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Studies on epigenetic diversity variation characteristics of Flaveria bidentis genome DNA of four different geo—
graphical distributions

QUAN Zhi—xing', TIAN Jia—yuan® ZHANG Si-yu®, HUANGFU Chao-he?, LIU Hong—mei?, YANG Dian-lin?, CHANG Hong', WANG Hui*"
(1.College of Life Science, Shanxi Agricultural University, Taigu 030801, China; 2.Agro—Enviromental Protection Institute, Ministry of Agri—
culture, Tianjin 300191, China)

Abstract: We gathered Flaveria bidentis leaves from four typical invasion areas (HDY, CZX, HSH, and TJJ) and by MSAP method DNA
epigenetic diversity and polymorphism variation characteristics as well as the correlation between soil environmental factors and Flaveria
bidentis total methylation level were studied. The results showed that a total of 993 MSAP bands were amplified. There were 879 polymor—
phic loci in the total 993 bands and the percentage of which was 88.52% .The polymorphic loci percentage of Flaveria bidentis species in
four different invasion area is higher which is between 84.03% and 92.31%. G, is 0.07 and there were 7% genetic variations between four
different Flaveria bidentis species and 93% of which were in species. N, is 3.321(>1) which showed that there were extensive and fre—
quent gene exchanges between Flaveria bideniis species. Genetic differentiation between populations was not significant, but there were
significant differences in methylation patterns. We guess that the Flaveria bidentis may alter its methylation level to adapt to new environ—
ment. MSP and MISP clustering analysis showed that the relationship between TJJ and HDY was closest, which may be related to the soil
factors and geographical position of two places. However, SPSS analysis showed that there were no significant correlation (”>0.01) between
the methylation level and the soil factors. We speculate that the effect of environment to the epigenetic diversity of Flaveria bidentis was the
results of multiple factors rather than a single factor.
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B T35 (Flaveria bidentis ) X FR 58538 , )@ T
FRMEL IR R, — AN, R T
FEUN , AT Ak R I — TR BL A Sk A A
2001 A7 R HE T AT b 48 K 8 4 Je ok 2 B, I R
YW 2008 4ET LA WA ARG I R,
AR EX 277 h?, 59GZE R 70 242387
2006—2008 4F K FL T B 045 AR T AL 200 hm® 37
BLEN T 277.6 hn™ o 55 T4 EL AT A 53R iR £ Bl 0 it
B HRRE REE SR KA EIRE ) 5 T W Ry
HMALASRETA B EEMBE R F , & 851
A e IR 3 g B A R e R A 4
SN

T st 7 A8 5L T DNA sl & 1 E g3t
A i i Al K& PRy 47 s AR S B i D] 3k K 1 AR
b, X P AR AL BAG w S T Bt e 2 T i i), iR
BN )t DX A A R D R AE TB] AP RO ) R W AR
PRI 2 22 S 181 A D AR P R PR 2 ) 2 WA A, el 8 A ) D
PRI AR A A 1) 5 PRI Rk A, 308 ) R AR T M Dfe i iy 37
Be kAR Ak

DNA FBE Ak 2 f B i R st A% 18 1 Jr Xz
— o2 H AT 5% B ki 100 1) 28 Wi A% 2o AR,
Angers SR B, IREE SR MFRERS 15 5 DNA HY LA A8
S, HIEEF5F 89 DNA U EEAL AN WS S AT Hp 48
PEFIAT AR o X TAEDIN & , 551 L 3L
PE 5T 45 AT LA S st A% 20 S o VR W 1 B 4L P
P BN S L iR S V7S A s < Ll ST
(Rl T 5 R ) o W A S5 B s R o A8 fel
HEMSE N BN CCGG N i kA R 1) 2 H A
%o SN DNA H LA e AR R A T RE 2 RS AR

