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Transcriptome analysis of chicken thymocytes stimulated by
nonreplicating Toxoplasma uracil auxotrophs

LIAO Yanpeng, ZENG Yuhang, JING Daiyun, REN Chao’
(Tianjin Key Laboratory of Agricultural Animal Breeding and Healthy Husbandry/College of Animal Science and Veterinary

Medicine, Tianjin Agricultural University, Tianjin 300392, China)

Abstract In order to investigate the immunomodulatory effects of nonreplicating Toxoplasma uracil
auxotrophs (NRTUAs) on the thymus of chickens at the transcriptional level, this study employed RNA-seq
technology to conduct transcriptome sequencing on thymus of chickens inoculated with NRTUAs for 3 days,
which aimed to identify differentially expressed genes (DEGs). Then, the identified DEGs were conducted
by GO analysis, enrichment analysis of KEGG signaling pathways, and protein-protein interaction network
analysis. The results showed that: 1) 964 DEGs were screened, of which 517 genes were upregulated and
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447 genes were downregulated. 2) Through GO functional annotation, it was found that differentially
expressed genes were significantly enriched in immune response, defense response, response to external
stimulus, response to stimulus, extracellular region, cell surface, and other categories. 3) KEGG signaling
pathway enrichment analysis revealed that DEGs were mainly involved in pathways such as cytokine-
cytokine receptor interactions, intestinal immune network for IgA production, cell adhesion molecules, Toll-
like receptor signaling pathway. 4)Through protein-protein interaction network analysis, nine important key
molecules were analyzed , among which IL-6 and IL-18 molecules had the function of regulating cell
differentiation and promoting interferon production. IRF1 and IRF7 can regulate the activation of
macrophages and other cells as well as antigen presentation ability. SOCS1 can prevent excessive
inflammatory response caused by overactive STAT1 signaling pathway. CCL4, CCR5 and CCL20 as
chemokines, can induce infiltration of various immune cells in inflammatory areas. CD40 can enhance
antigen presentation and regulate the immune function of the body. In conclusion, stimulation of the chicken
thymus with NRTUAs at the transcriptional level resulted in a reduction in thymocyte proliferation activity,
enhanced activation of T cells, and increased secretion of cytokines. The molecules IL-6, IL-18, IRF1,
IRF7, SOCS1, CCL4, CCR5, CCL20 and CD40 played crucial roles in the regulation of NRTUAs in the

chicken thymocyte cells. This study provids a theoretical foundation for further exploring the molecular

mechanisms of NRTUAs regulating the innate immune response in poultry thymus.
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Table 1 RT-qPCR amplification primer sequence information
A 514 7 91 (5-3) TR /by RIS
Gene Prime sequence ( 5'-3") Amplification Annealing
length temperature
GAPDH F: CTGGGGCTCATCTGAAGGGT 308 60
R: GGACGCTGGGATGATGTTCT
TMSBI5B F: AAACCGGACCTGTCGGAG 114 60
R: ACATTCCTTCTCCTGCTCGAT
STATI F: TCACTTCCCATCATTGTCATCTCT 97 60
R: AATTCTTGGGATCAGTAGACAGCA
GNLY F: ATGGTTCAGCTGCGTGGGAT 110 60
R: ACCCACAATCTTCTGCACCTTC
HBA1 F: TTCGATCTGTCACACGGCTC 191 60
R: ACCACCACCAGGAAGCATTG
HBBA F: CTCTGGGGCAAGGTCAATGT 234 60
R: CAGTTCGGACAGTTGGGAGA
HBAD F: GCCGAGGACAAGAAGCTCAT 131 60
R: TCGAAGTGGGGGAAGTAGGT
CBL F: CCACTGCCTGTACCGAAACT 246 60
R: GGTCTCAAAAGCAGAGGGCA
CHGA F: TGCCAGCTATCTCCCTTCCT 219 60
R: CACCTTGAGCCGCAATTTCC
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Fig.1 RT-qPCR validation of partial DEGs in chicken

thymus



126 0 LN ES I Y NS S 4

2024 4F 55 29 %

Jr g S (CBLY MR H ACCHGA) o 2 HXt
PG RE B A5 R R W B — B, R SR AL Y
SER TSR A5 Y DEGs oA B m iy Al {5 5
2.3 HBKRERRIXEREFIE

