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[ Abstract]  Objective Traditional serological method for detecting the ABO blood group in humans are unsuitable
for macaques. Detecting the ABO blood group in macaques is important for transplantation and research. This study aimed to
establish a rapid and reliable nucleic acid-based method for identifying the ABO blood group in Macaca fascicularis and

Macaca mulatta. Methods A new molecular method for ABO blood group detection was established, using competitive
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allele-specific PCR (KASP) to identify the Macaca fascicularis and Macaca mulatta’ blood group by identifying the bases
at 2 single nucleotide polymorphism ( SNP) loci that are closely related to the blood-type functional gene. The blood
samples identified via the KASP method were identified by Sanger sequencing by designing PCR primers around the two
SNP loci. Results
by TagMan PCR and compared. The newly established KASP typing result were consistent with the original blood type

Fifteen whole-blood nucleic acid samples from Macaca fascicularis and Macaca mulatta were determined

result. To ensure the accuracy of the KASP method identification result, we used the newly established PCR method verified
by Sanger sequencing, showing that the KASP method was consistent with the sequencing results. To verify the repeatability
of the new KASP method, six blood samples with known blood groups were selected, and five replicates were taken per
blood sample. The results showed that the method had excellent repeatability. In addition, 51 clinical samples were detected
using the new KASP method, including 38 samples from cynomolgus monkeys and 13 from rhesus monkeys. The blood type
results for two sites from the same sample were consistent, of which, 9 were type A (17.6%) , 19 were type B (37.3%) ,
23 were type AB (45.1%) , and none was type O. From the clinical samples with types A, B, and AB, five of each were
selected for PCR amplification and sequencing analysis, which confirmed that the sequences at the two SNP loci were
consistent with those of the KASP typing. Conclusions The new detection method using KASP is highly accurate and can
be used to rapidly detect the ABO blood types in macaques. Compared with traditional serology and sequencing method, this
method is simple, rapid, economical and reliable, and the results are easily interpreted. Furthermore, the sample

requirements are lower than those of traditional serological method, and fresh or long-stored whole blood, saliva or nucleic
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acid can be used.

[ Keywords)

H TR ( Macaques ) 045 N304 LR 4H
96, AT BE AR LR KT 93% , HAE P 227 AR B
7 ABHSEBIR B A Wy B0 S 5 T 3R B A R
FEH AL, B LABR A & 3l ) 0 HJ2 B Bk ( Macaca
fascicularis, Cynomolgus monkeys ) F11E 1] 1% ( Macaca
mulatta, Rhesus monkeys ) 1E A3k N R K525 5h%)
BORL, B T AR R 255 b AT JLAR, AR B
GIFTE AT B AW, 20 Ji AR AR 5
T3 TR R TR T3k J T B Y A AR 32 A4
S M AL EEAERR Y S 42, ABO I ) 2 fie H 9 1ffL
TAZRGE, B L5 5206 A 90 H T R 5 e sl o 22 B A R
HEER ABO IMAL, A RER ILTERAE b HH 9™ B A HE
i B, A B I0  R OR IR TR 2

H RN HIT A ABO i 5 %58 1 H FLH ARAT) 2
BETHUEHA SN A 10 358 S 56 FORE B 52 56, 1B
FHF AL B AGE W0 #7350 5 AN 3 P T S 3 Ak 1Y)
I A, B IPEOR Y A, ABO LB AR S Y
L2 A% Tl R PR 91 R o 0l B A 5 i A G
TV, FE AR FEE SRR R
A, ABO L BYEEIN EAFTE £ IR Z S
4 ( single nucleotide polymorphism, SNP ) 37 55, i 11
Sy FA I AE T R ABO I 7 BE R (Y SNP A7 A5,
TR A, B B0 AB A, HATKLIN SNP B 5 i
RZ  FEH Tagman PCR i# PCR 454 Sanger
P R —RIF (next generation sequencing,

