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LN Serpin REEELER HERBHABRT
SESI Bl

Apt &, FiE, REA, HRE, HRK, £FR, FANE
(ARG RS IR R MR . | B A5 I 5 R 55605
A R B DR OB M 510642)

WE: 2ZZAMREATHNHIF (Serine protease inhibitor, Serpin) £ Ht Toll i % Hl PPO 44 5 13 iy By A AL ] o k2
BHEREZEMER . A FAIEYE % T BB S8 T 21 KWL Solenopsis invicta M1 Serpin ZE & B 4514
FIIHBEZRENE . e E R T, 20 KICEEFEZH 7 A Serpin PR GMGE I ARSI AN TE 4 S50 00K . 25
WM, SiSerpin 8 1 H A Serpin JLF O LEFE5H, RIMLAY ) R N HH0 3 ( Reactive central loop, RCL) 4544
55 Serpin G5H4k, AR EEIHAE ZHANYET . KRGS HTRY, L0 I Serpin 25 115 H AR B 3L Serpin
EERBE ARG R, SiSerpin7 SN Kifk Manduca sexta 1¥) Serpin3a 2% 5 Z T, SiSerpinl2 54y WL Tenebrio
molitor Serpin55 SRR BT, SiSerpinl3 5 M K Ik Serpin6 =4k K R ixilL, SiSerpind 5 R A% Serpin27 3%k K &
BT T L IR KL Serpin ZXFRTELRAR TR Metarhizium 12 9% 5 I FRIAME, TG = G A R 424 1) T
B, 7 Bt PCR ( RTqPCR) J3Hrk B, £1 KM Serpin JE PR S0 B 03 BEAE 7409l 137 S AL BT (9942 4% Bk SiSerpin7
TS, KAHN R T FRBRERAF BRI 25 570 S5 R RWI LKL Serpin FKIEVE R IEHE B E, RE
g N AR AR T A e, HLAELL JOBUR R AL T M 2 (B ARG AN R (1 e e PR X e X 88 R AN Serpins 1193
ReAr TR AL T PR SERG, i B I ReA B TR — R E B AR B R &
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Genome-wide identification of Serpin gene family in Solenopsis invicta and

expression analysis in response to Metarhizium anisopliae
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Abstracts: Serpins play crucial modulatory roles in the insect defense mechanism, mainly in the Toll
pathway and prophenoloxidase ( PPO) cascade. In the current study, we employed modern Bioinformatics
tools to predict and analyse the structural and functional diversity of Serpin family in Solenopsts invicta, an
invasive and notoriously harmful species of ants. Computational analysis showed that Serpin family genes

were evenly distributed on four chromosomes. Domain analysis revealed that S. invicta Serpin ( SiSerpin)
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protein had the conserved structure, typical reactive central loop ( RCL) and serpin domain, whereas
different member proteins had diverse motifs. Phylogenetic analysis showed that the SiSerpin family had a
strong relationship with Serpin genes from other insect species. SiSerpin7 was most closely related to
Serpin3a of Manduca sexta, and SiSerpinl2 was strongly related to Serpin55 of Tenebrio molitor.
Similarly, SiSerpini3 was found to be in close homology with Serpin6 in M. sexta while SiSerpind was
closely linked to Bombyx mori Serpin27. To further understand the role of SiSerpin in immune response,
the S. invicta were infected with Metarhizium anisopliae, an insect pathogenic fungi. RT-gPCR results
showed that the expression profiles of SiSerpin family greatly varied at the initial stages of infection, an
indicator of their regulatory potential during fungal stress. It was worth mentioning that the expression
patterns differed in small and large worker ants. These results presented an intricate immuno-regulatory
potential of the Serpin family of S. invicta in response to the fungal infection. We also noted the
difference in immune responses amongst different sizes of the ants. These findings not only provide a

theoretical basis for the functional analysis of Serpins, but could potentially assist in the development of

M. anisopliae as an effective biocontrol agent of S. invicta.

Key words: Solenopsis invicta; Metarhizium anisopliae; Serpin; immune responses

2 F R E I ( Serine protease, SP) &—2&
HERE KRR, %S5 2R
( Veillard et al. , 2016) . 22 %1% & ARELL 22 F 8RN
WG, HAER S Bl H R . 22 Z R AR
LR 3 N EAFERIRFEA I ( Jiang et al. , 2000) o
ERMP EES 5. kKB RS R G5 I b %
HEAMFE (Zou et al. , 2006) .

