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Cloning and bioinformatics analysis of IRF7 gene in Larus ridibundus

WANG Yihan, ZHANG Hongli, ZHANG Hui, MA Junrui, XIANG Xun, DUAN Gang, CHANG Hua
(College of Veterinary Medicine, Yunnan Agricultural University, Kunming, Yunnan 650201, China)

Abstract; [ Objective ] This study focused on the relevant information of interferon regulatory factor 7 (IRF7) gene in Larus ridibun-
dus, to provide a basis for the functional study of protein IRF7 in antiviral response. [ Method ] The IRF7 gene was cloned, and its
sequence was analyzed using MegAlign and MEGA 11.0 software. The biological characteristics of protein IRF7, including rare co-
don characteristics, physicochemical properties, N-glycosylation sites, phosphorylation sites, transmembrane regions, signal pep-
tides, affinity, hydrophobicity, subcellular localization, secondary structure and tertiary structure, were analyzed by software like
Rare Codon Callor tool, ProtParam tool, NetNGlyc 1.0 tool, NetPhos 3.1 tool, TMHMM 2.0 tool, SignalP 4.1 tool, ProtScale tool,
PSORT Prediction, SOPMA and SWISS-MODEL. [ Result] L. ridibundus was closest to Rissa tridactyla in genetic relationship. The
IRFT gene was 1 242 bp in length, and encoded a hydrophilic protein IRF7 which was without signal peptide or transmembrane do-
main. IRF7 had a molecular weight of about 46 ku, mainly located in the nucleus, and was predicted to be neither transmembrane
protein nor secretory protein. The secondary structure of IRF7 was mainly composed of random coils, and its tertiary structure was
78.73% similar to the model protein IRF7 of Arenaria interpres. [ Conclusion]The conservation of IRF7 gene is poor.
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T3t Z P75 A F (interferon regulatory factor,
IRF) A% 0 N T2 R BB 0, 2 T BTk
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I ZINRENE , N E 2 Fh {5 5 08 B 5 Bk (R 3R
IRPR T 2 AR AL, 6 B foge g 2k AR 20
Mo RgA T 2 A A Y Y . o IRFT 2
IFN- [ Xt e e i mZ s i w7 2 5
P T R 3 1 R 2E R R R R
R H, 24 Toll #£5Z {4 7 (toll-like receptor 7, TLR7)
¥, Toll ¥E3ZAK 9(toll-like receptor 9, TLRY) # I %
i IRFT MR35 3 LR FER R M
#HUF,TLR7 5 TLRY i i K BERE (L 1 88 (my-
eloid differentiation primary response 88, MyD88) J&i /i
F AL T, IRFT IR I BRI TLRT 3 TLR9
SRS T . JRE IRFT HEP Y 2 4
B A ERES BRI P T IR R o (IFN-o) 7724, HETTT
G 7 RSB G L 5 R ) | B 83 SR A = R Lo
R

PaAlaE S IRF7 AEAS A T IFN- T BRI,
AR XE R FSL 2T 24 200 i X BT SR E 9 5 ( Newcastle dis-
ease virus, NDV ) B G5 W 27 Ko FLA % 5k R - 1Y 3=
B BT ERERZ TR F 3 (interferon
regulatory factor 3, IRF3) , F%i# i IRF7 K& 4% IFN-
T AR S0 T RE , DI F 5T 5 28 TRF7 A3 1) T itk
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IRF7 25 FIAESUR 55 00 ELRAE ) B LW e 1 o F
PUHI SR BEAR I |t ol R LT I RS T R 32 AR ik
BT T e R AR LS

1 #Rt5EFR*®

1.1 FEAFENEE

XG4 o bk O 200 A 23R & (b RS R R
HABRAT]) (eDNA U sl il & (b X a4
P AR BRA D) e R 5] 6 R 5ok /N 4 3 51
& RIRAEABH (Jb) AR A ] RPMI 1640
K532 3L (Hyclone 23 W] ) 5 HE IS AR R 55 ( GelDoc-1t®
2310, Haier 24 F]) \PCR X ( PTC-1148 . Bibby Scien-
tific /A\ﬁ]) 5
1.2 RNA 25

