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Establishment of a SNP genetic identification method for
frozen embryos and sperm of inbred mice
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(1. Institute of Biological Sciences and Biotechnology, Donghua University, Shanghai 201620, China;
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[ Abstract] Objective To establish a rapid SNP( single-nucleotide polymorphism) genetic identification method for
the frozen samples, such as frozen embryos and sperm of inbred mice. Methods In this study, the frozen embryos and
sperm of inbred mice were provided by Shanghai Lab. Animal Research Center. Whole genome amplification and PCR-LDR
genotyping system were used to get the rich DNA sample. Forty-five SNP were genotyped by multiple polymerase chain re-
action and ligase detection reaction( PCR-LDR). Results The electrophoresis results showed that the whole genome am-
plification technique could highly increase the total DNA of frozen embryos. PCR-LDR typing method was suitable for the
mouse genome typing of 45 SNPs. Ten strains of inbred frozen embryos and sperms of C57BL/6, BALB/c, FVB/NJ mice
were genotyping identified, and their SNP loci data obtained by PCR-LDR were as the same as those of database. The num-
ber of frozen mouse embryos was proportional to the number of SNPs detected, and when the embryo number reached more
than 12, the detection rate of SNP was 100% . Conclusions  This method can be used to the genetic quality identification,
and rapidly identify the inbreed frozen mouse embryos and sperms.

[ Key words] Mouse;Frozen embryos and sperms; Genetic identification ; Polymerase chain reaction and ligase de-
tection reaction( PCR-LDR) ; Single-nucleotide polymorphism( SNP)
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Al XD 19 DNA #4736 R4l 1448 L
SCPL SNP L% 5E
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PRI/ B RS & A R AL A AL A AL 5
ARFIBL RS Y S5 4 | DL AR RS 0 B 5 R A
AREIERS | Eh XS/ AR A B AL K
Tk TR FRAL G I 2527 4 i 2 DA [R) 1) g
1 DNA 43 FAric kil 5 2%, Hrh DNA 4 FArid
R E Rl R34 DNA A b e 0 i £
TR 22 BEVLIS ALY 25 STR (SB-ASA |
SNP %, HIR STR HA MG E S Z28MEM 5T
AN A T2 B BbREAL | Sh A AR a5, 907
T LB R T AR HE A7 DB R e o Tk s
% WS SRR EJE STR 7643780 35 51 5
KAAR S HORIE BT RO I 4L mf gt
b, BAT T A SRR | 2 AR R Y 5 =
ARIBAERRIC SNP 832 W FH T/ U s AL AG

LT 1o I 3% 2 0 S HE AR S ( ligase de-
tection reaction, LDR) , /&=— il & R BUE 5% 7
PRy SNP 43 H1 )5 01 R BIFGE DL S8 S )
WFFE O F AL 1) 3 58 R /DN BV VR VR I RS 7 R
A, R I R vk AR Y HOR A PCR-
LDR FiAR , SeBE 38 /N BRA R BE R 4 | 45 4~
SNPs [ 5L 43 B8 14 o i S

1 #M#EFE

1.1 DNA HREEY

SPF 4% C57BL/6 . BALB/c.SJL/J . NOD DBAI
Scid . EG . KKTA . FVB/NJ . ACA /]N B & W IR i
C57BL/6 \NOD . 12953 . C3H-Scid , C3H/ORL , MRL/
MPJ .NOD-Scid . Tuskuba .B10A . Scid-BG i T i P Bk
B b Scgesh W hocs (R 28 S g sh a1 rh
O B L) [ SCXK (97)2012 — 0002 | 4248, 454
i 2 A5 TR0 L HE SRR 4 R e BRI 10 R (R R
20 ~30 g, ARG A 32k A UL /R, HIES

GRISFTE] Sy — 5 — = H . WK 719 DNA 42
BUR a2k H 41 DNA Pl s & (bt
TAY TRABRA R, B4R D R B 17,
A ORI IR T 40 M 247 0 DNA P88 5 6ces T ki —
ML EIRIG (19 ~40 AN) B BER A 1.5 pL
LU W (200 mmol/L KOH, 50 mmol/L — i 75 B
) 65°C 10 min, %001 1.5 L FFIK (900 mmol/L
Tris-HCI, pH 8.3, 300 mmol/L. KCI, 200 mmol/L
HCl) " 4°C#& 1 h J5,DNA ¥ 1% H illustra™
Ready-To-Go™ GenomiPhi™ V3 ( GE Healthcare) 4>
SERZH 05 00 & B D BRAR I B kAT, DU
1% (1Bt g A 58 e P VK 1 2 DNA Ji 2 AR B, -
20°C AR HL
1.2 S|4FIEREHEIT