22 7 W2 5 11 M 4 ) ) ( Serine proteases
inhibitor, Serpin) J& 22 2R £ 1 il 5 S0 410 il A
T Serpin G 1 350 ~ 500 4 MR ALK
HC R & — DA 20 A2 LR 2H 1 SR H O
I (reactive central loop, RCL) , #F5% 3 X 24
il Ry — PR BE R BRAR R 1 BT, I H A& F Serpins
KAH 30% 1750 IR M, B 7K X [R5 M ik
70% ( JARFSE, 2021) o Serpins 3= I fig & il il
22 FREE BTG P, 8 A 22 R R R
KB, 25 B SRR S 2 [ L ( Tong et al.
2005; Veillard et al. , 2016) . Serpins i 1A 7] 337 [
it A REON, BRI E &Y, HiER
AR A 338 I I 1) Toll 388 i A1 2R A S 107, 38 o
il PPO s 4% Al Toll 38 i rf 14 22 52 12 2% 11 0% 1k
PR R B S RN (BT A%, 2016) o

Serpins {28 — o2 ThRE A R 1, B HUik
P Serpin £& [ 1218 0] LIBEVF 2406 IR 15 5
AR . HE % FAE 1998 4E, WF58 & MstrE
I P18k Hyphaniria cunea ™ B RE % 4 40 T i 51
175 3R E0 Serpin ZE [ Hdd3 ( Shin et al. , 1998) ,
TERAS RS, B Hdd3 25 1 FBAFAE T 13K

rh I REE AL T R 0 ] 19 AL L PPO Y3 1 A
mr R BB s N ( Park et al., 2000) .
Wang S5 AWF 58 R B, R MEHL ] Serpind ) dsRNA
AN BN AR AR R R Ut )5 R I R B Locusta
migratoria manilensis ) ¥ T- %, H Pj 36 %% £
dsRNA ¥R 2/ EKHiM: ( Wang et al. , 2022) ,
Z1 K WY Solenopsis invicta T 2004 41 IRARIE A
P ERRE (G5, 2005) o fEN—FARAR
Pifdh, 20O ST P XA B )R PR BR IR
NEPETRARE AL, A AR R (IUCN) 41
9 100 M A IR S AREY Z — (RliAKER
85, 2015) o ZLKIZ KA TR BEHL. TRJgh
WA, HANRKETEHEEA —ENLE (KRESF,
2022) o HAHT, Z0KBRBIR B BB R B9 s
K2y (ZEMAK, 2020) o fHARA A HURIRREE R 5 1Y
iR, AU LD IO 2 K AR e
BR” (A, 5P NS TEIREE, 1 HX PR AR
PR P T — WS . AP ia 2R UL
LR SIS AR B A R AEY)
ARFNHHFIEF . Tk W IEE AL
H 5 #5004 55 O s 78 % H ) A Wy B iG b i s
RS ( EFREESF, 2022) o SRAREAE N —MHT
R AR, 80 s A0l Mol K
PAFERAAEYBG (sRALAESE, 2006) o HZEH
TR ) 2% HOGR) A OO ™ H 32 B 20 A B
PERTAZR GE A 2, A% IR BR A A 2% e ) A R
AL o S48 2011 ARS8 1l 1 21 KA B R 2 7
FIEIIN A , T 326 J T 21 IR AR fie 928 ) 7 il A )
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RBFGHE T RGE R BTk, AR HAE
WE A 5 R 5 8 I3 B T 21 K L Serpin B [A]
FIGH BT T AL C R Yo A 1 MR SF
SEFIE, FEFIH RT-qPCR 4» M7 1% 32 H 1 075 I B 1
HRRIAE, DU IR ABESE 41 KWL Serpin 5
R T RE 25 LAy, o4 LA Serpin 3 [ Ay #8155
RATHILL KD i H AR S AR -

1 RS

L1 X B RFAFEE

PHALL K BOR A AR A B X (N23°
112.04", E113°2831.08) , W1 J il 8 M B #p R
R I S IR 2, SR KA k2 B ORE, T A il
25 £1°C« AHXFIREE 50% FDEHR 12 L:12 D &4 F
Brgg, fdi Iy Bt Tenebrio molitor 1 10% REXE/K 1H]
M. R BT 4o T S4B W Metarhizium anisopliae
AR A K22 T 2R A8 A A 25 ) i 5 1 B AR
SR B B PR, HERNTE PDA R B 5k
L, T2sClEE IR I RAFE LR =
1.2 4I:#) Serpin EE K EHLE

