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Analysis of the structure of chicken Foxp3 and its expression
profile in tissues
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Abstract: In this study, we cloned the complete coding sequence (CDS) of chicken foxp3 (chfoxp3) gene,
analyzed its structure, and investigated its expression profile in different chicken tissues. To be specific,
chfoxp3 was cloned from the splenic tissue of 50-day-old specific-pathogen-free chickens, and analyzed by
using online bioinformatics tools or software. The expression profiles of the chfoxp3 gene in different
chicken tissues were detected by quantitative real-time PCR (qRT-PCR). The results indicated that the
chfoxp3 gene contains an 882-bp open reading frame, encoding 293 amino acids hydrophilic protein with a
molecular weight of 33.44 kDa. The chFoxp3 protein has a forkhead domain and carries a nuclear
localization signal, which is typical in the Fox transcription factor family. The secondary structure of
chFoxp3 consists of a-helix (29.35%), extended chain (10.92%), B-turn (5.12%) and random coil
(54.61%). The expression of chfoxp3 varied in different tissues. The expression levels of chfoxp3 in
chicken heart and pancreas were higher than in spleen, bursa of Fabricius, thymus, and other immune
organs (P<0.01), which was quite different from that of mammals. Phylogenetic tree analysis showed that
chFoxp3 belonged to the same clade as other wild birds did, but was far different from that of mammals.
These results may facilitate further research on the role of chFoxp3 in immune regulation.
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Table 1  Primers used in this study
Primer name Primer sequences (5'—3") Size (bp) Purpose
EGFP-chfoxp3 S: CGGACTCAGATCTCGAATGGCGGGTGCCCGGGAC 914 PCR
A: TAGATCCGGTGGATCCTCAGCTCCGTGGGGGCAG
B-actin S: GTTACCCACACTGTGCCCATCTATG 159 qRT-PCR
A: GTCACGCACAATTTCTCTCTCGG
chfoxp3 S: GCCACAACACCGCCACG 111 qRT-PCR

A: CAGCCTCATCCACAGTCCATACA

S: sense primer; A: antisense primer.
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Z I B-actin (NFKL, S5IYFFIILFE 1, PCR
PHKZRIAT ), 20 pL, & 10 pL 2xM5
HiPer SYBR Premix Es7aq plus (with Tli RNase
H), . F##F514% (10 pmol/L) 4% 0.5 puL, 2 pL
4204 cDNA #ifly, 7 uL RNase-free ddH,O.
PCR ¥ HEFE P 40 F . 95 CAE 1 30 s (Ramp rate:
4.4 °C/s); 95 CAM: 5 s (Ramp rate: 4.4 °C/s),
60 ‘CiR ‘k 30 s (Ramp rate: 2.2 ‘C/s, Acquisition
Mode: Single), It 40 MMEF; 95 C 5 s (Ramp
rate: 4.4 °C/s), 60 ‘C 1 min (Ramp rate: 2.2 C/s),
95 'C (Ramp rate: 0.11 ‘C/s, Acquisition Mode:
Continuous, Acquisitions: 5 per ‘C) il fiF fh £k >
Mr; K& 50 °C 30 s (Ramp rate: 2.2 C/s).

ARG EZH 21 chfoxp3 mRNA Fikmwm R 1, K
27 AT S LS chfoxp3 AN SRS
O, BAFEMES 3R,

1.7 chFoxp3 £¥{EEZF 5

M NCBI 9 3t 208048 7 v W 3l Y
Foxp3 @AHMFY), Wi5: N (Homo sapiens,
GenBank % 3¢5 : NP 054728.2) . K (Mus
musculus, GenBank % 55 . NP_473380.1),
¥IZ B, (Rattus norvegicus, GenBank & %5 .
XP 038955722.1). HfJ%& (Sus scrofa, GenBank %
SES: XP_020935196.1), 4+ (Bos taurus, GenBank
oS XP_005228160.1), L (Equus caballus,
GenBank &35 . XP 023488959.1), 4 (Ovis
aries, GenBank %5 : NP_001138419.1),
B f1 (Danio rerio, GenBank % k%5 .
XP_021334102.1), FHEf (Oreochromis niloticus
GenBank %55 . NP _001269822.1), 4L 111
1 (Pseudopodoces humilis, GenBank &3¢ .
NP_001310890.1)., 95418 (Strigops habropiila,
GenBank % 3¢%5: XP_030331320.1), =& Jin#i
% (Lonchura striata domestica, GenBank & 5%

Z: XP_021407742.1) LAKFEXY (Gallus gallus,
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chFoxp3-GFP Fli & 2 [11E1T Western blotting %
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MR LS [ . B, T DAPL Jeb x4
MOAZ AT YL, B 8 o O 3 3R A 1 e

