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Thirty years of genetic manipulation of Eimeria parasites:
Advances, challenges and future directions

SUN Yingying', TANG Xinming®, QIN Mei®, HU Dandan*, YAN Xinlei®, ZHANG Sixin®,
SHI Fangyun’, SUN Pei®, YIN Guangwen®, SHI Tuanyuan', LIU Xianyong',

YAN Wenchao'', DONG Hui?, SUO Xun"
(1. College of Veterinary Medicine/National Key Laboratory of Veterinary Public Health and Safety/Key Laboratory of Animal

Epidemiology and Zoonosis of Ministry of Agriculture/National Animal Protozoa Laboratory , China Agricultural University,
Beijing 100193, China;
2. Institute of Animal Sciences, Chinese Academy of Agricultural Sciences, Beijing 100193, China;
3. Academy of Science and Technology Development/Editorial Office of Journal of China Agricultural University,
China Agricultural University, Beijing 100193, China;
4. College of Animal Science and Technology, Guangxi University, Nanning 530004, China;
5. College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010010, China;
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Shanghai 200125, China;
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Wuhan 430070, China;
9. College of Animal Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China;
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Hangzhou 310021, China;
11. College of Animal Science and Technology, Henan University of Science and Technology, Luoyang 471023, China;

12. Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai 200241, China)

Abstract Coccidiosis, caused by infection with Eimeria spp. , is one of the most common and economically
significant parasitic diseases affecting the global livestock and poultry industry. Over the past three decades,
advances in molecular biology and genetic engineering have driven transformative progress in the development
of transgenic manipulation techniques for Eimeria. This progress has enabled a shift from basic vector
construction to the establishment of efficient gene editing systems, which has not only deepened scientific
understanding of Eimeria biology but also laid a solid technical foundation for the development of next-generation
recombinant live vaccines. This review summarizes the key breakthroughs and challenges in Eimeria transgenic
manipulation achieved over the past 30 years, including: 1) The evolution of transient and stable transfection
systems, encompassing promoter screening and optimization of reporter genes for refined expression control.
2) The introduction and application of novel gene-editing tools such as the CRISPR/Cas9 system. 3) The
innovative application of these techniques in the development of multivalent vaccines, the design of broad-
spectrum cross-pathogen protection against multiple pathogens, and the screening and mechanism analysis
of drug resistance genes were discussed in detail. 4)Despite the unique advantages of strong host specificity
and high-quality immune response of Eimeria as a live vaccine vector, there are many challenges such as
difficulty in precise regulation of exogenous gene expression levels in continuous in vitro culture, and significant
individual differences in immune protection efficacy. In the future, with the deepening of functional genomics
and transcriptomics research on coccidiosis, combined with CRISPR/Cas9-based gene editing and conditional
expression technologies, it is expected to enable precise regulation of target gene expression and overcome
bottlenecks in the large-scale production of transgenic Eimeria strains. These advances will ultimately promote
the practical application of transgenic Eimeria in the development of novel broad-spectrum mucosal vaccines.

Keywords Eimeria; genetically modified technology; recombinant vaccines; functional genomics
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Fig. 1 The development of genetic manipulation technology for Eimeria coccidia from 1998 to 2025
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FHE g A RSN R G A R L )
Bl ik BE R DA P DR e o 3k [ e 3Rk K
TV HRREESEAL AW R S B B B Y
15 7% 15 PR B RE DR BRI {H AT BE 3G N 4K
EE Q7S S A R VN - R - o el T 'S
S X g e 5 2R T A AL R FE AR U R B, 3
TH] 8 72 S A R T 400 W e A4 0 255 4 6 S A5 DU T g fh
R L S 5 S, $ s 22 B e 6 3R Y 46 AT
HE— 2B A e 3 R RO T AR B bR R A
F G R R A 4R SRR i 5 o DA S I e A IR
Al AR

