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musculus) MIEFEAS, 4B EFEAS AT SRR AT . 2 T1 ~ T4 5IW1EAT poly T %= 414 0.
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Typing Mouse Hepatitis Viruses Using SNaPshot Assay
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Abstract: SNaPshot assay is a single base extension assay which, by extending a base after four primers,
displays color of the base through capillary gel electrophoresis to judge the genotype of samples. We aimed to
establish a SNaPshot assay to type mouse hepatitis viruses (MHV), including MHV 3, MHV;, JHM, and As.

The SNaPshot assay was developed after polymerase chain reaction (PCR) using cDNA from MHV strains
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two pairs of universal PCR primers and four single-base primers that were designed according to the

conserved sequence of the four strains. The PCR products were analyzed by capillary gel electrophoresis. The

sensitivity and specificity of the SNaPshot assay were analyzed using gradient dilution method and compared

with human Hepatitis B virus (HBV). The accuracy of the SNaPshot assay was analyzed using 41 murine

(Mus musculus) serum samples by comparing with ELISA and sequencing the samples containing MHVs.

The optimal conditions of SNaPshot assay were that T1 - T4 primers were 0, 3, 10, and 15 Ts in modification,
416510 in concentration, and 16 bp, 19 bp, 26 bp and 31 bp in length. The sensitivity of the SNaPShot
assay was 1.25 mg/L (MHV cDNA) (Fig. 3), the specificity was 100% (Fig. 4), and the accuracy was 100%
(41/41, Table 3), which was confirmed by ELISA, and the sequencing data. The SNaPshot assay is a sensitive,

specific, and accurate method for typing MHV;, MHV3, JHM, and Asg.

Key words: Murine Hepatitis Virus; SNaPshot assay; Enzyme linked immunosorbent assay
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FRIIH , L 2ARE 4 AR, B MHV,,
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R EE R R SEE sh Py O IR AF . 41
/N RS AR A g TR HB X 24 BT IE A 1) SPF
PN BIREAS, SIS AYME VIR S SYXK
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Fig. 1 Schematic diagram of MHV SNaPshot analysis
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Table1l PCR primers of murine hepatitis virus (MHV)

CIE7 B2
The name of primers

175 (57-30
The sequences of primers

P 514 L3 Inner primer upstream P1
W54 iF Inner primer downstream P2
415149 13 Outer primer upstream P3
4h51H it Outer primer downstream P4

CGACAGGGAAGGGATTGCTGA
CTGCAGACAACAAGGTCATGC
CTCAAACTCCCATCGCCTCTG
CCGCACAAGCAGCCCTAAAGA
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Table 2 SNaPshot single base extension primers of murine hepatitis virus (MHV)
i K . FEE A (1 B 3 .
SR JFF (53" LRI A SE AL PN
Name of Single base of . . .
. Genotype Sequences K Sites of extension Size (bp)
primers extension
T1 MHV; AAGTGTGTGGATTCTA C nt3526 16
T2 MHV; TTTTGCAGAGTTTACCTTT A nt3591 19
T3 JHM TTTTTTTTTTAAACTAGTTAAGAGCG T nt3705 26
T4 Aso TTTTTTTTTTTTTTTTTGTGTCTCATATGTG T nt3882 31

200 pl MHVy. MHV3. JHM H1 Agg I35 25 4% 5
B RNA $BOAFIE U5, 12500 RNA,
F NANODROP 2000 i 5 Ji7 i % 5% 3 cDNA.
Wi B I Primer Script®RT Enzyme
Mix 11, OligodT Primer (50 pmol/L) 1 W,
5 xPrimer Script®Buffer (for Real Time) 4 W,
Random 6mers (100 pmol/L) 4 i, Total RNA
500 ng, fi RNase Free dH,0 #M¢ 20 . Wi%%
Sk4AF A 42°C15 min, 85°C5s.