Pl Fold Change=2. 0 H. FDR<C0. 05 A 45 i , il
W 5SFHILHNH Gallus_gallus. GCF_016700215. 1.
genome. fa BEATRT L, e & AE NRTUASs 41 F1 PBS 20
Z [B] 9 5 H 964 4~ DEGs, Horft 517 4~ K 3k & T
fo L AAT A KL IR AR B PR AR . 3 R 4 R 2 T B R
KIIX L DEGs N 22 %A 35, K 2508 H 41 1]
225 W (B 2)  IEC A PR 28 e B K b, 22 S A
B KRBy 54 b Rk B R IL-2. CCL26,
CCL4.GBP MIMOG; 2 5 A5 B K8y 54 T o &
& . LOCI112530942, ADCK5, NPBWRI,
DYNLRB2M LOCI121112558, 45 53 2 Fr R o Bx
T E M A KK , Hr Gallus_gallus_
newGene_5846 1 I H DEGs W 22 7 e ik 5 8 & K,

MAE T DEGs H it £ Gallus_gallus_ newGene_
912 22 5 R IR B K .

e 12.0
'6.0
0.0
6.0
-12.0

—_1
Slaldd

e b

L a—

NRTUAs-1NRTUAs-2 NRTUAs-3 PBS-1 PBS-2 PBS-3

2 HBMBEARERREIEERESTAE
Fig.2 The heatmap of cluster analysis for DEGs in chicken

thymus
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Table 2 Top five genes with the highest fold change in upregulation and downregulation
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Table 3 Significantly enriched terms in GO enrichment analysis of DEGs
98/ 9 Up-
GO 4y 2% GO%H QIMH P " :
] i regulated/ 1 € Function
GO category GO Term Q value
Down-regulated
Regulation of mitotic cell cycle phase transition <<0.01 Down
Regulation of cell cycle phase transition <<0.01 Down
Regulation of mitotic cell cycle <20. 01 Down 41 M R 91 5 40 i o 244 G
Regulation of cell cycle process <<0.01 Down
Regulation of cell cycle <<0.01 Down
Immune response <<0.01 Up
Innate immune response <20.01 Up
Regulation of immune response <<0.01 Up
G JE KLV AR
Regulation of innate immune response <<0.01 Up
- > =]
ey R Adaptive immune response <£0.01 Up
Biological
Activation of immune response <20.01 Up
process
Regulation of developmental process <<0.01 Up
Regulation of T cell receptor signaling pathway <<0.01 Up
T 20 18 % b 5 A AR G T
Regulation of leukocyte activation <<0.01 Up
Regulation of T cell activation <<0.01 Up
Cytokine-mediated signaling pathway <<0.01 Up
Positive regulation of cytokine production <<0.01 Up
Regulation of cytokine production <<0.01 Up A i PR - 4 A R O B %
Regulation of interleukin-12 production <0.01 Up
Regulation of interleukin-2 production <20.01 Up
Condensed chromosome, centromeric region <0.01 Down
Condensed chromosome kinetochore <<0.01 Down
Spindle microtubule <<0.01 Down et ik 5 2 22K AR G X I
o1 i 4 4> Chromosome, centromeric region <0.01 Down
Cellular Kinetochore <<0.01 Down
component Obsolete endoplasmic reticulum part <<0.01 Up
Endoplasmic reticulum lumen <<0.01 Up
P I % e R R AR X 35k
Organelle subcompartment <20.01 Up
Golgi apparatus subcompartment <<0.01 Up
4 F g . -
AFME Chemokine activity <0.01 Up WAl TR M L R B
Molecular Lo s
funets 2 A
unction Transmembrane signaling receptor activity <<0.05 Up
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T RN HEF AR 1B CPE 5D o BRHE o B kL
a0 PR 7 K G 32 UAORE AR R GE R R AR
TgA 7 AR 14 i 18 5 75 90 465 | 200 MO K B 23 5 L Toll B¢
ZhETEKEFEEE. FRFEFENGESE

