AMXE IAGSHFBEEREEELER

1E 121~ 1AGs 1, agtpbpl il lov KR 7E Z />
P2 i B T R 5 Rk 25 5% . agtpbpl
HRTEH, R RA REREES (P EH3H

9 1.536 71077, 1.235 010" ') ; lov FEI7ERT |
R4 BRERREREER (P EHSHHN
3.896 7x10 %, 4.7353x10 %, 9.349 1x10°*)

ARWFFEET 60 M H P Fp g FE 4 iR
% H, FIH BLAST. MAFFT F1 TBTools {4,
Ihifik T agtpbpd FI lov 5E R 5815 1 fs 1 3L A
SRR 3437 & (£ 4)

26 240X INGSEAREHNEREZLE. R
EFREATEAESITER

i MAFFT, trimAl A1 TBtools #3147
agtpbpl. lov B~ 1AGs R G L E 48T, 3500
F ] MEME Fl Batch-CD 4347 HARSF 227 K ARST
SHEE (E 4-E 6) o MEASFEHIR ISR
fEE, agtpbpl ZKIGHA 4 MMASFEEL, lov
KIGINAE 9 MRSFEME. E—L iR, 3
KRG LB RGRRBIE, ENNIRSET
S ORSFEERIIN 340 5 7 s R T AR

REKRB O R R, T IR R
Manduca sexta 5/NZRJE 1 Deilephila porcellus
RS RN (Meietal., 2022) , {H7E
agtpbpl ZEWE H, H E K Mk A 5 GE 0 4 R ik
Hemaris fuciformis FE 3 i B KB B4 LR S
MG AR L, HRIBEAAET lov 3
R XFP AR, B SRR % mT g
FEIEE R T 2950 f B 26X 4 e A 3L ) g
KEBMITHNREER . PRSFET SIRSFE5 8T
453KV, agtpbpl FIEAAAEIRSE R IKEEZE 14
B, EPUE T ICAKEEA CThRE, XA HS 5B iz
B RN 22 [ 8 1 — A A L s B T i —20 1
WG . lov Z G, BRT BTB/POZ Z5tak4,
O3 FG N A AL D A R -2- 4 A R -2- R 4R 4R
9 (zf-C2H2 ) Z5¥38, . W58 F B 2f-C2H2 &%
RERE IR HLUR B I K (Wu et al., 2019 ).
U, BT s 22 2R 0 B SR A S R
W41 lov FIGRLIA P REHL & 22 B & B I TR

2.7 24k AGSERRENIEEEHSE
EEFEMARSITER

FIH codeml 5 PAML %15 agtpbpl Fl
lov WG B BRI HEA T T e B R 1 b, IFR)
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H Datamonkey V-5 47 T 245 DU 1) H SR %
Bl et (4, #5) o KA One ratio
R34 5 B 71, agtpbpl ZE K ©=1.615 0
( P-value=0.049 6) , lov FE#iAE ©=0.076 6
( P-value=2.250 5x10°'") . X442 D1 HE A
MREF T, BRI K (3= 1, B P
HKTF 0.05, AT EMFEXEN, KHZHEN

FE PR B e R A M i B A 235 o R codeml
5 PAML G A 7R AR Two ratio AL 4T
SIEBRBAL ST (25, £ 6) . GRER,
{VAFE agtpbpl Z % () Bbet001799, Bfus012502.
Dpor018892 . Hfuc009526 . Msex012828 .
Ndro005471. Pdar001813 F Sexi005476 LA
AETE I B E IE B A

A

ZFRFGEES AL )6 i Pantothenate and CoA biosynthesis

BRILFERL T Prenyltransferases
5 E 424914 i Terpenoid backbone biosynthesis
B-INE R4 Beta-Alanine metabolism
1 IE{L i Pyrimidine metabolism
' 41 ffiJ% Renal cell carcinoma
TEIAL A YA BEIIAL AP I Metabolism of terpenoids and polyketides
HIF-1{5-5-18 % HIF-1 signaling pathway
2545 HAB A Drug metabolism-other enzymes
mRNA %3542 mRNA surveillance pathway
1% iz % Nucleocytoplasmic transport
AN AE S RIS Xenobiotics biodegradation and metabolism
HoAth & FFR R Metabolism of other amino acids

B33 Ton channels
AR Nucleotide metabolism
R 4EAE 2/ Metabolism of cofactors and vitamins
Yefa AR FIAHEE ] Chromosome and associated proteins
JRAEIH % Pathways in cancer
FEIRATUSEIE Cancer: Specific types
FKEEANINAIF) Peptidases and inhibitors

