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Responsive characteristics of Flaveria bidentis epigenetic variation and phenotypic plasticity under different
nitrogen treatments

TIAN Jia—yuan'?, ZHANG Si-yu"?, HUANGFU Chao—he', YANG Dian-lin', TIAN Xiu-ping®, WANG Hui"

(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191,China; 2.College of Agronomy and Re-
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Abstract: To clarify the effects of different nitrogen levels on Flaveria bidentis invasion, we simulated four nitrogen gradients of farmlands.
Using the MSAP method, the DNA methylation variations and phenotypic plasticity responsive characteristics of the biomass, growth, and
photosynthetic physiological indices of Flaveria bidentis were studied. The results showed that 18 pairs of primers amplified 690 MSAP
bands and the percentage of primer polymorphism was 86.38%. The differences in the semi—methylation and total methylation levels were
significant between the T2(275 kg+hm™) and T3(375 kg+hm™) treatments. The difference in the full-methylation level was significant be-
tween the CK and other treatments. The increasing nitrogen application rate significantly increased the biomass and root biomass allocation
of Flaveria bidentis and promoted vegetative and reproductive growth as well as plant photosynthesis, but decreased the biomass allocation
of the support structure. Under nitrogen treatment, the phenotypic plasticity index of flower buds, leaf area index, and root biomass of Flave-

ria bidentis were the highest, i.e., 0.824 7, 0.666 0, and 0.531 1, respectively. Whereas the phenotypic plasticity index of biomass allocation
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and photosynthetic physiological index were much lower, which may indicate that Flaveria bidentis adapts to nitrogen changes mainly by reg-

ulating its own nutrition, reproductive growth, and root biomass. The results of correlation analysis between phenotypic plasticity and epigen-

etic variation showed that a significant negative correlation existed between the semi—methylated level and the number of buds as well as

root biomass, between the full-methylated level and plant height as well as the leaf area index, and also between the total methylated level

and root biomass, while a significant positive correlation existed only between the total methylated level and leaf biomass.

Keywords: nitrogen gradient; Flaveria bidentis; epigenetic variation; DNA methylation; phenotypic plasticity
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Table 1 Sequence information of adaptor and primers used

in this study

LRS54 Pk 2l

5'-CTCGTAGACTGCGTACC-3’
5'-AATTGGTACGCAGTCTAC-3’
5'-GACGATGAGTCTAGAA-3’
5'-CGTTCTAGACTCATC-3’
5'-GACTGCGTACCAATTCA-3'
5'-ATCATGAGTCCTGCTCGGT-3'
Eco—ANN sequence 5'-GACTGCGTACCAATTCANN-3’
H/M-TNN/CMM sequence 5'-GATGAGTCTAGAACGGTNN/CMM-3'

Eco—adaptor |
Eco—adaptor Il
H/M-adaptor |
H/M-adaptor Il
pre—E-A
pre—H/M-T

1NN AR S 37 2R i s I 2 A [ (4 S R P S - AG5 AC
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U IR 2 AR [\ 9 1 B PE R JE : AA, AC, AG, AT, TA, TC, TG, CA.
Eco~ANN FI H/M~TNN/CMM 5| 49 P P — 2 7 4 Ji 308 X k4 47 34
5 A

Note: NN: Represent two different selective bases at the 3" end, AG,
AC, TG, TC, GA, GT, GG, GC, CA, CT, CG, CC, AA, TA. MM : Represent
two different selective bases at the 3’ end, AA,AC,AG,AT,TA,TC, TG,

CA. From which 308 pairs of selective primer combinations can be formed.
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Table 2 Methylation pattern classification
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B UG PRI DNA
Marker: \—Hind Il digest; CK,T1,T2 and T3 represent the genomic

DNA of Flaveria bidentis under four nitrogen treatments
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Figure 1 Extraction of the Flaveria bidentis genomic DNA
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Figure 2 MSAP profile of Flaveria bidentis plants
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Table 3 Sequence information of the selected primers and the amplified bands number

