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Effect of Microhabitat on Epigenetic Variation of Dinghu Mountain
Castanopsis chinensis Hance

LI Wen-qi'?, JIANG Chu®?, OUYANG Xue-jun®, LIN Yong-biao™*, LIAN Jun-yu®", LIU Wei'"
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China; 3. Administration of Dinghushan National Nature Reserve, South China Botanical Garden, Chinese Academy of Sciences, Zhaoging 526070, Guangdong,

China; 4. Guangdong Provincial Key Laboratory of Applied Botany, Guangzhou 510650, China)

Abstract: In order to understand the effect factors on the relationship between plant adaptation mechanism and
spatial pattern within population, epigenetic variation characteristics of two populations of Castanopsis chinensis
at different succession stages in Dinghushan were analyzed by using DNA methyl-sensitive amplified fragment
polymorphism (MSAP). The results showed that the contribution of microhabitats to epigenetic variation
decreased from 20.2% in mature forests to 15.7% in over-mature forests, but the influence of topographic factors
increased. At the same time, the environmental factors in microhabitats that played a significant role to methylation
variation were different between the two forests. So, it was suggested that microhabitat characteristics had partial
significant effects on population adaptation mechanism and distribution pattern, and did the succession stage.
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Fig. 1 Sample individual distribution of large sample plot in Dinghushan
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1.3 EF4 DNA REUFI F-MSAP L5

Fle R 48 i CTAB VSRR EUHERL K121 DNA.
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A E3-H/M2:26. E5-H/M2:34. E6-H/M1:26. E8-H/
M1:27. E8-H/M5:29. E9-H/M2:34, 3L 176 4N Bt
F R 1% & “msap” it MSAP HiF%, 24T 6 X154
338 v Bt 2 A8, WK#EXF EcoRI-Hpall 1 EcoRI-
Mspl B (2R AE 7 BOA oI 0,1 Ktk 2 i) i i)
TR R, 30 Gt B R USRS (MSL)
MIABUBL S (NML) I ECR . Z28%., FIREZFE
FREL, FEXTPRRAL S AR Z FEIE TR R T Wilcoxon
R der, LRI 2RI 2 R G5 Gt
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WEAEAT 7328, KR 4 Fhdms R (SR 2), Hk

Table 1 Soil physiochemical characters and topographic status of mature forest and over-mature forest

R Mature forest

& #Ak Over-mature forest

F¥ Mean  AESFR%L Coefficient variation  “F¥J Mean 485 &% Coefficient variation P
£ 7K Relative water content /% 19.59 0.11 16.89 0.15 0.000
%% 5 Bulk density (g/cmd) 1.05 0.07 1.00 0.04 0.000
FRHREE pH 3.79 0.02 3.67 0.02 0.000
HHLFE Soil organic matter (g/kg) 55.75 0.13 71.01 0.15 0.000
4= Total potassium (TK, g/kg) 17.05 0.18 20.40 0.17 0.000
TR Available potassium (AK, mg/kg) 44,63 0.18 64.82 0.23 0.000
4= Total phosphorus (TP, g/kg) 0.25 0.11 0.33 0.13 0.000
T Available phosphorus (AP, mg/kg) 231 0.40 0.76 0.29 0.000
4= Total nitrogen (TN, g/kg) 0.90 0.26 1.72 0.24 0.000
2% Available nitrogen (AN, mg/kg) 181.65 0.12 236.02 0.09 0.000
Wi FE Slope /% 33.85 0.26 29.35 0.42 0.846
I 7] Aspect 58.17 0.71 68.58 0.73 0.000
4 Elevation (m) 344 0.15 341.31 0.15 0.174
U1 Convex 1.01 5.00 2.57 2.29 0.028
F 2 ARIAEBRAIHEN MSAP FH JHURI R 34 KT
Table 2 Methylation levels of Castanopsis chinensis in different stand

4it Total % R Mature forest % it bk Over-mature forest %
2 | Type 1 (1,1) 48 235 80.22 39214 80.24 9021 80.12
I 11 Type 11 (1,0) 4973 8.27 4133 8.46 840 7.46
27 111 Type 111 (0,1) 6919 11.51 5520 11.30 1399 12.42
B2 Total 60 127 48 867 11 260
2 FE4E 2 Hemi methylation rate /% 8.36+4.21 8.56 +4.36a 7.54+3.39
A HIBEAL R Fll methylation rate /% 11.6045.05 11.3844.72a 12.5246.20a
S FIE4E R Total methylation rate /% 19.97+7.30 19.94+7.32a 20.06 +7.23a
A F L2 Unmethylation rate /% 80.03+7.30 80.06+7.32a 79.94+7.23a

