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Resistance to blue ear disease and production performance
assessment of CD163 gene-edited Large White pigs
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(Yunfu Subcenter, Guangdong Laboratory for Lingnan Modern Agriculture/Guangdong
ZonXin Seedstock Core Technology Co., Ltd., Yunfu 527400, China)

Abstract: [Objective] The purpose of this study was to generate CD163 gene knockout (CD163-KO) Large
White pigs by CRISPR/Cas9 gene editing and somatic cell nuclear transfer technologies, investigate the
resistance to blue ear disease and the biosafety effect including physiology, productive and reproductive
performances of the gene knockout pigs, and assess the main production performances of CD163-KO Large
White pigs. [Method] In this study, the 11 CD163-KO pigs and five age- and body weight-matched wild type
Large White pigs were challenged with NADC30-like strain of porcine reproductive and respiratory syndrome
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virus (PRRSV). The rectal temperature, PRRSV antibody and virus variation were monitored continuously for

14 days. The lung tissues were examined by immunofluorescence of PRRSV antigen. Expression of CD163

protein on the surface of pulmonary alveolar macrophages in wild type and CD163-KO Large White pigs were

examined through immunofluorescence staining. We compared the differentiation potential of monocytes into

macrophages between CD163-KO and wild type pigs, and observed their uptake capacities to hemoglobin-

haptoglobin complex. In addition, we analyzed the growth and reproductive production of the boars between
CD163-KO pigs and wild type control to assess their biosafety and breeding value. [Result] CD163-KO pigs

were completely resistant to NADC30-like strain without impairing the biological function associated with the

modified gene, as well as productive and reproductive performances. [ Conclusion] This study is an evidence

and supplement of CD163-KO pigs resistance to blue ear disease, and demonstrates that CD163 gene knockout

has no potentially negative effects on production performance, which provides evidences for the biosecurity of

CD163-KO pigs.

Key words: CD163; Gene knockout; Large White pig; PRRSV; NADC30-like toxic strain; Antiviral

breeding; Biosafety assessment

¥ EHE 5 2EA1E (Porcine reproductive and
respiratory syndrome, PRRS), &% “J& 15 HIH " ,
FE P EIREE R R EER R 2 — HBiiEE
O W R 5 iz 0 e R B S I 2R A R T
(Porcine reproductive and respiratory syndrome
virus, PRRSV) [1igtE Z FEMEA . PRRSV 4247 15 kb
R ELBE RNA B, A 2 MRe fE WY o 10 2 A 3
I8, XRONRGMAY (EU ) 1184, R b
(NA B). RE AT PRRSV B bk 48 K 50 A
NA B, 2006 5 H 55 1 A e 509 1 4% 5 H-
Rt WAL R EORHRN T o 2013 4F, i E
B CORILHTI) B 240 PRRSV B4k, M2 NADC30
(NADC30-like), 1% 8 #k 51 2 1) W W TE R R AN BH 2
HETZAR, AH AN 20 BEE S 0E i 5 1 i)™ .5 1,
BEREL ™ 26518 30%° Yo 3 LA AT W 2 R B 3R
W NADC30-like ¥k O N H AT IR, Fild
TEAE R HL X BB S, X IR A BT B Rk
ik 2%, M — B TP PRRSV G &
BERNE o £ PRRSV 25 Tl 250 R 3% P2 1 A0 K 92
W AT R R, SR T PPRSV B B B M
A, XL R BESR A T RS AR 41, B I EE
H AT A L, B S f — T 2B R 7k
KT PRRSV 1EXE 7 (15 4 o

FIH CRISPR/Cas9 % K 4 £ A il br
PRRSV K81 T 12— MRA BT S
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CD163 K fi % (CD163 gene knockout, CD163-
KO) K F 2P H 2 2 1 PRRSV i 25, JF H
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2018 4F, HEEg AN K 22 R J7 BUZ R R F 2510
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HAEW] CD163 5% PRRSV B YL 15 5 4i g 06 A Af 2>
IR A7, miFR CD163 F K Al J& Pt PRRSV
(R Gl