ETEREHAYZHhERER ) HRALD
TF U 8 FLAE 35 3 D AR B 95 b i 2 I 0 o BER
Rl FE E. tenella 1 RiE 5 (T, gondid) F
SRR SAGICE-TgSAGI) , A UAE 93 X 7
WP A KO B TgY PR S IFN-y, i 78 /N B
e B Thl B RN & . X —EE KR A
G348 R T Bk AR 5 53 B i BRI R A 5 T
AEY . AN M HE Y E-EmIMP1 4 bR AE I E I
5o 3R 90 W2 A XU LR P AR B X R
E. tenella 5 70 E. maxima &G iR 56 41 U9 4% HE
O3 58. 7Y R 62. 3% . X — T Kk Bk T
R BAG S SARAHE I Z 0 T 3% i 18 o I 5 1 S
S A

HTWRHEek Ry E A5
Pt R I8 X0 2 HE ARt 3R 3K AL s 1R T
(VA 37y & QNI EZS R YNGR E I QAR @i
AN RHEEORA I mAs T HERW . L AR
B RAF A e 5 SR IRy, U A 1 iR
% 2 MBI 2 e 3k N N 18 R e s BT O TR
PR L H . R, i B 5 CRISPR A1 5 098 1
BHOR5 E R R AT i A
PR MR E VEFN LRI RS DT S I R R — AR
HR 22 H iz 1 4 ik 1 S BE il
2.2 BRKHEIT 25 E F A0 L 5 Wi

T4k, B B S Bk P 5 M Z A R
IF 58 & T 24 56 PR 42 4 2 B8 56 Tk A 0% HE 73  #E A
i 2 Jy T A B

I 2 5 DR R 0 Tif 24 26 PR R A7 D e g ik, A
AR AN T A% G i 0 HE DL B B A A0 38 DRV Y
AR o AR BF 5T IE i AR By i 338 M CRISPR/
Cas9 iE i F A8 HEME , 43 ) % 5t 5 1L i Ak 7 3R i
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25k & £ N EtcPRS 5 EtADR, Wl #f T H 2 7% (i
EtADR F204S) W 7 Bk HUA2 & T 25 1%, 38 /s HAE 24
WIVE R S S M T Be I R o T2 WibRad
550 25 0 AR IR

i 3 B L DR R 45 6 I S 4L 4 T T 4 O T 2458
N SR W o 3 o 2 G B R DR bR 5 SR 4L A B R B Tt
2 i DR 6 3K 3% 3 TR A0/ B g A G 3 ]
FAD R Hin AU 2 2% E L IR e 2 549
PRI 5 T SRR AR ST 12 3R R i S B AR Akl BT
FWF IR T 5% JL ROV 5 76 56 TIF FF 5l B R S
IE N RS PP, AN X E. necatrix 55 —ACF
55 = AR R E T AT AL A M, 4 RNA I TF A
qRT-PCR K HIE , A8 153 K ht 2k R854, & B0 2 AR 285
T ZIAAFAEVF 2 22 3R L I, Ry i b 3L 38 HEBR il
S48 A BE e 4 1) 43 T L B AT . E I OC T
EtCYP450 . 25 ¥y % 32 #1155 il 25 1 18 40 25k 5 1) &R
Gifi MRS 7454 CRISPR FZH 2 T 5t b7 it 24
W4 E S, SR Z A TFRERERER
Gt , Aok n] JkF O ST 5 3k PP 5 7R AS R BR AR
Hh R R TR O AR A R T G A L PR AR S T 24
T RGN

e BE PR Bk 2OV 5 & % BT B0 BR R W T 2Y
HLHI R F B, i S g RS R R
K5 e S 2l A ST S R 24 i o S PR 1) T
A 0 I, 10 1T Sk 4 A v 0 L T 9 1) 24 B O A AR
B AR . Kok B A Z WA A
T R IE O R KR ) RE T RO L
A R 4T A BR R 2 N 4%, 5 HE S0 8 1) BE T+
S DR s ) A A 7 S O s R e

