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Establishment of MSAP Analysis System and Selection of Primers for
Antler Stem Cell
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Abstract: In this study, we investigated genome-wide DNA methylation in antler stem cells, and es-
tablished methylation sensitive amplified polymorphism ( MSAP) system. The key factors influencing
the results of MSAP system were comparetively analyzed. DNA extraction, reaction time of restricted
enzymes, diluted multiples of adapter-ligation DNA for pre-amplification products, and diluted factor
of pre-amplification products for selective amplification were optimized. Meanwhile, the established
MSAP conditions were used to conduct a preliminary polymorphism screeing on 64 pairs of primers.
The results showed the clear bands, specificity and polymorphism of selective amplification product
could be obtained in the established MSAP system. Clear and stable MSAP patterns were achieved,
and 32 pairs of primers were selected for MSAP analysis. These results provide fundamental refer-
ence for further analysis of genome-wide DNA methylation on antler stem cells and deer.
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ST, I EERE DNA H 3R fE 2 —Fh i 2
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F AN PR By TR 45 A0 i g AE | o Ae A 22 e
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25 MSAP J i Hpa 1L A1 Msp T 460 3 K 2H
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Table 1. Primers and adapters

51483k gl
. 5'-CTCGTAGACTCGTACC-3’
EcoR 1 #%3k
3'-CATCTGACGCATGGTTAA-5’
E+1 i
- 5'-GACTGCGTACCAATTC+A-3’
¥En1Y

5"-GACTGCGTACCAATTC+AAC-3'
5"-GACTGCGTACCAATTC+AAG-3'
5"-GACTGCGTACCAATTC+ACA-3'
E+3 St 5'-GACTGCGTACCAATTC+AGT-3’
LI 5'-GACTGCGTACCAATTC+ATC-3'
5"-GACTGCGTACCAATTC+ACT-3'
5"-GACTGCGTACCAATTC+AGA-3'
5"-GACTGCGTACCAATTC+ATG-3'

Hpa Il /Msp 1 5'-GACGATGAGTCTAGAA-3'

3k 3'-CTACTCAGATCTTGC-5'
HM+1 i
5"-GATGAGTCTAGAACGG+T-3'
TS
5'-FAM-GATGAGTCTAGAACGG+TAC-3’
5'-FAM-GATGAGTCTAGAACGG+TAG-3'
5'-FAM-GATGAGTCTAGAACGG+TAT-3'
HM+3 #EHEM 5'-FAM~GATGAGTCTAGAACGG+TAA-3’
TS 5'-FAM-GATGAGTCTAGAACGG+CAC-3'
5'-FAM-GATGAGTCTAGAACGG+CAG-3'
5'-FAM-GATGAGTCTAGAACGG+CAT-3'
5'-FAM-GATGAGTCTAGAACGG+CAA-3'
1.2.3 #BFF¥EKZEL AR

PG 2 2 pl, FAM $R9C B9 H-M +3 51 %)
20 pmol, E+3 5[4 10 pmol ,dNTP Mixture 1.2 pL,
10 f5PCR buffer 2 wL,ExTaq fiff 0. 1 pL, PCR §"
WA, 94 °C 5 min; 94 °C 30 s,65 C (FIHFF
-0.7 C)30s,72 °C 1 min, 3t 13 MEIR; 4k EE 94
C 305,56 C 30 5,72 °C 1 min, #4723 MEIF,
B®J5 72 °C 7 min, PCR ¥ H#4i{7) [ TaKaRa 2%
i, PEREY I PR ik ABI3730x I FEAY E RS
YN KR | B B B D B AR T Y Mk
Z.

