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The genetic structure of Oyama sieboldii ( K.Koch)N.H. Xia & C.Y.Wu within

two vegetation zones in Eastern China

XU Yannian' ,SHAO Jianwen'* "
1 College of Life Science, Anhui Normal University, Wuhu 241000, China
2 The Key Laboratory of Conservation and Employment of Biological Resources of Anhui, Wuhu 241000, China

Abstract: Oyama sieboldii (K.Koch)N.H. Xia & C.Y.Wu is a rare species and has been listed as the national Il grade
protection plants in China. The species is naturaly distributed in two different zones of forest vegetation, i.e., temperate
deciduous broad-leaved forest ( North of the Yangtze River) and warm temperate evergreen broad-leaved forest ( South of the
Yangtze River). The east region of China is one of the concentrated distribution areas of O. sieboldii, and also is the
boundary zone of these two different vegetations. The genetic diversity and structure of eight wild populations of O. sieboldii,
within two different vegetations from Eastern China, were analyzed by microsatellite markers. The results indicated that the
genetic diversity of O. sieboldii in this region was relatively low (mean N, =3.83, H,=0.25 and H,=0.40) and lower than
its closely related species. The mean population size, diameter at breast height ( DBH) and number of branch were not
significantly different between populations from different vegetations. However, the genetic diversity of Dabieshan
populations (mean H,=0.18 and H,=0.28) , within the temperate deciduous broad-leaved forest, was significantly lower
than that of the Southern Anhui populations (mean H,=0.33 and H,=0.51) , within the temperate evergreen broad-leaved
forest, and their genetic characters obviously differentiated from each other. The distinct population history might mainly

explain the difference of genetic diversity between these two zones. The genetic diversity of young individuals was not
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significantly lower than that of the old individuals within each population. Therefore, we proposed that the populations in
Dabieshan area and Southern Anhui area should be considered as two different evolutionary significant units for
conservation, and an in situ conservation strategy should be taken as the main protecting measures at present, given that the
regeneration ability of wild populations was normal and the genetic diversity of young individuals did not significantly

decreased.
Key Words: Oyama sieboldii; genetic diversity ; genetic structure ;vegetation zone ; conservation strategy
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Fig.1 The locations of the 8 sampled populations of O. sieboldii
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5 ng DNA f5#7,1.5pL Buffer,2 mM MgCl,,0.2 mM dNTP,0.4 U Taq & ,0.4uM 514, PCR ¥4 F N .
95°C TS 5 min;95°C 281 30 s,50—58°C 1k 30 s( £ 2) ,72°C #EfH 30 5,25 MEFR;95°C 281 30 s,53°C B
K30 s, 72°C HEAH 30 s, 10 A ; 72°C ZEfH 15 min, PCR 724 fdi F fluorescence-based 3 [ H yk & 4t
( ABI3730XL) #4744 F sk 081, GeneScan 3.7 23 M1 4% {4 ( Applied Biosystems , USA ) X 3 T3 B 3 K] 754 3t
T,

*1 DEORCEHBES

Table 1 The locations and information of the studied populations of O. sieboldii

T T e s itk FR R FigE A/
Population code  Location Longitude Latitude Altitude/m samples Population size
TTZ LA N, K% 31°07 115046 1000—1300 34 #4300
YLP BRI, B 75 7 30°58' 116°06’ 1000—1400 34 25 500
BMJ LA NETH, BHER 31°06’ 116°10 1180 13 23
TZS LA R PRT , RALL 30044' 116°27’ 1370 33 2 300
GNJ TR N T 4 A B 30°03’ 117°27' 1553 28 #5150
HS TR T, B 30°07’ 118°09’ 1600—1750 33 2 500
QLF TR T T 30°05’ 118°51' 1430 22 #4300
SQS VLV, e, =il 28°54/ 118°03' 1443 26 #5300
F2 WMIBMARSIYIFE
Table 2 The characterizations of the used SSR loci and their primers
(A 751 514 BGRE/C FElehRid ER R ISE
Primer Repeat motif ~ Primer sequence(5’-3") Annealing temperature  Fluorescence Number of alleles
M6D1 (CT) 45 ACTGGAGCAGTGCCTGGATA 522 HEX 8
TCGCAACTGCGTGTTCTCAT
M6D3 (CT)», ACATGGATAGTCGTTGGATA 50.0 FAM 10
ACCCCACTGAAGACAAACAT
M6D4 (CA),(GA);5  CACCGTACCCTATCAGAACC 50.6 HEX 20
ATTTTCAGCATCATCAGTTG
M10D8 (CT)3C(CT)}y  AGCCCTCTATACACGCACACAT 52.6 FAM 14
CGGAGCTACAAGGAGCAGAATA
M17D5 (GA) TGCTGCTCGAAGTTCTGAAT 53.8 FAM 9
CGTGCAGTAAATCAGGATGT
STM0231 (TC) 5 AAATTGTTGTTCGGATGAT 50.0 TAMRA 16
GTGAAGGGCCTTTATCTG
STM0264 (GA) 5 AAGCAAAGCCTCCTAGGTC 58.0 TAMRA 13
TCTACGCCTAACAGGTCTGTC
STM0297 (TG);(AG)y  TCCACGCAGCAACTCATC 55.0 HEX 15