AR 5T AE AR I 0 T A AR A b, R A
CRISPR/Cas9 %k [ g 5 43 A 144 41 fg 4% 7% ALV 7
%, I3 CD163-KO KA. M E W H AT
17/ NADC30-like B3 bREAT Boag ik, i i I AR W
S G ARG S I AR E AR E RNA
IKPEE T, R T BT3RS H) CD163-KO K % fg
5 5¢ 2 HEPT NADC30-like FEAK [ GY; [FII, AT
PPAT 256 DR 5 0 o) i 2 7 R BB 1 RE T RS M, FRATT
Xf CD163-KO K AR A K B BhEMERe . Rk
PS5 AR P PR R HEAT T 20 AT, VRS AR = PR RE AT & F
e, AT RE R P AR B4 BE i
1 MR575E%
1.1 RIEAHt

UNEE A PIN R o N NS
P B R 53 B 55 7R R AE, RBP R T R
SR A PR A A 324 . 5% % H9% NADC30-like
BER I IR S A A PR =1 9 B 4 s
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pX330-CD163 #9# & £ X%14% CD163 KK 4h .+
7 (Exon 7) %1t gRNA: i%# GGTCGTGTTGAAGTAC
AACA NITHEAL 5, TGG N5 SR AL A (B 1),
Fik gRNA ] DNA 741 7 W iy iy b 1 Bl D) 467 5
N Bbsl, W14 i gRNA H AU —— 1F Sk 5'-
CACCGGTCGTGTTGAAGTACAACA-3', Jx S 4k :
5"-AAACTGTTGTACTTCAACACGACC-3', iR K J&
2 B #H /K pX330-U6-Chimeric_ BB-CBh-
hSpCas9(f#k PX330, Addgene, 5 42230), ¥/,
# I JFURL pX330-CD163 .

AR F Exon
ATG ' |
1 6 4 8 9
;‘
L

[ GGTCGTGTTGAAGTACAACATGG |
CD163-gRNA  PAM
1 %% CD163 E[F~EEF1 CD163-gRNA 7
Fig.1 Genetic map of pig CD163 gene and sequence of
CD163-gRNA

1.2.2 AR 55 520 e d 0 i 5 AR fn R Az A% 4
TH KAWL 44, F 15% (o) fR2F 1
J& 1 DMEM e 2859745, T 38 C. 5% (p) CO, ]
R A 7%, MK A 80% YL & FE I 4k %
I, 4% 18 Lonza JEAC AT 4 40 i 4% el 75 & Ui B 1
10 pg 1A KL pX330-CD163 #E YL & 1x10° A
W IR LA 4R, A A-033 F2 /7 BT BRI 4%
YUJE, W 4E AR IR A om® 10 /N ) 25 R B ph 31 B
£ 10 cm M RFFRIL AP SR 7% 10 d, &R
1. 10 d JEPRECER 0 [ 2 48 FLAR 4k 2 85 7,
48 FLAK I 5 HU/D Vr 4 i B B 24 9 31T PCR K4
M, i CD163 FHYEZN M, Fol R 4 M % 7% 2 24 5L
W4k 825575 . PCR 5|%)9 CD163-F: GAATTGTCT
CCAGGGAAGGA, CD163-R: AGCCCAGATCTGTCC
ACTTC; =W K JiE: 380 bp. PH 4441 i K3 J5 B ] 1
LR GH B BE AT AR A0 B AR RS R A, Sk 2 AR BEAE
FEHE 200~250 MNMEIEALHR

1.2.3 CDI163-KO K & ¥%E Bk R E4H
ZUH BT PCR 7% 5E o SETAT 34 R R L 9T
ML H R, AU E A, 47 CD163 A
] Western blot £, —$Hiik H anti-CD163 duik
(%% Te LK, ab87099), 100 1Mk, —HiikH
HRP £E§i % 1gG (8115, BA1054), W& —HiitH
GAPDH /MR 51 (B E K, KC-5G4), —$HiH
HRP ¥Pi/h R [gG (1148, BA1050). 55 HL— k&
SAT A, TE S0 5 BN i e B s A i, SR

