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Epigenetic diversity variation characteristics of Flaveria bidentis genome DNA of different organs at different
developmental stages

ZHANG Si-yu'?, QUAN Zhi—xing’, TIAN Jia—yuan’, YANG Dian-lin*, LIU Hong-mei’, WANG Hui*"

(1.Plant Protection College, Shenyang Agricultural University, Shenyang 110866, China; 2. Agro—Environmental Protection Institute, Minis-
try of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: As one of the epigenetic modifications, DNA methylation has become ubiquitous in plant genome DNA. It not only plays an im-
portant role in rapid adaptation to new environments but also participates in the process of plant growth and organ differentiation. In this
study, we constructed an optimized MSAP system to analyze the methylation variation characteristics of different organs at different develop-
mental stages of the same organs of Flaveria bidentis. The results showed that the organ—specific MSAP system amplified 536 bands by us-
ing 13 pairs of primers, in which the primer EhHM7 made the greatest contribution to epigenetic diversity, and the percentage of polymor-
phism was 92.45%. The developmental stage—specific MSAP system amplified 407 bands by using 14 pairs of primers, in which EcHM1
had the greatest contribution to epigenetic diversity, and the percentage of polymorphism was 80.56%. The results of varying themethylation

type showed that there were significant differences in methylation levels among the different organs (roots, stems, and leaves) at different
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developmental stages of the same organs (old leaves and young leaves), among the three methylation variants of hemi—methylation, full

methylation, and overall methylation, the methylation rate of the stem tissue was the highest, reaching 30.28%, 19.37% and 49.66%, re-

spectively.The full-methylated and overall methylated rate of the old leaf tissue were significantly higher than those of the young leaf tissue,

reaching 33.29% and 52.77%, respectively.The principal component analysis showed that the individual distribution of leaves of Flaveria

bidentis were more intensive than that of roots and stem organs, and the young leaves were denser than the old leaves, which indicated that

there were larger differences between individual roots and stems. This individual difference was greater than that of the leaves of Flaveria

bidentis, and the individual difference of old leaves were greater than that of young leaves, which could not be ignored during sample collec-

tion. Therefore, during the studies on the invasiveness of Flaveria bideniis by using epigenetic methods, it is necessary to formulate a scien-

tific sampling plan and consider plant organ and growth stage specificity as important factors.

Keywords: Flaveria bidentis; DNA methylation; MSAP; epigenetics
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Table 1 Sequence information of adaptor and primers

A5 Fe3i

Adaptor and primer Sequence

5'=CTCGTAGACTGCGTACC-3'
5'=AATTGGTACGCAGTCTAC-3"
5'-GACGATGAGTCTAGAA-3"
5'-CGTTCTAGACTCATC-3"
5'-GACTGCGTACCAATTCA-3'
5'=ATCATGAGTCCTGCTCGGT-3"
5'-GACTGCGTACCAATTCANN-3’
5'-GATGAGTCTAGAACGGTNN -3’

Eco—adaptor |
Eco—adaptor Il
H/M-adaptor
H/M-adaptor II
pre-E-A
pre—H/M-T
Eco—ANN Sequence
H/M-TNN Sequence
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Figure 1 Genomic DNA extraction of the Flaveria bidentis in

different organs(A ) and different development stages(B)
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Figure 2 Results of genomic DNA MSAP detection in different organs(A) and different developmental stages(B) of Flaveria bidentis

