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2T N8 Toll ZRHK 7k R fZ i i kB E
RIZENBR
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¥, WRi, =&, BARK, 2FR, FANE
(fEmLO R IR ERE R 2R, T RE WAL R0 5 0 R S =
B AN FE A AP R AR, T 510642)

FEE: ARG KWL Solenopsis invicta Buren Toll 32 R G2 % Jk PR G fu] S5 i) 17 SRAFE B Metarhizium W{RY . ARFFR
FHEBTEDE 1T AR MR EE T SRR JOR /N 3 AR R RN TN B J1, I B a7 e Ew = 4y
JEEL M3 Fh MU RIAEAL . R FIAEYIME BAF 03 Toll ZARKER, Xt Toll SZ ARG HEBER Y BIAL PEIT . 254
B REARALE . REHHITNTEE . BT PEGE B PCR ( RTqPCR) Al T 21 SR /NS T e
Toll ZARGIR N KT ISR RIS R GERFRW], SRERTE 96 h XJ 21 SR /N T iy i) BgE
kR (LCy,) 4830 5.8 x 107 #F/mL. 3.1 x 10" #1F/mL. 1.5 x 10" 1 F/mL; ZHB I E Y2 ks 3 K,
WA PR BN LU BE A /N T 22, SUARMREE, 2F F A0 TS T 22 303 & S O U RIS 4% € 43 A 18 T
RT-qPCR £5 5% W] Toll ZZ AR RE A IR & B B B i mRNA Rk KPR EZE S, H Toll Z K F 1
2 A R A 7K T S 3 o T 2R A RT—qPCR 45 538 B 21 J MU Hh /NS T80 Toll 32 1% G 425 1) )37 4 £33 oA AN
—Fo TERBTH N, GEFERRE, Tl ZRFEENGE R E LFAERIE, 6 h E— 1N, Tol2- Al
LRR %58 /K- S, W 1 S R BT e i 6 P B T, SRR RS BB Toli22 FLA Rk, HIBEIRENA S
Tolll, Toli2-, Toll6, Toll7 FI LRR JEX Y 83255, Tolll F1 Toll24 Wi S {E P ficiik . 76/NE T, SHE B RE
B 2E5R Toll ZARGEILFIER /Y _LHZRik, 7624 h i), LRR SR RB R, ML TXE, LRR B[R FKER
15 25 %, LRRAE 6 h F124 h Wi i AR ek LA ERFFR R Toll S24K0] L e i AR (4R, HASE 1
Toll X 345 18 7] REHA A W] 1w AL« ABTFIE gt — 20 W Toll SZAK M DI RERSE Al , Ryitk— D] R 45
(EAR N E i N o

KR G Toll; LHEE:; FikM

hESFES: 968.1; S433; $476 ERFRINAY: A XEHS: 1674 —0858 (2022) 06 —1528 —13

Study on expression pattern of Toll receptor family of Solenopsis invicta

Buren in response to Metarhizium anisopliae

XU Ya-Ting, YANG Rong-Rong, WU Hong—Xin, LU Yong—Yue, JIN Fengdiang, XU Xiao—Xia
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Abstract: To investigate the immune response of Toll receptor family gene of Solenopsis invicia to

Metarhizium anisopliae infection. In this study, the impregnation method was used to determine the
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pathogenicity of M. anisopliae infection three different grades of worker S. invicta, and the phenotypic
changes of S. invicta after M. anisopliae infection were photographed with the microscope. Based on the
genome of S. invicta, the Toll receptor gene family sequence were screened by bioinformatics analysis,
the physical and the chemical properties, structural domain, chromosomal location and phylogenetic
evolution of the Toll receptor family gene were analyzed. Real time quantitative PCR ( RT-qPCR) was
used to analyze the expression patterns of the Toll receptor family of developmental stage in major,
medium and minor-sized worker ants and the induced expression patterns of the Toll receptor family in
ants infected by M. anisopliae. The results showed that the lethal medium concentration ( LCy,) at 96 h
of M. anisopliae in major, medium and minor-sized worker ants. L.Cy, were 5. 8 x 10" spores /mlL, 3. 1 x
107 spores /mL and 1.5 x 10" spores /mL, respectively. On the third day of M. anisopliae infection,
small mycelia could be observed on the body of S. invicta. The mycelia spread rapidly and gradually grew
into olive green conidia after the death of the host. The results of RT-¢PCR indicated that the mRNA
level of Toll receptor gene was significantly different in developmental stages of S. invicta, especially, the
expression level of Toll receptor family in female were much higher than in male S. Invicta. The RT-
qPCR results also showed that the immune response of Toll receptors to M. anisopliae was different. In
major-sized worker ants, the expression level of Toll receptor family genes were significantly upregulated
after M. anisopliae infection, and the induction peak was 6 h. The transcription levels of Toll2-4 and
LRR were the highest, and the response to M. anisopliae was the strongest. In medium-sized worker
ants, M. anisopliae could not stimulate the expression of Toll2-2 gene, but could strongly induce the up—
regulated expression of Tolll, Toll2- , Toll6, Toll7 and LRR genes, and Tolll and Toll2H were the most
responsive to M. anisopliae. In the minor-sized worker ants, M. anisopliae could significantly induce the
up-regulated expression of Toll receptor family genes. The LRR gene was the highest expression level with
25 times higher than the control at 24 h post infection. The LRR was the most responsive to M. anisopliae
at 6 h and 24 h. These studies indicated that Toll receptors could be immune to invading M. anisopliae,
and different Toll might have different mechanism response against M. anisopliae. This study laid the
foundation for further elucidate the function of Toll receptor and provided technical guidance for further
control of S. invicta by M. anisopliae.