3 HETHkER

SO T AR R B TR R C R RS
Fy st S IR BT IR s K 1 IR v T Rk T T A W
HE R, (EH G TE B A Sy i R R E Y B A AT
T I 22 BB AR 55 AR W2 PR, X SE PR O 0Ok A %
SR B 1 R B, o U T i S A L
PR A 2
3.1 REEZEEIIMNERER

R 2 3 2 A B 5 R R TG 1 24 Bk R i F
AT RO RS Z — o F T S DR PE AL 4
R RO B8 UL 25 AT 5 AT AR 3 ) A P TR A R
RUAEAE PR TG AT 45 4 22 Bt O ] A A 22 S 42

K&, FLAE 1965 4, Patton™ 5L 1F Science 4R
i E. tenella W 75K AN 5E 35 b 58 B8 TG 24 58 A 9 .
1970 4F Long"™ 't — 2 7 Nature 14k T fz i 2 [#
BEAb B G E. tenella 78 3 T WE A #F 47 2458 A= 58 1) 13
FE o B AT T ER HURE ST A AR A1 B 5 R R 35 S AT XS
R AR/ A5 AR N 2S5 B R AR AT 0 Bk B AR
KNE b HEAT B BN IR B SR A5 A A8 ] S5 Bk
HUBD AT B BT AORAR AN B A S S I W AR A B
Uity 5 FH 0 Bk RS 75 04 AR 40 B AR 2 A0 5 0 B AL
1 (PCKCs) . H B b 4 (CECs) &5 J F
Xk Ry 5 0 A% A 4 i R % MDBK . MDCK
VERO #l BHK %" % 4 48 i LA it L fa e SE )
W) L 45 A 7 4 45 0 L (AT AR AR A0 R JE A 2
Fr R & B 58 AR TE L, AR R R
To AR B By BEWR ST o A B AR BR U IR b g
W &b T4 2 B 5% B BE L A Nash 2521524 ) 4 01 58 4 2>
TFARIE o bR BE ST RN Bk AR AN SR R A T
MR AR A4 1 o S0 IR B OE B S 1 A4 4l A% AR
ALY B R AR AT R — B R
3.2 BEAKBRBAEENGEERNEHRA

P D2 3K 7K AT e LA A2 5 A T L LN
4 iy o 20 K A AE T AR B T I SR R 2 R R
O A7 W58 B A 4 1, £ 5 45 DL A0RT fh 2 1 o it i
K5 R . Ry B D VP2 KA bR
Ea2VP2 M T 585 DR 75 5 5 & $1 VP2 P ik i
Ji ,IF7E IBDV M 5 3 FRAIGE IR A PE 4y,
N SR A AR PR ORI P R Rk S R
P11 Z ) S E AR OC (B AE B Z S 80U B TR R A
BaGEICF 2 P DL T B TR R, K 2 i 3t
DR R BT B 2 0k M A , D I R R EL B A
PE N2

2 M E T AR I B T AN AN B i P 2 B I A A
A7 A5 H3 IR S R 3% 422 75 20 Cln P2A (IRES 358U
B F T ML A T R A PR 2 T
(10 & 35 -7, 3hE G 1 B OE S4B IRk B Gk L 55 bt
S P N T ) 1 B o N N 2 DR VA
EVETE Z M Fak b W Oe R . A 2 A PURTE 2 A
2 AN [) 240 0 Can B 2 A T A S TEDD | D) A ] [
IR A o R 15 5 KR4 2 e R R R itk .
wn, F e AL VP2 3K N B 22 T 0 R
fiff A BE U K i 0B 8 I 2 T ok % A O SR ik D)
3 T UK AR B ARk 3R I 41
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TE AV 5 3R IR RS A Ik B U R T ROR B H AT R
F Ik Z MM KRR B F FF 5K, B = X 3R 3 i =3
FZK P BOORS HE P AL, 0 HAE 6 BT )5t 3k 52 vh AT
FEAERIEAE FFLL RS9 S M R, PRI, R ok AT 45
FHE ) 32 K AR G0 Y P Ak SR, A M4 i R
H A K (M cell-targeting peptides) & H 5 [#] {5 5 )3
H ] g E PR T B R AE I8 UR [G45 (Peyer’s patches)
S5 00 T o i G HE AL 1Y B AR RIOR R kT e R
356 S5 20 S Cn AR 5 R 41 D 1) A 0 R, 38 5 )= S b
IR B 5 7 25 iR B S AR e I A M T R IR 2 4L
iR (ISR RSB S b i 2 7 i AL e R TR S
PRIk e B 0 — iR . & A oY 22l 0 3R 3k
IL-2 TL-1B 8 profilin 55 73 7~ /2 77 3§ 38 Th1 24 5 2%
A1 38 0 Bt g 027 H 22 S ) A B IE i i = X
AN a7 SR AIL i I ) L 5 58 IS AL 5 950 67 36 5 19 R Gk
DL T E e 7 S & VA Y /1 1| R R A
— R AW, JC AR 22 P I S 3R Tk Bl 9 T o 0 A AR
WL TS e o A B AR AR AR TR AL A AT -
3.3 BEHREFEKBAKBIERBEEHEMANK