Macaca mulaita; Macaca fascicularis; ABO; competitive allele specific PCR

NGS) HiAR%Y%, Hir LA ZMMiE, L EiiE
PCR J7 ¥ SERTE B PCR #H 73256 M% 1Y ABO i %!
IS SR SR R R S PCR (competitive
allele specific PCR, KASP ) J& 7E A 5 R g S
PCR( allele specific PCR, AS-PCR) J£ 7l I, 7E PCR
P I AGE FH 2 GERE it 514 3 A i ik
L5 SNP 7 2 b AR S BN, S8 5 i ek U
TENAF AT SNP 435 LA K A I 12 51 ) 9 A T e
&, BATZB AR AEAE Y & B0 5 10 N B £, A SCE
UK KASP J5 i T 325 ABO it B, Ffr i
1Y 2 /> SNP i s, s SL B K35 A F1 B FE R il i A0
T, 25—~ SNP LRGN A B B A3 A [X 3]
N1 TR A 266 v Z SE IR I 28748 5 55—/ SNP {i/
MEATIN S 268 (7 IERR N ZEAEDT

HAiT 1 G SCHR 738 KASP J7 ik A7 352 56 4%
ABO IR A SCHEST B KASP 7 T AL T
i PCR ik, W4 T KA TE] ; AT Tagqman £
B, WA T A RERE B S AR SCIR B R S T
Wil PCR 454 Sanger I 2 FH T I RUAG I | 38 A%
A SR E i PCR AU SEE = JF i ABO I ALS3#T

1 #RFnFix

1.1 #AK
1.1.1 CHkEA
15 Iy ELHfE ABO IMLEY ) & BE M A TR AE AN 1 92



rfE F A R 2 i 2019 4F 8 A5 29 445 8 ] Chin J Comp Med, August 2019, Vol. 29, No. 8 33

[ VRL 20 % 243, T vKkis i = A A #l, -20°C
FERL
1.1.2 EEMERIERA

5 AR SM E A A (EDTALK, $i8E) >k A
TR MBS TR A A 5 1 A AR AR A oM, ok F
DU S B T AT, FE 3T 6 A BEAR VA R L3k 12
i EARN A A CIERL,
1. 1.3 IfsEAEAS

SEEGAR AR MAEEA (EDTALK, $LEE) , 73515k A
TN TR I R 4 A SRR R E IR, SRt
ST FEAS, Hovb 8 0 4 i 38 4y, 1H 0 A% 4 1. 13
0y AEAR VR R PR 12 i AR T4 C AT
L2 FERXFSME

ML 241 DNA 48 B0 & (AR AR
FBR N ), DP318) , KASP i 7 ( LGC, KBS-1016-
001), rTaq DNA % & M (5 U/pL) ( TaKaRa,
RO0O1IWZ), dNTP Mix (2.5 mmol/L) ( Takara,
4030) , B h ( RAR 1L, RT101) , GelRed (13535,
41003-0. 5 mL) , ¥R 5 ¥ Primer 3 K F1% 11, H
I INEAE AR MR e A BR A Fl & i, PCR 724
I H 5 P A T AE P BB By A PR R S8 B, 2
JesE i PCR X (Bio-Rad, CFX96) , %38 PCR 1% ( Ht
M HRHABRAF, TC-96/G/H(b) A) , #4M3t
Y6 (GE, Nanovue plu) , 58 4MEEIR AR 2 46 ( I
T 1# , Genosens1560) .
1.3 ZTWHE
1.3.1 DNA $2H

(—) EHEERIEREA

BAFEAR 500 pL Bt , M5 ~EE, S
HEIM Y PRI A1 DNA S0 S idd B 13 R B ik,
SEHM O CEETTIN A R TR B s B AN ol LA R
WP 10 ng/pl 2247