L) A 3508 1V RE T Y E AL 22—, SR H AT
T2 B (K 2 DNA FRIEAR A8 73 A Ao 8 S i D0 26 i

BZ WHIANR . AMRIEYI B4 DNA KL fE 2
PR 17 52 b B0 A DX e AR A B 45 PR IR 52

Wi AN R . Reyna—Lopez 5 '°IfE 1997 4 1 IR i 18
MSAP £ K ,MSAP A ZTE AFLP JEfith [ 777 A= 1) 3
T PCR §" WG 25 R DNA FUEARAG I )7 1 L %4 A
(P A AE T 075 AITE B DNA 4045 8, 8 1 i 2
fiti s CCGG B DI URAR BE AR [R] 3 AT DA H
R R i B AR 5, BRI 2 i AR
DNA B S K- WEIE . H R 8 10044 3% K 41 751
TR AT T A, BOE R LMk MSAP H0R
FEAN 7] Hiy 3 5375 DX 355 28 T00 24 e ] 7 22 0382 1% 24
PR, AT MR BI04 A5 2508 M AR AR 10 R Uas A4 AL
il SR AT KL A

1 #RFFE

1.1 EYIHERRE

2015 4% 9 J1 5—7 H 435IV~ b X ——f 4t
A HEER T AR EL(HDY ) (b 48 v M T ik B (CZXD) |
)b 4 K T A ) (CHSH ) AR e ik 2 (TJ)),
KA T E SRR TIAG 155 3 X 2RI R, ok
LR Z TR B AR T 50 m, B HBIX R AE 15 4>
A BRI S TE AR AR R R Bl
JE i A=T0 CUKFAN A o FEB TS I R AR Ak il R
VUSSR AR HBIX Y 3845 15y, JF IR A
B, Bt % A=T0 CYKFRVKURIRAE o 3833 525 2 1
BRI TEYR, EE 5 UOTFRIRR 22 R 8RB , B
FOPI(E . T4 R A M R AL L3R 1,
1.2 EFZH DNA $12EX

BI04 I 25 K 20 DNA R H st R CTAB %48
B, Z B8 Wang 587 7L S2H DNA FF Ak — 25 ik -
TE WA 38 53 U B (R A ) A S I 65 C il # 1y
CTAB 2L [2% CTAB(W/V),0.2 mmol - L™ Tris—CL
(pH 8.0),0.05 mmol L' EDTA(pH 8.0),1.4 mmol - L'
NaCl,2%B-#i 52/ (V/V) 1 mL, 1% PVP-40(W/V )],
SRR AT F3EWUS 3 mmol - L KAc Al N

R | EHHREMXEARER

Table 1 Basic situation of Flaveria bidentis acquisition area

X ZH pH {H BHHlFi/mg-g' &% /mg-g” Sffmg-g? AR /mg-g? AR /mg-g?  &H/mg-g
TJ]J 38°35'28"N 8.36 22.32 0.88 0.78 10.10 8.11 11.80
116°42'49"E
HSH 37°33'29"N 8.62 10.40 1.09 0.70 11.20 2.38 12.99
115°34’49"E
CZX 38°15'2"N 8.33 11.42 0.37 0.57 12.19 1.74 12.63
115°58’17"E
HDY 36°48'3"N 8.14 14.65 0.30 0.60 11.24 8.00 11.90

114°58'17"E
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A, AR ARHLIX BT DNA WS4 2R AR URHIE 627

FEUTHE DNA , 51 J5 4 Jo/K S BREEYE , A 1 mmol - 1!
NaCl % DNA I 4 COKFETRAE
1.3 MSAP R R#ESI S5k

MSAP 438 7 1: 2 BB AR SE 0 WL IR Xl 1)
R PR SRR T LA TR D)
BB 2 (20 wL) 2H i 73 - 10xT4 DNA ligase buffer
2.5 uL,EcoR I adaptor(5 wmol - L™")1 L, Hpa Il /MSP
I adaptor (50 wmol *L™")1 wL,BSA(1 mg-L™")1 pL,
Hpall (8 MSP I ) 1 U,EcoR I 0.5 U, T4 DNA ligase 0.5
U, #i#z DNA 500 ng, fil ddH,0 %M % 20 wL. ¥ FiRyE
WIRS G B A PCRAXL, S 4644 :37 CHigY) 6 h, 42
% 16 Ci%4% 8 h, 5 65 °C 10 min, 4 CHKFRAEA -