1.24 MHV K PCR ¥ K=tk I
MHV;. MHV;. JHM #il Ass cDNA #E4T PCR
4, ST : I MHV cDNA 100 ng, 5 %
Primix Taq 12.5 4, 25 pmol/L ) b Riig1 4%
0.5 W, ddH,0 %k 2 25 il J84) . PCR ¥ B4 44,
94°C 5min; 94°C 30s, 51°C 30s, 72°C 45s,
32 MR i 72°C 7 min. ¥ 1.5%
BRI LUK AT U € B . B MHV PCR
P15 W, Exol 2U, SAP5U, 84T PCR
X+ 37°C 1 h, 75°C 15 min, 4ifb ¥ E T 4°C
Wk IS ORAF o

1.25 MHV K SNaPshot 237t &WF PCR
afifl ) 1, 4 B E R S TR G ) (T
~T4) 1, Premix 5 W, ddH,O %2 10 ,
H21JE T+ PCRAXH 96°C 10s, 50°C 10's, 60°C
30 s, 25 MEH: RMNVAKRTIIA SAP 1 U,
37°C 1h, 75°C 15 min. HY I3k SNaPShot ¥if
FEGEM S IAEAS 0.5 . Applied Biosystems
Liz120 size standard (45> 0.5 il A1 Hi-Di 9
WA, 95°C 5 min, UK LEHCE 5 min, J5H
POP-6polymer T 3100 Il & 4% w1 vk, JIf T

GeneMapper 3.5 #AFor M LUK 45 K o 5 HL
SNaPShot 73 #1 J& A A 5l 12 23wl 17
FAE SNaPshot 43-#7 i [ HEL Ik 45 S e 1)
(ETYEER S1E 21 N NP2 7 7 R X R 7 S g
W) EAEAI poly T (150 A B I B 5 | 4 1)
W . #5251 Ase cDNA PCR =450 hil 4%
20mg/L. 10mg/L. 5mg/L. 25mg/L. 1.25mg/L.
0mg/L (ddH,O) W EEMiRE, 14T SNaPshot 43
Frif ¥k . SNaPshot FLEHIE ZE A 43 AT MHV
(MHV;. MHV3. JHM il Asg) cDNA. 2!
25 7 M1 2 (X I (ddH0), FEHLIK . [A]I,
WX 4 DM TFRE cDNA 2% F IS iR 2 AR A
B2 m s, R P 5 AT EL AL
1.2.6  MHV SNaPshot il 75 % f4] 5 M FH
FRAE ELISA 325 G i A5 i W 45060 3 PO X &%
FRLIEREIN 41 /N RIS FEAREAT MHV K
W HRHEPIEE RNA $2BGA &, $2i Bid 41
3/ ERUMILEH MHV RNA, RT-PCR J&,
PEFEA PCR F=#idtAT4lifh, FHiE1T SNaPshot
BB L SE 43 HT i FLK . K5 SNaPshot LRI 4E
23 BT AL ELISA T DU 1 BH A AR gk 47
PCR ¥4, #4554 52 M A AT T-70 k%,
PRI K AT MHV PCR #7318, B EREA
(R BEBO% A TP, oo JLIE DR 4 o 354
APFERIAY,

2 #R

2.1 MHV ¥ PCR ¥ 1
DL AR ERAE MHV,. MHV3. JHM i
Asy cCDNA 4»71% P3/P4 FI P1/P2 ¥ f5 3k 15
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765 bp 1625 bp H 4w (& 2). 41 i/
MG FEAZE P3IPA Y14 J , BH K A3k 753 765 bp
PCR =%, 4 P1/IP2 4" 14 5 #3 625 bp PCR =4,
2.2 MHV K SNaPshot 247 256 444k

T ~ T4 PUBhEARIE AL 5 |4 FAEA )
poly T [{I%E437 % 0 3. 10 1 15, SNaPshot
SN Primix tH TL ~ T4 51K ELL R 46 ¢
5:10, T1~T4 514 K/N3 514 16 bp. 19 bp.
26 bp 1 31 bp i, MHV SNaPshot J I i HiL ik
RNy e 3 VA i 2= gl 1] i3] ER)
Brgkase, WFE s,
2.3 MHV i SNaPshot REE T