J% CD163 RPE ({15, MCA2311PE) % J%& % b 4
o, W BB %3] CD163-KO K FH¥%7E CD163
HHRIL,
1.2.4 CDI163-KO X & ¥ 4iX%  H 30 HR M
11 3k CD163-KO KE¥EM 5 KB AR K ERE O
H8), HI NADC30-like BE#REAT 08, BN 1x107
TCIDsy/mL, Z i & 1 mL FIALE | mL 37
3, BORE Y RN, KL MG, ELE 14 d il
PRI, B G5 3. 7. 10 Al 14 FRAE IS, A6 i
JEH PRRSV & & MBI 14 d J5 558 BUH AT
HHEUIEAT Gy R AT o
1.2.5 CDI163-KO K & ¥ 4% 4m i 5 o1 bh B v
an o3 o 41 G — 25 A 2R G A M BB IR
73 MHL CD163-KO K H %% 5 B A UK (R Pt oh
JE ML 10 mL, AR#4E TBD sh4 41 & I 5 A% 4 p 43 55
PR B V257 B A1 ) I B A% 40 Y. (Peripheral blood
mononuclear cell, PBMC), & 7 &5 2] 1 40 e i3
B 20% (p) Ba 4 MG 1640 15 7590 2, 184540
FJE N 5%10°~10x10%mL, PAFEFL 2 mL I 6 FLiK
9% 2 h, £F PBMC JWiEE, F 37 °C iR Bt ir ik
33, LRBIFAM. # EE 10% (o) BA4EIiE
hM-CSF (1 48 it £ ¥ il ¥ 5 7, 20 ng/mL) 1
1640 15 S0 b RE F3E, Ki a8 7 d, IR 1 IR, 5
S R L AT

I FITC EAMBGRF & (T, v
D601049) Fricifil 2148 H, FRF I 408 H-FITC 545
BHREAEE 1 Bl EIES, TR FITC %%
FRCHIMA & A- AR EAEAY, BE AW
TR IR E 10 ug/mL I 2 S 0L i B4
Mulz IR, 37 °C %A% FEEDGIF A 30 min, PBS ¥
Tk 2 3 S AR, SR R 5 et .
1.2.6 CDI163-KO X & & = At Fe Nt 69 5 i
B E Gt CD163-KO A A3 AL AE ALK (1 5%
(0 2B o B I BRSO J RS VR R S R A
3BT CD163 Rl b A 75 52 e K B A 7= 14 g
FAKE I BRI B o

2 ERE5HH

2.1 CDI163-KO XBRMRESLE

G IEAT 2 3 ANBHE R R, B HE 5 k2 Ak
BERE, 3R 06 18 SkoeBEAF RS, SRR B0 S5 UL K]
‘4 DNA, 24 PCR FIF %€, 18 kv BEATHE 1)
CD163 FER#ERZFEN 1 4> A e (% 1), K4 CD163-
KO oo B % il e BB A . ok B2 45 Rl 6, Western
blot Fl2% H3R B RN 3RS CD163-KO KAKE (K 2),
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1 PAMRTEEMEME CD163-KO XBEMFLER
Table 1 Sequencing results of positive monoclonal cells and CD163-KO Large White pigs

Bzt AL A (5'—3") EEINLES e
Type Sequence of target site Insertion/ Deletion Number
AR KA GGTCGTGTTGAAGTACAACATGG
Wild type Large White pig
FH A 5 e B 240 GGTCGTGTTGAAGTACAAACATGG +A 3
Positive monoclonal cell
CD163-KOK %% GGTCGTGTTGAAGTACAAACATGG +A 18

CD163-KO Large White pig

Ligecut!
Wild type CD163-KO
Jit R WL B il JiR WL B
Lung Spleen  Lymph node Bone marrow Lung Spleen Lymph node Bone marrow
CD163
—
TV | —— — —— —— ——

2 FFAEARF CD163-KO K BEEFLELA S CD163 EHFRIA
Fig. 2 CD163 protein expression in sampling tissues of wild type and CD163-KO Large White pigs

CD163-KO K H & il E g 4i e CD163 9% %¢
4t BABIESL CD163 A4 E A (K 3).
2.2 CD163-KO XBHEKHiIXE

AR AR TR G5 3 RITtRR#, B2

Ligeceit)
Wild type

AN

Blank control CD163-KO

50 um

50 um

B3 B4R CDI163-KO XKAEMBERMMRE
CD163 RSN
Fig.3 Immunofluorescence detection of CD163 on the
surface of pulmonary alveolar macrophages in wild
type and CD163-KO Large White pigs

