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T B 6 g L VK R I H Y &l (29 299 bp) , 4
AR £ HEAT A4, Qubit 2.0 TR A48 5 L 48 11
lumina HiSeq X Ten ¥ & # 47 X K % M 3
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M CmCWGG) 7 9 @ 2 %y 5], R J5
SOAP BAFH 4 FE it 1 Methyl-RAD #3275 5%
7 AN HEAT L GE v B AR A AT B H B A7 TR
R

HR A S5 AR 2 ORI — Btk F LA bR 2%
B TR BE AT DL 5 (C CGG/Cm CWGG) 1
B BE AL KO 38 1 00, X %07 o 14T R S Ak 7K S A
JE B LA SIE IR i () 380 1 T 25 A7 50 FH 3 Ak KO 1
AL LGV, AR X E B Rl RPM (reads per mil-
lion) %,

BT &AL SRR h BIT IR AR B S8
THA JE A F AR AR BB, A0 — 0000 A RS o A 36, 3
BEM SR AL HEME RN ER P EKER
5% (log, FC) , P<C0.05 H. log, FC>2 F W 1F7E i
FE2E S . AP 22 5 HEAE B 4T GO Yifg
BT . KEGG {18 & Pathway & 8504 .
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BEMLIERE 7 4 C"CGG A A5 347 04 iR & 48 )
J¥ (BSP-Seq) % ik, B[R] 173 ¢ 8 TF I 9 DNA 500 ng
18 EZ DNA Methylation-Gold Kit™ &3] & i
BT W R AR A B, DI JS () DNA b B AR
HEAT PCR 9734, /K &4 50 pL, 4 DNA 4 pL,
TaKaRa Tag™HS(5 U/pL) 0.5 pL,1 X PCR Buff-
er,dNTPs (2.5 mmol/L) 4 pL,Forward/Reverse
Primer (10 pmol/L ) 1 uL (¥ 1), PCR £ F N
95 CHIZAEME 5 min; 95 ‘C A8 30 s, Tm Bk 40 s,
72 CHEff 30 s, #EAT 35 NG ER; i 72 °C 4E A
8 min, FH 2% BB W %E i FL UK K U PCR 7= 47, [l
W B Y A B 1 B T8 ik 2R S g M,
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Table 1

=M 8] 22 & C"CGG B E X {iL & BSP-seq WiE Fr A5 4

Primers for BSP-seq validation of differential methylated C™CGG sites between ploidy

AL A B
Methylated locus

i 55 bR 2

Locus tag

BIHFFI(5 =3

. ! ol
Primer sequences(5'—3")

Locus 1 NC_007114.6—13705823
Locus 2 NC_007114.6—13453513
Locus 3 NC_007125.6—31918368
Locus 4 NC_007126.6—46389960
Locus 5 NC_007135.6—36529469
Locus 6 NC_007127.6—41782360
Locus 7 NC_007112.6—36112706

: AAGTGGTTTTAGGTTAGGGTTAATG
: CAAATCCAAAACACTCTAAAACTCTAC

~

: TTTGAGTTTTGTGAGAATTTGGATA
: AACAACAATACCCCCTAATTAAACA

~ =

: AGGATGTTTTAAAGGTTTAGGATGA
: ACTTCAATAAACAACAAAAAATTTC

~ =

: GTGGATTTTTTTTGAATAAAGAGTG
: TAAAACCCAAACAAATAAACAAAAC

~ =

: ATGTTGGATGGATTGAATAATATAT
: ACCTACAACCTTTAACCTCCATTAC
: TAATGGTATTAGGTTGGTAAGAGAT
: ATAAAACCAACAAAAAAACCAAAC

: GATGGTATGAAAAAGTTTTTAGAGTTTT
: AAAATAAAACTTCCAAATCACAACC

~ ™ X 4™ 3T

TR PR E 30 DR REI . DT AR A Y
H B3 H QUMA B pF 47 ALK 20 4

2 #RE55WHm

i Fr #5088 51t

i it MethylRAD-Seq W )5, A #F 5 3t 153 3|
530 192 536 7% i BT & ¥ 91 . B 557 514K 28 bp, ¥
XA it 0 5 1) BOAT 3 D 422 I, 25 B R & T30 i 1)
S RFE G, 15 5] 302 111 684 4~ Methyl-RAD
FPAIAREE (2,

2.1

x2 EHBNF

P& KE ) Methyl-RAD #5258 18 51 1 ) 3] &
BT TREFNATFAEER T A TER
J7 5] 14 4 25 RE A5 [R] R HG 6 21 3 L AL i 24 0 &L X
T3 o F L AR 25 1) 52 PR & AR A DL IR AT
R, ZE AT LR AN S8 & LR iR 2. 6 4
SC 1) 15 T FR A A 25 B L X 3] 66 PR A M — {7
B HEXF R A 2,19 % ~2.57% , R II R £ 0
BT LR 2] DNA BB K 7, ol LA S O A% ik
A GOSN NG ) O A A X N = ER S PR N
BABEMHMP=>0.05),