# 20 mg/L. 10 mg/L. 5mg/L. 2.5 mg/L.
1.25 mg/L ¥KFEM) Asy cDNA PCR F=4H1H
ddH,0 xR, 34T SNaPshot BB 4E 23 4t
FHL¥K , SNaPshot 73 A1 S RSl B 24 1.25 mg/L

(K3,

2.4 MHV i SNaPshot % 34 H7

SNaPshot FLA#HE LE 538 MHV PYAN T #5
Pk (MHV;. MHV3. JHM. Ass) cDNA. 27!
JH SRR R IR, Rk MHV, B2RRT)
FERH N CGCT, MHV; #Fkh TATT, JHM

bp I 2 3 4 5 6 T 8

750 —
500 —

250 —

BiMEA TGCT, Aso Bifk N TGTC, ZHUH-%IH
B (0 B B (B 4) o MHV; . MHV ;.
JHM Fl Aso %% 55 ¥k cDNA (1) 75 45 51 5
SNaPshot i J FH ik 45 1 — .
2.5 SNaPshot farilll 77 ¥ BI85 B

L PRHIX 41 43 /N BRUMLS A MHV ELISA 7%
Kol 5 4y 4 PHYE, 36 UrBItE: T SNaPshot #
B S S BT LK 5 51 4 3 BHE, 2970 JHM 25
¥k, 37 4B, ELISA #3IIf¢) 5 43 BHEREAS
PCR ¥ H#4)5{X 4 ARSI, HEMiAT T-
g, EARNTEYN HM #Eik, 5
SNaPshot s> TS 25 51— (K 3) .
3 Wig

N BRI 2890 55 0 WL B BERE . MHV,
MHV3. JHM F Asg, [AJH, 3X 4 FRaipkth 2
FAMEFTHE R (GBIT 14926.22-2001)
MHV U5 b il R /N, AR,
RAFAERETC AR, AR MHV 3k
YN REAAFEOENE, SAFE /N RS
s R ANE 540 (Gonzales et al. 2004, -}
41 7555 2004, JAE 2008) . HET, TSz

10 11 12 13 14 15 16 17 bp

— 725
— 626

B2 MHV;. MHV3;. JHM F Agy cDNA PCR 74 B ik
Fig. 2 Electrophoresis of MHV;. MHV;. JHM and Aso cDNA PCR products

1. 2000 DNA 73 T EhrdE; 2. FITERTR (ddH20); 3. 4. MHVy; 5. 6. MHV3; 7. 8.JHM; 9. 10.Ase; 11. 12. MHVi; 13. 14. MHV3;

15. 16.JHM; 17. 18.Asg. 3~10 B4 PLIP2 F 374y, 11 ~ 18 Jg4h514) P3/ P4 I 1474
1. 2000 DNA maker; 2. Negative control (ddH,0); 3, 4. MHVy; 5, 6. MHV3; 7, 8. JHM:; 9, 10. Asg; 11, 12. MHV;; 13, 14. MHV3; 15, 16. JHM;

17, 18. Ase. 3 - 10. Amplification products of inner primers P1/P2; 11 - 18. Amplification products of outer primers P3/P4.
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The size of extension primers (bp)

3 MHV-As, SNaPshot R 447
Fig. 3 Sensitivity of MHV-Asg by SNaPshot assay

a~f 2% Ass cDNA20 mg/L. 10 mg/L. 5mg/L. 25mg/L. 1.25mg/L. 0mg/L (&) X A BRI SRR T )5 i

GRS (bpds Y U AR X 9 Bk e

o Forr, BEERRICH) dANTP 4351024 :

T4, Giify, CHEE.

a - f contains Ass cDNA 20 mg/L, 10 mg/L, 5 mg/L, 2.5 mg/L, 1.25 mg/L and 0 mg/L (negative control) respectively. The X axis is the size (bp) of

the single base extension primers with different modified numbers of nucleotides T; The Y axis is the relative fluorescence intensity of the peaks.