(A7 il o A A 7 RER R 22 5 AN (2 2 (P > 0.05).«

Date followed the same letter at the same line indicate no significance difference at 0.05 level.
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KB4 A EE R 1A A KPR IES 4, &
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(20.06%)B&AIG; AR IR~ 4 HH 40 22 (11.38%) L
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Table 3 Relation between soil factors and methylation rate
war JSNCIE - A o B e F AL %
Forest Total methylation rate Methylation rate Hemi methylation rate
VEDSICYINS Ak Total -0.116" -0.175™ 0.074
Relative soil water content (RSW) REFE Mature forest -0.163" -0.197™ -0.018
it ##k Over-mature forest 0.115 -0.015 0.322™
+ 4% 5 Bulk density (VW) #Ak Total -0.030 -0.003 -0.052
BBk Mature forest -0.034 0.015 -0.085
i #Ak Over-mature forest 0.433™ 0.440™ 0.125
FRTHE pH Ak Total 0.002 -0.019 0.062
BBk Mature forest -0.040 -0.034 -0.002
i bk Over-mature forest 0.426™ 0.372™ 0.314™
&4 & Oxygen content (TO) Ak Total 0.002 0.003 -0.062
AR Mature forest 0.010 -0.007 0.012
i #bk Over-mature forest -0.380™ -0.399™ -0.165
44 Total potassium (TK) Ak Total 0.046 0.045 0.011
FREAR Mature forest -0.019 -0.035 0.015
LAk Over-mature forest 0.426™ 0.386™ 0.300"
L4 Available potassium (AK) FAA Total 0.108™ 0.148™ -0.011
AR Mature forest 0.110" 0.111" 0.09
i #4 Ak Over-mature forest 0.140 0.331™ -0.258™
4=1% Total phosphorus (TP) Ak Total 0.036 0.077 -0.056
AR Mature forest 0.024 0.025 0.017
I #Hk Over-mature forest 0.025 0.188 -0.285™
4 Total nitrogen (TN) #Ak Total -0.088" -0.064 -0.099"
PR Mature forest -0.127" -0.136™ -0.072
I #AK Over-mature forest -0.222" -0.171 -0.162
M1 B Convex Ak Total -0.105" -0.108™ -0.058
FLEAR Mature forest -0.078 -0.051 -0.093
it #bk Over-mature forest -0.231™ -0.347™ 0.105
K Elevation ik Total -0.186™ -0.224™ -0.073
PR Mature forest -0.105" -0.141™ -0.055
1T #AK Over-mature forest -0.461™ -0.542™ -0.116

**. P>0.05; *: P>0.01.
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Fig. 2 Variance decomposition map of methylation rate variation in mature and over mature forest of Castanopsis chinensis. The number means significant
interpretation rate, and the residual means unexplained part. A: Methylation rate in mature forest; B: Hemi methylation rate in mature forest; C: Methylation

rate in over-mature forest; D: Hemi methylation rate in over-mature forest.
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Fig. 3 Clustering results of 377 samples in Castanopsis chinensis by structure software
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Mountain

RSW B = (IR EbR 1, RSW % DNA FIIEAL R K5
W SERA S, TO. TP. VW, pH. U107 8 5 v 5t 2
AR, DNA HIEEZNT TO. TP. VW, pH Al



68 P AT ) 22 4R

08 4%

FEE ryme 75 S 2, X UERA T R B X PR AR A
e SE A

E TR AR 53 H - 3500 A R PR 2R A A 3 e Y AR S
P DTERZE Akt T AR A B UM AERSE . Bk
M AR AR 75 45 AF X6 DNA H &4k e &,
EARAE e Y SR AL 388 S (1) DT R B S b L 35 11
DUBRER ZE AN K, AH I bR b 33 0) 4 R Ak e
F B DTRR 230 2 N T AR (15.1%<20.2%), L
F2 A By (1) DT R HH B EAAR (1) 18.5% B Ayt AR
5.9%. 1X -5 7 #iy o S ik ARy B ek FE e R A
B0 B FAEAR T R, FR Tk bR 45 R PR A 1
TGS BRI — Ak, Bl T SR R EAE
AR ek )N o