TGCATCAGGACGTTCTAGTCA

1.3 Hdisrtr

{# ] Genepopd. 0" {6 56 5 | 49y J2 15 17 16 7 AN SF- LA B S 75 i 5 Hardy-Weinberg S-£ ; i il Micro-
Checker 2.2.3"2 BR{4AG50 45100 TR AR AATETCRF ML SE B (] GenAlEx 617 FRAF 15T A0 I ) 25 007 35 [
BN AL (H, ) SERIRE B (Hy ) FIESE R B (F o) S8t 280 18 Bottleneck RPN 4 FREAE
UEHAR A2 TSSO 5 8 F GENETIX " AR AR I 18] 14 358 4% A3 AL R B (G M Fop) FIBERFTE (N, ) 5 ]
FH TFPGA " B4 4F Mantel 432446 50 Fh e (] () 1 28 B 55 30 A% AR AR B A AR G 1k bl T A 428 R AR %
HRLAEA KRR AT BEAFTEIEARDCHE |y 1 ARG 25 F o 35 45 e ik 19 A2 Ak i 3 B 42 55 AR BSC v (57 50k
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Mann-Whitney U test £ 55 AN [FAE S P (9352158 2R 28025 7 W 1, 1] Wilcoxon signed-rank test 46 46 4F %
FIAELE A8 1 Z RS 80E 57

(EBAEEEH L 1 Arlequin 3.5 BKPEIEFF R BEREDRUR B 1040 F 25 SA0T, B Structure 2.2 01
M3 SR TN T A AR TSR 2 K (HI N 9,10 AN, i IR G455 (admixture model ) , burn-in 34 100,
000 FI run-length %4 1 ,000,000, % 18 Evanno DV AK {8, 70 M7 1l BE B 3815 4544 W) s SR R 3 Tt /%
TR GenAlEx BAFHEATHE TR E I 38T (PCoA) o SRIT 2MOD 0.2 PRI AT 525 Fh i
PR YT I ot 125 Y22 (Y FH X 38 55 ( gene flow model vs. drift model ) o

2 H#R

S8 AT DR PR EOR AS AR SNV A | ZER T 78 P ) PO AT 5 1 T Y it ] I MR Bl 0 B ) R T R
IR 8 ARAAE A SRFIREC LI 1 FIR 1) Herb 4 AL TRV AL I I L X e i Vi i il ik Ao e ity
(LUR AR BINLIANRE) 5 55 4 LT VLLAR , Ji B2 iy #5 2 a iMAR plors ( LT fiFR e e AP RE ) . K& AE A
SRMIREAE IR H 22 8K, B/ NI R 1 S5 AR ATE ( BMY L A 23 MR ) 5 B8ORS B 1L (HS ) FIES 7% 5 (YLP) Fif
A RRELZ 500 %, B AR M A2 o He B0k, - Y 4H 53 5 R 4.37em 1 4.89em, B B K FHEFBE(F, ,, =
9.652,P <0.001) ; 75 Fi Bf i AR BOT- (B N 3.73—6.36 NS5, (H AN BE 2 5 AN R 2 (F,,,=1.993,P =
0.057) . PIRMFE B N RIS Wde e ASRZE S A L (P >0.05)

MH A JE Kb ( Houpoéa obovata ( Thunberg) N. H. Xia & C. Y. Wu) fl 2 £ £ 22 ( Yulania stellata
(Maximowicz) N. H. Xia) i i 1 7E R Lo 4B RERGE I 1 IF BAT 28V 51 936 8 X, EATxF 223 AMEY”
REIEARGINE] 105 AEERLEER B2 13 D (32 2) , Hor MoD4 514 A LR B £ (35 20 1),
M6D1 ¥/ ({1 8 1~) . Micro-Checker F Genpop JX {4 33 L6 T3 B A7 a5 P AR 11 21> A7 s #E A ) P
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Table 3 The genetic diversity and the results of bottleneck and 2MOD analysis for studied populations of O. sieboldii