T 2o B A B I T SR X R 4B 2T W 1S 1) 4 ]
MREA Bl 5 A TR EL A0 o) B 3 A A 201
WRELANMIAE RPMI 1640 553558 P55 24 W10 8%
FRES ST, FIFH AN RGPS 40 ] T, R D4
TRBRECRNAY | fif RS IR R E I L Tk AR X6 RNA
HEATRI
1.3 5|¥igit

M GenBank HHLTMERS IRF7 L H 475 (&
K5 :OR145972) , FIFHEAF Primer 6.0 31— X 4¢
SHES Y BT TR B A T A TR ( L)
A A BRA RIEAT G i, T 1S Be K B 1 242
bp, BIHFHUNT .

F:5'-GGAATTCCATGTTCACAATGCGGGAGG-
ACCACT-3’

R:5'-CAAGCTTGTCAGTCCATCTGCATGGTGT-
ACTGCTCGA-3’

1.4 IRF7T BEFEWEESNF

FIFH cDNA S5 55300 S0k 2 U RNA 135
SE N H A DNA ( complementary DNA | ¢DNA) , Jf:H
PSS Wit ir 1, PR &R . 2 xPCR Master
Mix 12.5 pL,ddH,0 9.5 pL, ¢DNA #ifz 1 pL, BT
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WEIMA 1 pl, ROEFERF:95 CHIANE 5 min, 95
CA2ME 30 5,69 CiB A 50 5,72 CHEH 1 min, 3 35
AMIEIR, 72 CHEAH 10 min, 4 CIRAF, RABENEHE
BEI LUK AR 5 P Wy AT S

AR P B 1T WA 0 7 8 7 R AT [l 5
1t 1580 TA }‘EF&ZE(TA cloning ) AR , s ZSugLll
L PCR A Bots i ML A 3] pMD18-T 24k, 14
HEELH BORL, R R B DHSa R T
JEZAS M D e LB B3Rk Fad i 3R BiE
W 6,1 vE P TR 7 HEAT )RR 3R, Il B PCR
FIREGEYIH A (EcoR 1T F Hind ) 497 4 16\ 55 4H i
BT IERRPE . R JBORE /N 48 3R] & 4 B s o A
K DNA  Jf4e 58 A4 TA W) T (i) IRfn A FR
N AV HEA T
1.5 HEPEVELEX R R G RitaE

£ NCBI £ g rho4 21 MG RS IRFT SEIH T 51 ik
7 BLAST X}, ] F DNAStar %44 H1 # MegAlign
THEXFBEEUR) 15 A ARARUE 55 o 1 B R P 91 i A 7 4
B o B MEGA 11.0 SRR RGEHEALR >
1.6 IRF7 HIEWMERZES

FIF ProtParam T. H (http: // web. expasy. org/
protparam ) 7T IRF7 25 [ ) BAL P 5 ; F1]FH NetNG-
lyc 1.0 (https: // services. healthtech. dtu. dk/service.
php? NetNGlyc—1.0) Fl1 NetPhos 3.1 T H (https: /
services. healthtech. dtu. dk/services/NetPhos—3.1/) il
I IRF7 2 ) N-HRE A 7 SR BE R AL 5 i
ProtScale ( https: // web. expasy. org/protscale/) | Sig-
nalP 4.1 (https: // services. healthtech. dtu. dk/services/
SignalP-4.1/) & TMHMM 2.0 T.H (htips: // services.
healthtech.dtu. dk/service. php? TMHMM —2.0) 43 Ht
IRF7 B3R K M Bk A5 IR B HIO7 2 A
[X ;2K Rare Codon Caltor T..H.(https: Vi people.mbi.
ucla.edu/ sumchan/ caltor.html ) T IRF7 2& I IF A
S5 FFH PSORT Prediction %X (https: // www.
genscript. com/psort. html ) ¥ 17 3 il ffd %2 375 1] H
SOPMA ( https: // npsa. lyon. inserm. fr/ cgi — bin/npsa _
automat. pl? page =/NPSA/npsa _ sopma. html ) #
SWISS-MODEL( https : // swissmodel.expasy.org/ ) A4
T TRF7 25 0 25k i =gty >