IS MGI %45 %2 b C57BL/6 . FVB , BALB/c .,
DBA1 NOD % 10 M58 & i & H ELHIAY SNP i 1%
Pric, PRk £ il R BIAETE 22 510 45 4> SNPs i g1, &
37 PCR-LDR 73 B J5 %8 . 1 X5 4% SNP o7 i, & 1151
YIREREE . FH Primer3 TEZR M BETEIY (hip.//
frodo. wi. mit. edu/primer3/ ) (20] ,#EEJ:@EETEE%
TR AN S5 A BRA R A, BT RERE T B
R A H AR R A F A
1.3 WF R

PCR F= 2l Ak )5 31 F RBUBE SR 26 0k ik A7 0 )7
(&1 ABI 3730XL M FAL) , 75145 PCR ¥ 1
IR, A RN AR T AR TR R
ABRAFSER .
1.4 PCR-LDR

PCR RN MR FEAR R K (15 pL) 4510 x
PCR buffer 1.5 pL,dNTPs 1.5 wL,45 X541 4 4
AR AR 12,1110 12 %F 1.5 wl, BSA 0.2
pL, HotStarTaqg DNA polymerase 1 wL, DEPC 7K 7.8
wL, DNA #E5 1. 5 WL, [G] A8 B %) B8 PCR S,
FEF N :94°C 781 2 min; 94°C725ME 30 s, 58°CiB K 1
min 30 s, 72°C ¥4 30s, 35 PMEH; 72°C 10 min,
S INE 740 2 B B W I Fh R R I AR S

LDR SOWAR R E (5 L) 145 10 x ligase
buffer (NEB) 0.5 L,#%'4% 0. 05 mol/L, TagDNAi-
gase 1 unit, PCR 7= 10 ng/L, [F] i} % [ 4% B8 LDR
JLRRF N : 95°C 28 2 ming 94°C 78 30 s,50°C
SEEIE 2 min, 30 DMEFR,

LDR #3729 FIARE 5% 7251 PAGE IR EATHE,
VKiE L ABI 377A M P47 (Applied Biosystems)
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B R S5 530r# FH GeneScanTM 672 1 GeneMap-
per ¥4 (Applied Biosystems) .

2 R

2.1 MRAFRET EREEERAY G DNA ik
B 1 278 10 FRIEAZ /0 RV VA 7 fili 32 DNA

2

=1
[

6 bp—

FE 1% SRR ARG I v R TR I 285 51, 10 Ak 2 X
N E AR i 2, DAERL UK 13 0T L Y, DNA 25447
TS TR RS, T ORI 5 22 52 50 R 617
Kl 2 RG4S 419 3 DNA 7€ 1% (35 R8 B
BERC PR UK RN 5 L B DNA 1 25 K/
1E 2027 ~21 226 bp, HAMH 15,

M Marker, 1.2.3.4.5.6.7.8.9.10 453/ C57BL/6 \NOD 12953 ,C3H-Scid ,C3H/ORL,
MRL/MPJ .NOD-Scid , Tuskuba .B10A Fil Scid-BG /i 2 i DNA HLIKE
B 1 10 Fivh BN TR 4 1S DNA HiJkEh
Note. Lane 1,2,3,4,5,6,7, 8,9 and 10 represent the electrophoresis of samples of frozen sperm whole genome DNA
amplification of C57BL/6, NOD, 12983, C3H-Scid, C3H/ORL, MRL/MPJ, NOD-Scid, Tuskuba, B10A and Scid-BG mice. M; Marker

Fig.1 The electrophoresis results of whole genome DNA amplification of 10 kinds of mouse sperms.

M 1 2 3 4 5 6 7 8 9 10

21226 bp —

2027 bp —

7E:M:Marker, 1.2.3 4.5.6.7.8.9.10 53 51FE /R
C57BL/6 \BALB/¢ ,SJL/]J NOD DBA1 Scid
EG KKTA FVB/NJ Fll ACA i R 49" DNA HLIKA,
B2 10 Fiv B ARG 4L R 21438 DNA
LK 4R
Note. Lane 1,2,3,4,5,6,7,8,9 and 10 represent the

electrophoresis of samples of frozen embryo whole genome
DNA amplification of C57BL/6, BALB/c, SJL/J, NOD, DBAI,

Scid, EG, KKTA, FVB/NJ and ACA mice. M; Marker
Fig.2 The electrophoresis results of whole genome DNA

amplification of 10 kinds of mouse frozen embryos

2.2 SNP {i S I8iE

W45 22 W], NCBI Fl MG %54 e P i 22 &
/NEL C57BL/6 . BALB/c SJL/J . NOD , DBA1 . Scid
EG . KKTA . FVB/NJ . ACA , 12983 , C3H-Scid , C3H/
ORL ,MRL/MPJ , NOD-Scid , Tuskuba . BIOA I Scid-
BG 45 /> SNPs it fEHric (3L 7 5 PCR-LDR 437
SEIR— 0, R B2 0 A X | 5 /) B R TR
4iZE . LhEhZ& C57BL/6 FVB B IR IE 4 1T 4H 1s
13477094 437 15, R 151, 1% 4k X5F 07 ) PCR-LDR 43 B 2%
REHFAAE G .C, LM FRAEE (K3) #ik
AbbR P25 5 R gE R —3