1.2.4 3l4pdmik  FIHPCALEF Y MSAP J7 %,
XTH EcoR T 514 8 4>, H-M 514 8 1>, 33t 64 Xf
ST, S P S WLER 1, B FAM 26
FRiC i AL PR R 38 7 ) 7E ABI3730x1 ¥4 I
AT EME IR, AP ER B 5 pL 8y
HARE S Bm A 96 fLAR P, 6.5 wL HY kB,
0.25 wL ROX500 731 M 5,95 C 22 10 min

JE UK ETCE 10 min, FEAT BN LIK, Bdlngh R
i1 GeneScan3. 0 475 i, i JE ik A I &
f9 MSA J3 B A0 5 i AT Bl e i, e 4%
H A AN 2 A PR B S [ LS

2 & X

2.1 E[FZ DNA ZE

HH T MSAP J5 75Xt DNA A5 R i i 2R JE #
i, IR F 20 i 2 20 20 DNA 42 BGH) & it 17
DNA #9305 4fi 1k (QIAGEN) |, i 1% DNA i i
0. 8% S5 Nl FEL VKRS I I HEA T FE DU 7 45 2R (1A
1) o, FE gL 1 R & AT EL DNA, H
I BT, VA A R, IS FLA VA R 1A BBk B A
RNA ZR 8, i 2.3 4 R & 05 T-42 DNA,
FAR FAHFIE I AT R AR ok s
SLEYIA I M B A RIS R, B 1 A
MSAP $ A% DNA Jii i 3K |

M. Marker DL2000; 1~4. KX 2H DNA
E1 BEETHBEELH DNA
Fig.1. DNA of antler stem cell

2.2 EBYILER

FEPHZH DNA 9 5 DNA B D38 ks B
AT O W2 W RN T
250 ng, B V) 8 h 514 T, DNA i ¥) i 56 4 (&
2) JERIHBED) R IR . MHABAKE DNA # 5
16 8 h IR ANREMS 52 2 D] B Ui H) o 4 25 3L
DNA B, 76 MSAP 2 & rf 52 ) 7 47 14 7 9y o
o, FEEY A B LR,
2.3 T iEEER

WS T 34 7= W F B v Bz 4 v £ 100 ~
1 000 bp £ VRHCIR 2345 1 J5 0], %k AN ] s B A% %L
TR R BAGIEA T Y Y 0 A e R R
FEEL, SRR 35457 WA B 20 A5, T
BEBR T, A TE 100~1 000 bp (&1 3) . HAL
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T s 25 AT e B TR R B A, SR Y Y
R R YE L, T H R BB AE 250~ 1 000 bp &
. BBEAT G Y SR, e &0 e 14 W)
i e 20 15 A e AR RRAS , TRy B RHOR ek

1 2 3 4 5 6 M

2.0kb

1.0 kb
750 bp

500 bp
250 bp
100 bp

M. Marker DL2000; 1,3,5. Hpa I /EcoR T 1] 250,500,
1 000 ng DNA; 2,4,6. Msp 1 /EcoR T ] 250,500, 1 000
ng DNA
B2 AEKE DNA B
Fig.2. Restriction enzyme reaction of DNA of differ-
ent concentration

1 2 3 4 M

2.0 kb

1.0 kb
750 bp
500 bp

250 bp
100 bp

M. Marker DL2000; 1~4. Bt 5,10,15,20 fi%
3 Wy IBER
Fig.3. Results of pre-amplification

2.4 HEYHEER

OB 7 AT AR R S VR Ok B G
i, 38 3l FE BT 3 P M B 5,10,15,20 %
PIREREMEY 3G, S5 R YY1 R R A
5,10, 15,20 fi5EF, SRy 14 454 2 7E 100 ~
500 bp, T EEFEEY S W LB 519 £ 3
ANTEREBRAE | X H 5k R BC R T R g
g B W 250 (&1 4) |, X R WA T e 5 19 5| W) e
SPERZ SRR A, T3 A, Tl XS SR O A
AT LIE MW E 1,5 A5 B e 55 47 3 7 W vk 2
Pt e AN FF 5 225, 10 HAE 500 ~750 bp A4
. 10 f% 15 AR BEE B G 45 R 5 20 150

