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Detecting SPII Genes DNA Methylation Rate of Brassica rapa by
PCR-ELISA

ZHANG Zhiping, ZHANG Panpan, and WANG Chunlei"
(School of Horticulture and Plant Protection, Yangzhou University, Yangzhou, Jiangsu 225009, China)

Abstract: DNA methylation is an important way to regulate gene expression, which is a main content
of epigenetic research field. The way to determinating DNA methylation rate of a gene is mainly by
bisulfite conversion, then amplifying the converted DNA sequence by PCR, and cloning and sequencing
the PCR production to measure the rate of cytosine converted into the thymine in the sequence. Based on
this method, we developed anenzyme linked immunosorbent assays (ELISA) instead of cloning and
sequencing to measure the rate of cytosine converted into the thymine in DNA sequence. We used this
improved method to detecting the methylation rate of promotor region sequence of recessive SP// in the
heterozygote plants containing one dominate SP// and one recessive SP11 of Brassica rapa L. ssp. rapiferu
Metzg. Compared with the original method, the method reported here is more economical and time saving.
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DNA FEAL E R AELE CpG, CpNpG Fll CpNpN 45 3 FiA% T IR /7> 41 u s ig |- (Gener et al., 1999).

XA A2 AR, ] DURIH AR P EOR, HFEAR DNA 20 by, — 0 FH A £h
b, — M AMEARRBE, AbPEF) DNA Rk A AL IR RE (C) FA4b R JRIERE (UD; %P4 DNA
SR, W 1) C &, wn] AV SE DR A AH A7 B AR . T e S — 2L K DNA H 3
AR Al R FH 3 AR R AR AR 81 P R R AR AL € ¥4 U, P PCR Ay 1, U
PR T, T4 PCR AT wife, WE R seBE e o0 C A7 riEe Al T ], s C
KA L] . BTz T K s AT IN Y, PSR s X TR S e AL,
P AR, A AR SOk R )

SPI1 3255 J8 B ACASEAELE N Y2 [F T (Schopfer et al., 1999), 7EZEH: 2 RRik,
RIS 7 1 — X R AL I R SP1T AFAE BB C R (Thompson & Taylor, 1966). R¥% SP11 S54
PR B PE DGR, mT LA SP11 BRI 23 B 2 : A0k ik S FERI Y (Class 1) Rk Btk S JEFI Y (Class
D). —AEIT, Class [ FEFAXT Class [ HERIZRIL A W1 (Hatakeyama et al., 1998). L [A] 45
15 Class [ Fl Class [ SP11 2 FHabET, #$AMHIZIL Class [1.SP11 R JH ) X 385 7 250 B 2 40 ffu
WA B AL, I H. Class T S 7 55 SMI FFAIREE TE A~ sSRNA, % sRNA 1 57 42 1% /541
KAk, JF Hi% sRNA F%15 Class I SCR/SP11 LR 3 3h 1 [X 38— Bt DNA F& 51 i )3 ) U5

(Tarutaniy et al., 20100 R & FHiEiAR, 0 Class 1 A Class [1SP11 2% T 1AL Class [1SP11
JA BT IX 38 sSRNA [P FI T A DL, BZ T 5 PUdl. mIaT.

[ ks RS D RPA

11w

WRIEAET M KT o I HAZRIE K 2% Takeshi Nishio 245205 1) LU0 S FEPIRL 96
% (Brassica rapa L. ssp. rapiferu Metzg.) ik, 5 S FER T 54 S21/Saas S21/Ss0~ S21/Sa0~ S21/S20+
S35/Saa~ S35/Se0~ S35/Sao FI S35/Sa9 B 8 NI FAEME, LLIIERIAY N SialSas Seo/Sso~ Sao/Sao FH S20/S29
(1) 4 D aliGFrEbk. MRS e, 2015 45 3 H 25 HIFAG, REESHMITER 1 d e,
e N T, FIHMRENER R Z A (AE5E3), RAFT - 70 CUKFIIRAT

1.2 A&
1.2.1 DNA IR 5 3| ¥ A48 4H] &

M =70 CUKFHEUH SRR, KA CTAB VE#EH DNA, JfHIAZR U DNA W, 4 CiK
FEORAT 25 H

Ty RS S g 1 Fros. Fra EnsIME4Ey s (biotin) Frid, § 3R 1974

®1 RBFRASIYMFS

Table 1 The sequences of primers

LR Y FE Gene name IE[M 514 Forward primer JZ 514 Reverse primer

Sa4-SP11 GTTATTTTGTTATTTGGTTATTATG ATTCAACAACACCTTTAAAACATT
Seo-SP11 AGGAAAAGAAGAATTGGATGAGGAAGTTA CTCCCACATCTARTRCTTTAAATTAACAAA
S40-SP11 TTTATTAATTAAAATTTAAAGTGTATTT AATCCTAAATCCTCAACAAAAAAAA