i i 7 A kS R PEIR R AF k. Y
T 2 R DR sk e A R PR 7 T 22 SR T 9 O ik 5 R IR
EHEMXMEARFACSOHHITHEE, CBERTTT
i e 1) A IR R B S AR . AR, A 2 R
Fo S IR 22 A 2 Gk Al g v A A7 AE Rk AKOF
Bl A AR 22 S 5 HURR B 4 280 R O it U T
— BN R AR, 5 S BRI AR E
I, R 3 AT R AR 8O B2 W A aC 1Y TE B IC B E SR
TR~ S B S U R 7 RN W £ NS T2 8 7 T
255 CRISPR/Cas9 5 i 4l A N U b 25 288 B R
A AR O 8 250 [ R 3k 4 LR Y

WA, EA R 22 5 BR BB R R
TR A8 Bl = A o AL A 0] 8 A7 5 BOAS [t kR bk S
PEQRAP I DB K CEE A M 2% BRI T HAE b R A
FE - B 0 A] MR — Sk

4 BES5EE

[l JBAT 30 4F ok A & J T A , Bk L ) TRE ROR
C AR T 1B I e Qe PR R 2 0 0 1) R E R IB R 4
F0 A A 5 RGO 9 1 AL B AT R T TTH R A
RS Lz 35 R AR VR A 5 T B S B T M R
33 BBk AL B AR BRI R S DB AR 5 15
AL, B RLIE SE H Bk B S AR Y R AR

I AE 5 S 5¢ P U — 2R 51 SR M 1k ok Ji ok 4 i
AN fife Ay 2R R E A PO E A S A - A AR R
HAEHLE BB TSR A Sy B HOR S e sh 1A
A AR TT A B Tz N . A S — Bl e A
HOJE 4R 28 3 1R e B 5 5 o i fiE 0 A9 T 1k 2
PR L U ER R & R 8 5 R e R 3 2 b
S PR T I LR S B 10 Al B 22 T T B R A
(R HE LT B A D e 0 R 1A B AT T i 22
HEARGEY AP

AR, BR LT RE FE TN 4 2 5 B SR 9 4 I 45 1 5
2 58 3 1 D R T RE 1 BT R (IR A s CRISPR/ Cas9
5 FnCas12a 2581 51 4 55 T H09 B2 AT, o7 4 3l # g 2
PEVE T 5 Al 4 EBR S S B 1 o . [
454G RIBE B F IR L P2A 25 R R IA RN 5k
7R 18 6 S e ) B A BT, A BT AT A R -
TE AL - PR IR ) — AU R D B e R . S
TG HE DI BR BT — AU A AT R G g g
AR Sh e v T =N R ITI R T 1
2 — 2 ¥ Ji Bk o A O A SR S B T
TR RE 1 220 JiL L 15 W o8 W T e, O 220 TR
77 2 B AR A 11 e 5 3 SR s 8 3L e A DA J A2
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