2 FERE55H

2.1 RNA 24

T 19 P BEREFEEERS UK AN, WLEE 3 3 /M
HEME: 2547 (288 . 18S K 5S) (&l 1A) | iE BH Fir B2 BT
RNA HATREFR 88t v H TR 205,
2.2 IRFT EEZERF SIS

YRR IR T 5 U R N— S
— BRSO IR EEZ 1 242 bp (K 1B).,
2t Ak TR T R AN P 25 8 S B A ) T
CIMERG 1Y) IRFT FER . )T 5341 WoR £ RS IRF7
FEHC BN 1 242 bp, S EEERARST . T 9IEE
39 MEA ST (6 4 CGG.2 4~ AGG .1 4~ AGA 2
A GGA 8 1 GGG 18 > CCC, LA K 2 4> ACG) ., I
A ZIER T A R R T — B SN T
JF31( CGGGGG)

A Mol B

2000 bp 2000 bp — 1242bp
1000 bp 1000 bp

750 bp 750 bp

500 bp 500 bp

250 bp 250 bp

100 bp 100 bp

M.DL2000 DNA 73 F#Ric; 1.RNA;2.IRFT JEH
M.DL2000 DNA marker; 1.RNA; 2./RF7 gene.
B 1 ZIWERSHELMAE RNA(A) 5 IRFT £H (B) 8
IRBE MR SRR R kA
Fig.1 Agarose gel electrophoresis of lymphocyte RNA (A) and
IRF7 gene (B) of L.ridibundus