1

12/MAGs R i 3 5 £ K205 KEGGHE %
Top 20 of KEGG enrichment on 12 IAGs

0 1 2
B BEM-1g (P{H ) Enrichment significance, -lg (P-value)

% Ri%54 Protein binding

mm 4y T3jEE Molecular function
H: #3372 Biological process

oo}

A Y454 Binding
B 7454 Ton binding
R85 7454 Metal ion binding
/NG F454 Small molecule binding
FHESF454 Cation bindin
HEAR Egﬁ%%éﬂé}:{ Protein-containing complex organization
fRH55H & H Anatomical structure development
MRS & H Cellular component organization
& B 372 Developmental process
S R4 SN A ) % 4 Cellular component organization or biogenesis
R4 KE System development
M2 25 & F Nervous system development
L4 ¥) % F Multicellular organism development
1534k Cell differentiation
4HH & & 102 Cellular developmental process
1% Cell development
fRH ML AS & 4 Anatomical structure morphogenesis
Z4MAE Y Multicellular organismal process
ﬁﬂﬂﬁ%%lliﬁ Organelle organization

12MAGsH .3 B £ 12054 GOmE g

Top 20 of GO enrichment on 12 TAGs

0 1 2 3 4
BB FHM-1g (P{H ) Enrichment significance, -Ig (P-value)

B3 124M%#%RRKRIEIAGSHI KEGG 5 GO BEEENTER
Fig. 3 KEGG and GO pathway analysisresults of 12 differentially expressed |AGs

A, REZAK TAGs B KEGG Ml B AR s B, ZKA 221K TAGs (19 GO i i 1 S /A4 o

A. KEGG pathway enrichment analysis results of silk production related IAGs in B. mori;
B. GO pathway enrichment analysis results of silk production related TAGs in B. mori.
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A. Conservative motifs of agtpbpl gene family; B. Conservative motifs of lov gene family.
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Aper010370 — 1 @EBBI-2BS8— = {RFEFO Motif 9 20 BHEHM MI14 NBZKIE Pepdidase M14 N superfamily
tyam007822 —T@ensermes— O RFEF6 Motif B0 HELR_M14_REEZE Peptidase_M14_like superfamily
Sric008005 —T@-EMB0-2-HO8—— @0 {RFHEF1 Motif 1 =8 PRKOS5901##% H% PRK05901 superfamily

o rasnansaas 8 REATA Moit4

A B 7 RFEFT Motif7 (O @ MI14_AGBL2-3_# M14_AGBL2-3 like

W
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Fig. 5 Phylogenetic tree, conserved motifs, and conserved domains of agtpbpl gene family

A. agtpbpl FF KK R G ; B. agtpbpl 2L FIERSFEIT; C. agtpbpl JEH F G AR ~F 254
A. Phylogenetic tree of agtpbpl gene family; B. Conservative motifs of agtpbpl gene family;
C. Conserved protein domain of agtpbpl gene family.
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Fig. 6 Phylogenetic tree, conserved motifs, and conserved domains of lov gene family

A. lov ZENFIERGEHALR 5 B. lov R ZHRIRSF LR ;5 C. lov ZEN R ARF 45 3
A. Phylogenetic tree of lov gene family; B. Conservative motifs of lov gene family;
C. Conserved protein domain of lov gene family.
Fz 4 agtpbpl 5 lov BEER KK RTE 60 MR H 5T
Table4 Distribution of agtpbpl and lov gene family membersin 60 species

o

L A FER F R G YA %R The number of gene family members within species
Specie name agtpbpl lov
[%4: 7 15 Abrostola tripartita 1 0
JIE K % Actias luna 0 0

i K 1 i Adela reaumurella 0 1
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#E3k 4 (Table 4 continued)

Yy 2 B

Specie name

FLRF R G R N%EE  The number of gene family members within species

agtpbpl

lov

/INHLZZ PR Agrotisipsilon

¥i# Antheraea pernyi

K& Antheraea yamamai
FEIS R I Anthocharis cardamines
D, Lok ik Autographa gamma
25 8k ik Autographa pulchrina
HE Uik Biston betularia

FEPTZUk Blastobasis adustella

H LR WP % Bombyx huttoni

77 Bombyx mandarina

%% Bombyx mori

JEUH i 25 7% 1k Busseola fusca
Hk/INE0 Bt Carposina sasakii

B3 K Celastrina argiolus

S I A Clostera curtula

n] n] J2#% Conopomorpha cramerella
2 JITE 7% Craniophora ligustri
SEF 4% % Cydia pomonella
4B Danaus chrysippus
/N5 J# 1% Deilephila porcellus
= E K Delias pasithoe

o, 45 1 Dendrolimus punctatus
I JE #41% Drepana arcuata
K Galleria mellonella

£1 A4l Heliconius melpomene
& DAl Heliconius timareta
Hi%% 1 Helicoverpa armigera

