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Comparative analysis on the kenaf (Hibiscus cannabinus L.) genomic
DNA methylation of its male sterility line and maintainer line
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Abstract Taking the CMS line UG93A and maintainer line UG93B of kenaf as materials, gDNA (genomic DNA) were
extracted from seedling leaves, tetrad stage anthers and binucleate stage anthers respectively. MSAP (methylation
sensitive amplified polymorphism) technology was used to analyze and compare their methylation of gDNA. The
expression patterns of methylated genes were studied by gRT-PCR. The results showed that. 1) During the growth and
development of kenaf, DNA methylation showed spatio-temporal variation pattern. The gDNA methylation rate
(MSAP% ) of UG93A and UG93B at seedling stage were 56. 79% (full methylated rate was 44. 25%, similar as
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follows) and 58.89% (43.24% ) ;MSAP% at tetrad stage was 48.08% (36.24% ) and 44.25% (33.22% ) ;MSAP%
at binucleate stage was 45.30% (34.15%) and 48.78% (37.98% ) ,respectively.2) The ratio of UG93A was the

highest at seedling stage.tetrad stage before anther abortion came the second.then binucleate stage after abortion. It

displayed a trend of high to low during growth and development. The rate of UG93B was highest at seedling stage,

followed by binucleate stage and tetrad stage showing a trend of high to low,and then gradually rising. Although, the
rate of UG93B was higher than that of UG93A,but the UG93A was significantly higher than UG93B in the tetrad stage

before anther abortion.3) Gene methylation or demethylation happened in many genes including atp8.SCL13. SRF6 .

phytosulfokine receptor 2. These genes in UG93A and UG93B were differentially methylated. The results from gRT-PCR

analysis reviewed that the differentially expression levels of methylated fragments between the cytoplasmic male sterile

line and maintainer line showed significant differences, indicating gene methylation played an important role of in kenaf

CMS.
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Lists of adapter and primer sequences

Table 1

G ESi| B4 4 Bk 3L F 51 (5'-3") Primer name and sequence (5'-3")
Primer type EcoR | (E) Hpall /Msp 1 (HM)
EAI CTCGTAGACTGCGTACC HMAI GACGATGAGTCTAGAA
3k Adapter
EA2 AATTGGTACGCAGTC HMA2 CGTTCTAGACTCATC
Wy g Y EO GACTGCGTACCAATTCA HMO GATGAGTCTAGAACGGT

Preamp primer

E1 GACTGCGTACCAATTCAAC HMI GATGAGTCTAGAACGGTAG

E2 GACTGCGTACCAATTCAAG HM? GATGAGTCTAGAACGGTAC

E3 GACTGCGTACCAATTCACA HM3 GATGAGTCTAGAACGGTTG

\ F4 GACTGCGTACCAATTCACT HM{ GATGAGTCTAGAACGGTTC
WY 5

Selective primer E5

GACTGCGTACCAATTCACC HM>5 GATGAGTCTAGAACGGTGT

E6 GACTGCGTACCAATTCACG HMb GATGAGTCTAGAACGGTGC
E7 GACTGCGTACCAATTCAGC HM7 GATGAGTCTAGAACGGTCT

E8 GACTGCGTACCAATTCAGG HMS GATGAGTCTAGAACGGTCG

1.4 MSAP SRR ST IE 1.5
5 DA s O i 5 e 2 3 Y € 0 L S X BT A R R
A7 SR 0F F AR 22 5 2% AT e 31 0. EcoR 1/

FELVERFBENRIZEZELN
K H 52 B 2% 96 2 7 PCR(qRT-PCR) J7 3 46 )
HR A H e Ab 22 R L IR R IR K o il B BT R AN

Hpall 1 EcoR T /Msp 1 BEVIE A ik T B
I fb); EcoR 1 /Hpa 1l YA 4 M EcoR 1/
Msp 1T DI, 8 m 11 B B 34k s EcoR T/
Hpall Y AT EcoR 1 /Msp 1 BEYIA . ic N
M (e HFFA) s EcoR T /Hpall 1 EcoR 1 /Msp 1
LB T 10 VB (2 ) . IR T
IR 264 5 A 25 0B PP 01 2% 4 T CED T
LIV L2 D . 4 JE A2 T 4 K 4 4 5
[ 5 1R 4 PR A A 2640 B CRD T IV 2 D .
WS AE & UGISA FIEHEHR UGISB 4
AE 0 I L A ) RN XA ) A 2 Ry YR A
T

F & UGYSA M+ R UGI3B {E24 % & 1Y 14 73 1A
HIAXUZ A RNAL S8 35 i cDNAL —20 C ik
PR & M. 24T oRT-PCR 2047, Wik CT . %
M2 N RE N AR Rk R, NS RN
S UL e ) UL 5 1 P 9 WL 2.