FiE Population Ny H, Hy Fig MD MB TPM SMM Mode-shift test 2MOD
TTZ 2.38 0.16 0.31 0.50 2.76 4.10 0.039 0.500 L-shaped 0.690
YLP 4.25 0.23 0.43 0.48 4.89 6.32 0.422 0.719 L-shaped 0.471
BMJ 1.75 0.18 0.19 0.06 1.78 4.00 0.922 0.922 L-shaped 0.752
TZS 2.25 0.14 0.20 0.30 2.55 5.76 0.906 0.906 L-shaped 0.733
GNJ 2.88 0.24 0.35 0.31 4.37 6.36 0.078 0.500 L-shaped 0.625
HS 6.00 0.38 0.62 0.40 3.04 6.67 0.273 0.844 L-shaped 0.262
QLF 5.13 0.31 0.51 0.42 3.39 5.93 0.986 0.998 L-shaped 0.309
SQS 6.00 0.38 0.55 0.33 2.06 3.73 0.531 0.973 L-shaped 0.304

N, =ZE I L ( Number of different alleles) ; Hy =M Z% 5 & ( Observed heterozygosity ) ; Hy = W1E2 4% 4 & ( Expected heterozygosity ) ; Fis =
1T 32 230 (Inbreeding coefficient) ; MD =972 J{& ( The mean diameter at breast height) ; MB = -3 AR % ( The mean branches) ; TPM = 5 #H 5¢ A5 451 784
(Two-phase mutation model ) ; SMM =% 28 A5 #5 K ( Stepwise mutation model ) ; L-shaped Z&/RFEEA H B S0V ( L-shaped distribution of alleles
is expected in the absence of a bottleneck ) ; FFHES 5 W7 1

8 K ALAE A SRFIRE () -2 S FE R BT (N, ) N 3.83 LN Z & BE (H ) M 0.25  WIBR 5 B (H, ) M 0.40,
YLP F1 HS FlRf ()58 4% 2 REME R (H 23514 0.43 F10.62, H, >~ 0.23 F1°0.38) , BMJ Fil TZS Fff i) 15t 1% 2 k¢
PEBAR (H 505020 0.19 F1 0.20, H, A 0.18 F1°0.14) , K5I LU IX (B 9% i i i bRHS ) Bl 1 35t 4% 2 AR 240
(N H M H ) P AR THER L IX (DLER 4) o 8 ANFRREAE Ay S AR 9 oA 45 43 Tl A S P ) a8t 1% 22
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TR SR ) 3 PR JREARE AL (0.66 ) | 17 g B R L AR AR AR B 8 (0.38)

JE (Hy) SRR/ W 1 TE AR

agi iidap S Rl BERTA=OP R Y I

R4 KANLFEHSREMHENEESHEESHMERERITANER

Table 4 The mean genetic diversity index and statistical analysis results of Dabieshan and Southern Anhui populations

Ny H, Hy Fig MD MB 2MOD
BEIME Overall mean 3.83x1.74 0.25+0.95 0.40+0.16 0.35+0.14 3.11+1.08 5.36+1.21 0.52+0.21
L]} LA AA
j(j;]ﬂ.lﬁ‘ﬁf?Fﬂ]{ﬁ . 2.66+1.10 0.18+0.04 0.28+0.11 0.34+0.20 3.00+1.33 5.05+1.17 0.66+0.13
Mean of Dabieshan populations
EQ N7 A
)uﬁejﬁlﬁi‘q:ﬂ]{ﬁ . . 5.00+1.48 0.33+0.07 0.51+0.12 0.36+0.05 3.22+0.95 5.67+£1.33 0.38+0.17
Mean of Southern Anhui populations
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Fig.2 The comparation of the genetic diversity between young and old sub-populations within populations of O. sieboldii

IR M X R A AR R R 388 AL R BN G ¥IME N 0.315 (3 5) , Horh e KA H BUAE TZS A GNJ R[]
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A IEAHENE (Mantel test: r=0.436,P=0.020) , {H AP AR B 7 PN IX A0 IE ARSI A B (P>0.05) . FhEEE] Ay
SVARSEYIE R N, =0.340 , KA LRS- RE RN N, =0.632, 5 FRer R N, =0.352,

K5 SARLEMBEMEEDIULRB(Ger, MAKT) MW (D, AL L) /km
Table 5 Pairwise Gy, values ( below the diagonal) and geographical distances ( above the diagonal) among the 8 sampled populations of