Key words: S. invicta; M. anisopliae; Toll; expression patterns
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21 K WY Solenopsis invicta Buren Jg& F JE 3 H i
Bb, A TR RN E IR L, 2003 47 A
KEAEHE S5 XX, 2004 446 AHE &K
CEIIIN AR V@ = RS N = N T o
WERLPES BAH R S ruR. EPEA AR . 4D
KU NP 2 etz 4o ol 28 7 Fi AR 25
W RA T H i faF v, iR R A
WAk AR RN Z —o 20 KU TR E A 2
ZWURFRE, TR GIR AR 0l i & %,
HAL KR TR [ i e R, AR e 1 s 25 A
FE (X 58 g 4%, 20065 Ffi K BR 5%, 2015; Xu
et al. , 2022) o L, WATHBT L0 K BCA R AT 24
S T LT B Ay 0% 7 e T (8 8 2% [ o

=BG TE — o B FE L3 1 20 SO T i
Boar, (Hosd MRS Gy XA 807 1 S 1Y A Hh

WG A E S E AR AR AR, BOR A TSR
5 ( Williams et al. , 1998; 2004) . 4o TS EH
Metarhizium anisopliae J&—fg |2 i FH i B A%
JREE, BRI ai H. BEE. XA H.
B H 7R N R 200 Z ARl oL (ORE 2 4,
2022) o ZWEUR IR, SORE, WAL B AEW
G FAEN, 2 4ATti A B AN iR 2 1Y
HAEEWEZ —, R SR X F BT A Y b
HEAT RS (£S5, 2018) o

VIR IR R R AR R R, BImmR
922 75 7080 5 7 AW Rl SE 22 1 L i A P A Ak 2R 4 2 B
A R, O e 8 K i BRI R 22—
PRI, AFSE B s e B 8 LT, He B B ol S Rk
G g N0y 2% ok i v ) OB TR O DA R BB AR, T R
X IXAS I PR A S BT 45 T RE I BE PR, X
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TERCGR AT R RA o E
BRI B - 5 R S0 Y8 IO 25 J2 7 He AR AR R T
YRR EEEIA R, RREBAGFMENT
HiR SR (5kA 5, 2019) o Toll K2 5K
B A G EEAF 5 WP 2 —, TR L L PR A
== PR BH P 40 T 1R G 0 S g% B A rp AT E AR
( Wang et al. , 2015) , Tfi Toll SZ4R{E R T U5 i
ZA, 2 Toll @ g rh E Z A A -, R Toll F¥)
R AR R R EE ST, T A BRAE O R
A B ZEMAVER ( Nisslein-Volhard et al. , 1980,
Armant et al. , 2002) . Toll ZZ4&n] L) iH i &5 A= H .
20 TE A BE S LA, GORTE AR S5 A W) B e
SRS TER b, Toll Z AL LA
VE Ry 5 158 32 1 5 0% AL 1Y #2245 [m) U )
Spiitzle FCAASLS &, WG MLA Toll 55 i@ %, WL
PR KA FiL ( Nie et al. , 2018) . 1 H B 5 Toll
Z Mk B H R AE O 8L R Z AR ( Pattern
recognition proteins, PRR) 5 4%% & MUK R AH € 4> T
# X  ( Pathogen-associated molecular
PAMPs) 454, K¥EHRE#INEE ( Lemaitre et al. ,
1996) . TR ZHANE. AFEARENZEME, B
ez e w2 & WA oA, B B E i Ry
5P Niisslein-Volhard S5 HF 57 & BRAE w55 A i Toll
Ja2 T8 4 B K % # SE 12 ( Nisslein-Volhard
et al. , 1980) . Zhang ZE W} 5% K& LA A5 Bl Bemisia
tabaci Toll & Al 1 RNAL fifik, 7EZBNHEHR
destruxin A i )5, TR ( Zhang et al. ,
2017) o Wang ZE W58 & L FL 4N I X} K Litopenaeus
vannamei ' Toll 3L[K, H1d RNAIL gk )5 o i &0
INPLAREEXT IR Y SE T3, HLREAR T PLGH I X I %o
METERZER ( Wang et al. , 2010) o DA EWIFEFRMY
Toll 7 B MR Gy J7 T A48 T B ZE i /E T TR DA
B2t Toll 52 & % ¥4 G 2 D REAE I 5 R 58 Hoifs &
(18 B 2 B0 52 1o %of T i) B B2 L Toll 32 4k Dy g Bz H
IR RE B AL A 2 S BT, A
WFFEAR PG 21 KL R 4H e 5 ( https: / /www. nebi.
nlm. nih. gov/data-hub/genome /GCF_016802725. 1) , ]
FAWE B, TR RS20 B 6 > Toll 52 4 S
KIS, X H R AR 3 8 K/ A L R
O3HT, MRS L BER; RTPCR HE T Toll 52
R B RIS A S GE RS TR B TR
21K A 982 5 A S AR B ) AF 5T, O DA I PR A #E
KU WEARSET AL 24 i R0 A2 ) A% JUI R % T 4
AR MIIA AR BA R

patterns,

1 #REI%

L1 #EHkRER

4 T 4 B W Metarhizium anisopliae T Ff
MaqS1902 gl K ) AR A AR WA 25 Bl 5
07 P S 2 W B B SR . AN AE PDA A}
MR B, BT 25°C, MIXFRREE N 70% ks 53
FaHE R LD KBCRE TN 1EBF AN IR Z
[, SR FH AT ik AT 73 8 ARATWORE, SR R 0
Jo Y BRI FE T 48 em x36 ecm x 17.5 em [ FEHL &
W, R N BESS S b 0B LA 21K
e, I HLTE SR & N B T A B R N T
BB T25+1C. RH80% +5%, JtiR12 L:12 D
MRS, RO R JKE I 10% g
WK ] o
1.2 BFEFRESRERADNE