Fluorescently labeled ddNTPs are represented by T, red; G, blue; C, black.

/NER MRV B 778 %, AHERAN RS R
KRS, MERAI BRI MHV 8 LSRR, g
JLIF) ELISA 5, HARERAERIF, Rk, (A
JEANRRXS 4 Bl MHV BERRIEAT 70 BRI R 42
EAE 2012) o T ahRdE -5 B A T
SEMERG, (HEMEEBIR A, AES KEFEAR
RS, SR SR A, AT Ak 3 ~ 5
d. 45 MHV. MHV5. JHM F1 Ase KL 4 7
HUTRIRS Stk B R Y. IR PR L ZE i 5 14, Jd i
SNaPshot o )& FEIK J5 430l S EURE e ) P, |
MHVl(CGCT)\MHV3(TATT)\JHM(TGCT)
Hl Asg (TGTC) , AN FLGRIE AT 5 [ PB4 T
AR Poly T, {8145 4 NG T AL
B, M dANTP &1 TR ZOEE, 514

TﬂﬂFE@*A@ﬂZﬁ?&%TTWEEB‘Jﬁ%% 1
A — A EANFRIIEA S ES . lid SNaPshot

O3 ORI AT S VR X 4t MHV
4 i DL R

WP LB 45, 2 PR e A 5 [ )

(T1~T4) 4 51&4m 0. 3. 10 A1 15 4> poly T,

K/N435124 16 bp. 19 bp. 26 bp #1131 bp, ¥
JELL oA 4061510 B, SNaPhot 4347 Hiik &5
BTG T, B, ttsh, SNaPshot #5
FLATH = 1 R SR 7%, MHV cDNA Bk
R E Hg 1.25 ng/pl, FTHERGRLI 4 Ff MHV
FERE, FEEMER 1009%, I PRRE A I R HE A
PEJ 100% (41/41) , 41 Bl RFE A BH AR
A A, Gy BRI GE A JHM Bitk (414)
S AE R, BRI SEIG shY) MHV J gL
AIAELL JHM 258k .

ASZIGER X 4 B MHV H UILEE
ANFRELEMR S |, #ifk SNaPShot 4

¥, Wil 4
3 BRI
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Fig. 4 Electrophoresis SNaPshot analysis of four MHV strains

a~f 25 MHV; (CGCT). MHV; (TATT). Asg (TGTC). JHM (TGCT). LA # A IR X S BN RBERER T
S B EAN T RN (bp)s Y B W IARRT 9 IRAE . Horhr, Z&JehRic i dANTP 233k : T 4068, GiEth, C B, AZH,
a - f followed by MHV; (CGCT), MHV3 (TATT), Asg (TGTC), JHM (TGCT), hepatitis B virus, and the blank control. The X axis is the size (bp)

of the single base extension primers with different modified numbers of nucleotides T; The Y axis is the relative fluorescence intensity of the

peaks. Fluorescently labeled ddNTPs are represented by T, red; G, blue; C, black; A, green.

3 ALHVNRILTE MHV K #ig R

Table3 MHYV examination results of 41 murine serum samples

FE IR S R TR B X 56 SNaPshot 3l T-5efE
The number of samples Enzyme linked immunosorbent assay SNaPshot assay T-clone
M44 + JHM JHM
M45 + JHM JHM
M46 + - /
M48 + JHM JHM
M52 + JHM JHM
HiAts Others” - - /

* FEAGS N M4l ~M43. M47. M51. M53 ~M56. M61. M63 ~M68. M71~M76. M81 ~M86. ML~ M97. + KIS 4
- ROREIEET YN, | RORREATIZEL
* The number of samples: M41 - M43, M47, M51, M53 - M56, M61, M63 - M68, M71 - M76, M81 - M86, M91 - M97. + represented

RAFHTE,

positive results, - represented negative results, and / represented not-to-make the experiment.
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