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Primer design and PCR condition optimization for plant site—specific methylation
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Institute of Technology, Shanghai 201418, China; 5.Shenyang Agricultural University, Shenyang 110866, China; 6.Institute of Vegetable Sci—
ence, Tong Liao Academy of Agricultural Sciences, Tongliao 028000, China )

Abstract: The present study was to explore design methods for short and long primers in plant methylation research and their corresponding
PCR conditions employing large number of designed primers and to analyze the effects on methylation rates using three different Taq poly—
merases. Results showed: a Touch—down PCR was suitable when using short primers of 17 ~ 30 bp, however, low specificity and success
rates were observed; PCR performed the best when using long primers of 31~50 bp, provided that length and T, of forward primers>those of
reverse primers and 55 °C and 60 °C served as annealing and prolonging temperature, respectively; Super—Fidelity Taq polymerase like
Prime STAR ® HS isn’t suitable for methylation research because of its 3’ —5' exonuclease activities. However, PCR performed the best
when using EpiTag™ HS.
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FEWAB LA & — PP AS [ FAZ T IR )7 51 9 7T st AR AR R T IR F IR LS i pia
(5, FEAUHE DNA HIL LRI &E rgim itk BE ZCEEMIEA"Y, DNA HIEL 2 E T2
20160000 FA AL, H 2580k eI RE 27 5 i+ B
HESTE. [FH5 RRE 4T H (21347007,41272255,41472237); S—-H LM E . 7EAEY)H , DNA FHEEAL J2— bt 3

| 50RH4 T kE9(20122X7505-001 ) % ,20%~30% 1 3 R 21 B s e A HE AR A, 340

*BEEE X % E-mail:liuwan63@hotmail.com }\/ﬂ‘]jﬁ‘*ﬁw DNA EF‘E’]'JCEF%:@%@;Q&’ J:I:Z%Hj//‘}\\




EWE G AL S P LR 0319 B I PCR (R pi 1k 1687

Z A6 DNA AR 7k . ARSI AT H B8
ANIE], BT 43Ry G4 BE DR 2 PR Al RN A7 e S PR
P L B LR RO (A ST
FH R Ak R PN DD (0 - Methylation sensitive amplifi—
cation polymorphism , MSAP "' £l Methylation —sensitive
arbitrarily primed PCR,MSAP-PCR®9%% ) Fil it “F South
ern 8% 2432 (41 : CGI array 11 cDNA microarray %5 )1
A58 00 E  HT 8 BRI R R oA
AR T rr AR (3 1 AR PR A A2 A, TR TE AR
YbikoE b 2880 fd FH BT W A U N DTG Y 5 v

TEA s S T BRI S v, DA o A R
B il iR 4 A5 23 A1 (COBRA ) | Sk 45 S 2 PCRI™
(MSP ) A1 5 A7 iR £5 00 7 25 ( Bisulfite Sequencing )31
HF o B DNA MFEOAR LR, fTAEY RN 4 C6
I G T R AR BRI e, o A R £ I v
ARSI AR 24 75 T COBRA 5 MSP i, H
HALEURE S Y BRI v i S R 3 0 e 25 1) 188
PR )2 SR, B 25 EETEREY) AN
L KB A IRAAAE — SO T R AR P [ R, B
DNA H i 7 B s WA R R A 1 5 7 1 45 SR AN BRARF
W J5 R RRE , Hoh b K51 Wi it \PCR
FAFRIPUALFN Taq BERYZESE =IO T, o A 5
K2 CG & & 5301 S AR Fe ™, SRR B s
HE YL 2, BN Z BN TE RS A4
H bR DI 252 B ORI , [F]sid DR Bt RS JE
DIl 3 L R, S BOTT B [ T, R S AR
SEPEARE, HAEES ) DNA EARG Y. 54,
AT KR Y Taq BEXHI T 5 ) DNA HEAE A
A IR, T 2 ) RIS L E A PR AL 5 52 3 BE
15 L, AP S5 07 8 T, B i oA A [
ST J7 ZFIAS [R5 1 P09 5 1A 2200 AR Ak 45 R Y
o, PLACAE P It 9 v A R R I 1 ) S e A%
7 B B — D RS B AR NS SR A E M R
P BRIR AR Py 12 S A 2R SR 7 e S PR
BT SR AR A .