R VA S R N i N
A, 20 FERR RS R ST 3 Rh A5 R LBk
B A O B LB R e AR IR
T, BEAS A Y R P, A L E T )
FiRE 20 15 M B A5

1 2 3 4 M

2.0 kb

1.0 kb
750 bp

500 bp

250 bp
100 bp

M. Marker D1.2000; 1~4. AR 5,10,15,20 £
4 RBIIBER
Fig.4. Results of selective amplification

2.5 5|¥iHik
FIFH AL AL J5 9 MSAP J2 I & 2, fdi ] ABI
3730xL M FAT BT A 64 Xt 51 Wy i e 6 1 189 7
YIHEA T B A0S L UK A I, SRR 1G5 1 ) i O 5
SE T MSAP JE 28t nT sk, ks #5149
) JEE DN A B 4t T BT R R 2 AR MR, A
Jei N 64 X5 1 4G rh A A5 i v B 2 A5 TR
SR B WAL A 32 X, 5 51 4 gk 4 SR 0L &
5. MES AT, 1.2.5.7.8 X 5 X514 4400 i
o) AR AT 2, MLIINS,3.4.6
X3 XY G 5l SRl A A M2 A8 T
59 L s X514, B LGB X T 64 X514
i VeI , S e 32 XY IS4
1 2 3 4 5 6 7 8

B 5 3L
Fig.5. Primer screening of MSAP
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1M EH T2 B DNA Wk BEAR AT & MSAP JIr 223K 19
BRifE, JoT ik 22 B B 1T 1 B DNA ¥R B2 o B 5%
%o

T 5 B ) B TR AE 100 ~ 1 000 bp
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T R IKX DI HEAT 1ok, AL T RERSIE H
F BN F KA Y MSAP J5ik 152 T i, 42
i TSR MER P, O A R AL S R
PLA RIS E B 2L,

SE Lk

[1] Wu S C, Zhang Y. Active DNA demethylation: many roads
lead to Rome [ J]. Nat Rev Mol Cell Biol, 2010, 11:607-620.

[2] Cedar H, Bergman Y. Programming of DNA methylation pat-
terns [J]. Annu Rev Biochem, 2012, 81:97-117.

[3] Franchini D M, Schmitz K M, Petersen-Mahrt S K. 5-methyl-
cytosine DNA demethylation; more than lossing a methyl group
[J]. Annu Rev Bioche, 2012,46:419-441.

[4] Yakushiji N, Suzuki M, Satoh A, et al. Correlation between
Shh expression and DNA methylation status of the limb-specific
Shh enhancer region during limb regeneration in amphibians
[J]. Developmental Biology, 2007, 312 171-182.

[5] Iskandar B J, Rizk E, Meier B, et al. Folate regulation of ax-
onal regeneration in the rodent central nervous system through
DNA methylation [ J]. Journal of Clinical Investigation, 2010,
120 1603-1616.

[6] Hirose K, Shimoda N, Kikuchi Y. Transient reduction of 5-
methylcytosine and 5-hydroxymethylcytosine is associated with
active DNA demethylation during regeneration of zebrafish fin
[J]. Epigenetics, 2013, 8:899-906.

[7] Powell C, Elsaeidi F, Goldman D. Injury-dependent Muller
glia and ganglion cell reprogramming during tissue regeneration
requires Apobec2a and Apobec2b[ J]. J Neurosci,2012, 32
1096-1109.

[8] Tyaqi S C, Joshua I G.Exercise and nutrition in myocardial ma-
trix metabolism, remodeling, regeneration, epigenetics, micro-
circulation, and muscle [ J]. Can J Physiol Pharmacol, 2014,
92.521-523.

[9] Qi Shen, Hongchuan Jin, Xian Wang. Epidermal stem cells
and their epigenetic regulation [ J]. Int J Mol Sci, 2013,14.
17861-17880.