5 14 RARIRYERRTE 40 °C A4, A H L 1
W B REIR, %A FET; CD163-KO K (3% A AR
I AR SE R, MR35 IEH (B 4A). Kl Z# CD163-
KO 4 %5 0+ 3. 7. 10 F1 14 R Ifi% -F PRRSV % & Fl
PoiRS &, KIS kB AR K AR B A% R 7K TP
WK, B3 RIS EIAF] 81g RNA # I1
HymL, 1 11 3k CD163-KO K [34% 78 b 1 18] 1L 75
SR EHAN 0 (K 4B). AR K AR KK
SPAESE 10 A1 14 KRB, W B, 11 3k
CD163-KO KEMEPiik—E =& (- 4C). J& i
20 2 G P e e 4 R R, BT AR RO R I A
o it 2 TH A7 E KB ) PRRSV, 1T CD163-KO K
WA IR EAEE (B 5).
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Fig. 4 Rectal pemperature, PRRSYV load and antibody level in serum of wild type and CD163-KO Large White pigs post

infection
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gy A= Y
Wild type

100 pm

CD163-KO

100 um

100 um 100 um

5 FFHAIM CD163-KO XEREFEE 14 XAl PRRSV &L
Fig. 5 Immunofluorescence result of PRRSV in lung of wild type and CD163-KO Large White pigs at 14 d post infection

2.3 CD163-KO XBH¥EEIELaTIEE S 1T

P4 AUF CD163-KO KM 15 2 R 25 3, &
Ah o B 1S B I B AZ A0 B R A hM-CSF 1R 4h i 315
FI I E WA A AR 0% 1EE R R A -ES A R E
HEY (E 6), AR IEH AR T RE .

£ Wild type CD163-KO

20 um

6 EFFHEF CD163-KO AEEEMMAMMAER-
HERERESYIRIRIEEN
Fig. 6 Uptake capacity of macrophages from wild type
and CD163-KO Large White pigs to hemoglobin-
haptoglobin complex

2.4 CD163-KO X4 =AM EeNE

HY 10 Sk i S ARTR] L 48 08 R0 44 o 2 40 0 10 B 2R
UK R B XTI, X 5 Sk FO AR CD163-KO 2
TR AE R R R K R E 115 kg I EEEAT 115kg
R LTET AR S 30~115 kg W 5E S~ 1) [ 38 4% Jog 5 A 4]
BHEE AR HEAT I E , 45 R 3k 2 s . FOAREE
i R ) AR R s R 115 ke LA IR
s 115 kg T 115 kg IR AL P15 H 5 44
Jo 8RR PRDRL e A 20 2R A5 4 s 5 T AR B0 R A B

B 10 4 FO X CD163-KO K [ % (145 W RE
A 20 A — 2 AR Y K 8 RS W, HEAT R W
BN, Gt s R 3 BoR. CD163-KO KA
KRAGE, MR 11 MR SRS TG R S E A
KEFE TG B 22 S5, b i T2 28 A T 37 AR ALK
S

%2 FER (n=10) 71 CD16-KO (n=5) K% = 1ERELLE"
Table 2 Comparison of the productive performance of wild type and CD163-KO Large White pigs

T H Ttem B4 R Wild type CD163-KO P
H A 445 5 /kg Birth body weight 2.04£0.13 1.80+0.15 0.277
115 kgf&+/cm Body length of 115 kg 119.8+1.2 119.2+1.0 0.746
115 kgfAFi/em Body height of 115 kg 68.60.6 68.4+0.8 0.841
115 kg5 & /mm 12.069+0.401 11.702+0.495 0.592
Backfat thickness of 115 kg
115 kgHR WL /em® 35.670+1.202 36.320+1.090 0.736
Eye muscle area of 115 kg
30 ~115 kg V¥ H G4 i & /kg 1.075+0.047 1.008+0.068 0.428
Average daily gain of body weight during 30—-115 kg
30~115 kel pHFE 402 2.326+0.085 2.548+0.154 0.191

Feed/gain ratio during 30—115 kg

V)& b $38 A T AR IR, P>0.05 K LN £ F R 2% (e )

1) Data are expressed as the mean + standard error, P > 0.05 means there is no significant difference between two sets (Z test)
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£ 3 H4ER (1=20) 5 CD163-KO (n=10) X HIE#ERRELLKR"
Table 3 Comparison of the quality of the semen from wild type and CD163-KO Large White pigs
T H Ttem 7 AR Wild type CD163-KO P
& F i 80/, Number of sperms 680.643 + 84.535 685.726 + 99.930 0.971
1 : 1FB )5S 7% 17 Sperm motility after 1 © 1 dilution 0.675+0.013 0.700 £ 0.000 0.219
1 ;1B HS T3 /(12 -mL™) Sperm density after 1 : 1 dilution 1.685 +0.195 1.578 £ 0.239 0.747
¥5 7 W28 /% Abnormal rate of sperm 11.092 + 1.358 10.000 + 0.964 0.606