IS

L1 YRR RS AE
TEFHEHE HO W B R TR 7, 48 1090 E R 4R T
A, TREBLiKH 4 CRF 24 h iTRER L., B R
JEETCHE 5 R 575 2 K E 5 0.5xMS 1 575
(0.5%EHE) 1, FFF 21 €10 h JEREEESE 15 d°,

1.2 DNA RJ32EL

ARG FRREP AL iR &, I e T Al
A TRHECAT PR AT B ) B R 2 DNA 42 G
& (CWO0531) 2 IR & 4 i #i F 78 DNA, 48 Ji5 ffi ]
Eppendorf Biophotometor Plus £iil] DNA & &, 2 45
TELER EAE 50 ng DNA JEATBUIEREFBIK . JH TaKaRa
DL2000 DNA Marker HE77 & 55 £ 1 540 25 i A48 1
ng, =70 COKFHIRAE o
1.3 BB ELNF &

Fi B B B ffi il EZ DNA Methylation —Gold™
Kits (Zymo research )& 1ffi 100 ng DNA ., #2 4§ TAIR
(www.tair.org) A B 7+ DNA J# %1 54 )% , i A Primer
5 F1 Oligo 7 H #1159 PCR ¥ 14 48 e 1& &2 It A
MLHI MSH2 MSH6 1 MSH7 J3 sh¥ F Bk (519 ¥4
Je PCR Z5MFPE L “S5 3R 50007) s 91 = Wy fdi 1
1935 Jig i (TaKaRa ) B ¢ 3 vk k6 00 5 H 49 R Be Al
F TaKaRaMiniBEST Agarose Gel DNA Extraction Kit
mhizifl; 25 PCR Fr Bok a4 5 so el iy
(B RERAEYIBARAIRAF])

2 FER5HMH

2.1 EYREAHARFPESIHEITERH

AR CC w81 i 2
DRI A AE KT EE R P 9 5 | e S P AT, R AR 5
B 2 WS A0 5 30 R O A R A R R R
FHEAAE S, &t T RERKEETE 17~30 bp MI1E \J2
514, EIHACE 3 %514 MLHI-1F/MLH1-1R |
MLH1-410F/MLH1-410R #1 MSH6_P6F/MSH6_P6R3
(F DY Fras B B, By (B 1) @k
FLAH AR R, RBLX 3 X hy 514, H
EM G EM T, KT sk 1), 3l
FEIE 5 et b R s K T
EM 519, 8T 0T AP AEIR K8 A A0 1 E 5 | 4%
K TS [ R Sk 5 T & T R 5 A A
KRGy, WSS o ) T e AR B
A 5E N AEA PCR g

B 1 28, 7€ PCR ¥4 5tk b i@t il H 22
Pl 7 4 48 )5 %% B, Touch—down X T3 = B 34k
B I B A B RCR - 5 14 MLH1-1F/MLH1-
IR f#i [ 55 CiR:k 30 s, HAAMEIRE 0.5 C, 117 17
AIEER,IRIG 47 CIB K 30 s 3547 21 MEH MIE k %
;5|4 MLH1-410F/MLH1-410R {8 i 55 “CiB /& 30



1688 RAIAE 21 ERRE TR
xR 1 THHEFITHRELES Y
Table 1 Self-designed short primers for methylation in this study
5|4 Primers J#41 Sequence K Size/bp T./C 3’'AG/kcal * mol™
MLHI-1F TGTTGGTGTTGTTATTTTATTAATGTG 27 54 -6.3
MLHI-1R TTCTTCCTCCTCCATCTC 19 52 -5.8
MLH1-410F AGTGTGGAGTGACATCAAGAGTTG 24 60 -6.3
MLH1-410R GATCATGATGATGCCTCACAAA 22 56 -6.0
MSH6_P6F AGATTGGTTTTGGATYGGTTTAAG 24 56 -5.0
MSH6_P6R3 CRCTRCTRRTTCACCAAC 18 55 -6.8

& th M 5 DNA marker(Takara DL2000) , K Bt R FI/INV35108 2.1
kb 1 750,500,250 bp; 1 #1 2 A AR H E T MLHI-1F/MLH1-1R
Y PCR § 3477453 Al 4 R AS[RIBEAH B F MLH1-410F/MLH1-410R

fiy PCR §"347=4) ;5 5 MSH6_P6F/MSH6_P6R3 (1) PCR 414774

M stands for DNA marker( Takara DL.2000); 1 and 2 for the PCR

products amplified by primers MLH1-1F/MLH1-1R under the samples

of different concentration;3 and 4 for MLH1-410F/MLH1-410R;;
5 for MSH6_P6F/MSH6_P6R3