2.3 E[E R IR gL B 53 #

ZLWERS [RFT SN ¥ 515 GenBank KHs ¢ Hh i
G (Accipiter gentilis) 7K (Aptenodytes forsteri) |
SR LI RN FHE ( Chaetura pelagica) KU ( Charadrius vo-
ciferus) JR Y ( Columba livia) | ¥ JN#E ( Falco nau-
manni) FEIMNE( Grus americana) ST TCEE ( Gymno-
gyps californianus) =M FARE( Harpia harpyja) &1
W ( Mesitornis unicolor) A<8%( Nipponia nippon) | F &
E4 (Onychostruthus taczanowskii ) B = F) {38 ( Py-
goscelis adeliae) ¥ 5 %€ ( Pyrgilauda ruficollis) =
BERY (Rissa tridactyla)) B9 IRFT 3% K AH AL PE 73 501 A
74.5% .85.8% .78.2% ,82.6% .68.6% .73.8% .73.3% .
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AHAUE/% Similarity
1 | 2 3 4 5 6 7 8 9 10 |1 |12 1314 15 |16 |
1 787 [73.0 [ 780 [ 814 [800 [874 [885 [397 [867 [678 [769 [79.1 [774 [810 [858 [ 1 | # 4R dprenodytes forsteri
2 |195 711 | 754 | 759 | 762 | 835 | 83.8 | 41.0 | 740 | 659 | 737 | 755 | 742 | 826 | 782 | 2 | ;ﬁ:f f"é‘;i,,,ﬁﬁZ?’,’i’,Z”””’g”“
3 [250 | 215 77.0 | 82.8 | 81.6 | 69.7 | 70.7 | 409 | 76.9 | 70.3 | 79.0 | 79.7 | 79.6 | 74.6 | 686 | 3 | # {4 Falco naumanni
4 229 223|250 79.8 | 788 | 74.0 | 758 | 429 | 74.6 | 709 | 779 | 799 | 792 | 78.3 | 738 | 4 | MU o
g |5 111164 254 | 196 921 | 743 | 774 | 443 | 885 | 741 | 902 | 903 | 903 | 806 | 752 5 g‘éﬂ'fﬁﬁé”i@?ﬁﬁlﬁfﬁﬁ,
?o 6 | 136 166 | 271 |21.1 | 136 73.6 | 77.3 | 44.1 | 888 | 732 | 882 |952 |90.2 |79.7 | 750 | 6 | i Mesitormis unicolor
5| 7 127 202 174 [ 155 [ 105 | 114 87.5 | 379 | 764 | 653 | 709 | 72.8 | 714 |80.9 |852 | 7 | ki Nipponia nippon
g 8 | 113 208 [ 206 | 187 [ 102 | 116 | 114 36.5 | 80.7 | 65.5 | 744 | 766 | 753 |83.6 892 | 8 101’1115.}":)’@””’7"3 —_
£ |9 [307[261 384 |350 319 [336 | 257 | 259 405 1559 | 436 |442 | 444 392 |346 | 9 | Gl =
| 10 | 52 [181 [288 205 | 115 [ 117 | 126 | 109 | 322 69.7 | 845 | 864 | 862 | 77.7 | 784 | 10 p‘gosce/,“,de,,(,e
OF | 11 | 316 | 258 | 422 [355 326 [34.0 | 242 [ 253 | 15 | 334 713 | 717 | 724 | 686 | 689 | 11 | kp#ivige
® T (175 [195 [297 254 | 145 193 | 148 | 148 | 369 | 174 | 363 883 | 884 | 783 | 790 | 12 | Py 4flldéllf collis
13 149 [ 173 259 |23.1 | 126 | 40 | 125 | 121 |336 | 128 |33.7 | 19.0 89.8 | 79.0 | 745 | 13 };cf;f'f;’;e];;fiti‘;sla
14 159 | 173 [27.9 | 236 | 141 | 148 | 127 | 122 | 366 | 134 | 353 | 204 | 166 774 1733 | 14 | 90 Grus americana
15 163 197 |21.2 |23.1 | 123 | 13.8 | 15.1 | 146 | 262 | 14.6 | 28.0 | 134 | 146 | 156 82.6 | 15 | X4 Charadrius vociferus
16 150 [ 220 | 245 220 | 129 | 148 | 149 | 139 | 287 | 140 | 288 | 0.8 | 148 | 147 | 143 16 | ZIHIS
1 2 3 a 5 6 7 3 9 10 1 12 13 14 15 ‘ 16 Chroicocephalus ridibundus

2 A[EYpFhiE IRF7 B E Ll L Xt

Fig.2
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22

38

Similarity comparison of IRF7 gene between different species

100 [ FLH  Aptenodytes forsteri

77 pay =R 88 Pygoscelis adeliae
L DUsNICEE Gymnogyps californianus
£ AR Harpia harpyja
BRE Accipiter gentilis
EWE Grus americana
WIS Mesitornis unicolor
28 %88 Nipponia nippon
ARG Charadrius vociferus

[— Z RS Rissa tridactyla
100 L— LLMERE  Chroicocephalus ridibundus

J&#8  Columba livia

44 &JNE Falco naumanni

JRER#E Chaetura pelagica

[— BEfEZ L Onychostruthus taczanowskii

0.02

100 l—ﬁ}ﬁ"g’{ﬁ Pyrgilauda ruficollis

SN AR RS 42
Outgroup : O.taczanowskii and P.ruficollis.

B3 ETFPEENE IRFT ERN RS LR

Fig.3 Phylogenetic tree of IRF7 gene based on neighbour joining
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2.4.1 IRF7 EAWEAMR IRFTERKEN
1 242 bp %P4 1 N5 413 AN IR R 5L
1) 2 IREE , AR oy F i 290 46 ku, BEIRSFH
BN 479,73 TN €, e Hy 155N O 5 S,y , AR T
h 6 396 4>, AN FRE FE O, A5 E R