R2 AMHAARRERARNREMBRSIMASHFIERRY BETFHY
Table 2 Sequence information and amplification number of primer combinations in different organs and

different development stages of Flaveria bidentis

5 024 AN [F] 45 B Different organs of Flaveria bidentis w5 W24 I F R 6] &% & B Bt Different development stages of Flaveria bidentis
314 Eco-ANN H/M-TNN AR 514 Eco-ANN H/M-TNN RERE R
Primer Sequence Sequence Total strip Primer Sequence Sequence Total strip
EaHM1 Eco—AAG Eco-TAG 40 EcHM1 Eco-ATG Eco-TAG 34
EaHM2 Eco-AAG Eco-TAC 36 EcHM2 Eco-ATG Eco-TAC 28
EaHM3 Eco—-AAG Eco-TTG 46 EcHM3 Eco-ATG Eco-TTG 31
EaHM7 Eco—-AAG Eco-TGG 42 EcHM6 Eco-ATG Eco-TGT 28
EbHM4 Eco—AAC Eco-TTC 40 EcHM7 Eco-ATG Eco-TGG 36
EcHM6 Eco-ATG Eco-TGT 39 EdHM7 Eco-ATC Eco-TGG 16
EdHM9 Eco—ATC Eco-TCA 38 EiHM2 Eco—ACA Eco-TAC 26
EeHM3 Eco—AGA Eco-TTG 45 EiHM6 Eco—ACA Eco-TGT 31
EeHM4 Eco—AGA Eco-TTC 36 EiHM10 Eco—ACA Eco-TCT 27
EhHM4 Eco-AGC Eco-TTC 47 EiHM11 Eco—ACA Eco-TCG 29
EhHM7 Eco-AGC Eco-TGG 52 EiHM12 Eco—ACA Eco-TCC 21
EIHM8 Eco—-ACC Eco-TGC 44 EjHM1 Eco—ACT Eco-TAG 20
EkHMS Eco-ACG Eco-TGA 31 EjHMS Eco-ACT Eco-TGA 39
ST T Total 536 EjHM7 Eco-ACT Eco-TGG 41
ST Total 407
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Table 3 Primer genetic diversity analysis of different organs of Flaveria bidentis

Elk7 AL WA, AR HBE e 2451k ZBMR B ZHEITI
Primer Sample number  3:F ¥ na FEF K ne h iRl Polymorphic site Total site Percentage of polymorphic/%
EaHM1 6 1.872 6+0.387 1 1.613 3+0.360 3 0.340 9+0.1802 0.520 4+0.244 1 35 40 88.26
EaHM2 6 1.8752+0.3857 1.647 1+0.3453 0.457 2+0.178 6  0.470 2+0.344 6 29 36 79.56
EaHM3 6 1.765 6£0.425 7 1.628 9+0.388 3 0.285 7+0.178 7 0.549 2+0.304 3 37 46 79.48
EaHM7 6 1.842 6+0.295 3 1.658 3+0.400 8 0.3052+0.1808 0.510 4+0.280 3 35 42 82.23
EbHM4 6 1.762 6£0.365 3 1.565 6+0.370 1  0.289 1+0.177 9 0.480 4+0.206 3 35 40 86.45
EcHM6 6 1.742 6+0.284 3 1.568 9+0.360 7 0.345 8+0.179 7 0.496 4+0.228 3 31 39 78.84
EdHM9 6 1.932 6+0.404 3 1.588 1+0.364 3 0.367 8+0.174 1 0.524 4+0.221 3 30 38 79.42
EeHM3 6 1.824 1+0.367 3 1.705 4+0.360 3  0.327 5+0.1753 0.487 4+0.236 3 39 45 86.84
EeHM4 6 1.844 6+0.365 8 1.562 8+0.3823 0.344 7+0.1804 0.493 4+0.205 3 29 36 79.68
EhHM4 6 1.842 6+0.347 3 1.621 5+0.3653 0.325 2+0.179 4 0.560 2+0.248 3 42 47 89.42
EhHM7 6 1.926 2+0.3750 1.644 8+0.3523 0.368 2+0.178 8 0.522 4+0.231 3 47 52 92.45
EIHM8 6 1.856 7+0.384 3 1.626 8+0.291 8 0.343 6+0.176 6 0.465 4+0.224 3 38 44 88.48
EKHMS 6 1.866 6+0.363 4 1.669 2+0.342 1 0.384 5+0.1805 0.425 1+0.201 3 25 31 84.26