B DA R v 22 A% BORT T 19 DEGs Y &, 85 2
FAFTR . 45 A X DEGs 19 ) g AT A, FE
NRTUAs 5 Bk i 50 #F , fa B 40 i 32 3K &2t 40 i
DAL 1% o0 8%, T) s 2 A G 38 8% e 8l o

Cytokine-cytokine receptor interaction . Q value
Intestinal immune network for IgA production [ ) 3.96x10"°
Cell adhesion molecules [ )
Toll-like receptor signaling pathway [ ) 2.54x101
NOD-like receptor signaling pathway ()
Influenza A [ ) 5.07x10"
Phagosone ® FEF%H Gene number
ECM-receptor interaction (] @ 20
% Ferroptosis o . 40
& % Insulin secretion v
Eﬂ% ‘(,:D Non-small cell lung cancer [ ] B Regulated
i T;' Neuroactive ligand-receptor interaction . V¥ Fi# Down
& PPAR signaling pathway ° A b Up
Protein digestion and absorption L % LRECT W UpEdown
Leukocyte transendothelial migration v
Calcium signaling pathway [ ]
Fatty acid biosynthesis L ]
D-Arginine and D-ornithine metabolism | A
Bladder cancer | A
Phenylalanine metabolism [ A [ [ [ [ [ [
0 0.02 0.04 0.06 0.08 0.1 0.12
I=f a4
Gene ratio

5 DEGs%kRI20ZKEGGIESER LEL£ER
Fig.5 Enrichment of DEGs in the top 20 KEGG signaling pathways
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Interaction network diagram of DEGs coding proteins

Fig.6
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Table 4 KEGG enrichment analysis showed significant enrichment pathway
i % B 97| 25 7 A58 log, ) hg
Pathway Gene (Fold change) Function
IL-2 3.956 881 08 & #F T £ w14 7H 1 43 1k LA S 3% 5 C'TL F1 NK 48 Jifd 19 7%
CCL26 3.711991 142 H#SEWHETH
CCL4 3.683 869 889 i T [ Ik 4l Jitd F1 NK 41 Jfg iT- 7%
1L-22 3.475 925 552 A kG 05 4 0 A 189 i A o Ak LA e b R AR N Y B A RN s R
4l T R Kz o T T G g AN AR 1Y 3G BE AN 4 Ak IR B2 T 4N AR L B 41 R R L g 4 i
I1L-6 3.038 475 928
TR AR 1) 3y fE
Cytokine-cytokine . B 5 5 AN A R NK 20 M Y 2 £ B8 0 AR T Al R Y 23 6 3
IFNG 2.597 508 911 ) )
receptor Bl LA B 388 i 4 T 3 5 A0 M 04 Bt DR 5 8 g
interaction CCR2 2.431 084 587 A S FLAZ 4R ML A S W 400 B A Al A RS
CXCL13L2 2.341 671 097 VA5 Ik T2 40 O 0% 22 ) i B R 2R AR LA K S i A0 L Y 3 BE RN 43 Ak
IL-18RAP 2.310 087 708 4 i% NF-kB Al MAPK %5 38 % LAl 8 f0 28 40 JE 1 35 1k
fi& JE T 41 0BG 358 48 R0 43 £k LA B V8 55 I 240 B A0 AR 28 1R 40 B Y
LIF 2.268 269 384 ] A
Ty A AN 3G Ak A 2 41 i
IL-2 3.95 688 108 i #F T £ w14 78 1 43 1k LA K 3% 5 CTL F1 NK 44 Jifd 19 7%
TR T A8 AN Y 1 B RN Ak 5 R T 40 M L B 40 i R v A
1L.-6 3.038 475 928