D) P $E A - A7 IR, P>0.05 57 B4 & 25 £ F ()

1) Data are expressed as the mean =+ standard error, P > 0.05 means there is no significant difference between two sets ( test)

3 WS

KaEHF 7%, PRRSV #E 41 f 2 2 Fh 4
sz A4 T 1, RS B 2R (Sn/CD169)s CD151.
IR ZE. CD163% ), H, Hil & iEH] CD163
72 PRRSV G F2 1 (1 G 32K . CD163 BEFR N
THIE RS2, B —Fh 1 BYEE NS 55 (1, 76 SR A% 20/
G 4 PR 2R (i 6 50 0 i) R 9 6 R A
Yl (MAC145) KM FEiL. CD163 H1E &2 R
(1) 9 /NEIE K 2 AR 25 #38 (SRCR1~9) 2 Ak, Ho
SRCR2 # UF W 37 F5 21 20 i 1 286 Bt » A2 3F &1 400 it ol
#, SRCR3 0] LLiF B I 5 i 3 25 1f 41 55
SRCRS5 *f PRRSV it A\ $E4H ff 22 o¢ 8 H2 AR pjf
FUIE BRI CD163 JE[A ) SRCRS X 35, (X BZ
MR T 7) [ gRNA, @k g B E R A 14
A TEEEFE N I AR AR O A 40 RS fE L RS
18 3k CD163-KO FLFES, o b3 b T8 s K,
e E oA % CD163-KO KGRt T —
EMS% .

AHFFTAESE T FIFH CRISPR/Cas9 3 [K] 4 5 4%
RIFAFH) CD163-KO K HHEX Y i A< X 747 1
W 5 NADC30-like #Et% B A e bk, 3 HAR
g AP . CD163 JE K2k %A 520
FEOE T A FLIIRE, AN B A RS 5 A I B2
L i 0% (o5 7 W8 400 0 1 4 B 19 ) Th g 20, R
CD163 F:H iR 2 5520 CD163 ) H At — 4L 1))
REIE TR B 2 A TIE. F 5 T/EFRERA
REVERUhIE BF CD163-KO kM A KM RE Al
FATERE, ¥ KB, S Ja A R 52 41k 55 22 H504fs
XL

AW TR CD163 FE KA SO M 1) A 7= 1
REE TR bR . CD163-KO KK 5 H 2R 73 W 11 7 A= 7Y
KR AE H AR A5 2 AURE A EE S iR e B B 2%
S, X g R 2 O A g AL, B FARIE, T
B 1R LR A 3T i R BB 9 4 5 5 DA &% 30~110 kg
S 48 5 B R IAT BL L Y R JE A IR xR
iéjila EE E%E[N-w] .

o TR H LI HAdAL G, AT R I
IR B ZARTE R . — 7 [ A2 R s B4 28 1 32 5
[KIZHAR AT e A2 2 AN B DR W R E F I 45 2R, X3 B
A6t B ik DR AR HE 8 B4R B0 B AR ) H s H
O H R 73 7 Ee B AR AR A — RS HE R 2 595
B AH ELAE FH B OB L DT, T 2 1R 3] HH DK 8 ) g e
B, FREWEIE T/ EERERE, #REZE.
2020 4F, Herpfoll K 2R S 21 B 1A B\ B OR F 8
G 4L CRISPR Bk SCIF, Xt Bt £ 4 fisi 58 975 25
(Japanese encephalitis virus, JEV) & K317 T fiii ik,
i 1% 3] JUAN 235 52 JEV 95 75 76 41 i 9 A2 i 1) 9%
FREEDY, SR IX L K F A2 JEV o 23 A\ 41 il
IR SZ A4, B CLIEAS e BE b8 B2 3 N 40 f . b4,
RS0 21 15 55 1R O B SZ AR LR, AN e 17 R b g
FRE B o e DR 2H B0 B A O i 2 DR AN A B AT 4 5 T
e, T HZ5 24 FE R, 25 ARBER, mR
{7 R R B, 0 SR 2 SR A 2 — DT THI (M) D RE s B
FAHWRRN R REE, @RGSR BRI EOLEE
o XEEHRIRIE T B 32 A 1SRN B B AR
K, A B2 ) TAEEAY .
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