EN T N EUE N S S RS S T L
InsectBase 2. 0 JEHUHIZT B4 JE LA (557
1 IBG_00711) MWFFEXTS (Mei et al. , 2022) .
T Plam H H X EEHEE (hips: //pfamegacy.
xfam. org/) Hf) Serpin BEH EHEEH ( B x5
PFO0079)  BKE L 78 Al AR AL, fili Ff HMMER 3.3
B DAL MUK TR 4 2 1 RS v 48 R SRk 128 Y
Serpin £ [ 7 41, wE BOH hal {5 AR (E-
value < Te ™) [T FIVE R BERE T 51 o 44 3RAT 5%
W5, #2355 NCBI-CDD ( https: //www. ncbi.
nlm. nih. gov/Structure/cdd/) 48 FE H 43 B 57 2%
L I ANTHIBR AL S 58 % Serpin 4544 3 1) £ 1
JEH, A3 B R L LT KL Serpin B PR G5 I -
1.3 1KY Serpin ERE R i%E B EBU MR

KA TEZ T. B ExPASy ( http:  //web. expasy.
org/protparam/) 43HTEL KM Serpin K& A 5 1 & 1
FAERRECE . 7r TRV SR AR E R
1.4 Z1X#Y Serpin EF ik Rt (L #fHE

M UniProt ( https: //www. uniprot. org) 45 H
JEEEEE N 2 J 08 Drosophila melanogaster 745
Bombyx mori~ M ¥ K Wk Manduca sexta ¥ {5y HL

Tenebrio molitor~ [X] Lt V. #% B¢ Anopheles gambiae [{]
Serpin ZE [ F4], FF MEGAX {411 ClustalW 2
BT Z I HI R, BT HOR S ) 2R HI 4R 42 4
R GE HE A, 3t A% TR R BT AL R ] JTT AR A,
bootstrap $'& 4 1 000, HABZHCERIN. 7L
T H. Evolview v3 ( https: //www. evolgenius. info/
evolview/) 3£ 4k i# 1k & ( Subramanian et al. ,
2019) .
1.5 1N Serpin B FE R BEE ML ST

M InsectBase 2. 0 54 22 4R HUZT K iy 56 [A 25
3, iz ] TBrools BRA22 il 21 K M Serpin & [A]
FE Y 6 4K & 7 B ( Chen et al., 2020) . M
InsectBase 2. 0 %4 4 v Wi 4 8 6 B A4 2R T 2 i
Apis cerana (&5t IBG_00079) . /LAY HT FCAR
WY Formica selysi ( %35%5: IBG_00394) Hyfhnyik
RAME R, B H] BLASTP SRS R KB AN 5
Yy E] i [ BE DY, Pl ] MCScanX R4 2R 41
SR P 5 o] g S M R R, R T R — 45
et A B A BE /N T 100 kb iy [a] 58S PX
NE N R E LK (Wang er al. , 2012) .
1.6 £ #Y Serpin £ E R ikE E &35

15 S H0 2 T RIS 23 B 21 K MSCHE PR 2354
X, AN 5 CDS KM ESKIE, &
fdiFH IBS B A2 i £ S Serpin Z 1% K& [H] 45 1) [4]
( Liu et al. , 2015) o
1.7 £IAHY Serpin EE KRR TFEMSRTFE
o

AL I Serpin K& K 55 )7 51) $2 52 1) NCBI-
CDD %% #% FE ( https: //www. ncbi. nlm. nih. gov/
Structure/cdd/) 43 #7 Serpin % & K K AR 5F 1
Serpin 4544185 RCL ¥ &, Ff{di F Evolview v3
TR FIH MEME #5473 41 21 K B Serpin
BN FEEE AT IV IR HEF (motif) , SR E
W JRMRRKE N6 ~50, HFHELEET
B, PR ECE A 10 ( Bailey e al,
2006) .
L8 &R TREFXIANHESR