GIL7| Eco—ANN J¥41] H/M-TNN/CNN J¥:31] JuR Siie

EaHM6 GACTGCGTACCAATTCAAG GATGAGTCTAGAACGGTGT 42
EaHM13 GACTGCGTACCAATTCAAG GATGAGTCTAGAACGGTTA 37
EaHM14 GACTGCGTACCAATTCAAG GATGAGTCTAGAACGGCAA 22
EbHM14 GACTGCGTACCAATTCAAC GATGAGTCTAGAACGGCAA 31
EdHM6 GACTGCGTACCAATTCATC GATGAGTCTAGAACGGTGT 42
EeHM1 GACTGCGTACCAATTCAGA GATGAGTCTAGAACGGTAG 40
EeHMS5 GACTGCGTACCAATTCAGA GATGAGTCTAGAACGGTGA 36
EeHM14 GACTGCGTACCAATTCAGA GATGAGTCTAGAACGGCAA 28
EeHM21 GACTGCGTACCAATTCAGA GATGAGTCTAGAACGGCCA 27
EgHM14 GACTGCGTACCAATTCAGG GATGAGTCTAGAACGGCAA 19
EgHM17 GACTGCGTACCAATTCAGG GATGAGTCTAGAACGGCAT 39
EiHM13 GACTGCGTACCAATTCACA GATGAGTCTAGAACGGTTA 46
EiHM14 GACTGCGTACCAATTCACA GATGAGTCTAGAACGGCAA 22
EiHM19 GACTGCGTACCAATTCACA GATGAGTCTAGAACGGCTC 38
EiHM21 GACTGCGTACCAATTCACA GATGAGTCTAGAACGGCCA 59
EmHM13 GACTGCGTACCAATTCAAA GATGAGTCTAGAACGGTTA 62
EmHM14 GACTGCGTACCAATTCAAA GATGAGTCTAGAACGGCAA 69
EmHM20 GACTGCGTACCAATTCAAA GATGAGTCTAGAACGGCTG 31
B 690
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Figure 3 Quantitative analysis diagram of part lane
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Table 4 Genetic diversity analysis of primers

HEREUR 690 45, Hivh 2 H 4k
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A 5 i it Rt A I e b
B 72~79 %%, 15 R 10.44%~11.45%
H P& 4 A AT, T2 01 T3 i A4S BT & F AL K F 1 AR

5 4
49.1% 48.9%

18

11

o MM —

15

48.6% 47.6% 47.3% 46.7%

30

Sl BB MBS S e AREENEE A ne KGR EREEME S0 B 2L 7 %

A 8 1.918 8+0.273 3 0.153 9+0.339 4 0.3151+0.1627 0.473 1+0.212 3 596 690 86.38
EaHM6 8 1.928 5+0.260 7 1.595 1£0.343 6 0.339 7+0.161 1 0.503 2+0.209 0 40 42 95.24
EaHM13 8 1.864 9+0.346 6 1.560 2+0.348 8 0.321 7£0.174 2  0.475 7+0.236 1 32 37 86.49
EaHM14 8 1.863 6+0.351 3 1.326 2+0.295 3 0.216 7£0.141 6 0.352 9+0.194 3 19 22 86.36
EbHM14 8 1.903 2+0.300 5 1.573 0+0.362 6 0.3252+0.176 7 0.481 6+0.232 1 28 31 90.32
EdHM6 8 1.809 5+0.397 4 1.616 8+0.379 5 0.338 6+0.189 5 0.489 0+0.261 7 34 42 80.95
EeHM1 8 1.975 0£0.158 1 1.6559+0.283 1 0.3754+0.126 3 0.552 4+0.157 7 39 40 97.50
EeHM5 8 1.861 1+0.350 7 1.556 8+0.330 5 0.323 4+0.168 5 0.478 6+0.231 5 31 36 86.11
EeHM 14 8 2.000 0+0 1.665 0+0.315 0 0.372 0£0.149 0  0.546 0+0.181 0 22 28 78.57
EeHM21 8 1.889 0+0.320 0 1.741 0+£0.337 0 0.396 0£0.163 0 0.564 0+0.222 0 24 27 88.89
EgHM14 8 0.789 5+£0.418 9 1.510 9+0.361 4 0.294 2+0.194 7  0.433 9+0.270 9 15 19 78.95
EgHM17 8 1.923 1+0.270 0 1.546 8+0.340 5 0.319 0+0.163 3  0.478 1+0.2129 36 39 92.31
EiHM13 8 2.000 0+0 1.348 0+£0.241 0 0.238 0+0.1200  0.390 0+0.149 0 34 46 73.91
EiHM14 8 1.955 0+0.213 0 1.377 0+£0.302 0 0.243 0+0.148 0 0.390 0+0.190 0 17 22 77.27
EiHM19 8 1.974 0+0.162 0 1.458 0+£0.330 0 0.280 0+0.1550 0.436 0+0.193 0 31 38 81.58
EiHM21 8 1.983 1+0.130 2 1.465 2+0.300 2 0.290 3+£0.1372  0.452 3+0.169 5 56 59 94.92
EmHMI13 8 1.903 2+0.298 1 1.483 0+0.347 7 0.287 7+0.167 2 0.438 7+0.219 1 57 62 91.94
EmHM14 8 1.869 6+0.339 2 1.5739+0.342 0 0.329 1+0.168 7 0.485 8+0.228 8 60 69 86.96
EmHM20 8 2.000 0+0 1.678 2+0.305 3 0.380 1+0.1375 0.557 0+0.166 0 21 31 67.74
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Table 5 The change of DNA methylation level under different