Ty 48 R A ZR (25 L) 4RGS0 « il VD e e
Yy (F B 10 1%)2.0 pL,dNTPs (2.5 pmol L) 1.0 pL,
10xPCR buffer 2.5 pL, 5|4 pre—-E-A (5 pmol -L™")1
pL, 51 # pre—H/M-T (5 pmol -L™')1 pL,Taq DNA
polymerase 0.5 U, il ddH,0 #p % 25 pL, ¥ FiRE R
TR5)IGE B A PCRAY, SV 554 94 CHiZE 1 5 min,
AT 30 MG, BAEIMLEE 94 °C 305,56 C
605,72 °C 60 s, H 572 °C 10 min, 4 CUKFAFAE4GFH o

PR R R A USRS BR T 1) 3/ R S s i 2
ARSI SR SOV AR R AR . SO
2514 :94 CHAEYE 5 min, L) 94 °C 30,65 C 60s,
72 °C 60 s H—AEIR, 25 BRGNP IR 3 Uk
0.7 CHA 48 13 MEIR, 25 P17 23 MR, A6
AL 94 °C 45 5.55 °C 45 5.72 °C 90 s, F¢J5 72°C 10
min, 4 CUKFARAER o Bk M1 9F21) L& 2,
1.4 B2 TR W5 Bk B R RS R K

Fic B 5% R IR TN EE R L IK ()R &R 33.6 g,5x
TBE 16 mL,40% Nt 10 mL, TEMED 75 pL,
10% APS 320 wL, #h/K 2 50 mL) , X ek 4 4 7 4
PEATHE— 20 438 o AR G 0 E A L A A

x2 B MEIEE

Table 2 Sequence information of adaptor and primers

e I CIL /R Fe3

5'-CTCGTAGACTGCGTACC-3’
5'-AATTGGTACGCAGTCTAC-3'
5'-GACGATGAGTCTAGAA-3’

Eco-adaptor |
Eco-adaptor Il
H/M-adaptor I

H/M-adaptor Il 5'-=CGTTCTAGACTCATC-3'
pre-E-A 5'-GACTGCGTACCAATTCA-3'
pre—H/M-T 5'-ATCATGAGTCCTGCTCGGT-3'

Eco—ANN Sequence
H/M-TNN Sequence

5'-GACTGCGTACCAATTCANN-3'
5'-GATGAGTCTAGAACGGTNN-3’

IxTBE AHLIKARE , FilrE Ik 1 h (R THIRLEE X 21 55 C
i EAE,55 W HDPR T HLIK 2 he HIPKESHR , #I2H
Hpl B, K B FRAR I %) LK AR A T AR
AL, K ke BRI, R I AT A T 5K
FATHT
L5 #HEGEIt 5SS

I Quantity One ZRIFARIC H 5% 5 N I Tk i 5k
Ji HL K L H 100~500 bp DX [E] 14 ok 1 S5ty , I
A DNA 54708 1, JC DNA 547908 0, B ikl
MSAP [ FRAVE A 0/1 HE /% . R POPGene 3473 A
FESL B ZFEPEFE B 3 2 NTsys S04 O/1 HE [E5%
b RSCRE L 1 MSP( R A0 U 50 ) AT MISP( 34k
AU 1) B IEE L 1 SPSS #F A T A [l X 1
HEIAEE IR 75 5 10044 B AL /KPR AR e 4 #T

2 HBRE5HMH

2.1 ETN% MSAP R EL

MSAP $ AR X HE I ZH DNA R BoRE S, ik
DNA W21 B 5 220Y) . 973 DL e MSAP 3%
HIREENE . i JE MSAP S2I6 %k, Rk B Y
CTAB JEFREUE T 45 i 5 2L 41 DNA, HIE IR
8 T I ARSI DNA MR, 2ESRAEAR DNA ODagynso
TE 1.7~1.9 JE I, T 1% 35 R HEE I HL IR , 25K
FLINZH DNA 505 1 M G R A 24 i, B el -
KAk MSAP #:i . HE [ 20 DNA %8 ok & LI 1,
MSAP {4 2 19 8 37 A 56 - B DI 3% B2 s T4 348 S i
FEREEY 1S S