1 Bi&itHEs5 ¥Rk SiE
Figure 1 Electriphoresis validation of products amplified by 3 pairs

of short, self-designed primers
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Arabidopsis thalianalchloroplast[complete genome

Sequence ID: refINC 000932.1 Length: 154478 Number of Matches: 2

Range 1: 106170 to 106583 Genbank Graphics ¥ Next Match Previous Match
Score Expect Identities Gaps Strand
288 bits(318) 1e-76 312/414(75%) 0/414(0%) Plus/Minus

Query 17 c-:ccccnrc.umrucmnrmrncmcmmmcmcumccc 76
PECEEE ELELEE CEEEEELEE L R L1l
Shjet 106583crcccas'rcncmrcaccuuu.um\u.u CGGCACTGEGCAGECETCAGCCE 106524

Query 77 ccumanrcrnmmrummcmunnntnmnxcnccnncc 136
PLCEET VVEEE T T F P T R I Il
Shjet 106523 ccumusercrncsmrmcsemmcmrGrnnr;summtcscccseecc 106464

Query 137  TAATCACTACRACCCCCTTTATaaaaaaaCACCCCTTCTCCCAARATTACAARACTATIT 196
NN N
Shjct 106463 166TCACTGCGACCCCCTTIGIGAGGAGGCACCCCTICICCCRARGT TACGGGGCIATTT 106404

Query 197 TACCAAATTCCITaasaaaaaT TATCTCACACCCCTAMATATTCTCTACCTACCCACCTA 256
I
Shjct 106403 T6CCEASTTCCTTAGAGAGASTTGTCTCECGCCCCTAGETATICTCTACCTACCCACCTE 106344

Query 257 'mcmnrmnncmncccrnm:mrnﬂmcnnccrmn 316
RN N AR
Shjct 106343 TOTCGaTTICO0aTACAGGTACCT TG IGRAGSTCGTICGAGLT TTTCCTGRGAGTA 106283

Query 317 Tmunmrmrcmnfcmluncamm?narrncrcm}al:url"r 376
PV TP L T T il 111
Shjct 106283 TRGCATGEETTACTICAGCGCCETAGCGCCTGETACTCGARCATIGECTCGEGECATITT 106224

Query 377 ctcmccccrrmacccnaaaaamaaauaczxcmmncm'rmccmr 430
EECVLLUELELETELREE PHEEEEE  FUELEEL L TR T Tl
Shjct 106223 CICTACCCCTICTTACCCTGAAAARACAGGGACACCTTGCETCCTTGAACCEAT 106170