TgA 7t 9 i iE f¥) 2 i
b0 95 6 46 LOCI21112596 1.866 461 991 /
Intestinal immune <240 1.610 293 048 e 176 Bi i 3o S22 200 g - 348 o L 3o 2 0 G0 %8 0 YT BE
TNFRSF13B 1.379 529 713 fit ik B 40 g A% A= 17 34 5 oy 1k
network for IgA -\ pgp9p 1.309 142 503 4 ¥k B 40 L B 75 47 59 B A 4 AL
production IL-15 1.303 501 383 2 NK 408 . T 40}l 1 14 5 A 47 3
LOCI121112130 1.136 914 524/
LOCI21112137  —1.742 112 955 /
ESAM 1.687 741 829 VY 1L A& 8 B Mk LA & £ 5 RORE IR AN S 9 41 1 5 B
VCAMI 1.658 951 697 A 5 11 40 M ) %6 B A i A2
CTLA4 1.630 186 181 4l T 40 Jfa 11 3% £k 1 3G 58 LA K 98 47 9 % i 52
S RS W4 CD40 1.610 293 048 776 Bi i i 12 400 g - 348 5 L 3o 2 0 G0 %8 R YT BE
Cell adhesion SELE 1.595 839 734 A 5 [ 40 M Y Fh B R RS
CDH? 1.493 267 308 445 41 Mi 8] 3% 42 LA e 2 5 20 B i 8 4 i 2
molecules LOC771804 1.417 5007/
LOCI121112502 1.219 673787 /
CADM3 1.103 597 302 Z 5 40 fa B Wt a2 R 4R
LOCI21110779 1.088 556 012/
CCL26 3.711 991 142 %S H AT #»
CCL4 3.683 869 889 i T [ ik 4i Jit AN NK 41 g iT- 7%
TR T G0 AN A A B S AN A Ak JE S T 40 L B 41 I A I e A0
IL-6 3.038 475 928
1Y I hg
Toll B % ik LOCI21106433 2.145 981 665 /
P —_— TLRIA 2.029 882 495 I IE T BE 4 M I 42 H R 4 e (5
' IL-8L2 1.953 657 757 ¥ 2 SR A BN A1 B B2 200 1) 35 A6 AT A
Toll-like receptor o | ots sug 1 TERBA LIS K g R L A 5 98 S DA 0 S
signaling pathway Ly : P 40 I 0 3 Ak
CD40 1.610 293 048 ¥ T Bt Jat 32 522 200 Jfd O 3 i G 38 52 0 B0 % T g )
TLRIB 1.575 926 922 it E L i 522 3 20 S A T 41 M 6 35 1k
WG NF-xB Al MAPK {5 53 #% DA 5 R0 A 7 19 7= 2 A 6o 0
TLR5 1.272 562 168

240 4 35 A LA B AR o DTk 2 N M ) A A 3 Al

TE /RN YIRE 1 A W

Note: “/” indicates that the function is still ambiguous.
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WEKE, K B RN & B KE 555
DL RN T4 M S D RBAE O, X B R H R Z &2
RN, XRS5 SRS &
IR AR X S8k A G 4% H B9 B3, LA KAy T I BE b a1k
N1 5 i85 545 5 32 PR 6 1 A 56 3 56 14 L 9 AR 1 B
UE . FEAE Wb R 0 oA 45 B rh, 5 40 M R R DG Y
o4 H 5N R S, 455 40 i 2 4 vh 5 0% 6 44 R
A 2R XA OC 45 H R IR B 25 S A D e i 40 i A
NRTUASs B T 240 05 24908 shl 55 . A 2R 8
G T Aku80 RH HUAR Hil ¥ M i 20 A 1) BIF 52 b, 72
GO & /M i 25 5 8L, A= 9 3d 72 35 0 A f 98 I g
X% H 9 A H R 24 A SRR R R A%
H I, m7E NRTUAs HUBRRINECT 59 S S 7% H 3
HRH 67 KK ,NRTUAs BBk fil i T iZ & H
TR R B B ML £ T AkuSO RH B bR Fi% & H
TEREF L . 7E NRTUAs Hu k5l 384 i i 41 Ff 1y
KEGG 15 538 % & 42 70 7 45 S8 b, 40 i I8 7 B %
TR AR HAE A TgA 7= A2 19 B 18 fe 3% I 2% A1 Toll £ 527
TR A5 5 38 5% bl 8 3% AR E ARkuS0 RH AL R i 34 g
i 440 L 1 F 5 v [ R 4 1 A0 iR DR B L 27 A A
AR R Toll B 52 4445 45 38 %, 4R 1 G v iy 22 [R5 4K
¥/ T NRTUAs SUBR BN R 13k 2 5l B% . 256
Eags g FH, 5 AkS0 RH B & M L,
NRTUASs HU 5% e B | 72 1 5 BH S 1) 68 I
3.2 NRTUAsH#RFIHEGSHMRARNEZER