HiIEESE R

Table 2 Sequenced data of the samples and alignment rate to the reference genome

A o5 Jo A A Methyl-RAD #$54§ Hdf & /bp M — L X £ Hxs 3/ %
Sample Clean data Methyl-RAD tags Total clean data Unique alignment tags Unique alignment ratio
2N-1 90 393 069 49 859 198 1594 534 183 1157 695 2.32
2N-2 90 393 069 50 286 628 1 607 667 740 1216 760 2.42
2N-3 90 393 069 53 160 461 1699 228 545 1162 006 2.19
4N-1 90 393 069 54 303 885 1735 243 388 1351 780 2.49
4N-2 84 310 130 46 378 983 1483 021 296 1192 679 2.57
4N-3 84 310 130 48 122 529 1537 867 695 1163 158 2.42

22 HE4MNESEEFRATEEGETH EMSH
GE VT AT AR DO A (A I 5k 1 B Ak 0 AE S R
HONF D RE o L m oA, A 4G5S — S B+ (19 Ex-
on) \FEH A (gene body) F% s iR 47 45 i 200 bp
W (TSS200) g sl i A s F 3 1 500 bp & 200 bp

X (TSS1500) . % F Cintron) Fl % [ [i] [X (inter-
genic) , Z5H R PR P 34k CmCGG 7 o5 EE
A3 A AE L PR DXL LR Ry P DXORIE PA J] X 17 7
HAb I EE T £ (19 Exon, TSS1500 Fl TSS200) fY
Iy Ad A (B 1), 3 L ChCGG Fl C"CWGG fif
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H ARSI R Y 22 5 39 A8 1 35 (P =>0.05)

PO A P BE A A i 7E % A TR0 IO A5 4 008 Bk i) 1 2
St B 7E 45 U RE T 1 b, DU AT A U Bk P 3 fk
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F1TSS1500 X, A% 4 ] 1) HH 56 Ak 7K 7 £7 76 A b 35 1k
25 (P<C0.01), VU {4 U 5k 1 5 IR 44 L 9 & 1
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2 kbIX 4, DL B HE AR Y o A, g5 R oR . A
A L DA A SRk PRI I 1 YRR A 7 B (Cm CG G/
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B E 2,
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2n
4n

0 ... e
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7 P = — w 175) 7 o — — %2} wn
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* ; P<70.05; * * ; P<C0.01.
Bl AEUCSEERESYETHLINS S
Fig.1 Distribution histogram of methylated sites in each function element of genome
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Fig.2 Distribution of methylated sites in the gene body,2 kb of upstream and downstream region of the TSS and TTS

bl A58 3% A R U A5 4 ik ) Y 34k C CGG A
SUTE B3R 3 AN DI 4 A5 45 B, 25 R R L fE TSS
U 2 kb XIRPY, DU A e B 1) SF- 2 FE AR K P L
TABEMAR 10.19 % M 7E 7 2 F X (TSS [ 1.5 kb
ZRIF 0.5 kb PUAT A U6 ik ) S 14 H 32 Ak K F H Ee
AR 1.61% . AESEBEARA TTS T 2 kb X,
VO i 4 6 8k P9 FR A0 7K 7 43031 B A% R 7 0.88 0 I
1.74% (% 3), H5HHEAL C"CGG S A, B 34k

C"CWGG TE AT A L PUAS 1A U Bjk 1] i) A2 S i 132 458
K DU AR Bk 3hF X B 34 C CWGG 7 A5
B AR D 25,4500 T AE G 8+ BRI F TTS
FUE 2 kb IX 43 G b A% AR R 9.09%6, 16. 4204 F
10.38% (3 3).,
24 RMEHEEEFFELLANS S
HRAE H 34k CCGG Al C"CWGG v o5 78 4% K
i R IR BE AR R L 7 2 U kR 1 ) 22 S AL
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®3 AEEEFERXIE L DNA BELE 4.
7o 125 42 38 5k iE] Y = R PE B
Table 3 The difference compares of DNA
methylated sites between diploid and tetraploid

M. anguillicaudatus in different gene regions

X Ja] 4n/2n 4n/2n
Region (C"CGG) /% (C"CWGGE) /%
Ja 87X Promoter —1.61 —25.45
TSS L% 2 kb
2 kb of upstream —10.19 +9.09
of the TSS
C[X
‘%.%E +0.88 +16.42
Gene body
TTS T 2 kb
2 kb of downstream +1.74 +10.38
of the TTS

TE 05 (—) 3R 5 A% A U8 B5CHT 1L, 0 A 4% 0 FY R K OF- e
A+ 1 1E-5 (=) 327 PO 7 A (%) Y fE K 7 T+ . Note: Mi-
nus(—) means methylation levels in tetraploids were lower

than diploids, while plus(+)means higher than diploids.
P S5 RIS 5 1 268 4~ 22 5 H 34k CCGG i 45
14 D 2EF A C*CWGG £ &, 43 b 227 3
FACAL A SR 25 D g Tk b oA B AR R
25 AL CCGG i BB FE N & 1 (35.74%0) |
FE R AR (28,48 Y0) AL R (] X (24.74 %) , T #E 17 Ex-
on,TSS1500 fl TSS200 X 15> i g8 /b, 2 5% W3
b C™ CWGG i &1 4 A #a 3 5 22 5 B Jk fk
C"CGGAhL s LA 3)
25 ZHEGEMEEFEREEEESREELSFT