A B
G GGGACACAT T TAATAT CTAAT

A"/W A gy AW\MX&\’E WV

O GQOGOAGACAT TTAATAT CTAAT

S O N O |

TE:A. CSTBL/6 IR IRARTE 1513477094 ()7 515 5 B. FVB %
VRIE R 7E 1s13477094 19 7 51 {5 B C. CSTBL/6 % U5 I i 75
113477094 1 377 JEPI M BEIGBE I L UK P81 5 D. FVB ¥ VR IR 72
rs13477094 FY 377 TP ML BE IS LUK AT
B3 s 13477094 fi 5007 Al PCR-LDR
Note. A represents the sequencing chart of frozen embryos of
C57BL/6 mouse strain in rs13477094 point. B represents the se-
quencing chart of VB mouse strain frozen embryos in rs13477094
point. C represents 377 electrophoretogram of G homozygosis
C57BL/6 mouse strain frozen embryos in rs13477094 point. D repre-
sents 377 electrophoretogram of C homozygosis FVB mouse strain fro-
zen embryos in rs13477094 point.
Fig.3 The sequencing and PCR-LDR results of rs
13477094 points

2.3 [MZA#R#E PCR-LDR 5%

&l 4 2L FVB WA U 4H 2 8 PCR-LDR 4%
B B THAMBIVA W 12 N 58 T4 11 g,
SIMALH 10 N0, LDR #3r= 9K 5 5 15 2 44
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KE—F, 11 (Bl 4) ®9RANT9, 5 s
4177540 1) 265 19 3% A KB — 3, I i
SNP v i °h G, 35 MGI _E R E R,

# 1 LR BALB/c, FVB/NJ, NOD Jit i Al

me

12983 ,C3H/ORL, Scid-BG10 i ¥ it 52 % /M B 1)
PCR-LDR 45 5, 10 Fh J1R i F0KE 7 B4 K6 ) 2%
(WLZ2) IR ARG T 45 A S A FE R 5 MG
H1 NCBI $d e v 115 8 58 2 — 2L,

E i E ¥ § 3 8§ % §

T FVB, B T ~ VI EANE (11~ IV-12) 7R SNPs 377 REATRIBENCBEK L vk A
B4 FVB/NRURAGPUZL PCR-LDR 53977 5800 377 S M ORGSR HEL Tk
Note. The templatesre present FVB. Each I-IV peak (I-1 to IV-12) represents SNPs 377 electrophoretogram.

Fig.4 Polyacrylamide gel 377 electrophoresis of frozen embryos of FVB mice in the four panels

2.4 SNPISER—2HRBHEMPHHEEER
S

T ERE SNP R 23 5 G 4 A~ B0 ¢
AR5 LL CSTBL/6 /NERAY 2 4 B 18 VR G R
IR G A I AE S [A] A BOW G 48 LR SNPs (1Y
SAEUELL, MNIELS BT LLE Bl 2 4 A0 3 £
SNPs {37 s BHAGE HH 118 0t 220 8 2o 184 11, e rp 24 /N RS
IR /N TS F 2 4 2 dHI IR, R4 1 SNPs;
22 A0 ECA 4 1 SNPs S 5524 2 il
RN ECH 6 BF,SNPs Sk 18524 2 41 it 1 40 4~ %
k8 i, SNPs & 27 ;24 2 40 4n g~ %0k 10 |,
SNPs 4 38; 24 KR T2 T 12 /> 2 40 i, SNPs Hy
45, Kzt 2 100%

3 g

Wt ] PR 5 e DR TR AR I v VR 2 ) S ST, G rh /s
B A 74 R SR FIORS 1 2 IR P IRZS TR, AR fiE
— HABUR PRI 8 L R PR e BB AT OCTE . R,
— ELLR W URREAS 702 5 DNA 5 i SO i T
R MAREAS | 20 BBV PRI G 0K 1 1Y it 4%
BETTFAIHGRZ , ARSI AV R L 2

T %, RE PR SC AR AR ) L R 43 BRI R 50

TEB AL S E R 73 AR W2 e e e AR
HA X5 R B BB A 215 2 g kA T A
AMUARZ itz HE H 3R 45 B BR 1, 1 B
WHERRE PRE R HREE, R B BEAS I L R 4] 24~
Pk A EFENZEE