0. sieboldii

TTZ YLP BMJ TZS GNJ HS QLF SQS
TTZ 32 37 77 201 254 315 331
YLP 0.176 15 45 168 220 283 300
BMJ 0.314 0.146 48 170 218 281 304
TZS 0.285 0.108 0.157 123 176 240 255
GNJ 0.485 0.412 0.541 0.546 70 134 140
HS 0.323 0.271 0.378 0.383 0.298 67 137
QLF 0.320 0.254 0.334 0.310 0.285 0.219 151
SQS 0.348 0.284 0.422 0.408 0.329 0.233 0.249

AMOVA 75 2253 M1 3 B HUREFR R 11 2 B8 A% AR S A AE TR R 1) (5 B AR 519 54.16% ) |, 1 ELAS [R) A 9
N R ARG R IEE R AR TRk, B2 255 b BGsE 22 551 24.91% (P <0.001, L3k 6) , Ei,
53T (] 3) Al STRUCTURE 3 # A5 5 ( 1 4) t—E S 3 Bl g5 3, N R T P9 10 R o AR R L S 4%
El %ﬂ‘j#gﬂo

*®6 XLZEHFLERH AMOVA 5314 R

Table 6 Hierarchical analysis of molecular variance (AMOVA) within/among surveyed populations of O. sieboldii

; B 520 i A S L AL/ % .

A fE R AT LD BRI
. . Variance Percentage C g

Source of variation df Sum of squares L Significance tests

components of variation/ %

ZH[A] Among groups 1 258.230 0.87604 24.91 P<0.05

ZH AP BRI Among populations within groups 6 350.407 1.02847 29.25 P<0.001

A8 Among individuals within populations 215 478.684 0.61434 17.47 P<0.001

AN Among individual within individuals 223 222.500 0.99776 28.37 P<0.001

S Total 445 1309.821 3.51661 100.00

3 itie

A LB IR LR SRR A AR SRk s IR T 1 L WY BTk E
BRI R J2 EEZ AR IR F T H 2B B 2 AL S B, o T2 i A B a2
REIE B N RS R AR A SR B A o s~ B e A T A RS AR 2 LA A A
B IR AR 5 TR YR A A MRS i TR BWAARMY B RSEBE RS,
AL RHE YRR 1L Z R X i Rl oAb/ NS HAR AN (H, = 0.88 ,H, =0.87) ™ B AE £ >
(H,=0.666,H.=0.719) ) Magnolia tomentosa Thunb. ( H,=0.650,H,=0.675) s SRR SCHF S R &
FEAEZRIBIX 1Y 8 A F SR Fh s AL ZAEME AR (H, = 0.25,H, =0.40) , B B A T X 63T ¢ fb | WIS T R & 4E
B HASEA (0. sieboldii ssp. japonica K. Ueda, H, =0.360, H, =0.427) , {HHFpHE[E] 43545 o0 (L F2 A0
(G, ¥MEH 0.315) , FE M BALAE FAAAE TR R (5 S22 R 54.16%) , W11 5 T8 I &0 E AN ( Houpoea
officinalis (Rehder & E. H. Wilson) N. H. Xia & C. Y. Wu) KA % (Alcimandra cathcartii (J. D. Hooker &
Thomson) Dandy) \ B £ £ =55, W & T2 E A MY HE (0.19) AR L EEF REMY M HE
(0.22)
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Fig.3 Principal coordinates analysis (PCoA) for 8 sampled populations of O. sieboldii
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Fig 4 STRUCTURE analyses results of 8 sampled populations in O. sieboldii
a: ANF K HIZ5A InP(D) F3{H; b AKHE Evanno 55 (2005) TH5 M AK {5 C: K=2 BRI ECATIE B R4S TR 3R 1

P AL SRRV RIE AR 25 M R ey S B R G RN R AR AL IR RN | A AR IR AR LR
FHRGZE RS X RAAENTE R B S IR A AE ST | A SRR BH RO R AR R R B 2 T e 2 S 8Os %
SRS IR) T A G Aop ( RIVRIRRE P9 844 AR PRI AR ) AR I ) 9 2 2R, R fE B AR A 5™, L] Wy
IR AR R AR S R PR | B i A BRI AR, 2k T A4 AR 7R M DX A KA AE AR SR BR A T 14K
1000 2R LA_E A9 B LLUbR , 30 46 2 S5 5 TR AR /0 8 LR f% e WA 5 PR 23 o T L I S8 A 358 A B, R
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