Bl B B 10 A~ 25 T01 4% B AR FF AR SO AR i4E 4 7
ST A SN W X 144 %5 [ W4 A AT O O , 7 E
13 X ORI 0 5 A6 R 13 X514 &
PG A AR X 2L 40 N1 TH A Fpk , 40 B TH44
PARRIRA 5 |99 MSAP BN 2 fitR . AT H
it i BeK BETE 100~500 bp N A 7 Br. F4rUK
ER AT 3 B, DS 19k S, g
VKIS AR R o3 S AR L, 26 7 VKB 556 1
VKB B 550 AL f &1, o T7% , T 25 25 VK E
5 HA U A, Ry 14.1%,
2.2 FEAL MSAP 43 #h

GBI G B0 o B, SR an sk 3 B
7N, 13 X513 4 H 993 45 MSAP 4547, SE- 148 %}
SIYY 1S 76 % . R POPGene BFXIFEABAL Z 4
PR IR T AT (3R 4), 13 X5 | W5 46 o 1
P na EXME R 1.885 2, 4450 SE SE R EK ne F-3{E
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Marker HDY HSH CZX TJJ

23130 bp —>

125 bp —>

Marker: \=DNA Hind IIl
1 ETMZHEEZ DNA 125

Figurel Extraction of the Flaveria bidentis genomic DNA
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4 e bR , 13 X5 [ 3kA5 19 993 M i, 2548
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EEWAG, WHZE | Px s 2R STk R A/
FH2E 5 AT, DU AR M X 8 TOUAG Rl 22 SRS A
53 LUTE 84.03%~92.31% 5 F N . TIJ B IAG A 238
PERLE T A e s 0 92.31%, Tk ZAMEH8% T 1E
0.398 1~0.492 1 JuE PN, Hrr CZX B AT A A
ZREVERR B S o Nei SR ZFEE H 1E 0.226 4~
0.264 5 LN, o CZX #E TR FIIE Nei FL[R Z 44
JEE A5 o AR Nei 48550 A ARAT A R AZ H B T2
BESIER ZHERE Ho 946 R 0.137 8, RN JE R 24
JE Hs {4 0.128 1, 81553010 R 2L G R 0.07 (5

EeHMS EeHM12
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Figure 2 MSAP profile of 40 Flaveria bidentis plants
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Table 3 Sequence information of the selected primers and the amplified bands number

519 Eco—ANN J¥41| H/M-TNN J341] BATEL
EbHM2 GACTGCGTACCAATTCAAC GATGAGTCTAGAACGGTAC 60
EbHM5 GACTGCGTACCAATTCAAC GATGAGTCTAGAACGGTGA 66
EcHM1 GACTGCGTACCAATTCATG GATGAGTCTAGAACGGTAG 67
EcHM6 GACTGCGTACCAATTCATG GATGAGTCTAGAACGGTGT 67
EdHM2 GACTGCGTACCAATTCATC GATGAGTCTAGAACGGTAC 87
EJdHM6 GACTGCGTACCAATTCATC GATGAGTCTAGAACGGTGT 89
EeHM1 GACTGCGTACCAATTCAGA GATGAGTCTAGAACGGTAG 73
EeHMS5 GACTGCGTACCAATTCAGA GATGAGTCTAGAACGGTGA 97
EeHM12 GACTGCGTACCAATTCAGA GATGAGTCTAGAACGGTCC 98
EfHM6 GACTGCGTACCAATTCAGT GATGAGTCTAGAACGGTGT 46
EhHM2 GACTGCGTACCAATTCAGC GATGAGTCTAGAACGGTAC 102
EhHM7 GACTGCGTACCAATTCAGC GATGAGTCTAGAACGGTGG 76
EiHM2 GACTGCGTACCAATTCACA GATGAGTCTAGAACGGTAC 65