2 HERESH

2.1 4Thk UGY93A #n UG93B R E 4K % & M HA Y
MSAP LE X345 R

2858 MSAP 4387 e FHSCHY 1.4 ik 75 ik xf 22

S AT G ARG E5 SR WL 3. RN
ok Jre 25 s 45 SR DL IR 1,
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Table 2 Primer sequences for qRT-PCR

314

Primer

%31 Sequence (5'-3")

1E 1 Forward

K 1] Reverse

(His3) reference gene
1(SCL-13)

2(Zinc finger protein MAGPIE)
3(Alcohol dehydrogenase)

4 (Transcript variant X1)
5(cytochrome P450)

6(SRE6)

7 (phytosulfokine receptor 2)

8 (Proton-coupled amino acid

transporter 4)

9(Transcript variant X2)

GTGGAGTCAAGAAGCCTCACAG

TGACTTCCAAATAGCACAGGGC

GATAGTTTCATTACTCACAGAGCCTTC

CGGAATAGGGGTAGTAGAGGGAG

GATTTGCGGATGTTTTCGGG

GTCCCTTCCTCGAACTCGTCCA

ATGTCCACTTTTGGCTCGCAG

CACTGGCACTGGTAATGGTACTTGG

TGCCACAGACAGCAAAACCCA

CATTTGCGGATGTTTTCGGG

ATGGCTCTGGAAACGCAAA
TGGCACATTGTATGACTTGGCA
AACATCGGTTGATTAGCCAGC
ATGGCTTCATTGAGCAAGGGTA
GTACAATCACACTGCTTTGCGGC
GCTTCCGTCTCCCAGCAAACAT
GGCATACGCCCTGTGAGAAGTT
TATGCGTAACGGGAAGGGTAGATTT

AATGCCTTACGCTTTCAAGAGAACC

CAATCACACTGCTTTGCGGC

Table 3

3 UGY3A 1 UGI3B R £ K & & K HI i) MSAP 43 #ff
MSAP analysis at the growth and development stages of UG93A and UG93B

MSAP 14 4 115 2 7
MSAP band type

g S LU
Leaves at

seedling stage

VY 43 R 1 46 245
Anthers at

tetrad stage

WAZ AL 2
Anthers at

binucleate stage

UG93A  UGI3B  UGY3A  UGI3B  UGY3A  UGI3B

T/ 80/ % 124 118 149 160 157 147
11 59 254/ 4 36 44 34 31 32 31
A S B0/ 2% 87 86 79 73 74 75
IV A Z 8/ 4% 40 39 25 23 24 34

B A 450 AL/ 4 163 169 138 127 130 140

Total methylated bands

B b 4T L/ 06 56.79 58. 89 48.08 44, 25 45. 30 48.78

Methylated ratio

S WAk S B/ 4 127 125 104 96 98 109

Total full methylated bands

SRS R/ 44, 25 43.55 36. 24 33.22 34.15 37.98

Full methylated ratio

TE oy HIEAL 2 BB = (TN B+ T2+ IV ED 5 o PR LS L= IR+ A+ VAED/CT 2+ T8+
I AL+ IV AL o e g 42 FRBEAL 25 BB = (T2 + IV AL e g 2 B BEfL S L= CIMAL+ IVAD /(T A+
1T A4 I+ IV #D

Note: * Indicate total methylated bands= (type [l + typelll + typelV); % indicate methylated ratio= (type [[ +

typelll +typelV)/(type I +typell +typelll +typelV); %% indicate total full methylated bands= ( typelll +

typelV) ; #xxx indicate full methylated ratio=( typelll +typelV)/(type [ +typell +typelll +typelV).
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2 23 3 4 45

LENVKIE 1~6 {83 EcoR 1 /Msp 1 B V). A0k 7~12 {838 EcoR 1 /Hpa 1 B§YI. 1 1 7, UG93A i #int Frs52 Fi 8,
UGO3B B I A 53 109, UGI3A PUSMAIIAEZ 54 110, UGI3B MU 4- A BIAEZS 55 A1 11, UG93A BRI 4256 A1 12, UGI3B
WAZIAIEZ . W T HE T, UG93B &4 W i 4 kLA EcoR T /Hpa 1T #1 EcoR T /Msp T BgUIER A 41 J&@ T T B CEF 240D
UG93A &AW F BT EcoR T /Hpa Il Fil EcoR T /Msp 1 BUI#RTEAT )& T IV AL (AW A s A G ITHET  EcoR T /Hpa Il
iU A 4 1 EcoR T /Msp T B Y1 TEH7 ic 1T A (AR s BRE T HE T, EcoR T /Hpa Il B Y1 JEH 1 EcoR T /Msp 1 i) A
e TR (4 kb

The left lane 1—6 and right lane 7—12 represent digestion with EcoR T /Msp T and EcoR T /Hpall respectively. The lane
1 and 7,2 and 8 represented the seedling leaves, the lane 3 and 9,4 and 10 represent tetrade stage anthers,the lane 5 and 11,6
and 12 represent binucleate stage anthers of UG93A and UG93B respectively. In the blue frame the materials of UG93B were
digested with EcoR I /Hpa [l and EcoR 1 /Msp 1 belonging to type [ (no methylation). UG93A with no bands.,is fully
methylated and named as type V. MASP analysis presented in white frame digested with EcoR [ /Hpa Il have bands and
digested with EcoR | /Msp | have no bands which indicate that there was semimethylation (typell ). MASP analysis presented
in black frame digested with EcoR [ /Hpa [l have no bands and digested with EcoR [ /Msp | have bands indicate that there was

full methylation (type IlI).