nitrogen treatments

MSAP 4" 1 1 5 CK Tl T2 T3
I 529 532 534 533
| 32 34 34 36
I 40 2 43 43
\Y 89 81 80 78

P18 Sy B 690 690 690 690
SRR 72 76 77 79

FH LMK 45T HE 2R/ % 10.44 11.03 11.14 11.45

T R A A R T+ 10
Note : *Total methylation bands= Il + 1"

RN IRERIZ 2R MEIRYE-S- R
O H K O e H3AbKE O B ALK
141 .
. b a ’/_i_,
2F 7 % 7
/. / /] /. /7.
/. / /] /. /7.
w7 7 Z 7
/. / /] /. /7.
NN N N
e b s 7 apy %
B A o[V 2
= oy ZIa N %
Z 7 7
| 1 Z Z
/. /7] /.
/. /] /.
2r Z 7 7
0 7 7 7 7
CK T1 T2 T3

Ak

A EEARCE: T/C T+ 1 +11)x100% 5 4 H &AL KF - /(T + +10)x
100% ; S5 F AR K CIT+T0)/C T+ 1 +10)x100% 5 Herfr T 010 4351
T I MR Sl B ™ AN [Rl/NE k3R 7] — H R AR K
SN [ b ) 2 S 2

The level of hemomethylation: I[/( T + Il +1II ) X 100%; The level of total
methylation: Il/( I + 11 + Il ) x100%; The overall level of methylation:
(II+T0)/C T +1+11)%x100%. Among them, I , Il and Il represent the
number of 1, I and Il type bands, respectively. Different letters mean
significant difference among different treatments under the same methyla-
tion
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Figure 4 The level of methylation under four nitrogen treatments
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Table 6 Effects of different nitrogen treatments on biomass of Flaveria bidentis

it SR Ak A My g bR EAR7/N v/ ey WAy /g - A g R
CK 32.60+2.42¢ 79.59+5 44c 15.70+1.05d 127.88+6.92d
T1 38.12+1.35b 87.88+3.28b 20.39+0.88¢ 146.39+3.68¢
T2 41.511.32ab 91.97+2.17ab 26.45+0.88b 159.93+3.63b
T3 44.27+2.80a 96.53+2.10a 30.6020.85a 171.40+3.77a