1M 27 1% Heliothis virescens

T 1194 8 1% Hemaris fuciformis
M40 R ik Hylaea fasciaria

2% [ (14% Hyphantria cunea
-k Kallima inachus

2T 2RI Limenitis camilla

FEW % Mamestra configurata
0 FK % Manduca sexta
WS B K % Mimas tiliae

1
1
1

0
1

2 (K=0.84, P=0.546)

2 (K=0.86, P=0.591)
1

0
0

(= -}

—

S O o o o o

0
2 (K=0.97, P=0.891)
0

[ R )

1
1

1
0
2 (K=50.00, P=0.203)
0
1
1
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3R 4 (Table 4 continued)

Prh 2 Bk

FLRF R RN %EE  The number of gene family members within species

Specie name

agtpbpl

lov

TE 1% i Notodonta dromedarius
FL42 i Nymphalisio

£ ik Operophtera brumata
V9 T K B Ostrinia furnacalis
1315 XU Papilio aristodemus
AU R Papilio dardanus
FELURE Papilio glaucus
MHR S Pararge aegeria

/N6 FH Pheosia gnoma
¥tk Pheosia tremula

Efl £ 73 15 Plodia interpunctella
/N Plutella xylostella

K FR7E Samiaricini

T3 % Spodoptera exigua
BHE g% Spodoptera litura
L ST K Spodoptera frugiperda
HEA I 18k Thyatira batis

= HAKIK Tinea trinotella
WSk i Trichoplusia ni
/NI Vanessa atalanta
ANEEBE K Zygaena filipendul ae

Bt Total

1

0
0
0

S o o O

1
1

0
0

34

2 (K=0.75, P=0.467) 1
2 (K=1.12, P=0.815) 1

1
1
37

3 itig

AW T RIINT 15 D% A 1AGs HYiE
B, REPE4AHRK IAGs hZE & H R SR
iR AH G SE R T e 10k, T RES R A B I
RAIRTHA & (T2 &, 2022) . WF5ERM, %
JRAE 22 B R 22 JB B 1A B 5 40 R A ot
R AR o, T 2R R TR R
FA R, JELR R TTLEAN AR, M
J 0] B By 22 2 1 RN 22 e 28 1 435 ( Inoue et al.,
2000 ) . 22 RIBIHIAR KN, 12 1K 4 1AGs
i 84 (66.7% ) TEJG R LIFIRE, A5
BRAE =22 b A ESAEH, X5 Inoue &
(2000 ) FIRFFEES SR —E, it 22 5 Tk M i

BEARAFHY 12 4~ TAGs 1677 2215 i 7= 22 5 7 5

AR ABCF3, ct [ LOC101737920 wfithHk
E NSRS Sue s I EN L (DS PRS0 R i} -2
Wi A1y A BEA7AE . ABCF3 N ATP Z54 & F A5
( ATP-binding cassette subfamily F) i1, 2B
RS M ZH ( Peterson et al., 2019; Pan et al.,
2020) . ABCF3 ik 54 R EMME Al e