P AL FN /N HY T AR Y 1) £ T,
LRI T WL 5858 (head capsule width, HW)
BRI N, FFHRIG I 2 T A, (/AT
B HW<0.595 mm; KA TH: HW >1. 000 mm)
( Porter and Tschinkel, 1985) . & Fi& ot ¥ 5 Firo
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WL KU 1 x 107 1 F/mL 1 F 2 3% 5 1 ig 0
3~5s, ZEBUIFBCETEIREIEAC B, —EBA
WA 10% FERE K B9 B0 1 T RSN, A1
PRE IR L 1 Ak B b ki . SR FRIET 3 SR
HLL KRBT WA R 3 MYy R, B H
STARER 200 Sko 7R 25°C MIXFIREE N 85% Y
B bR, WISAEO. 64 24, 48 F172 h B}
IRORE, AR RE L BEHLIBCRE B 10 k.
1.9 RNA BJ3RELS cDNA HI& B

WCAR 3 A T A2 e 1 20 Kk e e iR, R
Trizol V£ FEHLLL ARG A6 RNA, FE il T 1% 35
JIR R BRE S L VARG TN G 5 R v, O T 3R 2R KR
/5 F] NanoDrop One # f3ff i 48 40 43 6 6 B 31, X
RNA FE AT 462 575 G4 73 Hr, OD.yg, / ODy, fH 7E
1.8 ~2.0 Z[a)iy RNA #ah RIA TC 2R 5 G 5 4%
Fhfhe A RNA #£ 5 ] ] EZBioscience 23 A 1)
Transcription  Kit ( with gDNA
Remover) [ %% 5% 12X 7R & S % s i ¢DNA 55 — 4,
BT -20CHAF-
1.10 FFEEE PCR ML N AL Serpin EF K ik
FixEK

{8 Primer 6 U AR HE 21 i Serpin FeH
ZIE CDS PR E =LY (£ 1), 514H
BE (M) B AFE R, s EL TR
Primer-BLAST ( https: //www. ncbi. nlm. nih. gov/
tools/primer-blast/) 46 I 5| ¥ 45 S Pk %6 E &
PCR J Jvjfifi | Takara /%] TB Green Premix Ex Taq
iR &9t F7. WK ZE N TB Green Premix Ex
Taq 11 12.5 pL. ¢DNA #ifig 1.0 pL. F FUE5149)
% 1.0 pL. JCEg/KHM R 2 25 pl, [T N
95CAE 1 30 s, 95C 5 sv 60°C 30 s &1F T #E47
40 MEH, B MERBE 3 NMOREL . RPLIS
BERER NS, 0 h FEA B X BRAH, AR Ct
{ER A 2 7 S A (M 3R 7K o
1L.11 HiEGEITES S

S A Y A A A BER T ERA TBM SPSS
Statistic 25 Fll GraphPad Prism 8. % F {0 5
WEDE, SRR R J7 22 70 Hr A I 21 L Serpin
LA R 0] fd Rk R R AFTE G i 7 22 5%, 1
AT 7 22 00 i SR B R B A S IS A BT
25, BN R Ir 200 e Y 2 H R T LSD
K, SR ARG AG I T e (A B 2T S Serpin Ji
PITEARTR] ] 8] 3Rk R AFTE S T4 22 57, 22
SR E MK P <0.05,

Color Reverse

&1 BETRAKSIM

Table 1 Primers used in the experiment

WA ISR A (57-37)
Gene name  Primer name Primer sequences (5°-37)
SiSerpindFF GCCGGTTATGAGCCTAGCAT
SiSerpind
SiSerpindR  GCTCGAGACGATCCAGAGTG
SiSerpin7F  GTTCCACGCCAATCATCCATTC
SiSerpin7
SiSerpinTR ~ CCAGTAGTTCCAGACGCACTC
SiSerpinl2F AGCAGAAGGAGACGGCAGAG
SiSerpinl2
SiSerpinl2R  AGCACTTCGTTGGCGTACAG
SiSerpinl34F CTGGAGCCGAAAGGTAATGTCT
SiSerpinl3-

SiSerpinl34 R CGTCCGCAGGAATGTAGAGG

SiSerpin132F ATCCCGAGAGAGGAAGGAAGTT
SiSerpinl3-2
SiSerpin132R TTGCCGTCTAATTCACCATTGC

SiSerpin133F GTTGAGGAACTTACGCCACTTG
SiSerpinl3-3
SiSerpin133R TCGCCGTTGCTATGACACTATT