B 1 UGY93A 1 UG93B FE 4K %& E T HIR MSAP B RGBS A ik &5 R

Fig. 1

2.2 YIREFES DNA BEL T MBS

AREFR UGI3A I InF B A3 M 41 DNA H 3
KT 8 AG 25 0T A i A0 DO 43 e 3 vk 22 T
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(18 G B B —— 10 4 R0 L (R 47 R UGI3B Ay Y 5
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(1 4 H AR 0 5 A SR A TR
2.3 MSAP MR BRI

XF 67 A~ 34k 22 5 R BEAE LT R S LI A
AECHE R R NCBI gk 47 b X St b X i H Ay 2 ]
214, RN 5 THYESER.EKEE.

The MSAP acrylamide gel analysis at growth and development stages of UG93A and UG93B

HEXFRETELBRGE O, B 1~11 R FE
S G R R AR A 12~17 YRR 2
SHY RS F A 18~23 iYL FE S 5l
PR 5 AR T R0k 3 A5 30 05 1 2K, DA SR A
FIPURPE s P81 24~27 BN E B S 5HYAER T
MAEKEE TR,
2.4 EZRFRFEBH® qRT-PCR 17

DNA H Ak £ 13 5% ) 2k 5 ) R Gk, 8 T 50 E
DNA F AR ] 56 PR e 38 i 52w, BEH 9 S S5 A4 &
A AR R R ) 22 5 7 Bk AT qRT-
PCR 734, P9 1O R 4 4 . T A O 7EAR
T R A2 W A 100 D4 434 i 0 T R R AL L AR T
BIRMRZI KA T34, %A GRAS K
RE M 24(X 4 SCL-13) . £ EZ 5 Y 1) 5% 55
2. qRT-PCR 45 LB . M AH G L2511 R AU B
T E AT (E 2¢a)) . 3 3.8 fl 20 7EL- 5 &
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Table 4 MSAP Polymorphic fragments analysis at different growth and development stages of UG93A and UG93B
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(QIMOMS. 2)

Zinc finger protein ZAT9, Gossypium raimondii.
(XM012622415. 1)

Zinc finger protein MAGPIE, Arabidopsis thaliana.
(Q9ZWASG6. 1)

Proton-coupled amino acid transporter 4 ,Gossypium

raimondii. (XR001130230. 1)

Receptor-like protein kinase. Gossypium arboreum.

(XMO017782544. 1)

Protein pnsl, Aspergillus fumigatus. (Q4WYG7.

D

Transcription factor MYB59, Gossy pium arboreum.

(XMO017781207. 1)

Transcript variant raimondii.

(XM012609781. 1)

X1, Gossypium

Transcript variant X2, raimondii.

(XMO012609782. 1)

Gossypium

ncRNA sequence,Gossypium raimondii. (XR001127846. 1)

Chloroplast gene
(JF317353. 1)

rpsl2, Gossypium herbaceum.

Mitochondrion

(JX536494. 1)

gene atp8, Gossypium harknessii.

Mitochondrion

(KU317325. 1)

gene nad5, Gossypium raimondii.

Mitochondrion

(KP898249. 1)

gene nad5, Gossypium barbadense.

Mandelonitrilelyase ,Gossypiumhirsutum. (XM016833317. 1)

Aconitatehydratase, Gossy piumarboreum. ( XM017755176.
D

75 45 )
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number
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Hydroxy phenyl pyruvate reductase, Gossypium

17
hirsutum. (XM016833539. 1)
18 Strubbelig-receptor Family 6, Gossypium hirsutum.
(XM016823189. 1)
1o Cytochrome P450,Gossy pium hirsutum. (XM016822399.
' D
Alcohol  dehydrogenase, Arabidopsis thaliana.
20 (QI9SKS86. 1)
o1 Peroxidase P7, Gossypium arboreum. (XM017747283.
D
9 Heparanase-like protein 3. Gossypium arboretum.
(XMO017765540. 1)
23 homeobox-leucine zipper protein HDG2, Brassica
na pus. (XM013860799. 1)
Multicopper oxidase LPR1, Gossypium arboreum.
24 (XMO017776793. 1)
) Phytosulfokine receptor 2, Zea mays. (XM008653707.
5
D
Protein FARI-related sequence 7, Arabidopsis
26 thaliana. (QIMS8J3. 1)
Gibberellin biosynthesis-related protein GA20o0x1,
27 Salvia miltiorrhiza. (KT853079. 1)
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The number 1,3,8,20,18,19,4,9 and 25 in figure 2 corresponded to the sequence numbers in Table 4.
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Fig. 2 gRT-RCR anaylse of the differentially methylated sequences at the critical period of anther development
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