S-SP11 TGTGAAATTATTTTTAAAATGTTATTTTGT AAACAATTCCTAACTCCCACATCTA
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K/NE 450 bp FiA7, P E Class ILSPIL JE 0 T IX 85 sSRNA. [ 1) 541 X 3 o

A0 B A7 5K AR FR AL 5 S IR E W3R 2 /R o Saa-SP11, Sao-SP11 Fl Sy9-SP11 5T H1AH
) o ARSI A M g 1, AT AR A PR SRR R AL, IR T ZE L =i (Digoxin) brid, JEHIEAL
PREHE N S8, B Him=Ebrad s A A R A R s g I8, Al AR AL BRAET R A R I
St Erhid, FIECEREME N e R, WS SEbR ] . PREME R IR WA 1 R .

*2 RBFARARSFTI
Table 2 The sequences of probes

FLNAZFX Gene name & Purpose A7 5 1 ¥4 Probe of loci 1 A7 2 YR%EE Probe of loci 2
Sas-SP11 FH 384k Methylated CCTATTTCACACGTAAACATT CACTTAATTGCCTATTTCACAC
4l F &4k Non-methylated CCTATTTCACACATAAACATT CACTTAATTACCTATTTCACAC
Seo-SP11 FH 34k Methylated CCTATTTTACACGTAAACAATTC CACTTAATTGCCTATTTTACAC
JEH JE{L Non-methylated CCTATTTTACACATAAACAATTC CACTTAATTACCTATTTTACAC
S40-SP11 FJE4k Methylated CCTATTTCACACGTAAACATT CACTTAATTGCCTATTTCACAC
I %4t Non-methylated CCTATTTCACACATAAACATT CACTTAATTACCTATTTCACAC
S29-SP11 FH 384k Methylated CCTATTTCACACGTAAACATT CACTTAATTGCCTATTTCACAC
) 1 3E4k Non-methylated CCTATTTCACACATAAACATT CACTTAATTACCTATTTCACAC
52
Sequence
Fl 5/ kMethylated E=s(Cm=m
4k {! #£1E Non-methylated ——=O—— PNPP I PNP PNPP I PNP
limﬁ@ﬁ%w iR
Bisulfite conversion TR R —
Anti-Digoxygenin-AP ’

Hi1E sEDigoxygenin — >
1 #{kMethylated ====(Om==m = BOXYE e

3 i 2k Non-methylated ——Or—— Eil
R sgeimst I st 101 sademst
PCRY"$Y Testing probe Competlng Testing Competing
PCR amplifying probe E= probe probe
H:4p# Biotin
4t Methylated (B-m=m(Ommm
B Mothylate ——
3k 1 F4k Non-methylated @-{:@: Py Streptavidin
Hybridizing GBS AR o e BB S e
Methylation signal Non-methylation signal
determinating determinating

1 BEAMERELRBELIRETZRE
Fig.1 Schemes of DNA methylation rate determination by ELISA

122 BBER KR EAN T A Fa 3k F AL

I 500 pg FE K2 DNA 5 BRI N UIBE S W 8 ~ 16 h, BTH) DNA; FIH] 2.5 % 100%38 K5 D0iE 30
min, B0 T 70%PRSUTHE PR, [R5 19 DNA; B 3 mol - L' NaOH £ 37 “C % 30 min,
filt DNA XUgE; IR ZAAR R AT — 250, A PCR A4k, H AP 4 95 °C 30s, 55°C
15 min, f5¥K 30 X, 4R G 55 C 15 h; A1 DNA [R5 £ [0 DNA; [F[US () DNA B 3 mol - L™
NaOH, 37 C/&JWV 15 min LFRFIRMF WAL A 1 uL BB, ARG I RSP, 3T
0.1 1% TE 2201

R LR 2530 (1 DNA A RHEEST PCR 719 . )N AA Rl : DNA S pls 1E 514 (10 pmol - L)
2.5uL; 514 (10 pmol - pL™") 2.5 uL; Promega master mix 25 pL; JCHE/K: 15 pLo # AR N
94 °C 2min, #RJ5 94 °C 20s, 50 °C 30s, 72 °C 1min, 3t 40 MEHR.



Zhang Zhiping, Zhang Panpan, Wang Chunlei.
Detecting SP11 genes DNA methylation rate of Brassica rapa by PCR-ELISA.