R 4l 45 R AR A s 1 DU P R B R B 45 5
PR B Y AR KO o He 3 AR AR L O A% 1 918 K ) 14 22 S5

C"CGG
3.45%
6.87% TSS1500 0.71%
* TSS200
1" Exon van 35.74%
Intron
24.74% —

Intergenic

28.48%
Gene body

ERPENAREREEARYRETH LNSH

Fig.3 Distribution of differential methylated sites in each function element of the genome
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27 EHEERRELEREMN KEGG Pathway
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R TR 2E S L R AR Y 2 T Re e AE
ABI ST R 0 e 45 B 1) 22 S W B AL BE R #E 4T T Path-

B AL BRI, 45 373 81 671 4 C CGG L T 7E
122 5 AL ZE AT 12 4> C" CWGG i s T 7E 11
2E 5 WAL . 55 ZAB AR LL DA% AR 8 o A
404 > C"CGG A 5 Fr 76 1 3 PR Y JE AL K F T
267 AFE Y H ALK FEAIR 5 8 A CPCWGG i 4 It
TE 1 55 IR 18 FR AR KT T o 4 A FR AR KT BE I
26 FEHEEFFELEEN GO NEE
fpEm] 22 3 LB GO R B, A 419
A CCGG AL FTER IR S GO $ds e v iy A
ELA AR, 5 EBU 62.44% , B Z (1 B A5 1
(1] 22 S FY Bk Ak B DR 5 22 Fol i DA 0 7, 3k A T
1 962X W AR . AR B A2 1Y W M (P 8D L 43 )
i 3 43 D RE A2 ) 2 o R A0 L 0 b 2 TR 10
PEAE B 4 s, CCGG 2 5 W 3L 4L 58 A 4y
Prafi R B os APk i, 5 & R (RNA %
L% P Carginine-tRNA ligase activity) 4 56 i) 3%
R et B B ol W s TE AR A R b AOKS & -tR-
NA Z Bt {k Carginyl-tRNA aminoacylation) 13/ {E
A IR 25 # fE (membrane depolarization during
action potential) B 3L Rl & £ fr o0 W35 5 T AE 4 iR 41
fF LT -RNAGmIA) HER AL 52 4 A ((RNA
(m1A) methyltransferase complex) |- ) %k K & 4
RAEFE. C"CWGG By 22 5 B HE AL HE P oy, 75
%% B T A K & (neuroligin family protein bind-
ing) 5 il J&5 %% B 24 %< v i B B 4R 1 3R 26 (gephyrin
clustering involved in postsynaptic density assem-

bly) % GO Term i 5 4,

C"CWGG
7.69%
. 1" Exon
. 20‘00%. ] \ 46.15%
ntergenic Intron
~

26.15%
Gene body

way ST, S5 R, P<C0.05 N B 3% w4 E
BA 29 4 B 2 R B S AE % 2 1] (axon guid-
ance) MAPK (MAPK signaling pathway) . L 3l 25
F 40 E B 228 35 (regulation of actin cytoskeleton)
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Comparative studies on DNA methylation variation between
diploid and tetraploid Misgurnus anguillicaudatus

ZHANG Manman FENG Bing LUO Shuangshuang WANG Weimin ZHOU Xiaoyun

College of Fisheries, Huazhong Agricultural University/Key Laboratory
of Agricultural Animal Genetics ,Breeding and Reproduction ,Ministry of Education ,
Wuhan 430070,China

Abstract Using MethylRAD-Seq method, we analyzed DNA methylation distribution in the ge-
nome of Misgurnus anguillicaudatus and compared DNA methylation variation between the diploids and
tetraploids. In total, 302 111 684 MethyRAD sequence tags were obtained and mapped to the reference
genome. The results showed that, the DNA methylated sites distributed mainly in gene body, followed
by intron and intergenic, but fewer methylated sites were found in other functional elements. Total DNA
methylation level in the tetraploids was higher than that in the diploids, especially significant differences
(P<C0.01) of DNA methylation level existed in 1 Exon and upstream 200-1 500 bp region of the tran-
scription start site (TSS 1500). However, in the promoter region, DNA methylation level in the tetra-
ploids was lower than that in the diploids. For DNA methylation level of each sites, 1 268 C"CGG and
14 C"CWGG sites showed significant difference between the diploids and tetraploids, which mainly dis-
tributed in intron, gene body and intergenic. A total of 684 genes exhibited significant methylation varia-
tions between ploidy. KEGG Pathway enrichment analysis showed that, the genes with DNA methyla-
tion variation between ploidy enriched mainly in the growth development, immunity and mismatch re-
pair related signaling pathways.

Keywords Misgurnus anguillicaudatus; diploid; tetraploid; DNA methylation; MethylRAD-Seq
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