FEAFEAL 500 WL HUEE4 I, 2 B PR 2
DNA $EHGH & Ul B B UL R , 40 6ot
THIN e A% FR R B, A R A LA R vk FE IR 3% 10
ng/wL A4,

1.3.2  SNP v SO 51 et

%} Premasuthan 255! & A 096 T 15 B e @
1 I 7 S0 T B G A DX ) e 28 A8 67 A B R
HH Primer 3 7EZR 5| 9851 3 4151494, 51
YIFHI L3 1, A 4R B 5194, A KASP J7ik
B RS 149, TR SRR 2 /> SNP A6 a5, i i
. CHTFIWRAEX 2 4> SNP (LS AR B 1
X519, AT Sanger I 751
1.3.3 KASP ¥

A 4R B 51 A TE 2 MAZR P R
N ZR 2xPCR I BRI 5 pL; A 4158 B 445149
IREW (F/H/R I EEN 12/12/15 pmol/L)0. 14
pL, BAMARE BT A 8 B K AB R FH X IR
DL I R 1 25 F%E R B 45 4+ 94°C TlAR 7
15 min,94°C 20 s, iR KB 61°C FF 1A BEAE 24 [
0.6 ,1 min, 10 PMEFR;94°C 20 s, B K IEE 55°C
1 min,26 PE¥R;94°C 20 s,iB kKIRJE 57°C 1 min,
12 MG 30°C 30 s, 20 FAM il HEX 2606155,
K H Bio-Rad CFX Manager 3. 1 X404 45
1.3.4 i@ PCR Ky

JZJW AR % : 10 x PCR buffer (Mg®>) 2.5 uL,
dNTP Mix (2.5 mmol/L) 2.0 pL,C H5| ¥ &R
AW F/R (10 wmol/L) 1 pL,7K 14.3 wL,DNA Ay
5 wL,rTaq DNA A& (5 U/pl) 0.2 pL, BE
RGBT P IR, DA KON IR 1 28 A XTI,
B &A% 95°C TRAEYE 10 min, 95°C 45 s, 3B K IR
58°C 30 s, 72°C 30 s,45 MEH,72°C SEf 5 min,
HLVKBAIN (B S L PCR =W 7E 2% B g A 58 e L ok

(=) i ARAE A Ja B ARG, D KRS0 08 8 PCR 7Y
1 ABO MLEI%E G|
Table 1 Primers for the ABO genotyping
ElE7E20 ElkZ 2l

Primer names Primer sequences
AYF GAAGGTGACCAAGTTCATGCTGACGAGGGTGATTTCTACTACT
AHH GAAGGTCGGAGTCAACGGATTGACGAGGGTGATTTCTACTACA
AW R ACCTCCTGCACCGACC
BAF GAAGGTGACCAAGTTCATGCTGACCCCCCGAAGAACC
B4l H GAAGGTCGGAGTCAACGGATTGACCCCCCGAAGAACG
B4R CAAGGACGAGGGTGATTTCT
CHF GTCGGTGCTTGGGGTG

CHR

GCCTGGTGGTTCTTGG
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Figure 1 ABO genotyping results by KASP
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Figure 2 Type A, B and AB sequence alignment from the PCR products



rp [ H R BE 2R 2 A 2019 4F 8 45 29 4555 8 11 Chin J Comp Med, August 2019, Vol. 29, No. 8 35

T2 AFBEIGEEAR ABO Il #1% E 25 1

Table 2 ABO genotyping results of the monkeys from different breeding farms

Z30 A% B % AB

Origin Type A Type B Type AB
PN ( fE{T4 ) Sichuan ( Rhesus monkeys) 3 6 4
157 (M ) Hainan ( Cynomolgus monkeys ) 1 3 9
J V9 (B HEH%) Guangxi ( Cynomolgus monkeys) 2 1 2
THI( ﬁ'&%ﬂ%) Guangzhou ( Cynomolgus monkeys ) 3 9 8
B Cynomolgus monkeys 6 13 19
SZEAE Laboratory monkeys 9 19 23
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Figure 3 Repeatability verification of the ABO genotyping
results by KASP
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