BB I ABCF3 AR B m R, XHEA
VERTEANRER B IR, ot 7EAR R R A1 2
ARG R 2RIk (Leyva-Diaz, 2023) , %
F R4 R G0 B A Fh AR A i sh n 2
HO, SCHCAERYEERS (TATAE, 2011) , ot BE(HIA]
B 1T R B AR R R T R 42
fHH LOC101737920 i HAPIELS ST
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R 5 agtppl 5 lov EERKIEREA
Table5 Selective pressure of agtpbpl and lov gene families
FNZ BRI B 1D FfE FNZE B HEH 1D FfE
Gene family Model types Gene ID ®=dN/dS | Gene family Model types Gene ID o=dN/dS
agtpbpl One ratio 1.6150 Aips018230 0.062 1
Two ratio Agaa010006 0.770 5 Aper004702 0.056 5
Aips003464 0.829 4 Area021923 0.1127
Aper010370 0.838 2 Ayam012524 0.071 4
Apul 028566 0.458 5 Badu032248 0.058 3
Atri011697 1.3174 Bbet008183 0.086 6
Ayam007822 1.968 1 Bman000534 0.000 1
Bbet001799 1.830 2 Bmor012263 0.000 1
Bfus012502 10.110 1 Ccur008730 0.068 9
Bhut014602 1.127 1 Clig003665 0.046 1
Bman008491 999 Dchr018784 0.027 3
Bman010498 0.000 1 Dpor001467 0.059 3
Bmor001010 1.726 2 Dpun012031 0.000 1
Bmor004041 1.4815 Dpun012934 23232
Ccur024648 1.081 4 Gmel 014853 0.040 8
Clig010063 1.4327 Harm007094 0.162 0
Dpor018892 54456 Hfuc015730 0.0375
Harm007821 0.5196 Hmel 016643 0.000 1
Hcun009255 0.873 5 Htim029317 0.000 1
Hfuc009526 3.964 0 Lcam011162 0.106 3
Hfuc014618 0.690 4 Mcon017339 0.040 7
Mcon000090 2.4472 Msex007516 0.042 5
Msex012828 3.4203 Ndro006250 0.092 7
Ndro005471 3.0547 Nio023426 0.0329
Paeg007817 1.244 3 Obrm003972 0.1799
Pari014064 1.720 6 Pgno013963 0.000 1
Pdar001813 5.667 5 Pint016599 0.047 2
Sexi005476 2.416 3 Ptre003530 0.000 1
Sexi013963 3.3338 Sexi02239%4 0.087 0
Sru012628 22122 Siru005664 0.000 1
Sit006660 1.582 0 Sic016588 0.1279
Sic008005 1.720 0 That005928 0.076 9
Sic018641 1.5410 Tni005367 0.214 5
Tni010859 2.999 7 Ttri004692 0.1151
Zfil005394 1.348 8 Vata009815 0.087 7
lov One ratio 0.076 6 Zfil006546 0.0229
Two ratio Acar009459 0.139 8
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KN B E A E S (Ouetal., 2014 ),
< BIZ B K AT BB 2 e K A AL M AR L DA ) 4
W ez, TRET 12 1AGs, 85T 528
FERFAN FE RN A 7= e PEBE Y sk, I 0 6 1
HAER R =22k HW A G Rnk, nrgrxt
ABCF3, ct FIZE 4 LOC101737920 % fith 3 [H iF
TTOIREIUESE 5, RIS IL IR B T
ORI

KEGG &£ iRz MG A 4y
A BGE T RE N R I AL O, S S
LR AMNE RS R, sz R
W A MAEYERGERES, AR KA
S RERACALAHEE T, GO B Rk T
IAGs WJIIRE/TAifENL, RIS HE R 5K A ™
P2AF AR R B I T RO E I, X 52
IH (2017) BFREEE R —3. 12 > 1AGs Al figif it
TN AE | Al BTSSR A R R
REWEE LB 22887, WL, AW
IAGs 75K B 4 i BARVE FHPLHRA By T3
U S R A a2 AR, I R e AR B R Y
JE BRI o

Hil, 5T agtpbpl 5 lov iX P4~ IAGs [y
RS 25 1, KT e SRR REER
58 o MRAE L SCHA T, XX 3 A3 R Ak — AR
ATFGE , ¥5A5 Bh T 58 4 1 b B gt 5% 4 7 2 AR Kt
TR ST IR, R A 22 PR Re A A B it
FEAh P ECHE

LR RS R T A 228 A R R
A YRR b B T AR Y 6 L P ——agtpbpl
H1 lov, FEPR S R 53 ) 285 46 2 57 3 A R B 574
BAARREIIGEE (B /NRSE, 20195 HIRGESE,
2023 ) o BERSNE T 5N & T 451 5 H b
YHEBVIMKR, BAMEUSNE 5N S 45
4 1) 35 PR A A3 051 T 40 R A 2R 4k o0 32 (&
S5, 02023) o BRIL, S5H A2 Rk TR S R
agtpbpl il lov K% A DI Be4s = HAE ™ 22 1 FE
ERN ZIAERH S ZRIEIER . agtpbpl Z%
R E A SN M 14 Rk, H
agtpbpl % 30 A~E 5 HAELR motif6 |
motifl . motif4 . motif10 1 motif2 {&~FHLF /1,