Bt 993

R4 51pRE ST

Table 4 Genetic diversity analysis of primers

Sl REARE WERSENIE N na AR ne BT h BRZEMARE 2080 B 2B E 7 /%
il 8 1.885 2+0.318 9 1.479 9+0.313 5 0.291 0+£0.160 0 0.442 5+0.216 3 879 993 88.52
EbHM2 8 1.783 3+0415 5 1.443 8+0.341 8 0.265 8+0.181 4  0.401 2+0.253 7 47 60 78.33
EbHMS 8 1.727 3+0.448 8 1.509 6+0.355 0 0.292 7+0.195 0 0.427 6+0.278 2 48 66 72.73
EcHM1 8 1.925 4+0.264 8 1.509 8+0.306 9 0.307 4+£0.153 1 0.466 2+0.201 9 62 67 92.54
EcHM6 8 1.895 5+0.308 2 1.519 4+0.301 9 0.312 4£0.152 9  0.470 7+0.207 3 60 67 89.55
EdHM2 8 1.873 6+0.334 3 1.451 5+0.305 2 0.278 1£0.160 8  0.425 9+0.219 9 76 87 87.36
EdHM6 8 1.955 1+0.208 4 1.525 6+0.290 9 0.318 8+£0.138 9 0.484 2+0.178 7 85 89 95.51
EeHM1 8 1.808 2+0.396 4 1.436 9+0.326 0 0.265 9+0.173 0 0.404 7+0.241 5 59 73 80.82
EeHMS5 8 1.938 1+0.242 1 1.527 8+0.309 7 0.316 2+0.148 4  0.478 4+0.193 0 91 97 93.81
EeHM12 8 1.928 6+0.258 9 1.480 7+0.312 3 0.293 4£0.152 0 0.449 9+0.198 8 91 98 92.86
EfHM6 8 1.826 1+0.383 2 1.443 9+0.354 0 0.264 4+0.181 5 0.402 1+0.247 3 38 46 82.61
EhHM2 8 1.931 4+0.254 1 1.404 4+0.280 6 0.260 0+0.143 5  0.410 3+0.189 7 95 102 93.14
EhHM7 8 1.934 2+0.249 6 1.500 1+0.293 9 0.305 0+£0.148 6 0.464 6+0.195 7 71 76 93.42
EiHM2 8 1.861 5+0.348 1 1.483 4+0.324 1 0.290 3+£0.167 8  0.438 9+0.229 3 56 65 86.15
RS OPMNEHENFMHEEESHEEI T
Table 5 The group of Flaveria bidentis in four different invasive areas genetic diversity analysis
HIX HEAEL SL R EZVISE LML A T /% TARSEMAGE L Nei SN ZHEE H
TJJ 10 260 240 92.31 0.466 2 0.247 5
HSH 10 274 242 88.32 0413 7 0.246 0
CZX 10 221 197 89.14 0.492 1 0.264 5
HDY 10 238 200 84.03 0.398 1 0.226 4
PRk 40 993 879 88.52 0.442 5 0.246 1
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6) o PUASAN TR R b B THUAG AR 1) 1) 5 22 S5 o A A
JEBAE ARSI 7% , R W5 AR 5 2R LI R AR
b DX T4 A N AL S O o RPN N S (EL
3.321>1, BEHIDUS AR s THAg R Rl AE AR )12
(R L DR SR, 000 A BT AN )AL DX T34 Ao R ]
A AR . (R 2 S AN RSO, A
NRIRGTARF T 8 TG F Mg A e He AR A, BT feE
FRANTR AR H 5 T4 Fof R ] PP 2 A e

* 6 MM NEHETFHMEIRES UL
Table 6 The group of Flaveria bidentis in four different invasive

areas genetic diversity analysis

219 BIED - FRENE e SR
ZHEH, ZHEH RHCG, N,

EbHM2 0.095 7 0.087 5 0.085 2.691
EbHMS 0.204 2 0.193 9 0.050 4.750
EcHM1 0.112 4 0.110 7 0.015 16.41
EcHM6 02215 0.204 7 0.075 3.083
EdHM2 0.105 4 0.096 7 0.082 2780
EdHM6 0.108 7 0.102 1 0.061 3.848
EeHM]1 0.168 0 0.155 2 0.076 3.039
EeHMS5 0.107 8 0.102 7 0.047 5.069
EeHM12 0.155 6 0.144 6 0.071 3.271
EfHM6 0.155 1 0.147 2 0.070 3.321
EhHM2 0.100 4 0.094 5 0.058 4.060
EhHM?7 0.123 0 0.116 4 0.055 4.295
EiHM2 0.101 9 0.097 8 0.040 6.000