SiSerpin—  SiSerpind34F GTATCGAGGTCACGGAAGAAGG
134 SiSerpin43-4R AGGTAGACGAACGGATGATTGG

RPLI8F TTTACGGCTCCTCGTCAAGC
RPLIS

RPLISFR  ACGCAATTCTCCCTTCCAGG

2 #ERE5SH

2.1 41X Serpin EERKHEES ST

i#id HMMER #F, 2T pfam 45 % Serpin
BEIR G A B B S ZR B SRARE A, AT K 4 ik
PRZH H G 21 8 Mk Serpin RN KRR 5L, ¥ 7
Fl$5¢ 2 NCBI-CDD $dfa i, AT RERAE & 5E
# Serpin Z5H BN R T, BASERHT L
I Serpin Ao AR 4 FE PR AE G o 4 o 1Y 5 A7
H 4y 5 fiy 24 N SiSerpind SiSerpin7  SiSerpinl2 -
SiSerpinI3- SiSerpinl32.  SiSerpinl3-3 Zil!
SiSerpinl3<4 (£ 2) , Xfix £ KL [ iy B ] 4G B2
CDS K. @HERITIKE. 07 A
AFaE FRBFIEAT I 5 0 b B5RERW, £k
WY Serpin ZJ IR ELH K /NATF 4 330 ~11 124 bp
Z M8, CDS JPHIK AT 1 113 ~5 370 bp Z[H],
GBI K AR B 5 A7 370 aa, IKEA
1 789 aa; T EK/NEREN 43.46 ~193. 58 kDa;
L S VB 5. 13 ~9.25, SiSerpind. SiSerpin7
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SiSerpinl3d  F1 SiSerpinl34 & R 4 H H,
SiSerpinl2. SiSerpin132 Fl SiSerpin13-3 A i 14 &
Fi; B SiSerpin13-4 SyfasE £ 11 4h, HAl Serpin

FHATRERBORT 40, HATREEH. 20K
Serpin 3 [N < 8 B ME SRERA 2Rk, X AT RE
5 7N 1 K Serpin FEPN R H P RERY ZHEME: -

R2 LAY Serpin EFE R MM 5 FF U4FE

Table 2 Sequence characteristics of the Serpin family members in Solenopsis invicta

SN (bp)  CDS KJEZ QIR TR (kDa EL i Ny
LI 4R LR 1D K (bp) KB % rTE ( ) S T R AL
Gene ( bp) (aa) Molecular Isoelectric Instability
Gene name Gene ID
length CDS length Amino acid weight point index
SiSerpin4 LOC105200371 8 853 5370 1789 193. 58 6. 81 44.93
SiSerpin7 LOC105203897 11 124 2 520 839 94. 09 6.11 43.01
SiSerpini2 LOC105199370 10 239 2 487 828 92.09 9.25 47.17
SiSerpini 34 LOC105199563 4 896 1173 390 44.57 5.13 32.78
SiSerpinil3-2 LOC105193420 4 498 1113 370 43. 46 9.10 42.33
SiSerpini3-3 LOC105199561 4330 1245 414 47.95 7.51 48.21
SiSerpin-134 LOC105199560 6 400 1 344 447 50. 18 5.85 42.06

2.2 £IAHY Serpin E[E KRR G AL 2T

T B 21K M Serpin K [H] S8R 45 A il 5L AR
IR, I MEGAX B, XRIE A 40k
W R A MR R M. w L X)L A%
W6 A4 S B IR Serpin HH AT RS L E 7
Br, RGN (F 1) o IR RGE I
3, AT RE AT I 4 4 DTERE (Groupl ~
4) ) LLKBU T A Serpin 8 F140 5 TH ) 3 4
RS A, HA Groupl 52, W5 SiSerpini3- -
SiSerpini3-2+ SiSerpini3-3+ SiSerpini3<4 F SiSerpin4,
SiSerpin42 J& F Group2, SiSerpin7 J& T Groupd, A
[7i] () SR ] BEAT (4 A R B A= W~ T g
2.3 4y Serpin REERE MR BEEMMER
HE& S