DI AL M 14 S5R39 N 35 5 B4R % B4 %
B IR PRSP X T 45y M_14 255t e B
AEZEBEX., ZEXKE 20 &R AFE
AGBL2-3_like Z5t45, RUIHAREAAERMIT
AGBL ¥ 53:HF1yYjfe (Wang et al., 2018) .
lov 5 TR I v B 34 A7 AE S 8 Dl 50-100 /> 220 0
M2 B AR PR <7 2 7 5 AR RSP A5 A B X, IR
BTB/POZ 5 zf-C2H2 WL 5 Ak AR~ 3L 7
OB, XERAE lov ZKEIE A YR IK YRl RE Sy
BeUIEI PR A, 4 B T2 R AN S
UIRE. ILAbh, g BTB/POZ 5 zf-C2H2 45
4 B 20 G 7E R 28 AR A W v e IR B T O
(Yin et al., 2022) , AL lov Kl fgle—3
JIZAFHE T R A R HE G R i) B e g
T, TER A RAER LG T R FEE AR

X} agtpbpl Z % I BE £ 1 43 B FLIE BE P07
SOOI IR R, RS2 B I E B RRAE A
HERGRE DI o (HHESRHE T s
Wo FUHFER, ZEGAAE 18T o KT 1H
T EVEE R AL S R BAPE S, X AT R S 2
JPHVRECHERR I | BRI PR | IR RS
% ( Yang, 2007; Haasdijk and Heinerman, 2018;
Chao etal., 2022) .

RAANE R —Fh g B A& A Al B, XA
Ftt SHAEENE, REFRCEHRERETH
A LWL HE 75 7= 22 485¢ 1AGs, H
X Tk SE BL P R AR SEAT AN J2 o ARBFE I T
BE R I R AR AT S 5 Wl U SR B,
A TN 15 4 TAGs BITERE, WHEAE Y
] 2 & R 12 4 TAGs W FHLKIEF T
TR WA, AR EFF AT 2 K
oL BRI B TAGs 75 60 M H Yy fh b
(A TR PR 5, TR AZ A T 3 B 51 3k IR 1y 45
FFREIE . 3 FOIfe SEEE O . X —BFRAM N
KAE 2L A FE R R AAZ P24 T 5 st iy 3
il R 5 UL, R AR TR TR TR
BEsSJm . 25 Lk, AR A S
AT, AR B LA RIEA MR SR BT
P TAEZEE T — SEal, A B K&l iy
LR .
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Table6 Positively selected sites of agtpbpl and lov gene families

FH 1D
Gene ID

F IR R 5 R R X
B o=Ka/Ks

Ratio of synonymous to non-
synonymous substitutions

IEBEFRL A
Positively selected sites

P{E

P-value

Bbet001799
Bfus012502

Dpor018892

1.830 2
10.110 1

5.445 6

47H 0.742, 72Q 0.642, 96V 0.848, 1321 0.824

1C 0.768, 2C 0.768, 3M 0.768, 4E 0.768, 5D 0.768, 6A 0.989*, 7S
0.768, 8V 0.768, 9A 0.768, 10C 0.768, 11F 0.768, 12G 0.768, 13C
0.768, 145 0.768, 15T 0.768, 16V 0.768, 17G 0.768, 18P 0.768, 19L
0.767, 20R 0.768, 21H 0.768, 22H 0.768, 23P 0.768, 24S 0.968*,
25D 0.768, 26F 0.767, 27A 0.768, 28A 0.769, 29P 0.768, 30L
0.768, 31R 0.768, 32S 0.768, 33G 0.768, 34E 0.768, 35H 0.968*,
36C 0.949, 37V 0.768, 38R 0.768, 39M 0.768, 40S 0.768, 41R
0.770, 42F 0.862, 43T 0.768, 44G 0.768, 45S 0.768, 46A 0.768,
47H 0.768, 48S 0.768, 49V 0.768, 50Q 0.768, 51M 0.768, 52N
0.769, 53Q 0.768, 54N 0.768, 55M 0.768, 56G 0.968*, 57Y 0.769,
58Q 0.768, 59E 0.768, 60Y 0.768, 61V 0.768, 62P 0.768, 63H
0.768, 64Y 0.768, 65V 0.767, 66N 0.768, 67K 0.768, 68P 0.768,
69Y 0.768, 70L 0.768, 71Q 0.768, 72Q 0.768, 73V 0.771, 74Q
0.768, 75R 0.767, 76R 0.957*, 77L 0.768, 78T 0.768, 79R 0.768,
80H 0.940, 81H 0.768, 82G 0.768, 83V 0.768, 84R 0.768, 85K
0.768, 86K 0.768, 87T 0.768, 88Q 0.768, 891 0.768, 90Q 0.968%*,
91Q 0.769, 921 0.768, 93Q 0.768, 94T 0.768, 95T 0.768, 96V 0.768,
97Q 0.768, 98I 0.768, 991 0.767, 100K 0.768, 101A 0.768, 102T
0.767, 103S 0.768, 104F 0.768, 105L 0.768, 106T 0.768, 1071
0.768, 108L 0.768, 109K 0.768, 110L 0.768, 111V 0.768, 112R
0.768, 113A 0.768, 114V 0.768, 115T 0.768, 1161 0.768, 117L
0.768, 118M 0.767, 119R 0.768, 120K 0.768, 121K 0.768, 122L
0.976*, 123L 0.768, 124D 0.785, 1251 0.768, 126C 0.768, 127P
0.768, 128P 0.768, 129W 0.768, 130S 0.768, 131K 0.768, 1321
0.768, 133C 0.768, 134L 0.768, 135T 0.876, 136N 0.768, 1371
0.768, 138T 0.768, 139K 0.768, 140V 0.768, 141N 0.768, 142S
0.768, 143F 0.768, 144S 0.768