578 Acta Horticulturae Sinica, 2017, 44 (3): 575 - 580.

4 PCR J“WJHiAT 2228, B 5 uL PCR P“#I¥s 1 100 pL PBST 22 BRI 50 pg HERGSEFI 25 (21K
413k (Roche, Germany), 94 ‘CH## 30 min. JIA 50 pL AZPEWH (95 0.5 mol - L' NaOH,
10 mmol - L™ EDTA). PBST Z& 5 1E, 200 L 223828 (155 5x SCC 221, 0.3% Tween-20,
10 pmol - L™ #1444, 100 pmol - L™ (155 4444, RrilFEH L m 5 k510D, 50 THRAT 2 he

T 1% =i RN Y PBST 220 = i % & 30 min. PBST #§¥% 2 K5, F5 PNPP 7
37 CM 2 he 3 mol - L NaOH 2112 W o FIFHEEFRXAE 405 nm A5 I S BRIk, M4 A 34k
FHE PR IEAAS I T Ul H5EH DNA FSAL E 20 e o %7V E & 1 s
1.2.3 SRR A AR F A AA R F Ao

I 500 ug #EN4] DNA HBRGITEANDIEER N 8 ~ 16 h, BiY) DNA; I 2.5 1% 100%B A5 T3
30 min, 85 5] 70%IFRGITHE P 2 (A )5 1) DNA ] 3 mol - L NaOH & 37 °C /<& 30 min,
fift DNA XUiE; IR 2/ WA RN — 28, FIH PCR U4k, F Bk PCR 434~y i,
TEANFEABRIE 30 AL e Bl 7, AR5, i e A DGR m R L 2

FALFEP 95 °C 305s, 55°C 15min, {5 30 &, #X)5 55 °C 15h; FH DNA RISl
It DNA: [H[I§ %) DNA BIA 3 mol - L™ NaOH, 37 °C %)% 15 min FRFI AT FAEREE: A 1L
BB, SRS IR DE M, T 0.1 £ TE il

FIFH L3873 211 DNA S BEARHEST PCR 3738, [ N AAFR 4 : DNA 'S pLs iE 11 514 (10 pmol - uL™)
2.5uL; 514 (10 pmol - pL™") 2.5 uL; Promega master mix 25 pL; JCHE/K: 15 pLo # AR N
94 °C 2min, #&J5 94 °C 20s, 50 °C 30s, 72 °C 1min, Jt40 MEH.

# PCR )%, \ promega A 5] pGEM-T Easy #A, il G i WIHRAE, Pkt 30 4> LA L wd i
J¥, HE DNA J@41d C RAZH T B by Eb R, RIZA7 S R HEAE R

2 HREIHT

Fr R R, Su-SPII. Seo-SP11 Si-SP11 R S,9-SP11 J& T Class I, BURatEILiAl, S,,-SPII.
S35-SP11 J& T Class [ , B G PEFE] (Watanabe et al, 2000; Shibaetal., 2002). K, 7E44& T4
i, 44> Class ISP JEPRIFRIEANH],  JH3) ¥ X IEA7 7 4L (Shiba etal., 2006).

FIFTF R 720 8 AN A% TR 4 ANalifh FAHRR Y Class [TSP11 JH 3T IX 352 SMI 4% )7 %))
R T ASFIES 2 ASmEE AL R BATIE (R 3, 7 1 AL 2D, Syu-SP11 KRN i A 3
WERLEAE TR 6.68%H 14.40%, LHIEL: EANIE FHHHTE 50% A0, Sl 58.72%,
B 46.33% Seo-SP11 FERIPIAN fU IS F A4 G 1 EBIR T 10%; 7EMN ARG 1AL 60% LA
by B 62.26%, i 80.17%, A a5 2 I FHIEAL R 5 TAL AL 1o Sao-SPIT AN i F IR R4l A
THARMET 10%; £ So1/Ss0 22 & T 054 73.86%H1 79.72%, 1E S35/Ss0 245 T 735K 66.18%
H1 58.27% 0 Spo-SP1I PG ki AL B AL 2l 1 P AR FF AR, 78 10% 45475 fEPIAN G T,
LT IR RTE 65% 2047, B 2 A HIERTE 70% 4045

h T RAEF AR, DR R R S A R A R R, S5 (R4 BUR,
o I 9 o A R A 5 A IR s v (ELISA) g B Lhc i, #lln, &4 Class I SPII
i AR, A DA ST S F I 4E 10% /5475 1T Class [TSP1I ANRERIEMIZ4 A TH, M ORAT 55
IR RIS o 16 S35-SP11 M Syu-SP11 FER GG T, Saa-SPIL KL WIAL i SR A Y 48.38% A1
45.16%, A FTINZeA o FIEAL IR RREAS, 5 ELSIA 3l 5E 45 AT, KT 50%. 16 Sp-SP11
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1 Syo-SP11 FER A E T, Syo-SP1I KA »5 FH AL R Ky 70.59% A1 82.35%, A BT lIAS. 55 FH FEAK % i
RS, 5 ELSIA VENIE S5 B—80. FIAH T KL EIR A BEH R, hERE A=
0.9823.