T 0.137 8 0.128 1 0.070 3.321

23 ANNEMXERERECEXNS TS

Hpa Il F1 MSP T GE 3R 51 AH [R] 19 g Y1) 2 45 57 -
CCGG-3", i FLAZAE Y rh i WA R Ak 5 . (HPR
HXF 5 =CCGG-3" {3 a5 PN HIMIM i 1 i ) i JE e 35 AN
i, PRtk Hpa 1L F0 MSP T 5 % il 20 & 50 %1 5] — 53
DNA fig)™ A AN [A] () F ARSI . MSAP HE ARt
A4 FhEA, AT Hpa Il F0 MSP 1 HREEVITT, I
I DNA 257 AR AL 2870 11 Hpa I REVIFT, MSP 1
ANBEYITT, IE2E 7 DNA Faii 2 LAk 28R 2 Hpa
[REEVIFF, MSP 1 BEVITT, 127 DNA Zafy 4= H 3
1k 2RV Hpa 11 F0 MSP T #BASBEVIIT .

F#E 7 AL A AR X R HDY 3R A5 2 A
I 8%, 134 785.3 25 HSH 4R RYZEAL DT 2%
WEIRZ, T4 103.2 5% ; CZX FRIG MBIV S50 5L
W%, ¥ 111 4 HSH A HDY $R1GAYZEH T 45445
i, F-14 66.2 %% & 4 7] H HSH 5 TI) H 34k
R HEAIT, CZX 5 HDY H IR AL

R7T APMRENEME 40 N ETAH SR DNA REL KR
FitER
Table 7 Statistics of 40 Flaveria bidentis DNA methylation types in

four different invasive areas

MSAP 257455

s Fom T oMl W WV Rt
CZX1 764 59 60 110 993
CZX2 764 58 66 105 993
CZX3 766 57 62 108 993
CZX4 765 59 64 108 993
CZX5 754 58 61 120 993
CZX6 755 56 65 117 993
CZX7 752 57 66 118 993
CZX8 761 55 62 115 993
CZX9 765 58 63 107 993
CZX10 765 58 63 107 993
Sy 761.3 57.6 63.4 111
HSH1 763 110 66 111 993
HSH2 766 104 66 106 993
HSH3 784 98 68 89 993
HSH4 769 99 65 103 993
HSH5 774 107 64 100 993
HSH6 768 104 69 105 993
HSH7 769 105 66 104 993
HSH8 766 99 65 107 993
HSH9 774 104 67 100 993
HSH10 768 107 66 107 993
Sy 770.1 103.2 66.2 103.2
TIJ 771 110 65 104 993
TJJ2 768 104 68 105 993
TJJ3 752 96 66 120 993
TJJ4 768 99 67 107 993
TIIS 784 104 64 90 993
TIJ6 784 105 69 85 993
TIJ7 777 106 66 97 993
TIJ8 769 98 64 108 993
TII9 768 104 66 106 993
TJJ10 765 107 66 110 993
Sy 770.6 100.3 66.1 103.2
HDY1 795 50 67 81 993
HDY2 794 51 65 83 993
HDY3 794 52 67 80 993
HDY4 785 51 66 91 993
HDYS5 786 50 64 93 993
HDY6 794 52 65 82 993
HDY7 768 52 68 105 993
HDYS8 758 53 69 113 993
HDY9 785 53 66 89 993
HDY10 794 48 65 86 993
Sy 785.3 51.2 66.2 90.3
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Figure 5 Clustering analysis of 40 Flaveria bidentis methylation sensitive(MSP) loci in four different invasive areas
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Figure 6 Clustering analysis of 40 Flaveria bidentis methylation non—sensitive( MISP) loci in four different invasive areas
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Table 8 Correlation analysis between the soil indexes and methylation level of Flaveria bidentis

R(P) HEEpHE HIRSAWE HREERKE  PIRAVORE  ReMWE DRMRRE RS
S 0.804 0.983 0.898 0.290 0.219 -0.042 -0.646
" ’ (0.196) (0.017) (0.102) (0.710) (0.781) (0.958) (0.354)
ST T 0.111 0.494 0.623 0.379 -0.332 0.625 -0.767
e ’ (0.889) (0.506) (0.337) (0.621) (0.668) (0.375) (0.233)

0.788 0.983 0.908 0.303 0.194 -0.005 -0.671
T A AR ALK
(0.212) (0.017) (0.092) (0.697) (0.806) (0.995) (0.329)
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