BT LR MERAE PDA B3R5I SR 10 d, ORpHyg
KA F) 90% kA TE A T T W R K
(4.0% pEfE, 1.0% & H Wk, 0.02% Tween-80) ¥t
JBAeL -, i K- #5 R #5 10 he A3k i+ Eoti it
B, BE RS H A 1.0 x 10°, 1.0 x 10, 1.0 x
10°, 1.0 x10° F11.0 x 10" #1 7 /mL 2 iF . RH
eaDiRr 7 N X192 FA D N O (A R = S
R 3 ~5 s, HBUH TOFCE R IELR -, —
EBEAGA 10% FEREK BB 08 AR T 1 2R
W, TN EERD BB AR, BT 25°C AHX IR
85% ¥ IR A, A0 98 1 WY A WAL AR R Xt R
RERWEL I IC SRAE T 0 TCE e, 7] B K 28 L
BEPk i, BRI A AR SR L (99 cm)
25°CTHEAT B R 5 57, B e e T I I, ULER AL
MR A RN, ELLWESTT 10 do 4
TEAN IR 20 1) B A~ I [R] SPE T30, SRS RSB T 54K
I 5 A0 A A 43 B 9 e B 5, R SPSS i
Kaplan-Meier k7047, P 1 NALBE, 44k
H3AHE, HAEE S0 kil
1.3 Toll ZERRMEMEEFS

M InsectBase 2.0 ( http: //v2. insect-genome.
com/) M FUECHE A R #R MR AL W Drosophila
melanogaster~ ZZ #& Bombyx mori~ 35 N B Aedes
aegypti~ BH} . Tenebrio molitor~ F3%%8 M Helicoverpa
armigera FMIRIA ¥ Tribolium castaneum B Toll 5%
K% ( Yang et al. , 2021) , FF MEGA 11 #{4
Clustal W FyEHE1T 2 )75 Hoxd, 52T X 454 % H
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RITEA R G AL AT 200, AL EE Y
PRI JTT A5, bootstrap % 8 A 1 000, i H]
1E 2k T. E. Evolview v3 ( https: //www. evolgenius.
info/evolview/) ZEAfL#E4b# ( Subramanian et al. ,
2019) o M InsectBase 2. 0 Z{HE FE T 2841 kW off3 4%
LRI G5 SO, (] TBrools R 2 i £1 J Y
Toll ZIRZ WY ik Z & ( Chen et al. , 2020) ,
[ 36 40 A T W fk. R B fE 4 T ExPASy
(‘http: //web. expasy. org/protparam/) 43 H 1. K B
Toll SZ A8 A AR R 3 1 i R/ S
L
1.4 Toll ZIKMAE HEIRIAER
TEHCR] —HE R L0 K, 43 B BR . 4 i
(1 ~498) « Wi BEPEA AW BEPEAFE B Kb
ANBLT M8 AR I S0 IS ] Trizol ¥4
Byt RNA, % BB % 58 57 & Color Reverse
Transcription Kit ( with gDNA Remover) i B 45 #
fE, BU1.0 pg & RNA FEREIMR, 5B cDNA 25—
o FET LKL Toll SZARELA P it 514 Tolll

Toll2- , Toll22, Toll6, Toll7, LRR, L) 4T K
RPLIS jNZ KN (Souza et al. , 2017) , 5|¥)F
IR 1 IR E s IMERE Y H AR AR
], A RUEH ddH, 0 TR RS, FiBER 10 pM,
BRI GIWA — 20C f-AF45 . & RNA 942
I, cDNA & S ik &k 7, RT-qPCR [
K& (25 ul): 5 x cDNA Bifl 2 nL, B TSI
(10 uM) 45 1 pL, TB Green Premix Ex Taq Il
12.5 pL, ddH, 0 8.5 wLo. JZ I 55 ftk: 94°C 30 s;
94°C 15 s, 60°C 20 s, 72°C 30 s, 40 KIG¥H. M
2 AT ROE A BT AL B ( Arocho et al. , 2006) ,
FIFHLL KWL RPLIS FERE N Z:, AACt= (Ct H
PrRAEl - Ct e L) e - (Cr HAndER -
Ct R ) XTRAZ, SconAb sl v H bR 2R Y
X RAE (Q) HHEAX: Q=27 Hi
nnCE 3 RIS, BRI T 3 IR
H. WE3WEYWFER, BN EY¥FHELE KA
30 Sk H.