R3 TIABHRERERAURE class 1SPI] EERLARELRER
Table 3 The methylation rate of class [[.SPIIgenes detected by ELISA

fifi1 Locil BrRi2 Loci2
f‘ﬂzﬁ( Fiikk S 7 SLFESL Clone number L /9% YL%4L Clone nl?njber AL %%
ene name S genotype of plant  HiJi{k, HE A . A JE 34k .
Methylation rate Methylation rate
Methylated Non-methylated Methylated Non-methylated
Sus-SP11 S44Sas 3 30 9.09 4 29 12.12
S$24844 20 12 62.50 17 16 51.52
835544 15 16 48.38 14 17 45.16
Se0-SP11 S60S60 2 30 6.25 3 29 9.38
824560 23 9 71.88 20 12 62.50
835560 29 8 78.37 30 7 81.10
S40-SP11 S40S40 2 32 5.88 3 31 8.82
S$24840 24 10 70.59 28 6 82.35
835540 22 12 64.70 21 13 61.76
Sx9-SP11 8520529 4 31 11.43 3 32 8.57
524529 24 11 68.57 25 10 71.42
35529 21 13 61.76 23 11 67.65
F4 FARENFEENE classISP11 EERFHAARENELR
Table 4 The methylation rate of class Il SP11 genes detected by ELISA
A1 Locil 72 Loci2
FERAARR Rk S R EY R AE Absorption value A %% Al Absorption value A /%
Gene name S genotypeof plant  FAL{f, AR LAl . GiE 24 AL AEAL .
Methylation rate Methylation rate
Methylated Non-methylated Methylated Non-methylated
S44-SP11 S44Sas 0.044 0.615 6.68 0.052 0.309 14.40
824844 0.856 0.696 55.15 0.791 0.556 58.72
835844 0.752 0.871 46.33 0.712 0.761 48.34
Seo-SP11 S60S60 0.072 1.460 4.70 0.083 0.789 9.52
524860 1.031 0.625 62.26 1.074 0.466 69.74
835560 1.142 0.349 76.58 1.217 0.301 80.17
S40-SP11 S40Sa0 0.064 1.102 5.49 0.095 0.925 9.31
824840 1.226 0.434 73.86 1.211 0.308 79.72
835840 1.088 0.556 66.18 0.976 0.699 58.27
S»-SP11 8520829 0.068 0.633 9.70 0.054 0.561 8.78
824829 0.925 0.495 65.14 1.314 0.499 72.48
35829 0.884 0.521 62.92 1.168 0.493 70.32

e PR P 471 FRREA A8 1 47 TR R DRI R IR FR 25 5 AT 2 2 — 25 DA PP A 4 3 202 il 5 T,
BRIRER AL G AT PCR ™G, FEvdE, ARJEXT AR TOBEREA TN, Al B T C AL Ao,
N T PRI HE e, — BRI e R AN T 30 A HI T R BEREINC, X2 AN eIy 2
Boro DUk, X Rkt ik, MR ik (ELISA) H#ME PCR /¥4I C A ki
RBAFACII LS, BAREEA A (1 vd BRI 20 B FIATRZ I T 8 D oav 741 4 el
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BT HEYINEETE SPL BRI A DL, 45 R BoRfeali G Fratke, WOEMPiAs C A7 s AR
BAK, MAE TRIBES, AL R AR A7 S AR = P Ak . ik e g IR S5 N iE—FF . el
G TR, class 11 SPIT FERGEW IEH RIA, IR EAR; E245 T, class 1T SP11 3
DR TA A, i S DR gt A L 3l DX R AR Ak . Bk Ah, BLISA e 45 3R -5 ve Bl v i 3k
SERAIE, YA T R ] SEE

TEARTTA, RIHEREN 22T, 238 W P AL A M R BT R0 e PR o 3R RN H AL 7 1 S5
R A — My 22 5, RIS e db e e 45 6, gl RIG AT Stk o PG 4
Bl D58 3R TR IN % A8 1 7 v H A S AZ IR 2 & (Tonosaki et al., 2013).

AL SIAT A, BER B nPIE . 250 e 5L DNA P4 AU SRR, 5 FIFoE.
5351 DNA FEAC Y R R 45 BAT S5 S
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