FET 21 JOBCHRE PR 55 7 TR S, i T TBtools
BRAF2 TR 21 KB Serpin K& PRI 515 LA 78 G4 44
Ao Al (P 2) . 7 /> Serpin K 73 A 7 4 45 4%
ik, H 13 SP @k For A 4 4> Serpin B
, SiSerpini3- . SiSerpinl32. SiSerpini33 Fl
SiSerpinl3<4 4 /NHEN B #AHE S A 7EAE 13 S0
Kl, 4575 25 OKEHA 1
Serpin £:[H . FHEHE L ( Tandem duplication) F1 K
BHEE (Segmental duplication) JZX:KFiGEY HAY
[EE sty W s TS BT P u o AN D G SR )
71, AWE5TIE ] MescanX BAF 73T 121 KL Serpin
LD Y H I o A RN R B A 0, £0 KL Serpin
BEPRZ N b A et Be il S i, (B E

—H R A R, X U] AR AT R AL K
WY Serpin K& DA Z 5 W B3 BCE P B9 T 27 e
Hh, R TIRIFTLL KL Serpin F K 7E 4 Fift ] frg 2 £k
PERFR, TEH 21 R S OB AY Sy EC AR 2
MR AR DT B, 18 1 MCscanX 1 2E 47 Wy il 1]
R FEZNEI3 BT TBrools Rl AL, 25 R ANE 3 iR
ZLJMCS H R i RARICRAT 4 Xf 2t BE
TG T P AGTELL K 4 Z5 5 (0K 1% Serpin S 5K
WRIE, 435~ SiSerpind« SiSerpin7 SiSerpinl2 Fl
SiSerpinl3-, TIAELLKIUH HARF] 2 4S5 7- 07 % %
AL RWER, 7502 SiSerpinl2 Fi
SiSerpinl3- , X W] SiSerpinl2 KN SiSerpinl3- Wi
AN PR 7 2 R O [ A S o f it AR A
AL R IRST o
2.4 41X Serpin HikERERE L

RR A £ ¢ MK PR 2 66 PR 45 4 10 R S, 1
HERKP AN EG TR FRIHR, 2Hlek
W Serpin JLHZEFG I (&1 4) , tEIRTAT, £0 L
Serpin BN G AH N E T, SiSerpin7 JENE5HE N
BH, BRA 1S DI T, ZREREM TR TE
Groupl [ SiSerpind. SiSerpinl3- . SiSerpini3-2-
SiSerpinl3-3 Fll SiSerpinl3 -4 ft 3k [K 45 FH X &7 88, 1
4 ~5 NHNE FH . SiSerpin7. SiSerpini2 Fl
SiSerpin7 3 A PR H K RE AL 7E G G A R IEBE 1, T
SiSerpini3- ~ SiSerpinl3-2+ SiSerpinl3-3 Fll SiSerpinl3-4
4 AN PR U 5 Ao T G AR i B I
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BT 2l SRR Zde MHRORIR. OB, I Serpin £ FH R SR A A
Fig. 1  Phylogentic analysis of Serpin gene family from Solenopsis invicta, Drosophila melanogaster, Bombyx mort,
Manduca sexta, Tenebrio molitor, Anopheles gambiae
S, 20k Dm, A Bm, AR Dm, MHE KU Tm, ERH; Ag, X FEEL. Note: Si, Solenopsis invicta;

Dm, Drosophila melanogaster; Bm, Bombyx mori; Dm, Manduca sexta; Tm, Tenebrio molitor; Ag, Anopheles gambiae.

SiSerpinl3-1
SiSerpinil3-2
SiSerpini3-3
SiSerpinl3-4

SiSerpin7

SiSerpinl?2

SiSerpin4

B2 21K Serpin HEPN ZR545 01 O e (R 2 107 4]
Fig. 2 Chromosome mapping of members of Serpin gene family in Solenopsis invicta

e EEFHEf R ECEE RN . Note: Tandem duplication genes in blue box.
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B3 ZrJaiss HrERARE K77 B 1Y Serpin K P S BILL M7 A

Fig. 3 Collinearity analysis of Serpin gene families in Solenopsis invicta, Formica selysi and Apis cerana

2.5 £IRHY Serpin ZK ik E E R F &35 5 Motif
7T

BRI Serpin 25 450 Fo A B i AME Y S
NG RCL, RCL ¥R Sepins 25 A9 1 P X 48,
TESS & 5B BRI B M Gt R v A
YERT o XTLT KL Serpin K [K] 5 15 B 02 26 AP ~F
ko (K5) , RIITA B Serpin AR
DAL —A> RCL #F, Hp SiSerpin7 & A Wi