Size (bp) M 1

5000
3 000
2000

1 000

750 chfoxp3

*

500

250
100

1 chfoxp3 E[E PCR & H k&

Figure 1 Electrophoretogram of PCR amplification
of chfoxp3 gene. M: DL2000 plus DNA Marker;
lane 1: PCR amplification product of chfoxp3. *:
non-specific band.

s (— GFP-chFoxp3

- s e — [3-actin

— GFP-tag
—

2 Western blotting &3] chFoxp3-GFP i &
EEMREEFER

Figure 2 Western blotting of the chFoxp3-GFP
fusion protein. Lane 1: DF-1 cells transfected with
pEGFP-C1 control plasmid; lane 2: DF-1 cells
transfected with pEGFP-chfoxp3. B-actin was used
for loading control. *: non-specific band.
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REH chFoxp3 ZHLMR )T 5 5B & vh il 48 |
d MBI . SSESRE AHRIPE S 80% A, T
Wi L B AR L U T 50%. %5 chFoxp3 5%
WY Foxp3 @IEIR)T 5 AT Z2 740 FL Xt 43
¥r (Il 5), 7RA] DL chFoxp3 & LR ¥4 58 &
PRI i, T A A o o AR AL A1 o
FI ] ExPASy /i) PROSITE # /4%t chFoxp3
RS ES R A T30 & B, 195281 4
FR X A A7 764 Fox B 5 IR 7 58 i i 7Y ()
forkhead Z5FAIE, T 1% 2544 do A (L PR I )
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GFP Merge
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3 HAHBERMIEUWE chFoxp3-GFP fiE &R E DF-1 R+ B Ri%
Figure 3 Observation of the expression of chFoxp3-GFP fusion protein in DF-1 cells using laser confocal

microscopy.
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1

100.0

10.0

chfoxp3 mRNA relative expression

El 4 chfoxp3 EEEBREHRPHRIEFR

Figure 4 Relative expression level of chfoxp3 in different tissues of chicken. qRT-PCR was used to detect
the expression of chfoxp3 in chicken spleen and other tissues at mRNA level. The expression level of chfoxp3
in the spleen was set to 1, and the relative expression levels of chfoxp3 in each tissue were analyzed.
Quantitative statistics were carried out in the three repeated tests. ns: P>0.05; **: P<0.01; ****: P<0.000 1.

T2 AEY™ foxp3 BERZEREIELRFIIEREILEE R
and

Table 2 Homology of nucleotide amino acid sequences of foxp3 gene from different species.

Species 1 2 3 4 5 6 7 8 9 10 11 12 13

1 - 86.9 86.5 80.8 90.3 91.2 89.8 42.3 32.8 41.8 42.1 43.2 44.3
2 85.1 - 95.8 71.7 87.4 87.1 87.6 42.1 332 42.8 43.5 43.5 46.7
3 84.3 93.9 - 76.3 81.6 83.3 86.7 42.7 32.7 42.8 43.1 43.2 46.0
4 83.5 78.9 78.9 - 86.2 84.7 85.9 332 27.1 34.8 34.5 36.9 36.5
5 89.4 84.8 80.4 86.7 - 88.7 99.5 42.8 32.5 42.5 42.5 43.5 44.6
6 90.5 85.5 82.6 85.8 89.4 - 933 43.7 32.8 42.9 42.8 44.2 45.0
7 89.4 85.4 84.3 86.7 98.5 91.7 - 42.8 32.5 422 42.1 43.2 44.3
8 56.6 55.4 55.9 50.1 56.6 55.9 56.6 - 59.4 43.7 43.0 43.7 44.8
9 49.9 47.7 47.6 46.6 49.2 50.4 493 63.5 - 32.8 34.1 32.4 33.3
10 54.8 53.8 53.5 494 54.6 55.5 54.0 49.1 46.0 - 80.3 93.3 80.8
11 543 54.7 54.6 48.5 54.1 54.1 53.6 49.4 45.0 84.4 - 79.9 83.7
12 53.9 52.7 52.2 49.0 54.0 54.6 533 48.6 443 93.9 83.0 - 79.7
13 52.9 52.4 52.7 47.6 52.9 52.9 52.4 48.8 43.7 81.3 83.4 79.4 -

The lower left was nucleotide sequence homology and the upper right was amino acid sequence homology. 1: Homo sapiens; 2:
Mus musculus; 3: Rattus norvegicus; 4: Sus scrofa; 5: Bos taurus; 6: Equus caballus; 7: Ovis aries; 8: Danio rerio; 9:
Oreochromis niloticus; 10: Pseudopodoces humilis; 11: Strigops habroptila; 12: Lonchura striata domestica; 13: Gallus gallus.
Homology data of chicken (Gallus gallus) with other species were shown in boldface.
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Figure 5 Alignment of amino acid sequences of Foxp3 from different species.