HIRWETE AR LWE, BAETETR
DNA F AV 2675 57 (1) 5] o 71 Tk AR Rl P 6
HEART REREEANAEK LB TRERE
R LA BT R O 4 H R AR
DR, BRI U SR e, TR I PUbR
HAE A IR LR R, R TR
FA AT Fo 0 o IX AFRAT B AN R R A
FRATBREIBRAE 7B BB . LA A, ERS TN B
B 1] 3t 3 A7 T Ay 2 3%, (RS v R A
Vi == 5 PRI A R PR A 0 380 X S I K —
BUR N, BT R FE R, IR A7 TR T
AMEIK, RAEBEEKTAF B0 2281, 78 A 50
A O ) A A B R A B R AR B A
PR, RO PO B K T AR, EAH R
A 0 () B A 4 FH AR AR AE LA |, X
2 B 5 AR RO L 3R O B R R B T R R
A (R FERR G A1, 1A e B ) BR 1 SR A A
£, AR T RO B RO 3 2 R
T AFAE I ZAR B T N RELR 5 B2 DA S HE I 22 8
T BRI 2 S04 pl AR R R R S e AR
PRIFDN 5 s K 52 AT, VAR ARIAR R /N T
FAE AT S B BeAS 7] DA K H 0 51 R IR AR B 5%
T SRS T Be O — S BRI R, R PRATTE
BE SCHEPIRE V& th 775 BRI AL 138 ) LB

[ BN 388 Tk 777 222 53 e A5 380 PR Al A 50 PR R i
b 227 S Tk I 25 SRR T MSP (1) SR 2RI
A5 5 R AR A E SRR, BIRCE SRR
3 A A JRy o et 3 S AL i) A0 23 AT A R A I 3 5
M), (LA ES 30 234 FH (AT 9 53¢ 1 A EH G BAAR DT iR
20.2%4x LA A S 3R

SRR N I R 2 A, TR R S ST
JRIERIEZRIE, = IFBURZHEAASH T, Wt
MR KSR SR R 2 5, XA
S B 2 £ 25 [ AR /N RUBE bt T g 3 A 18]
WAL 31K . S Ak Structure 434 XI5 6 ANE
B IR TR IR IR, Ut B s 2 W3k
AR RN E %, DR IRROAR T4 52
B RE, AE4 R I FC b B — 2D R 22 W)
455 R o DNA HHEEAL R0 .

S5 30

[1] SEIDLER T G, PLOTKIN J B. Seed dispersal and spatial pattern in
tropical trees [J]. PLoS Biol, 2006, 4(11): 2132-2137. doi: 10.1371/
journal.pbio.0040344.

[2] RAVENTOS J, WIEGAND T, DE LUIS M. Evidence for the spatial
segregation hypothesis: A test with nine-year survivorship data in a
Mediterranean shrubland [J]. Ecology, 2010, 91(7): 2110-2120. doi: 10.
1890/09-0385.1.

[3] FUSCO G, MINELLI A. Phenotypic plasticity in development and
evolution: Facts and concepts [J]. Philos Trans Roy Soc B Biol Sci,
2010, 365(1540): 547-556. doi: 10.1098/rsth.2009.0267.

[4] JOHANNES F, PORCHER E, TEIXEIRA F K, et al. Assessing the
impact of transgenerational epigenetic variation on complex traits [J].
PL0S Genet, 2009, 5(6): €1000530. doi: 10.1371/journal.pgen. 1000530.

[5] PAUN O, BATEMAN R M, FAY M F, et al. Stable epigenetic effects
impact adaptation in allopolyploid orchids (Dactylorhiza: Orchidaceae)
[J]. Mol Biol Evol, 2010, 27(11): 2465-2473. doi: 10.1093/molbev/
msg150.

[6] MATZKE M A, METTE M F, AUFSATZ W, et al. Host defenses to
parasitic sequences and the evolution of epigenetic control mechanisms
[J]. Genetica, 1999, 107(1/2/3): 271-287. doi: 10.1023/a:10039217
10672.

[71 CHAN S W L, HENDERSON | R, JACOBSEN S E. Gardening the
genome: DNA methylation in Arabidopsis thaliana [J]. Nat Rev Genet,
2005, 6(5): 351-360. doi: 10.1038/nrg1601.

[8] RAPP R A, WENDEL J F. Epigenetics and plant evolution [J]. New
Phytol, 2005, 168(1): 81-89. doi: 10.1111/j.1469-8137.2005.01491 X.

[9] KOSMA D K, BOURDENX B, BERNARD A, et al. The impact of
water deficiency on leaf cuticle lipids of Arabidopsis [J]. Plant Physiol,
2009, 151(4): 1918-1929. doi: 10.1104/pp.109.141911.