&1 IBETAMSY

Table 1 Primers used in the experiment

P B 51947 ¥l (57-3) PRI (bp)

Gene number Primer name Primer sequences (5 -3°) Product length
Tolll TolllF GCCATTCAAGCTGTGCCTTC

LOC105194815 TollIR CCATCCTTCCCCAGATGCTC 143
Toll2 Toll2- F TCCCTCGTACAAACTGTGCC

LOC105200898 Toll2+ R CTTCTGTCCCTCAGCACCTG 9
Toll22 Toll2-2F AAGTGCTACGACTGGACAGC

LOC105200880 Toll22R TCGCGGCAGTACATCTTCTC W
Toll6 Toll6F ATTACGGATCTCGGTGTCGC

LOC105200897 Toll6R AGAATGTCTGCGGCTCTACG .
Toll7 Toll7F TAGCGGTCGAACTGGAACAC

LOC105197864 Toll7R CACAATTAGCACGCGTCGAG s
LRR LRRF CACACAGGGAGCTCAAGGAG

LOC105197592 LRRF TGCGGCTCTACAAAGGACAG o
RPLIS RPLISF TTTACGGCTCCTCGTCAAGC

LOC105198518 RPLISR ACGCAATTCTCCCTTCCAGG 1

1.5 Toll ZEMFERFESRIEIERX
fii % PDA NS S S A
anisopliae FEFPTE PDA SEAk |, BT 25C. {BFEH

70% (IR A R AT SR, BiR B AE R E AT
Jo AT 0 A e A, K A 2 A i
B2 o A 2R BT B 4 1 BRI ER T A
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PO T RO B, 7R A1 B MR R 2 A
FLUSEF 1.0 x 10" H#I+F/mL.

VeI [A]—HE & B R4 19 B £ O 600 Sk
VER SEg b Lo ) A BE 32 30 12 6 21 K L8 R
WAEA T BIFI 3 ~5 s, FIEAUN 2 2 ARG
IEWFESRE, 7504 64 24, 48, 72 h BUKE, HEE
i BCRE H 30 Sk, X REZH A B & WRABORE W) Ak
B, B RNA pU42H0, cDNA &k, RT-qPCR 1
BAES RATHOT b AT, 28k AT B 4
AbBE, FIFHLT Kl RPLIS JERVE RN S, [AFE
A BCE 3 WH SR, AR AT 3 B
#Hi.

1.6 HEZITEHH

SR B o B Ak BESR I ERPE SPSS ((IBM
SPSS Statistic 25) Fll Sigma plot 8. 01, {2 3F1{E
bR fE & 22, R — 4807 22 73 # ( One-Way
ANOVA) "hiyf/h g2k (LSD) i, £
AR Duncan [QAG 304, 22 5 W35 M KF K
P <0.05,

2 ZERESH

2.1 ZREFFEERILAW=FhTHWEHREH

3 B T IBE T B S A5 T R B AR A B S ] 1
i e A 1.0 x 10° #0F/mlL 4b B K R T80
KA T AT 2 RIF A BT, 24 R T
FENG R 46. 7% , WEIRJEHE 10 K, ZLKBUFIE
55 16.0% . % 1.0 x10". 1.0 x 10°. 1.0 x 10°
1.0 x10* f1F/mL SRR AL EE 10 d 5, 27 ki
T A TS KAk 43.3% . 65.1% « 95.2% Fil
96.5% (B 1-A) . F 1.0 x 104 /mL &b 3 rfr 71
TS, BT TR 3 RIF R - F,
G54 R, AT BRGSO 43.2% oAy, AbRE
JE55 10 FAFTE R M 12.2% » 76 1.0 x 10", 1.0 x 10°.
1.0x10° F11.0 x 10" #IF/mL &bFE 2T J i #0 T
W10 d J5, R R B R 34.2% .« 45.3% .
63.1% F192.5% (& 1-B) . F 1.0 x 10° 1+ /mL
ALE/NRL TS, /N TR T3R5 2 KIF IR H
S, 83 R, N TR IE R R 34.2% ,
AP S S5 10 RAFIE RN 9.39% . ¥ 1.0 x 107,
1.Ox10°. 1.0 x10° 1 1.0 x 10* H4F/mlL £Zb34 10 d 41
KWUNEY T WS, AE 1% 53 8 35.5% ~ 72.3%
89.8% F189.8% (K 1-C) . Giit&iREM, 4 d =
DXL AN TSR B (LCy) 43 5]

F55.8x107, 3.1 x107F#1 1.5 x 10" 3+ /mL. 10 d,
SRAREFET R/ N T I BOEHVREE (LCy) 430K
4.0x10°, 8.4 x10°. 3.8 x 10°#f/mL, Z5$ %
AN [ il 9 T O ] — ok 6 483 T 1 BBURR M —
(B o TS, JFaeiimacBmgeer -k
B SIS R EE R 1.0 x 107 40F/mL.
2.2 REFEFEIERNESTH

KRB, Rl B LT KO T U SRR
HFEIFWE (1.0 x 1071 F/mL) HiEi13 ~5 s,
BT ERBIE R AR 8 d, R WM
43 AP TR (B 2) o SRAETE I T il R
TRBEE AE BUR R, ZEERRE, BWR A SF F.
kLT KO g R G B AR, 5 DA 228 AR
K, WLETERAREEHE, RAFENTA
WE, MHFRERAN R RLYIEE, SRR
WS EAE K. TERPRESE 1 RS2 REMET
ST KW REE TO B 0 AR Ak, WG SIS, SR
TEAR YL 3 R B T 7E 21 K AR BE ULEE 21 248 /N Y T
27, KRG, ZF EA0T, HiRfEfR BT 1 d
(YL 4 X)), fERBEHAE R, HIFARRELIE,
e R R A B B GBS AR AERAL, W EER.
] T, Ak RRESE S, WLERF EERN
KB BEERGAIBR], 0228 8% T
AAE, W22 W Z WY OO % 60 2 A AT,
FEAYEIN, FEAETSS5 d JE (JRYLEE 8 R) 2L
KB e s R A1 (E2) o
2.3 Toll ZEERE W /TN