1C 0.545, 2C 0.553, 3M 0.565, 4E 0.580, 5D 0.558, 6A 0.553, 7S
0.558, 8V 0.556, 9A 0.858, 10C 0.575, 11F 0.567, 12G 0.953*, 13C
0.572, 14S 0.713, 15T 0.572, 16V 0.725, 17G 0.557, 18P 0.570, 19L
0.956*, 20R 0.585, 21H 0.557, 22H 0.562, 23P 0.555, 24S 0.553,
25D 0.556, 26F 0.523, 27A 0.869, 28A 0.591, 29P 0.592, 30L
0.727, 31R 0.552, 32S 0.549, 33G 0.543, 34E 0.566, 35H 0.561,
36C 0.575, 37V 0.568, 38R 0.573, 39M 0.580, 40S 0.562, 41R
0.623, 42F 0.563, 43T 0.555, 44G 0.557, 45S 0.555, 46A 0.564,
47H 0.567, 48S 0.578, 49V 0.550, 50Q 0.573, 5IM 0.581, 52N
0.571, 53Q 0.553, 54N 0.544, 55M 0.893, 56G 0.575, 57Y 0.578,
58Q 0.884, S9E 0.745, 60Y 0.897, 61V 0.550, 62P 0.573, 63H
0.578, 64Y 0.575, 65V 0.582, 66N 0.547, 67K 0.557, 68P 0.559,
69Y 0.572, 70L 0.579, 71Q 0.593, 72Q 0.903, 73V 0.903, 74Q
0.543, 75R 0.524, 76R 0.576, 77L 0.701, 78T 0.553, 79R 0.593,
80H 0.907, 81H 0.563, 82G 0.568, 83V 0.547, 84R 0.703, 85K
0.562, 86K 0.557, 87T 0.565, 88Q 0.559, 891 0.823, 90Q 0.896,
91Q 0.573, 921 0.561, 93Q 0.868, 94T 0.561, 95T 0.551, 96V 0.576,
97Q 0.571, 981 0.577, 991 0.515, 100K 0.557, 101A 0.573, 102T
0.515, 103S 0.556, 104F 0.567, 105L 0.584, 106T 0.563, 1071
0.554, 108L 0.576, 109K 0.898, 110L 0.653, 111V 0.554, 112R
0.556, 113A 0.584, 114V 0.556, 115T 0.567, 1161 0.549, 117L
0.578, 118M 0.515, 119R 0.561, 120K 0.575, 121K 0.544, 122L
0.577, 123L 0.582, 124D 0.560, 1251 0.888, 126C 0.590, 127P
0.887, 128P 0.747, 129W 0.576, 130S 0.577, 131K 0.585, 1321
0.604, 133C 0.558, 134L 0.560, 135T 0.810, 136N 0.550, 1371
0.554, 138T 0.574, 139K 0.556, 140V 0.551, 141N 0.559, 142S
0.566, 143F 0.883, 144S 0.899

0.004 6
0.023 4

0.0220
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#E3 6 (Table 6 continued)

a8 HEPR IR SO e 5 AR [R] X

HE[N 1D Bt LU o=Ka/Ks TE PR P}
Gene ID Ratio of synonymous to non- Positively selected sites P-value
synonymous substitutions
Hfuc009526 3.964 0 1C 0.606, 2C 0.606, 3M 0.533, 4E 0.596, 5D 0.582, 6A 0.588, 7S 0.001 9