RIEERE S

W 28 A ELAE D26 43 W 25 SR 45 B KEGG 15 538
S HT b R E B DEGs, se & R T IL-6.IL-
18 .IRF1,IRF7.SOCSI1,CCL4,CCR5,CCL20
CD403 9P RE A EE R H RBHY B F I
P DEGs. 1L-6 40 F 78 Z B i A 58 T & B RE 0% 12
HE B T b B 40 B 0 o Ak O B B T IL-21 50 F
(= A [l TL-6 36 B85 5 CD8™ T 4l i 43 1k
A AR EE T Uk 40 36 T ALIAR ST = 8 R
JRYe oy B BEAE A B, AL 40 A T 40 i
T A 2 bR 4 i 45 22 B 40 i 1 B 6% 65 1L-18, F B
IL-18 B 4% H i Thl 40 M= 4: IFN-y ', IRF1 Al

IRF7 # TP 2= B 7, BEAS I 16 B Wi 40 i A AR 28 4R
Y0, 3 5 20 PR R . b IRFLRE6S
fEHE STATL G, i STAT1 W GEUE 19 5 IRF1 1Y
FAk, AT 2 5 5 40 Xt I S A N BR
FEARTF 5T, NRTUASs HRR 30 3805 79 6 iR 40 A
IFN-y £ ik s B 8 1R, 22 58058 2. 6 £,
5 ERArFRE EAA X, IRF7THE# 75T IFN-«
HMUIEN-B 77 4, 3 H IRF7 2% ik & 4 19 fin G 0% {
STATIWZFEKF-THE . FEARG T, 58 UK
P HUA T L IRF7 L B IFN-y 250> T 300% STAT1{S
53, M STATL AR 5 38 B 19 3006 X F41 5 8 il
Y 4y S SOCST eS8 i 4l STAT1
U O3 T TAK T PR B W H A 542 5, LAHOR B
1B STATL R 55 38 6 1 BR 58 3 800 3 B R E )
N SOCST I e sk K L STAT1 9 ik
VO UL NRTUASs HURE ] 38580 J 40 i 7= 25 £ X
SR RRER N . EREREE A GOMKEGG &
Ry Mot S R W NRTUAS SRR 42 Fh 4 XS 5 B i
2 40 4 T B B 5 VT 22 R g A G I Sk P 3R
KK B B AR A

CCL4A Sy Fili it 54 7 Z K CCRE 45 4, 4
SE AR AR L ONKT 240 M 45 50 75 20 i, [R] 4 1) CCL20
FE D BE 1 RE U8+ S5 2 IR 40 i 98 55 1 T 40 i 2 e
£ A0 LIV 48 X T, CD40 B CDAOL 1E Ky
— 40 it % T A7 AR 7E B 4R B NK 20 L I AT g
B SR 40 M- 354 263K 7E D RE I R 06 14 5 bt )5 i
AR N G e 98 T D gE , R B CD40 4 F 78 B 41 i
AR Y FE R BT AR AR S R R T EE A
5 3 I NRTUAs HUbk 86 e 4k 39 i i 4 20
T R G 928 RN I R 928 1) AH SEBIL TR o

L IRBF AR IR T4 5 41K F 20T NRTUAs
AR X I R ) G R AR o AR AR A5 oh AR TR
WP REARR, ZHIPM A RE Y 5 NRTUAS
FE 5 KOV R KT R K T X6 4R A 45 G 28 25 B
B 5% 0, I O =X 4 AR O 28 NRTUAs R 5 1 5
55 40 0, 38 5 Western Blot 71 ELISA X 4 28 48 ffd 1Y
HH O 4 A PR R AT AR I A A7 . Wang A58 i T 4
it TR HARBIT IRF7 768 1 M7 975 25 B4 v i 1R
FH o B 5% Bk Ty, 0 10 9 G 28 20 A) 5 B 36 IR
4 ik, i it NRTUAs HURR T, M
— o B R BRI AE NRTUAS TH Y K & ) R
G 1 T B P R
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