K TEZL T. B ExPASy ( http:  //web. expasy.
org /protparam/) MLl KM Toll 32 4 K5 [N & ik &
HEER R | RK/h A B
FETK (3R2) o X Toll ZARHEAT T L5H5K,
Yot (e N R R G A (&13) o ShthER
T @ R Tolll, Toll2H, Toll22, Toll6, Toll7
HATEEEIL5RY, LRR 75 6l = 85 15 DX P X
H Toll Z & & A AR A% LRR (B 3-A) o
Toll 52 (R 5E A J7 51 5 NCBI 4 g v HoAth B s )
Toll JPANHEAT LR, B0 H R R e Mg H, 8
W H B A B AR LA B RO DL G H by
52 S AP ISORT PR SR, X R AL A v A B
ATLERT AT, JE N I EdE bRy st Rk
BT LB, 21K Tolll 55 5 i 1R Ko A7 it
Tolll JE %% )G R, Toll7 5 ¥ Ay HUFN 2% #U 4% %
Toll7 [ YRPERE &, 1 KWL Tollo 5 3Rl 45 ¥ Tollo
[ M B, LRR 5 B0k Y Toll8 [a] 5 M 5
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(E3B) o WREKICRRIE Toll EADIBES €N b, Toll7 76 10 SR fk 1, Toli2H, Toll22
AR TIRE . RS C R E (7 TR XL Toll  Toll 76 8 SYefk | (183-C) .
ZAREN, 45 SF B Tolll F1 LRR 75 1 2 Yo {k

A KA YL Major ants B B T8 Medium ants
100 100
< <
E 8
= 80 ~ 80
= 60 = 60
. N Control
2 Control - 10°
& 40 10° 40 .
- ; ~ 10
3 e 3 10°
gz 20 ig g 20 10’
& 10° & 10°
0012345678910 0012345678910
{RYREL (d) Days after infection 12U K%L (d) Days after infection
C /N T Y Minor ants
100
<
E
E 80
i
:/*; 60
P Control
S 40 10°
- 10’
;i:[ 20 1():
e l()4
0 10
0 1 3 4 5 6 7 8 9 10

fRYREL (d) Days after infection

BT &t 72 20 O 3 Fh T 205 /)
Fig. 1  Pathogenicity of Metarhizium anisopliae strain MaqS1902 against Solenopsis invicta three types workers
A, REITW AL, B, PRI T AFMZ; C, /N T AFHlZE. Note: A, Survival curve of major

ants; B, Survival curve of medium ants; C, Survival curve of minor ants.

0d 1d 2d 3d 4d 5d 6d 7d 8d

FAY T

Major ants

R T

Medium ants

AN
Minor ants

2 ZRERRRRULLL K3 b T S oI
Fig. 2 Microscopic observation of infection process of Metarhizium anisopliae strain MagS1902

on Solenopsts invicta three types workers
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R2 ONW Toll ZEEEMENBERFS

Table 2 Bioinformatics analysis of different Toll receptors genes in Solenopsis invicta

#i3A Description Tolll Toll2+H Toll2-2 Toll6 Toll7
JLIR E GenBank LOC105194815 LOC105200898 LOC105200880 LOC105200897 LOC105197864
HHLK (b

K (bp) 12 611 9 598 6 706 60 787 12 969
Fulldength gene
i [ SR i
AR L ) g X g 10
Chromosome location
Mg X. (bp) Coding sequence 3231 3732 3990 3 687 4 344
AR (aa) Amino acid 1076 1243 1329 1228 1447

T & (kDa
EH TR ( ) 124. 43 141.74 149. 34 137. 62 161. 16
Protein molecular weight
&5 H, 15, Tsoelectric point 6.24 5.80 6. 08 6.24 6.24
JiEEIX
5 (a2) 788 ~810 1018 ~1 040 997 ~1 019 1014 ~1 036 1041 ~1 063
Transmembrane domains
55K (aa) Signal peptides 20 20 31 36 0
A B
C
—SiToll 2-1
=gl

SiToll 7

SiToll 1

K3 Toll 2RI AWM 2401
Fig. 3  Bioinformatics analysis of Toll receptors
TE: A, Toll BEZIKMZEHERL, LRR ZHZAMELE X, AOMASREREPIX, GEHHE TR, S Toll /A4
FH 2k (IL4R) [FIRIX; B, B TEEERTF VAL KB ALY R Toll JER M RGE LT, C, JEfkE
/53481 . Note: A, The domain architecture of S. invicta Toll receptors. LRR indicated leucine rich repeat, transmembrane
domain were indicated by red lines, TIR was for the Toll/interleukind receptor ( IL4R) homologous region, which were
indicated by green lines; B, Phylogenetic tree of Toll from S. invicta and other species based on amino acid sequence; C,

Chromosome localization analysis.
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2.4 £1 X8 Toll K HYFRIK K F 4