0.607, 8V 0.599, 9A 0.595, 10C 0.609, 11F 0.605, 12G 0.604, 13C
0.604, 14S 0.609, 15T 0.587, 16V 0.876, 17G 0.614, 18P 0.602, 19L
0.618, 20R 0.624, 21H 0.585, 22H 0.591, 23P 0.616, 24S 0.869,
25D 0.582, 26F 0.975*, 27A 0.606, 28A 0.610, 29P 0.603, 30L
0.622, 31R 0.616, 32S 0.606, 33G 0.718, 34E 0.614, 35H 0.652,
36C 0.812, 37V 0.912, 38R 0.623, 39M 0.590, 40S 0.638, 41R
0.590, 42F 0.765, 43T 0.595, 44G 0.601, 45S 0.908, 46A 0.597,
47H 0.900, 48S 0.576, 49V 0.920, 50Q 0.606, 51M 0.573, 52N
0.597, 53Q 0.922, 54N 0.572, 55M 0.761, 56G 0.899, 57Y 0.607,
58Q 0.607, 59E 0.590, 60Y 0.633, 61V 0.604, 62P 0.616, 63H
0.825, 64Y 0.873, 65V 0.844, 66N 0.572, 67K 0.609, 68P 0.767,
69Y 0.617, 70L 0.607, 71Q 0.628, 72Q 0.713, 73V 0.608, 74Q
0.772, 75R 0.618, 76R 0.613, 77L 0.633, 78T 0.839, 79R 0.617,
80H 0.627, 81H 0.605, 82G 0.607, 83V 0.584, 84R 0.581, 85K
0.578, 86K 0.577, 87T 0.852, 88Q 0.624, 891 0.577, 90Q 0.615,
91Q 0.605, 92I 0.603, 93Q 0.605, 94T 0.604, 95T 0.952*, 96V
0.589, 97Q 0.606, 98I 0.943, 991 0.561, 100K 0.940, 101A 0.604,
102T 0.602, 103S 0.897, 104F 0.586, 105L 0.613, 106T 0.591, 1071
0.586, 108L 0.613, 109K 0.589, 110L 0.544, 111V 0.637, 112R
0.584, 113A 0.587, 114V 0.938, 115T 0.769, 1161 0.576, 117L
0.916, 118M 0.626, 119R 0.594, 120K 0.580, 121K 0.584, 122L
0.613, 123L 0.609, 124D 0.724, 1251 0.890, 126C 0.702, 127P
0.597, 128P 0.890, 129W 0.869, 130S 0.592, 131K 0.581, 1321
0.597, 133C 0.590, 134L 0.598, 135T 0.584, 136N 0.579, 1371
0.563, 138T 0.593, 139K 0.589, 140V 0.586, 141N 0.572, 1428
0.583, 143F 0.587, 144S 0.605

Msex012828 3.4203 30L 0.718, 33G 0.715, 35H 0.767, 36C 0.537, 40S 0.748, 42F 0.0102
0.645, 51M 0.866, 55M 0.584, 60Y 0.799, 63H 0.510, 67K 0.824,
68P 0.759, 71Q 0.804, 72Q 0.681, 74Q 0.694, 75R 0.773, 76R
0.784, 79R 0.818, 80H 0.749, 88Q 0.833, 921 0.768, 94T 0.728,
102T 0.916, 103S 0.545, 111V 0.803, 114V 0.754, 115T 0.613,
118M 0.915, 124D 0.710, 126C 0.985%, 1321 0.748

Ndro005471 3.0547 8V 0.866, 22H 0.792, 24S 0.732, 25D 0.885, 26F 0.786, 29P 0.672, 0.002 7
33G 0.868, 35H 0.513, 36C 0.672, 37V 0.628, 38R 0.782, 40S
0.764, 42F 0.807, 44G 0.804, 47H 0.829, 50Q 0.807, 53Q 0.509,
57Y 0.814, 58Q 0.838, 60Y 0.759, 61V 0.803, 62P 0.712, 63H
0.743, 71Q 0.823, 72Q 0.847, 74Q 0.500, 77L 0.715, 78T 0.663,
81H 0.798, 86K 0.825, 87T 0.797, 90Q 0.795, 94T 0.773, 95T
0.854, 97Q 0.829, 981 0.972%*, 991 0.898, 100K 0.559, 101A 0.961*,
102T 0.521, 104F 0.859, 105L 0.823, 1071 0.609, 108L 0.835, 109K
0.801, 111V 0.781, 113A 0.847, 114V 0.916, 115T 0.665, 124D
0.803, 126C 0.922, 128P 0.893, 129W 0.741, 130S 0.508, 135T
0.814, 141N 0.895
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#E3k 6 (Table 6 continued)

B F) SO 5 AR TR] S
FH 1D ¥ (E o=Ka/Ks IEJEEEAL S P{E
Gene ID Ratio of synonymous to non- POSitiVCly selected sites P-value
synonymous substitutions
Pdar001813 5.667 5 1C 0.748, 2C 0.747, 3M 0.750, 4E 0.746, 5D 0.953*, 6A 0.746, 7S 0.0084