FRR LK FFI Journal of Jilin Agricultural University



468 THRLKFFIR 2015458 A

[10] BT ar BEERIGEREL )] 532, 2011, 15(4) . [J]. Mol Gen Genet, 1997, 253; 703-710.
221-224. (191 Zedde, FERATE RADE, 45, JU AU LA A0 op S 41 UL R
[11]  PhALA G T M, 55 BEEFE AR T A M A 5 2 (3L 41 DNA W ARSI 5 40 47 (1], 3 408 B2 3k
KR JE TR IR R RS [ )] 3 MRl R 227412, 2010, 32 2014,45(11) ;1784-1792.
(6) :680-683. [20] Yang C, Zhang M J, Niu W P, et al. Analysis of DNA methy-
[12] SRR, EAT, 22420 % JIEFEWIE M D1 e RS f lation in various swine tissues [ J]. Plos One, 2011, 6(1) :1-
YK [ T]. o 0 BE 2402, 2014,34( 7) £ 1153-1156. 9.
[13] Li CY, Mackintosh C G, Martin S K, et al. Identification of [21] LuY L, Rong T Z, Cao M J. Analysis of DNA methylation in
key tissue type for antler regeneration through pedicle perioste- different maize tissues [ J]. J Genet Genomics, 2008, 35
um deletion [ J]. Cell and Tissue Research, 2007, 328 65- (1):41-48.
75. [22]  RELHH, XISCHE BEAR, 45, NaCl B8 T~ A% (4R R 95 Y
[14] ke, AR, KT, S R ZRMBELLT] . FEURPE NS DNA HEEAL 22 50007 (1], sPEMOL R,
ZTEY2EAR, 2013, 17(1) :45-48. 2014,47(20) :4045-4055
[15]  SMEAE, TR, #3055 FI RS R 8 R s 8K T [23] Xu Q, Zhang Y, Sun D X, et al. Analysis on DNA methyla-
TEREFAR B B4 L P21 6PN [ ). 3 Mol K24 2 4 tion of various tissues in chicken [ J]. Anim Biotechnol,
2014, 36(1) ;116-121. 2007, 18(4) .231-241.
[16] TFHEE, 6%, K FER, 5. MG ML RE A =3 35 [24] Dresler-Nurmi A, Terefework Z, Kaijalainen S, et al. Silver
HZE M T]. 5Ll K248, 2014, 36(1) :122-126. stained polyacrylamide gels andfluorescence-based automated
[17] LiCY, Yang F H, Sheppard A. Adult stem cells and mam- capillary electrophoresis fordetection of amplified fragment
malian epimorphic regeneration-insights from studying annual length polymorphism patterns obtained from white-rot fungi in
renewal of deer antlers [ J].Current Stem Cell Research & the genus Trametes [ J]. J Microbiol Meth, 2000, 41(2) .
Therapy, 2009, 4. 237-251. 161-172.
[18] Reyna-Lopez G E, Simpson J, Ruiz-Herrera J. Differences in [25] [IXHEEH, BREE, R ET, 48 16K 16S tRNA L AL i  F 5%
DNA methylation patterns are detectable during the dimorphic ik, ] B 2 4R ,2014,34(4) :669-684.
transition of fungi byamplification of restriction polymorphisms ( /% 1+ % $ﬁ; . 7{7]( J‘E /ﬁ:)

SO

SOOI

XK IIT B ( 28355 S 4l )

(BFDHFR)REHRRERFZ EHGELBFRIF, L LRBRLR M BAHD FEHD
Fo R A SR 2 FMAAH W AR RS B FA AR AN RALT AREE ARG ARLE R
R ERLGE FRm IR REF@OFEAEL EAR IRERF, AFEIERRBREZFHNE
HEHFHATFRRE L R FRAL S, ETRLI T4 LR, ik MR RN, AR E
253 M Fe A e ILARACIR S

AFIAHEF],FERA R, A4 TR, HH 64 T, E M 15.00 7T, 44 60. 00 7T(2006 4 VAT AR 49 F|
Wy A 5475 A 24. 00 7T ;2007—2008 4 B2 89 F) 4 A4 A 32. 00 7T ;2009 4 #2897 4 A4 4 40.00 T)
Tl AEERLIRFIESLATHRITHA (A, REFTRFRLELENT 17 5HRAIEITIRS I,
B %% :300385) , AL 7T A 46 A S A SRT I,

RIBERHIE . M KBTI AT 2888 5 i MRA 2 ( L3 sh 2 41) G

MR 4%: 130118 FE  iF: 0431-84533130 E-mail; jjdwxb@ 163. com
M %k hitp://jdxb.jlau.edu.cn

Journal of Jilin Agricultural University 2015, August