FIIH RT-qPCR XF 2L KB A B D13 (BB %)
oo O A A MR AR B KRR T
TR, NS TORY)  Toll A2 44 L A #E 47 mRNA
FIRAPAGI o Toll SZARFEPRIFELT KU 7 i
FRIA AL, Toll ZARGEIGHAEMH AL T =
35 (K 4); Tolll, Toll6, Toll7 F1 LRR 1£ A T hy
AN T B rh Rk 5 W35 B, BAE Toll6 1 Toll7
RN T R A T 2 R s B 22 5 R E K
(P <0.05), Tolll, Toll2=2, Toll6, Toll7 Fl LRR
FE PR Tl A LRI P A v ) R TR Tk B 22
S KO, M AR A R TR KT T
AR, B&T LRR 3EH (P <0.05) » B Toll 5%
PRTELT OO B A () 23k 38 S5 AR G HARY
e ds Lt — 2 ki .
2.5 Z/EHFS Toll EEREHNFRIZERX

RT-qPCR kil 7 Toll J PH] 52 7 41 K W 37 4%
BERYE A 20 U /N T Toll

FHXF 23K K- Relative expression level
XT38 7KF- Relative expression level

FHXT &35 KF- Relative expression level
HAXT 357K Relative expression level

ARG W AR A — . 7E KA T, S
WD FiHE S Tolll, Toll2d, Toll22, Toll6,
Toll7 F11 LRR LA () ik, 6 h BF— DS
VR, RTLUREURIBE R e S (B 5) s fErh R
T, SRR RE W E 5 S Tolll, Toll2-, Toll6,
Toll7 F1 LRR LR 3235, 6 h Xt Toll2d )i
SRR EE, S, /e TS5 %5 Toll22
SE DRI 2% 28 T 1 00 AN B . AE /N T, S
B H A W B A S Tolll, Toll2d, Toli22, Toll6,
Toll7 F1 LRR LR () 3Rk, S AR 1A XF /N A T2 Y
LRR RS F i UK, 76 6 h fi124 h B, FHELT
XTRE, LRR FEPRIFIAHEE 25 f% (&15) o RT4PCR
Forim 45 FE B Toll B PR 5K Al ok SR AR I 15 5 58
AR T ) s ML AN ], DA Toll A2 44
FIGEAEA A T b BT B9 /E R TR), R 3 o A
UM SZ A& Toll R 51195 JFAH X 43 F 10 ( PAMP)
I S K A 238 5 Toll 55308 BER LRI L1 KL

X} 3K 7KF Relative expression level

I XT$e3K7KF Relative expression level

B4 LKRBUEE DI Toll ZIkMFRikE
Fig. 4 Expression level of Toll receptors at developmental stages of Solenopsis invicta
W A~F, ZLRBAESEE DI Toll ZRMFREE. BITEENFEE « FRfER (n=3); # EAR/NEFERRER
B3 (P<0.05, BNEFH 2587, Duncan [ ER ZH L) o Note: A ~F, The expression level of Toll receptors at

developmental stages of S. invicta. Data in the figure were mean + SE (n = 3)

. Different small letters above bars indicated

significant difference ( P <0.05, one-way ANOVA, Duncan’s new multiple range test) .
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X235 7K Relative expression level
X335 /K - Relative expression level

f= e (h) Hours after infection

HXS 235 7K F Relative expression level
HFAX} 35K Relative expression level

{RYLE] (h) Hours after infection

{2 YHF ] (h) Hours after infection

{ZYLfA] (h) Hours after infection

FHXF # 38 KF Relative expression level

{2 YemfE (h) Hours after infection

FH AT 2235 K F Relative expression level

{ZYLHfE] (h) Hours after infection

KIS BB R YL L0 T AL Toll Z AR FIAAA RTPCR 4347
Fig. 5 RT-qPCR analysis mRNA level of Toll receptors in adult worken ant of Solenopsis invicta
T A~F, KRBT Toll ZARGIRFIBBA 07 G ~ L, hBRITHL Toll ZARGIRFIABIA 3T M ~ R, /NI
Toll ZRFHERIIER; AT T BUE A £ brdEDR (n=3), B EARTFRERENELEREE (P<
0.05, 7748+ Ay LSD #1 Duncan 5 %3) o Note: A ~ F, The expression patterns of Toll receptors in major ants of

S. invicta; G ~ L, The expression patterns of Toll receptors in medium ants of S. invicta; M ~ R, The expression patterns of Toll

receptors in minor ants of S. invicta; Each bar presents the mean + SE ( n=3) , and different letters above each bar indicated a

significant difference ( P <0.05, LSD and Duncan in ANOVA) .

3 &5t

L A R 2L 30 0 2 ALY 5 R A 92 ) 2
TRZR, 43 A VR A 92 R 40 T G %8, T 41D 00 1A
ELRA BRI SRS R A 4R B¢ ( Shmueli
et al. , 2018) . HEERAFRIKAE, HIEHIGH
B ERIERFE AT ( Ouedraogo et al. , 2003) ,
B OB T 3 ORI KRR e e R G0, 43X B AU
JR B AR 8 ZU R e 9 B I A AT RE R I K
( Soderhill et al. , 1998; Zhang et al. , 2021) . “JE
o7 HAER BRI E H ( Pattern recognition
proteins, PRPs) X i J5L A OC 43 F 45 2 ( Pathogen—
associated molecular patterns, PAMPs) &80 H 51 -

PAMP S48 E R IOR P, A 3 UATF

FERRE AR DG A, I G~ BB 2 0 (LPS) |
G MAKENE (PGN) | JEEEERR (TLA) LI EIS
W HEZEE P (manana) ( Hughes, 2012) .