2 5|4%) MSH6_P6F/MSH6_P6R3 1 7= 4 Blast I&1E

Figure 2 Blast validation of PCR products amplified by primers MSH6_P6F/MSH6_P6R3
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DNA markers used in figure are Takara DL2000; A showed the PCR
product amplified by primers dMSH2-11F/dMSH2-5R ; B showed the PCR
product amplified by primers dMSH2b —7F/dMSH2b —4R;C showed the
PCR product amplified by primers dMSH7 -3F/dMSH7-2R ;D showed the
PCR product amplified by primers IMSH7b-4F/dMSH7b-2R
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Figure 3 Electriphoresis validation of products amplified by 4 pairs
of short, self—designed primers
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Table 2 Self-designed long primers for methylation in this study
5|4 Primer J¥%] Sequence K JE Size/bp T./°C 3’'AG/kcal *mol™
dMSH2-10F GTTAGRRRAGTAAGRRRAATATGAGAATTAATGGGRRTTG 40 64.1 -5.6
dMSH2-11F* GTTAGTTTAGTAAGRRRAATATGAGAATTAATGGGRRTTG 40 62.6
dMSH2-12F GTTAGTTTAGTAAGTTTAATATGAGAATTAATGGGRRTTG 40 61.1
dMSH2-4R TCCYYAAYCTTYTTCTYTTCCTCYAAATTACCCTCC 36 65.5 -7.3
dMSH2-5R* TCCYAAAACTTATTCTATTCCTCYAAATTACCCTCC 36 63.2
dMSH2b-5F GTATRATGGGTTTGTRAGGTTGGRTGTATRTRATAA 36 62.6 -4.5
dMSH2b-6F GTATTATGGGTTTGTRAGGTTGGRTGTATRTRATAA 36 62.1
dMSH2b-7F* GTATRATGGGTTTGTTAGGTTGGTTGTATRTRATAA 36 61.5
dMSH2b-2R CATATTYYYCTTACTYYYCTAACYACACCTACCATT 36 63.8 -6.2
dMSH2b-3R CATATTAAACTTACTYYYCTAACYACACCTACCATT 36 62.1
dMSH2b—-4R* CATATTAAACTTACTAAACTAACYACACCTACCATT 36 60.4
dMSH7-1F GGGTTAGRRGAARRGAATARRAATGRRTGATTGARTRGTTGG 42 67.0 -6.8
dMSH7-2F GGGTTAGTTGAATTGAATARRAATGRRTGATTGARTRGTTGG 42 65.0
dMSH7-3F* GGGTTAGTTGAATTGAATATTAATGTTTGATTGARTRGTTGG 42 63.1
dMSH7-1R AAAYCYTCYCCTTTAYCATCCCCTTCCTTCACATTA 36 65.5 -5.0
dMSH7-2R* AAAACYTCYCCTTTAYCATCCCCTTCCTTCACATTA 36 64.9
dMSH7-3R AAAACATCACCTTTAYCATCCCCTTCCTTCACATTA 36 63.8
dMSH7b-1F RRTGGGTATRTGRTRGGRATRGTRGATGAAT 31 63.4 -5.7
dMSH7b-2F TTTGGGTATTTGTTRGGRATRGTRGATGAAT 31 60.7
dMSH7b-3F TTTGGGTATTTGTTTGGRATRGTRGATGAAT 31 60.1
dMSH7b—-4F* TTTGGGTATTTGTTTGGTATRGTRGATGAAT 31 59.4
dMSH7b-1R ATCAYYCATTYYTATTCYYTTCYYCTAACCC 31 62.0 -7.1
dMSH7b-2R* ATCAAACATTAATATTCYYTTCYYCTAACCC 31 59.4
dMSH7b-3R ATCAAACATTAATATTCAATTCYYCTAACCC 31 58.1

T SFRRNARG Y KL RHA SR BB (A R FR A B G Y FoR C T,

Note: * stand for effective primers;bold and italic bases for modified locus; R for A or G;Y for Cor T.

% 3 AHRETEAR Taq B

Table 3 Taq polymerase used in this study
Taq A7 Rk

Taq polymerase Manufactory Characteristics
TaKaRaEpi .. vy R THEHRIREREMS & A IR
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g FAEMTREROGE) w35 st b e

STAR® H

— 5, BT RN CC SR ™, 5
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BEACRAE M A, 5 )5 DNA 22 S50k, [ 3R 3cA M
KB, WICERH BT A e oA
(Primer-blast ), H A @1k PCR SEREAG NI UE . 1% 46 5

DRI R s BELAS 1 S 36 (0 BE AT S E T , = 2B
YA R DNA SEH A1 X 2 Ak i) &, 5286
ETIERAE I ANAT o DL, CEABD L i e etk T AR AT
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3.2 B AR RENRS it

AR S 3 FEMESE Cd WA T R I 9 35t A5
31510217220 G H R 355 X A A1 R R DR R WL A 4547 114
WHFE, I ATt T RER 519, SRTT4 PCR 944K
B ES SR AR, 2 20 R ELT 141 (17~30 bp)
1A 3 XS 1S (3R 1) i 35 | W oF DA &5,
FANTE LR T 5 R e b i T5l Pk
R, BT DNA SEAY S, S 203 | Ry 52
PR R, IXAE A H B0 7 BeARAED 48 o SR AR X 28 fr
Bt S 19, FAN XA BT | ARG S | ) 4T T L
Pr. f38 T —2eg HIER. BATLIIER SRR
JEFN T, F BR TR 514, H 3" AG 2 RAFEL
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Master in figure stands for reference sequence; M1~M7 are clone methylation profiles using EpiTaq™ HS; R1~R9 are profiles by using TaKaRaTaq; S1~S10 are

profiles by using PrimeSTAR® HS. Solid circles stand for methylated cytosines of CpG loci, hollow circles for unmethylated ; solid squares stand for methylated

cytosines of CHG loci, hollow square for unmethylated ; solid triangles stand for methylated cytosines of CHH loci, hollow triangles for unmethylated cytosines
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Figure 4 Methylation profile of Arabidopsis MLH I promoter amplified by 3 Taq polymerase after sodium bisulfite modification
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