0.750, 8V 0.748, 9A 0.743, 10C 0.749, 11F 0.784, 12G 0.975*, 13C
0.973*, 14S 0.844, 15T 0.811, 16V 0.761, 17G 0.746, 18P 0.748,
19L 0.738, 20R 0.859, 21H 0.750, 22H 0.750, 23P 0.746, 24S
0.760, 25D 0.746, 26F 0.746, 27A 0.769, 28A 0.794, 29P 0.747,
30L 0.749, 31R 0.745, 32S 0.745, 33G 0.748, 34E 0.745, 35H
0.807, 36C 0.949, 37V 0.748, 38R 0.749, 39M 0.755, 40S 0.747,
41R 0.748, 42F 0.749, 43T 0.747, 44G 0.749, 45S 0.749, 46A
0.750, 47H 0.745, 488 0.747, 49V 0.749, 50Q 0.892, 51M 0.744,
52N 0.749, 53Q 0.748, 54N 0.744, 55M 0.749, 56G 0.750, 57Y
0.791, 58Q 0.752, 59E 0.753, 60Y 0.837, 61V 0.745, 62P 0.749,
63H 0.753, 64Y 0.748, 65V 0.749, 66N 0.744, 67K 0.746, 68P
0.804, 69Y 0.750, 70L 0.747, 71Q 0.824, 72Q 0.754, 73V 0.748,
74Q 0.745, 75R 0.756, 76R 0.747, 77L 0.792, 78T 0.790, 79R
0.753, 80H 0.752, 81H 0.749, 82G 0.753, 83V 0.742, 84R 0.748,
85K 0.745, 86K 0.752, 87T 0.748, 88Q 0.751, 891 0.748, 90Q
0.852, 91Q 0.749, 921 0.747, 93Q 0.750, 94T 0.749, 95T 0.747, 96V
0.748, 97Q 0.749, 981 0.751, 991 0.738, 100K 0.746, 101A 0.749,
102T 0.738, 103S 0.746, 104F 0.748, 105L 0.750, 106T 0.746, 1071
0.746, 108L 0.746, 109K 0.746, 110L 0.747, 111V 0.747, 112R
0.746, 113A 0.751, 114V 0.748, 115T 0.750, 1161 0.745, 117L
0.750, 118M 0.738, 119R 0.747, 120K 0.750, 121K 0.744, 122L
0.750, 123L 0.751, 124D 0.751, 1251 0.749, 126C 0.746, 127P
0.900, 128P 0.746, 129W 0.752, 130S 0.746, 131K 0.913, 132I
0.755, 133C 0.910, 134L 0.747, 135T 0.821, 136N 0.841, 1371
0.747, 138T 0.750, 139K 0.807, 140V 0.751, 141N 0.745, 142S
0.748, 143F 0.788, 144S 0.895

Sexi005476 24163 10C 0.502, 11F 0.717, 148 0.502, 17G 0.504, 19L 0.512, 20R 0.525, 0.0253
248 0.520, 26F 0.775, 27A 0.500, 28A 0.501, 29P 0.591, 30L 0.509,
31R 0.836, 33G 0.580, 35H 0.502, 36C 0.503, 37V 0.627, 38R
0.527, 39M 0.727, 40S 0.615, 41R 0.524, 42F 0.517, 47H 0.502,
50Q 0.803, 53Q 0.802, 57Y 0.524, 58Q 0.791, 61V 0.804, 62P
0.702, 63H 0.556, 64Y 0.518, 66N 0.887, 67K 0.832, 68P 0.790,
69Y 0.791, 70L 0.814, 71Q 0.562, 72Q 0.511, 74Q 0.522, 75R
0.720, 76R 0.806, 77L 0.613, 78T 0.684, 79R 0.507, 86K 0.826,
87T 0.733, 891 0.802, 90Q 0.503, 91Q 0.784, 921 0.730, 94T 0.758,
95T 0.853, 96V 0.810, 101A 0.748, 102T 0.540, 103S 0.832, 104F
0.853, 105L 0.619, 1071 0.646, 108L 0.507, 109K 0.783, 110L
0.811, 111V 0.768, 112R 0.793, 115T 0.828, 117L 0.519, 122L
0.515, 124D 0.712, 126C 0.793, 127P 0.511, 128P 0.610, 129W
0.597, 130S 0.517, 133C 0.810, 134L 0.751, 1428 0.797, 144S
0.516
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