Py 6 1.842 6+0.3650 1.623 1+0.360 3 0.345 0+0.178 5 0.500 4+0.244 3 451 536 84.26
Average

R4 EMBMH R ARREMRS|I M EESEEDN
Table 4 Primer genetic diversity analysis of Flaveria bidentis leaves at different development stages

Elk7 FEAKL WA, AL KB TR ZEMN ZHME B ZEETI
Primer Sample number — 3£F ¥ na HHH ne h E2 Yl Polymorphic site Total site Percentage of polymorphic/%
EcHM1 4 1.742 5+0.428 3 1.5229+0.380 1 0.270 5+0.184 7 0.428 5+0.289 7 27 34 80.56
EcHM2 4 1.680 5+0.439 3 1.5029+0.4357 0.2724+0.1821 0.378 4+0.262 3 21 28 74.56
EcHM3 4 1.697 2+0.489 3 1.4512+0.378 1 0.3452+0.1807 0.376 5£0.247 5 20 31 64.52
EcHM6 4 1.702 4+0.588 3 1.4629+0.396 1 0.256 8+0.190 8 0.354 2+0.228 6 20 28 70.56
EcHM7 4 1.706 8+0.420 7 1.4629+0.2957 0.302 7+0.1856 0.371 5+0.270 3 25 36 70.15
EdHM7 4 1.705 4£0.449 3 1.4629+0.3874 0.2844+0.1947 0.347 5+0.277 4 12 16 70.45
EiHM2 4 1.754 7£0.479 3 1.392 1+0.3462 0.225 7+0.197 8 0.378 9+0.288 3 17 26 68.48
EiHM6 4 1.803 4+0.430 1 1.4372+0.3893 0.224 5+0.1825 0.424 1+0.294 2 24 31 76.54
EiHM10 4 1.724 5£0.427 3 1.474 1+0.3851 0.256 8+0.207 1  0.398 5+0.238 7 21 27 76.05
EiHM11 4 1.674 5£0.379 3 1.484 2+0.368 7 0.235 5+0.204 1  0.4352+0.265 3 19 29 65.45
EiHM12 4 1.717 5£0.401 3 1.480 7+0.387 1  0.2752+0.192 1 0.427 4+0.270 3 14 21 68.05
EjHM1 4 1.724 7£0.429 3 1.462 8+0.354 1 0.2725+0.1924 0.355 9+0.297 2 15 20 72.45
EjHMS 4 1.732 5£0.479 3 1.4210+0.3727 0.264 7+0.203 1  0.504 2+0.284 3 27 39 75.52

SE14 4 1.720 5+0.449 3 1.4629+0.3751 0.2682+0.192 1 0.398 5+0.270 3 293 407 72.05
Average
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Table 5 MSAP methylation pattern types
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Figure 3 Methylation status of Flaveria bidentis in different organs(A) and different development stages(B)
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Table 6 Interpretation of total variance of different organs and leaves at different development stages of Flaveria bideniis

W FFAEAE Initial Eigenvalues

RBCF )7 iz A Extraction sums of squared loadings

HiH ISR pgp MEESC RBES JIET BB
ltems Methylation type n Percentage of ~ Cumulative H Percentage of Cumulative
Total . Total .
variance/% percentage/% variance/% percentage/%
W AFZE  FH Ik Hemi-methylation 3.469 86.724 86.724 3.469 86.724 86.724
Different organs of 4 g1 41 f pull methylation 0381 9.536 96.260
Flaveria bidentis
AR AL Overall methylation  0.148 3.701 99.961
HH HEAE No methylation 0.002 0.039 100.000
WA R 2 A Hemi-methylation 3.279 81.966 81.966 3.279 81.966 81.966
2 A
KA BB 42 B 34K, Full methylation 0.470 11.751 93.717
Different
development stages & HIZEAE Overall methylation  0.225 5.627 99.344
of Flaveria bidentis A F 4K No methylation 0.026 0.656 100.000
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Figure 4 Principal component analysis of different organs and different development stages of Flaveria bidentis
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