Toll 57 4 J2 B it 55 22 (1 SR AR R ) A2 R 2 —
M A Toll AZ ARG & A CRAFINTARMLA S5, 177 H. Toll
ZARAE B BAR B 3 A A SZ AR RS A
KA A5G 25 AN [R) T A T 26 57 o H i 7E SR
K IRPIREE XL 4% 8 Anopheles gambiae
W Apis mellifera~ /N2 Plutella xylostella 5 5.
WF Acyrthosiphon pisum %5 B W A 3 54k 8 T A 9+
14, 9. 11. 5. 9 F17 /> Toll F[H, X L& Toll 574
X 1 3 B U P R G i I B R o
) YE FH ( Maxton-Kuchenmeister et al. , 1999;
Imamura et al. , 2002; Luna et al. , 2002; Gerardo
et al. , 2010; Xia et al. , 2015; Zhang et al. , 2021;
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Dong et al. , 2022) o F&F21 K WU R 24 53 B AL
FE, AT T LKL 6 A Toll 32 {4 3 A
(F3), HARFRLT L Toll A7 A I A ) i s iz /1
TxRAE (144) MKW IEE (114, 5HRbg
(9) MBEEEF (7) ZHAKR, ZTEE (51)
Toll A2 AFE PRI 7] BE 5 21 K W b IR Z5 A4 A
)T A 22 5o S5 RB 3 0 BT 1L Toll 52 1A 55
WX, B5HREIX AN X, X8 F Toll 3Z k%54,
5 R AR 1) — B e AR E L 43 B R W Tolll
MLRR 7F 1 B4 fafk b, Toll7 75 10 S YL fafk |,
Toli2- , Toll22 i1 Toll6 ¥ 8 S Y @ik I ( & 3-
B) o Toll 32 {4 iy ftb Y A B A —HF, WE 1%
AREA—FE . RGEKE /T RWILL KL Tolll 5
SRR S AP Tolll SRS REGE, Toll7 5Hi ¥y
BRI H5 Toll7 [ IRPEEL S, 21 KWL Toll6 5
RIS Toll6 TRl JEPER R, LRR 5 ¥k 2L TollS
VR e /821 L 6 > Toll 32 44 fir e (1) 4 F
A—FE, R[EH Toll 3Z K5 H I hE 5 ixX 2L A [F] >k
U5 2L Toll SZAARZE 1 Y T REAHI -

TER B, X PAMPs AR5 & Toll 32 &4
S, Toll SZ AR B H A R e yie R 48 Hh (0 O HE D
R — e U b O Z R B T R
Yo HHl, XFE A Toll 5244 1Y Iy 68 bF 5 1E 7E [n] 4
M RENBEHLEE. FRIREREBPEET
9 4 Toll 3Z A, 4 #1444 & DmToll, DmToll2 ~
DmToll-9, 3% 9 4~ Toll 52 1A ¥ T BE 1 7 40 (1% ) i,
HI R A FHIF ( Niisslein-Volhard et al. , 1980;
Hashimoto et al., 1988; Rosetto et al., 1995;
Mcllroy et al. , 2013; Ballard et al. , 2014; Ward
et al. , 2015; Shmueli et al. , 2018) . AW} 5T 7,
FIHI RT-qPCR X i & 21 iy £1 KB 6 4> Toll 32 144
TR E DI mRNA KRG (B 4) o SRR
Toll ZARFKIRAELL KU E i R A A 3Rk, B
& Toll ZIRFGERIAESMEE LN ET, %
AFER R IR AT B Sk 22 5, AW Toll 52 1A 5
JRAEER 5 20 K WU & BRI G &R, IR
I AAZ o Tolll K& [A vh AU /)N Y T8 B w55 3R 58,
Toli2- , Toll7 FI LRR {r Wil E ik, Toll22 1EMf
PEAEFE W Ak, Tolle v /A T WU & 3R k.
B T Toll2H 24, Toll J PRI 75 e 1 AE B WO 1
AEFE I Y AR IR B 25 e W EOKF-, H Toll S 7%
FERIA P FRAA KO (B 4) o S0 H R A]
RELL K WOIR WA GE AL 30, VO &) s i o A T, 41
KOS 3 B v AR A Toll 32 4Rk R 3R 3K 7K 1 i
YRR AR . RS EE RS R (2017) 4F

WIS T /INREIREEE 2 PxCTLS 25 5 A0, HIE/NSE
e PxCTLS K& K Y = 3% 3K 76 W0 1. /s 3 i
PxCTLS BEPRTE /N Mk 1) B A e B D R A 3R 36
{AHHFL SR AP e B .22 5« PxCTLS 78 B AL
MRy IA I 3 W4 I 35 1% . PxCTLS J2&/)
KK AEE TSR, 50N REEERE
AEFHVINIKR (REFE, 2017) o ABREGRN
Lk g AR, KM SemiqRTPCR A5
R IR AR 1 G AR RS A TR AR AT 3Rk,
BA KB BRERIE (7kaHESE, 2011) .