58.36 (‘. T HR{H 40) , Wil IRF7 & 17 £kt
PRI A R AR E T, R IR AL, I
IR (Pro) &N 12.8% , i 3 5 T HAB & LR ; H:
PR AR (Leu) , 7 8~ 10.9% ; 75 Z WEHE (Gln)
TN 6.4% ; (O F R (Trp) 5 EEE R (Tyr) B &t
AR 1.2% 1 1.9% .,
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2.4.2 1RF7 %& &ty N-#& FE A0 AL 8 Arah B 1L A &
M IRF7 8 4540 1) S B RRE 2 L 1R 7 91 5
90 (iAFAAE 1 A N-HEIEARIBAG A 83 (181 4A) o BEAh,
IRF7 8 A HAT £ & iR A& 1, 2400 32
BRI S . Herp A 21 N2 RRBE R IL AL 5,
ST 9 .67 .74 .92 101 104 122 148,176,203 .
249 256278 338,352,359 384 385,388,398 400
P BEIRAL . B TR W AAL A 2 A, 1 T 344
LN 375 (L BAFEIRAL . TRARBEIR AL A 9 1,

A
29 £ 1.00 — JEHE Threshold — ¥%7E 55 Potential
RE 5 075
T ZE 050
Y 3 2
;E“Ig = g 025
Zz 000
0 50 100 150 200 250 300 350 400
IR T F AL E Position of amino acid sequence
C
1.2
2
= 1.0
2 0.8 — 4K 1 Transmembrane protein
T o6 | WM Tnside — B Outside
& .
#H 04
pis)
=02
[=3
0.0
0 50 100 150 200 250 300 350 400

IR T FI AL E Position of amino acid sequence

I3 ARTE 3.63.139 171 184 186,283 315,325 fii 4,
FERRAL (18 4B)

243 IRF7 ZEWNEEXfE S KA AT @
X TRF7 25 11 22 KBS 4548 %) Tt , 45 b J0l 8 ok
0, Uil IRF7 2 UL B s I X (1] 4C) [ it — 20
SRR IR S IR AR, SignalP 4.1
T EPEAT00r, 85 BoR | IRFT 25 541 o R A
FMF S RRUIFEIL A (B 4D) o

B — 2% R Serine #ZFR Threonine
— ME%EL Tyrosine — ZE#E Threshold
= 5 1 ;
R
ES &g | | ‘ |
&2 ,
=1t [ AR
P
0 50 100 150 200 250 300 350 400
IR T HIHE Position of amino acid sequence
D =
1.0 — JEUEYIRINL 5SS C-score
0.8 — BREVIEINL SIES) Y-score
2] ’ — 155 k4> S-score
g 0.6
e ———
& 04
T 92
0.0 TR
0 10 20 30 40 50 60 70

R T FIHL B Position of amino acid sequence

AN-BEREALAL TS0 ; B WAL A5 B 5 C. 5 IS FU 5 D455 A DI s F5
A.N-glycosylation site prediction; B.Phosphorylation site prediction; C.Transmembrane region prediction; D.Prediction of signal peptide cleavage site.
E 4 IRF7 EEH N-#EENAL R BERRL LR B IR X F01E S VI B Tl

Fig.4 Prediction of N-glycosylation site, phosphorylation site, transmembrane region and signal peptide cleavage site of protein IRF7

2.4.4 IRF7 & AMEAKMESHAKEL2H  IRFT &
FHALE 7 AEAE XA 14 A 35K PE X, Bk
P X g8, = A 7E 82 ~89 171 ~ 186,203 ~ 209 224
~233 264 ~271 289 ~ 295 387 ~ 406 {ii A IEEAL
Horpr 565 269 37 1Y N 22 ( Ala) 52 B K P fie iR 119 24
MR (E H1.878, EAKMEXIREZNL T 5~19 .25~
54 64~74 .90~100,103~134 164 ~170 187 ~202
212~223 242~263 272 ~280,298 ~318 322 ~341 ,
350~359 371 ~386 [ @KL AL, Horh, 26 45 1/
A& WAL (Gln) FIEE 46 7 920 2R (His) & 35K 1
ORI -3.044, TELKEEM LD, 38
PR DI 90 3= S A HE e Y A e K X
B, Ui IRF7 S8 TR KA (B 5) .