[10] XIONG L Z, XU C G, SAGHAI M M A, et al. Patterns of cytosine
methylation in an elite rice hybrid and its parental lines, detected by a

methylation-sensitive amplification polymorphism technique [J]. Mol



%1

TR RSN S L A S (S R 69

Genet Genom, 1999, 261(3): 439-446. doi: 10.1007/s004380050986.
[11] WANG Z F, LIAN J Y, HUANG G M, et al. Genetic groups in the
common plant species Castanopsis chinensis and their associations
with topographic habitats [J]. Oikos, 2012, 121(12): 2044-2051. doi:
10.1111/j.1600-0706.2012.20483.x.
[12] YE W H, CAO H L, HUANG Z L, et al. Community structure of a

20 hm? lower subtropical evergreen broadleaved forest plot in Dinghu-

shan, China [J]. J Plant Ecol, 2008, 32(2): 274-286. doi: 10.3773/j.issn.

1005-264x.2008.02.005.

HRRE, B, BB R, S WL R SRR bk 20 A TR
MR IC [ M)A R, 2008, 32(2): 274-286. doi: 10.
3773/j.issn.1005-264x.2008.02.005.

[13] LIAN J Y, CHEN C, HUANG Z L, et al. Community composition and
stand age in a subtropical forest, southern China [J]. Biodiv Sci, 2015,
23(2): 174-182. doi: 10.17520/biods.2014243.

ZRyEtan, BRAl, DR, A5, LR MY B A e RS [
JERERAFER LR [0 AEWZ REME, 2015, 23(2): 174-182. doi: 10.
17520/biods.2014243.

[14] CHEN J, RUI Y C, ZHOU X, et al. Determinants of the biodiversity
patterns of ammonia-oxidizing archaea community in two contrasting
forest stands [J]. J Soils Sed, 2016, 16(3): 878-888. doi: 10.1007/
$11368-015-1302-4.

[15] LIU M, OUYANG X J, CHEN J, et al. F-MSAP sampling strategy and
genetic diversity analysis of Castanopsis chinensis in South China
Botanical Garden [J]. Guihaia, 2017, 37(1): 15-21,8. doi: 10.11931/
guihaia.gxzw201603024.

XIF, BRBHZZE, BRid, 5. AR e HESE F-MSAP KA 5EHE K
BAEZ RS [3]. T4, 2017, 37(1): 15-21,8. doi: 10.11931/

guihaia.gxzw201603024.

[16] SALMON A, AINOUCHE M L, WENDEL J F. Genetic and epigenetic
consequences of recent hybridization and polyploidy in Spartina
(Poaceae) [J]. Mol Ecol, 2005, 14(4): 1163-1175. doi: 10.1111/j.1365-
294X.2005.02488 .x.

[17] BLANCHET F G, LEGENDRE P, BORCARD D. Forward selection of
explanatory variables [J]. Ecology, 2008, 89(9): 2623-2632. doi: 10.
1890/07-0986.1.

[18] GILBERT B, BENNETT J R. Partitioning variation in ecological
communities: Do the numbers add up? [J]. J Appl Ecol, 2010, 47(5):
1071-1082. doi: 10.1111/j.1365-2664.2010.01861.X.

[19] LUNDEMO S, STENGIEN H K, SAVOLAINEN O. Investigating the
effects of topography and clonality on genetic structuring within a large
Norwegian population of Arabidopsis lyrata [J]. Ann Bot, 2010, 106(2):
243-254. doi: 10.1093/aob/mcq102.

[20] HARDESTY B D, HUBBELL S P, BERMINGHAM E. Genetic evidence
of frequent long-distance recruitment in a vertebrate-dispersed tree [J].
Ecol Lett, 2006, 9(5): 516-525. doi: 10.1111/j.1461-0248.2006.00897 .x.

[21] JACQUEMYN H, WIEGAND T, VANDEPITTE K, et al. Multigene-
rational analysis of spatial structure in the terrestrial, food-deceptive
orchid Orchis mascula [J]. J Ecol, 2009, 97(1): 206-216. doi: 10.1111/j.
1365-2745.2008.01464 .x.

[22] COMITA L S, CONDIT R, HUBBELL S P. Developmental changes in
habitat associations of tropical trees [J]. J Ecol, 2007, 95(3): 482-492.
doi: 10.1111/j.1365-2745.2007.01229.x.

[23] TURNER B L, BRENES-ARGUEDAS T, CONDIT R. Pervasive
phosphorus limitation of tree species but not communities in tropical

forests [J]. Nature, 2018, 555(7696): 367—370. doi: 10.1038/nature 25789.