A — =R S %X (proline-rich domain),
B UFL 30 Foxp3 ARN Y X (151 5),
DA A R B sE 45 (leucine zipper domain),
EAREHFshY Foxp3 B & A MEETE 45 H4 il
(zinc finger domain). K MEGA7.0 # 4B 4%
R G R (K 6), chFoxp3 5587 E Foxp3
J& T Rl—4r 3, SFLEh% Foxp3 MH2ZEHKIL
AR A2 25 Py i 3 o 46 R At 0 25 8 T 7] —
G35, BURAN R —3 .
2.5 chFoxp3 LR SR/ KIS
F FHl ExPASy [¥J ProtParam % {4 X} chFoxp3
EEHETHEAAER S, SH o
C1493H2323N4s570401S11, 73 FJiiit ol 33.44 kDa,
PIESEHLAR N 9.87, A 20 FEEACZAERR, JE
R B ZMREIER (16.4%), FER (11.9%)
K Z o F I ExPASy H' [ ProtScale F ¥ X} chFoxp3
AR TR IEDHT, 55 205 A7 AR AR B K
Pefm (e R 1.856), &5 277 A4 2k
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B )2 S R P A 25 A3 DA S forkhead 45 #4) 3k,
PSS o-120E, BiBH chFoxp3 HoAT ML A9 4%

SEPE T IRHE . BT Fox 8 ARG HLALY)
forkhead %5473 &t < B AR MR 45 4y, U FRIZ
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97 |t Ovis aries (NP_001138419.1)
Sus scrofa (XP_020935196.1)
Equus caballus (XP_023488959.1)
Homo sapiens (NP_054728.2)
Mus musculus (NP_473380.1)

921 Ratrus norvegicus (XP_038955722.1)
— & Gallus gallus (QQZ00853.1)
Strigops habroptila (XP_030331320.1)
84| I:Pseudopodoces humilis (NP_001310890.1)

100 Lonchura striata domestica (XP_021407742.1)

[ Danio rerio (XP_021334102.1)

T 100 | Oreochromis niloticus (NP_001269822.1)

100

6 Foxp3 R Lt
Figure 6 Phylogenetic tree of Foxp3.

‘uu||||||||||||||||||||||||||||||||||||||HWHmnm

(e )

10 20 30 40 50 60 70
I I | | I I |

MAGARDPLRRPPRPPQDRPTVLTHGEGLPQRTQVPPEGALCPPLLHVHHPGVLVMRTRLPPPHGLPNFEW
hhtcccccececceccc ceeeecttc cccccccccccccceeeaecctteeeeecccocctteccccccc
SPKGPPGRDRAPSPPPAGSDPPPSAAPQPPRPPRCDLGEVAQCLRQLERIQELEQQLARERHRLGLLQAQ
bt ccecce C CCCH ccec chhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
LIRRAPPSTAPPGKSQASINGEDPEPHLPPPTPEHLWDHGGICPELEYYRLSTVRPPYTYAMLIRWAILE
heccecr CCCCCCCCCCCCCCCCC ( ccecce chhheeeecccccccs chhhhhhhhhhc
SPQRQRTLGEIYHNFSRMFGYFRHNTATNKNAVRHNLSLHK(FVRVENVRGAVWTVDEAEFRRKRGQRYP
CCCECET chhhhhhhhhhhhteehccchhhhhhhhhhhhhcteeeeehhhtteeeeechhhhhhottc

RDCDLKCFLPPRS
,,,,, heecccce
Alpha helix (h): 29.35%

Extended strand (e): 10.92%
Beta turn (t): 5.12%

7 chFoxp3 &H Z RN
Figure 7 Secondary structure prediction of the chFoxp3 protein.

W chFoxp3 M “HAEMPRLEAH B 3 IFih
i, SOPMA HAFRTHIMZE R T fE Y chFoxp3

B B SR8 323 . T chFoxp3 25 H A9 JC AL Foxp3 /& Treg braba % sk ¥ A+, 7E Treg
WG 50%0L F, SIIZE Ak RE . BRI RE h R G, 1
LI /N 454 1, Foxp3 MY EEEIIRELE I 5% K H:
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HE %98 Foxp3 LAATRIN R ARFKIE DI 2937