245 IRF7T EZ AWM T4 e IRF7 HHFESD
AAEANMAZ Y, 5 HE R A 69.6% , ik 2ok iR Al

ARBE 230 S 21.7%F1 8.7%

2.0

15 | S - /
1.0 f

05
0.0 r
-0.5
-1.0 |
-1.5
-2.0
25
-3.0
-35

134¥ Score

0 50 100 150 200 250 300 350 400
IR T FIHE Position of amino acid sequence
5 IRF7 EERFEKESEKERN
Fig.5 Prediction of affinity and hydrophobicity of protein IRF7
2.4.6 IRF7 & @At R &4 H0n = 25 4 HU
G TIMSE S (B 6A) 7%, IRF7 2 11 o321
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P55 23.00% , TCRLINAE it o 98 3= F A, o e
ik 57.63%, HEfd B RN B-F% ff1 43 Bl i 15.01%
4.36% , —REEMTINZER (E 6B) s, R4
Pt ATC R il A = 35— G 44 1) TN 2

A

I EE—E, BLAR, % AR Y 5 B A S (Arenaria
interpres ) IRF7 £ F 7E45 44 L 3R B & BEAHRUYE | #H
UK 78.73%,

‘"‘Hl]HIHMIHII\II[IIIII]UIHIHIHIH[U[IIIII\Imﬂm"HIH[HIIIIII\I<HI\\I\\I\\I\\[I[III]I]JI]\\I\\I\\I\\IH[IIIIIIII\"\\IHIHIHII[[|“||M"

RN

|

0 50

100 150 200 250

e

LT 51 B Position of amino acid sequence

il

300

A AN EE EAUER -5 S Q3R B3 S S CARR MM B 20 G AUF A
Blue represents a-helix; green represents B-turn; purple represents random coil; red represents extended chain in figure A.
Bl 6 IRF7TEBMZREH(A) M=REH(B) HN
Fig.6 Prediction of secondary (A) and tertiary (B) structure of protein IRF7

3 itig

ZLWERS HEA 22 Mol LA, 33k 26 ISR TR AT Pk ad
X N 7 (A BT AE U . PR, TR AR
FELLME RS BT REPIL IR AT B S,

IRF (T A3 P ) Z0 AL DU 75 G0 8 0
IR A O, JUHGR AR IR TFN- 1 A2 7
M, ZETER T IRF6, AR RS 5 T IFN 1)
RRWE, I ERERE D REL TR,
IRF7 $ I\ O 2w b g S B B A8 5%, B 7 1A 4%
IFN- T (A BURR 80T TFN 114 B 88 07 285 v A0
YER . BFFER I IRFT Sl 2% 1 /)N BT 9 35 119 B Jek
P, oK T IRFT ZEPURG R P I B M
A0 IRF7 b 45 ARG B 5 1Y 4 ML A 7 1 R 58
QAT B0 IE R T 40 3855 43 W A F- (regulated
upon activation normal T cell expressed and secreted ,
RANTES ) %% , 3 3 1 T A9 PORG RE RPERLES

ZFPGRARAL A0 4 RUE AR AL etk ik
PR 7577 | T 57 5w DG g 72 LA B 9o % i
B IR T IRFT P00 5 RAE , K 200 7 K
YePEIRFT LN FRIE B, SR, TS PIAS2 Z 1
5 IRF7 & A AR 6] IRF7 75 519 INF-8 )
B T R A TRFT B9800 B8 DURE, 104
RIG- T il 5 (1 K AR G e B 25, X UL W] IRF7 2
6 TP REDIL R v Y B PR T RE PR k2R
2 E WA ENPUREERE S .

WM, IRFT SN K A8 AN R 3h ) 2Z ) 47
e ERES, BN IRFT JEH 4K 1 495 bp,

ity 491 AN F LR WY IRFT FEH 4K A1 536
bp, i 512 A FERR ', MLIWERS IRFT FEH K
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