TE - A= N ARG PR 3OR AR [t Ak BT 22 53 .35 (P<0.05) o Tl

Note: Different letters in the same column mean significant difference among different treatments. The same below.
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Table 7 Effects of different nitrogen treatments on biomass allocation of Flaveria bidentis

it Ak A SRR A Y L AV MR 5
CK 0.25+0.01a 0.560.01c 0.12+0.02b 0.140.02h
Tl 0.260.01a 0.58=0.01¢ 0.140.01b 0.16£0.01h
T2 0.260.01a 0.62%0.01a 0.170.01a 0.20+0.01a
T3 0.2620.02a 0.60=0.01b 0.1820.01a 0.22+0.01a
180 161 a
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Figure 5 Effects of different nitrogen treatments on growth characteristics of Flaveria bidentis
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TEAE B 0 35 UM o6 B T4 4 R b K 5k v A
I TR PR A 0 B G, B T2 o R AR KT S AR
A R UM G, S AR Y i E AR S A
Ko XS FH T T RE A 1o 7E 2 3 PR A PR 3 i
AT DX 3 A B AR B 2 R BE A R 41 ) s 35 X 2 3
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Table 8 Effects of different nitrogen treatments on chlorophyll content and photosynthetic characteristics of Flaveria bidentis

i A F SPAD {8 ot G AL AR AR LSpiikies
CK 36.9+4.88¢ 21.75+1.48c¢ 0.82:+0.06b 3.450.19¢ 6.32+0.54a
T1 44.43+3.75b 23.65+0.07b 0.95+0.05b 3.840.06b 6.34x0.18a
T2 49.0+1.82ah 26.14x0.26a 1.11£0.09a 4.4420.30a 5.90+0.3%
T3 50.63+1.31a 24.840.32ah 0.840.06h 4.14£0.06ab 6.00+0.02a

R EMHFHETHEREARERLE TR TE TR

Table 9 Phenotypic plasticity index of each index of Flaveria bidentis under different nitrogen treatments

Lo AT AN EELEEip0
B GAERAK P 0.454 5 AWy g3 IS b AR L 0.358 3
ML 0.3173 BESE O/ daa 0.358 3
OIS 0.440 1 A= Py L 0.308 7
TEREHL 0.8247 M5 b 0.308 7
RTREACT e 0.666 0 SRR bR SPAD fH 0.3551
A=y A= 4y i 0.358 3 FOL G 0.238 3
Bk 0.230 6 SALRE 0.3500
HEA: Pt 0.5311 ZE I A 03121
ENAELY/priy 0.308 7 KGR R 0.180 1
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Table 10 Correlation analysis of phenotypic plasticity index and methylation level of each physiological index of

Flaveria bidentis under different treatments

. R(P)
b P 2 LT R IELT
ERERKSAERAK 7 e -0.795(0.205) -0.987(0.013) * -0.925(0.075)
ES | -0.495(0.505) -0.897(0.103) -0.708(0.292)
R A -0.643(0.357) -0.974(0.026) * -0.833(0.167)
OIS 0.182(0.818) -0.353(0.647) -0.058(0.942)
TERE R -0.968(0.032) * -0.643(0.364) -0.866(0.136)
A=y LR Wi -0.295(0.705) -0.781(0.219) -0.537(0.463)
ZEA Y -0.869(0.131) -0.811(0.189) -0.887(0.113)
A= P -0.920(0.08) -0.937(0.630) -0.977(0.023)*
A -0.806(0.194) -0.811(0.199) -0.882(0.118)
YT AR L 0.949(0.051) 0.951(0.049)* 0.999(0.001)**
SCFESS R EE Y L -0.661(0.339) -0.267(0.733) -0.512(0.488)
AP -0.884(0.116) -0.825(0.175) -0.902(0.098)
ML L -0.843(0.157) -0.862(0.138) -0.895(0.105)
A FHE SPAD & -0.878(0.122) -0.816(0.184) -0.894(0.106)
HOL G R -0.805(0.195) -0.768(0.232) -0.829(0.171)
AL 0.748(0.252) 0.637(0.363) -0.735(0.265)
FEE R -0.643(0.357) -0.741(0.259) -0.722(0.278)
KR ARCE -0.767(0.233) -0.717(0.283) -0.783(0.217)

TE - FORAE 0.01 K- FARE AR IC, *3RORTE 0.05 /K1 B B3 AR

Note:**indicates a significant correlation at the 0.01 level. * indicates a significant correlation at the 0.05 level.
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