RCL A1 Serpin 4543, 1M SiSerpinl2 & H EI/]
Serpin Z5FEI ST A PIER S, HEMIX M4~ 25 P fig
SiSerpinl3-1

SiSerpinl3-3

SiSerpinli3-2

SiSerpinl3-4

SiSerpin7

SiSerpini2

SiSerpind

FEERE S motif — AN B2 A A )7 D hk
PIPRSE IS, FTREE & R S R 45 S 00t BH
W R — A A W 3 R A e 1 R 81 IX
Bro 7E7 ANEL KL Serpin £ IR motif, 7 i
A1 10 4 motif 1, motif2. motif3. motifS Fi
motif6 7EFT A LT KL Serpin 25 H FPAFTER), X3
B 4 DMRSF) motif A BEJE Serpin 4 & $E DI RE BT
AT o AN, AN[FRY Serpin 25 H AT ZHELHY
motif ZH Ji, X 28 Z AL 1Y motif I 7R T £L K MY
Serpin & FIfE b1 ZHEAE

Kl 4 21 I Serpin &K K N 25 44

Fig. 4 Serpin gene family gene structure of Solenopsis invicta

TE: Bk FoRFe kI,

5 Sk 1) 26 R S N TE e (R L B I

i3k 1) A7 R R Y O R TR IR A

=o Note: Arrows in the figure indicated the transcriptional direction, arrows to the left indicated that the

gene was on the reverse strand of chromosome, and arrows to the right indicated that the gene was on the

forward strand of chromosome.
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SiSerpinl3-1
SiSerpinl3-3
SiSerpinl3-2
SiSerpinl3-4
SiSerpin7
SiSerpinl?2
SiSerpind

S ZLJL Serpin G5 HE PR Y P SF S5 A8 SR PR <1 5L 43

Fig. 5 Serpin gene family conserved domains and protein motif of Solenopsts invicta

2.6 £INHY Serpin EFE KRR IZEX T

N T HESE Serpin Ji PR 52 J 78 £1 K W52 S A AT
[ STIE 3N S V- RS2 FAW AL U EN
BB T ( RB T CRI/NRS T ) 7E 4k 31 O
6. 24, 48 F1 72 h Y £ERE . RT-qPCR A& ) Fp
RAI TR SRR T T B 2R IAE A (K 6) .
SEILZRI, 21 KO Serpin 5% 1 3 [H T LA 0 J3 4% 18
ARG, HAEAFR AL Tl A 45 A ) 2 35
B (B 6A~F) . FERMEEEYE 6 h 5, B
SiSerpin7 , FAURY Serpin FEP A FIKAEI . /NFIFH
R 20 kM rh Y 7 B & 22 5%, H SiSerpind .
SiSerpini2. SiSerpini3-  SiSerpinl3-2. SiSerpini3-3
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2006) . 8l ® I+ Arabidopsis thaliana F 45 29 4>
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TR AE, 2021) o H  SiSerpin7 & 4 P 4~ Serpin
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Fig. 6 RT-qPCR analysis mRNA level of Serpin gene family in adult worken ant of Solenopsis invicta
TE: 20 KT AL Serpin J PR G RIS Minor AR/ T ML, Major ARFARALTHE I P I -F- 2 {8 + ARofEi
(n=3), M EARIRS BRI ARA T b AN [a] o (8] 18] 56 RUAR X ik o 22 5 3, AR Rl/INE SRR RR R /N T L
HR [a] R TE] 7 ) RS R AR SRk B 22 53 3 (P <0.05, FADIZ 7 22407 LSD /) . 25 (7)) Fomla)— il 5k i T
WORNE T IOGEI AN Rk B ERBE, ns FRLFEITF#2ER (P<0.05, t #5%) o Note: Analysis of Serpin gene family
expression pattern in worker ant of S. invicta; Minor represented small workers, Major represented large workers; Values in the
figure were Mean = SE (n =3) . Different capital letters on the column indicated significant differences in the relative gene
expression levels of large worker ants at different time points, different lowercase letters indicated significant differences in the
relative gene expression levels of small worker ants at different time points ( P <0. 05, one way ANOVA, LSD test) , asterisk ()
indicated significant difference in relative gene expression between large and small worker ants at the same time point; ns indicated

no statistical difference ( P <0.05, t-est) .
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