ARG LTI 4 d LRARTE XL IO s
AN T I BAE R (LCy,) 43001 5.8 x 107,
3.1x107. 1.5 x10"#1F/mL. 10 d, ZEE XA
e N BE R (LCs) 43018 4.0 x
10°. 8.4 x10°, 3.8 x 10° 1 F/mL. 772k 3
B, SRR SR B AL BN T 3 ~ 4 d, FET
RAGE, (AR R SET R L AL TG
(B 1) o XERGFFEM TSR, HAN
FERCR AT TR bR . 14757 2% AWFOY T B4k
LRI SMOT6 B AR X AR /N AL T BT KA B
5 11. SMO76 AbHRRUFI/NRL Tl 14 d ) LCy, 43
W7 9.29 x 10* F11.02 x 10° 41+ /mL. [ 25 o4k
SRR TR AR TR WO BE N, £ KU BB T R
AW, SR BT g5, SOt b e R AR (1
FEAE, 2013) o &AM T M09, CQMal28
F1 CQMall7 3 FR4: o SRR X £1 K U B0 77
SEREMLE 1.0 x 10° 1 F/mL T 3 BRI #RAL
PRI 10 d 21 SO iy T BB TR 4390 73. 3% -
14. 6% F1 55. 5% ; M09 [E#FX T8 LCy, 24 3. 50 x
10°fF /mL ( FZ%, 2018) o ASBFSE PRItk 1
IR 25 S 1) i B AT A AN (] TR AR R 2T KA 3
IAENGEEE

LA A 2% [ FH P TR R A8 TS Toll {5 38 %
N7 Al NN N O D atE SO ST =N s N b s
N, R R B %243 % ( Rutschmann et al. ,
2002) o AMHTEH, HERARE R G20 ORI T
W3 B SUE, RT-qPCR A I 2 /s AN [6] i e i) T
W, HAES S G AFIEE], Toll 5245 1k G i i &
A—F (FES) o R T, SHERGE D &S
F Toll ZIRFHEM LRFEE, 6 h B— TR
B, TTLLBRZ R Tolll, Toli2-, Toll22, Toll6,
Toll7 F1 LRR JEH )% 5% (K S-A ~F); fep AT
w, SRR TR g W 5 T 40 KWL Tolll, Toll2H
Toll6, Toll7 #1 LRR FEHI W) MRk, 6 h X} Toll2-
BE ORI B, SXTIRAHEL, & T 5 fr.
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1M Toll2-2 55 PR H) X 2347 B 104 300 3OS Sl sk (1Bl 5
G~L)o fE/NRIT I, SR BE R AT Tolll,
Toll2< , Toli22, Toll6, Toll7 Fl LRR FL[H W31k,
CRAEEET /N T4 LRR KA S B U, 166 h
124 h i, AXSTXFIE, LRR LR FRikHE 6 25 1%
(I 5-M~R) o BEHILT I Toll FKEFEH 4 A s
M) 17 20 B 1R G, ELR ] A Toll X AN [] i 4% 1)
T R R R — A, SR R Y e F ki A
fERE2ZS (BS), X5mME.shY TLR 1
Toll7 2 {8 2 11 i1 5 D) fig #H Bl ( Takeda e al. ,
2004, Nakamoto et al. , 2012) . ZRAFFE45 Rt 5H
R AR 45 SR 2. Lin 58 AWFSE R K4 H
JEYL AR B Beauwveria, ANIF][F) Toll 52 {KYE K 4 %
B FUERFIR G S R AE AU AEE R E 2. Bm
Toll32+ Bm Toll6. Bm Toll74 F1 Bm Toll9 3 [H 7
ANTRVR T 5 B ) & 28 B9, I Bm Tolll02 5 Bm
Toll103 FEFIMIH B F PSR (Lin et al. , 2018) .
ki (2021) W5 T K2 Locusta migratoria TLR
( LmTLR) X5 B S AE 0= e g oy 45520 5 2R 3%
B, FEES KA E 6 h Bf LmTLR (1) 33k & 5 X}
HEAHAGA WA W25 22 5, K Ul B 78 1 597 1 30 1%
A5 Toll 155 38 B I 7 3 K X LmTLR 11 18 4%
FEFESHIEY 24 h 5, LmTLR f93R3K8 &8 BRI 7
FHTSEE R 12 h 5 LmTLR {9 35 1 & 5 2 1,
24 h BEMZEREA, XBRRTHREMAES T
LmTLR (5k#F, 2021) o RRPHATHE (2016) [AFER
FREER L ) J5 3, 40 il BOm e i Al £
B~ SRR R B0 TR VR I 107 7T /mL AR YL e BRE /N
Sl 3 W4 s, FIH] RTPCR Al 1 /S i 3
B~ BRMGAR Il 20 A i) R A A . 25 SRR B[R] —
b EL AL B 1 [R)—Fh 2H 2 rh Toll2« Toll5 Tollll
SR FB R ZE R MER Toll 3@ B% P4 4
() 3 i Toll J& PRI 7E 32 31| FL 1A {7 Y4 i 3R 3K 5 76 AN [
A [R] TT BE 2> 8 B0 B0 A0S S WA O, i — A
BH 4 /NS0 0 R P 5 55 3 o ) TR 7 2 2t (BRKFH
F148, 2016) o Shields 57 # W SR () Toll-9 K2
FERMPEIT AT, (HJE5 Tolld MEAER, FIL
FHEAE S NF«B %% 55 K715 A% 25 A5 1) 200 Jfd
I Toll4 3&7% ( Shields et al. , 2022) . L) B
Z1 AN R] 9 i G 3o 42 e LA PR [RIE B ) Toll
TR FRARIKF R B X IR ) AR, BRI Toll
Ifeds it — 25 I 5T -
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