il 5 51 Foxpl . Foxp2 Al Foxp4 #H[E, {H
Foxpl. Foxp2 Fl Foxp4 A9 forkhead 45 #4384 &
- FFP% s YL, 1 Foxp3 1) forkhead 2% #4) 3 ]
i FH C Ky, HA—ERMEE. chFoxp3
i) forkhead %543 (1) 2 JE 1R 3 1) 5 Y & S 5L
S AL, B ORSErE, Hd S e i
B, ZES MRS Foxp3 H
I B ) R R T 51 100%— 2. chFoxp3 [
FES AN R R AR P e s it 5
FLI AL . $RTT, chFoxp3 & FIA & MZL
¥ Foxp3 " HYEFTE 5 . 5T B,
Foxp3 fEN# s H+, H N ump iR s % X
Z: 5 ARG M RIS PEAE G I I RE, X — AR
¥ Foxp3 5 ZKWEHAB M 5L Foxpl. Foxp2 Fl
Foxp4 X013k (5# N s &4 & W)Y,
1Ml chFoxp3 ) N i fifi 2 IR & £ X < B HU IR L,
¥ Foxp3 AN XI5 (K& 5), MHZAMRM & &
DL K2R B A X I B 5 Foxp3 M| DI g & 5
FHOC H AT AN . X 4efF BRI, chFoxp3
1 C a2+ Sk 5L sh P AL, 1N s
S5t S FL AR 2 S, HIRE RS S
YA RIA T T i — 25
AT 7w T chfoxp3 RHE 4K CDS
FEA, FFX ST A A B 2 R R IR T o
Mro RGO EIL, chFoxp3 HU¥F
& Foxp3 J& Tl —43, SWiFLai¥ Foxp3 #H
ZEEE . 2022 4F, Burkhardt ZEH) 40 T
chfoxp3 Tk 40 L B i R as e, R
chioxp3 b T RIETAMNAME AT E Mk, B
FBEIR) f9 CD4"CD25" T 4ijfur, if 23k T i
Jif ok & B AR CcD4 CD8 T 4!, x—
PR S FL A B W 200 . ASBIF SR R 5
26 E it PCR Al T chfoxp3 BEDITERS 420
AP FRIMEDNL, K chioxp3 BERITEXG.CME
JE R A R GR B T A A 2, e TR

: 010-64807509

JIE . QA LA K i 25 S e A (P<0.01). AH
wgmas, ANKEE foxp3 TEDE . #ELE
rhRIRIKOESE, AR O . RAR L W 1 55
A F R E AL, Rk, chfoxp3 FU4HZ
kiGN REMILSIYEA BEXN. M
TG FN LA & A e siE R S W FL B WA AE 25
S, M Foxp3 J& A #2 G s 4% A FH i) o 22 5% 5%
PR -, chFoxp3 MIZ5H) . DhRE LA 41K A
TEAR AT RE S M FL A A B E] o A SCRYAE DG A
GEAS AR 13X —HEW .

TEARK — Bt |y, AT 8 2Rtk
R RIREE foxp3 FEH, FILEA R
Y%7 H¥ CD4'CD25" T 40 i & W Y Treg,
I RIS Z R i & AL A 5T
TEIRRYAL Yk 1 W 75 f5 . CD4°CD25™ T 4
LG T DA e U AR G P A 8 I YR A B B
BRI AR B VA R R IEIENT, X PTRE S e A% Yy
PEVE IR 22 5 S s e 0 o A L3R, BRR R 1
= G A1 ] 2 A B R e i 2

SR 2013 4%, TEVHRILZE (Pseudopodoces
humilis) BB RN, foxp3 TEH I
Al bk HshiE R )5, Denyer 25 7E 45 &
H gk — R BAAS foxp3 AR B, EIRAESE
NELPHIAAE foxp3 M TUENE . MEZKE
FERA R GC F 8P & GC BEEE T T3
HAEG I G i, FAR T I i i 22,
MBI foxp3 BY%E & BRI ME. 2022 4F
3 H Burkhardt Z50F58 &P, ASHUBALELE foxp3 Hk
U, fF Foxp3 f& Treg HIFRF AR, L
chfoxp3 FER 9 B U1 %6 22 R 85 2 Treg MY B
T,

4 Hip

AT TERE T chioxp3 BEH, HALE
882 bp HYTFICPIEME, Zifith 293 KM . J¥
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G153 KB, chFoxp3 & A Fox ¥4 ¥ %k
LAY forkhead Z5H43k, FH S A ENE S
1E DF-1 4iifig it 35 chFoxp3 i}, chFoxp3 %
LT MMIAZ, A5G 5 s B B SR AR AR .
W HE R AR BT R B, X Foxp3 5 Hfh By
BE TR —s3, 5WFlashszEgT. 7k
KB, chioxp3 FER U I B JR R A () 2 38 7K1
THABHL, BFm TN B N pR
FERPEME (P<0.01), XEEFFFTEER Ny —P
RAMSY chFoxp3 UIRESE & T LA, L At
FXG Treg 7EPENE P IE SR HE T 5%
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