AMFFEHENT. TR X B AR AR A T AL
PR 375, LA S —2 1) PCR-LDR 1) DNA 73F
SRR BEMERFIWT I REA A SR R, JL
TPV ARG (2 A0 L) FEAL & A 19 ~ 40 >4
Ji, A AR5 2R FH 4 L DRI 2H 4™ 18 1) T vk B X VA 15
WRRGZRAS 1) S i DNA #4793, DNA 257k K/NTE
2027 ~21 226 bp, HIZIG M 7 H AT 682 i TR G
BRI DNA F 500 ABATSIHAN S i s U5 2R

AWFFEH 7 Y PCR-LDR T 10 Fi32 &/
BRURHAFURS T8 45 4> SNPs 43 B J7 %8, BERS Pk v
B ) 4 1) 11 3% SNP A2 L DR AR I ELI o ) 2
45 5 MGL #1 NCBI A9 %04 % SNP {5 B —3, 7
A E 53 & Y SNP 15 AR 22 A 5 Z AR,
XTLERRATAN T, Ktk fE 87 ARy SNP 43 7
77 80, AT TR I HL 528 1Y) SNP s AT A )
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&1 PCR-LDR XI5 &/ BURMG AU 1 19 73 AU 4
Tab.1 Genotyping results of frozen embryos and sperms of inbred mouse strains by PCR-LDR

. i, IR TR W
Géfjgs 13&&;%% {I\)‘Eli;b;g Standard Frozen embryos Sirms
C57BL/6 BALB/¢  FVB/NJ NOD 12983 C3H/0ORL Scid-BG
-1 154177540 G G G G G A A
-2 rs13483732 T T T T T G G
-3 rs13483736 A A A A A C A
1-4 rs13484115 A A A A A G A
-5 1513480972 A A A A A C C
I -6 rs31281387 A G A A G G A
1-7 rs29581676 A G G A G G G
1-8 rs13482740 A A A G G G G
-9 1s8237229 A A A T A A A
I-10 rs29171198 A A G G G G G
I-11 rs29687299 C C G C G G G
I-12 1529518789 G G G G G A G
m-1 rs13475728 G G G G A G G
-2 1513477094 G C C C G C C
Im-3 rs30307865 G T I G G T T
m-4 rs29669790 T C T C C C C
-5 32123873 G G G C G G G
I -6 rs13480075 G G G G G G T
-7 1313476543 T 1 C C C T T
-3 8261944 G C G G G G G
nm-9 rs13480491 G A G G G A A
I -10 1529395004 (0 G G G G G
-1 rs29528790 G G A G G G A
Im-1 1513484116 T T G T T G G
m-2 rs13483212 G C C G C C C
Ir -3 rs13482069 A A A A G G A
-4 1529660436 G A A G G G G
" I -5 1530666086 G C C G G G C
-6 3699531 C T C C T T C
I -7 rs4177203 G C G C C C C
Im-38 1529176743 A A G A G A A
-9 1s8249644 C A C C A C C
Ir -10 rs8254500 T T T T T T G
IV -1 1513475716 C T T T T C C
V-2 rs13476971 G G T G T G G
V-3 rs13476538 G G A A 5
IV -4 1527687437 A C C C C C C
IV -5 1530521859 G G G G G G G
V-6 6373756 A G G G G G G
v v -7 rs32390670 G T G G G G G
IV -8 1513478622 C (0 C T T C C
IV -9 rs13480113 G G T T T G T
IV -10 rs13476973 G G C G C G G
IV -11 1529315008 C A A C A A A
IV -12 158271367 A A A T A A A

ARG IS 1) Z T PCR-LDR BRI Dr s AN 19 085 T 3 AN 2 8] P R HLX 22 53037 45
23k 10 L1 PUZl B 5 45 A4 SNPs i, 3% HESh 21, W] UL 45 A4 SNP A7 s 76 A 0 1 ¥
1 /' C57BL/6 43 B S ARG AR Frimims Lu X 22 5907 IR FITRS Fr s & /0 BUSh & P A S e R a5 v, T
sUBCPE R 20, R IR 3 NSRBI RE LU 22 5 DAakiE g Halad JLAS SNP X4 fb R IO I

4
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Note. The numbers of cells in the 2-cell stage
embryos is represented by the horizontal coordinates,

and the longitudinal coordinates represent the

number of expressed SNPs.
Fig.5 SNPs number corresponding to different number of
2-cell stage embryos of C57BL/6 mice
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PCR-LDR J5 & 16 A 5L 45 = AE S — Fhvi JL Y
SNP il AU RE SR 247 % BH AR
A GEAE UK AR RAER VRIS R Tt
%8 BB R KBS VR B AT 5 g 817, IF R
SEISE LG B A Tl A AR ) B A R PR A RIE

& % X #
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