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Abstract: Camellia chrysanthoides, C. micrantha and C. parvipetala are three endangered Camellia species. In order to
understand genetic diversity and genetic structure of endangered species, SSR marker was used to evaluate genetic diver-
sity and genetic structure of 184 individuals from seven populations of these three endangered Camellia species. We ob-
tained 92 alleles from eleven microsatellite markers. On the level of species, the mean number of alleles (3.9), the ef-
fective number of alleles (2.328) , observed heterozygosity (0.520) and expected heterozygosity (0.501) of C. parvipeta-
la were higher than C. chrysanthoides and C. micrantha. On the population level, the effective number of alleles ranged
from 1.788 to 2.466 and the expected heterozygosity ranged from 0.379 to 0.543. The F, values between each pair of
populations ranged from 0.143 7 to 0.453 3, the Nm values ranged from 0.301 5 to 1.488 9. AMOVA suggested that the
variation was 65.72% within populations. Low level of genetic diversity and high levels of genetic differentiation were de-
tected for these three Camellia species. The STRUCTURE and PCoA analysis showed that seven populations were clus-
tered into two groups. One group comprised five populations from C. chrysanthoides and C. micrantha, and the other con-

sisted of two populations from C. parvipetala. In situ and ex situ actions should be urgently implemented as soon as possi-

ble.

Key words: Camellia chrysanthoides, C. micrantha, C. parvipetala, genetic diversity, genetic structure

W 45 46 45 ( Camellia chrysanthoides ) ( 2n =
30) /IMEAAESS (C. micrantha) (2n=30) Fl/NE4:
625 (C. parvipetala) (2n=30) &40 T E V5 7Y
Y = Fh 4 A ML (5K IR RT3, 1998
ZERR, 1995) o WM G A o34 TP e M 2R
H L NES LT AT T T PG AERE T A, N
GAET AT TP T B AT oA X2 HLR
Foperg Lt I 2 AN A S AT B9 A B8 Bl
5 BLRBATT BA — s W WL A0 (8L, 40 43 BT AE A Bk
PG RFSAL, R, 3X 3 S B Y B AR R R
NGRS I R A oA, i AR R A NE
AR O b R S A ) 2 U I R 4 58 ) S
WG (BT A 2017)

AL Z2 R A SRS W) B 3 N BE O 5 AL
T3, A8 FLE I AR 1 B4R ( Frankham et al. | 2002)
Xof 5T Wi S AL ) 38t 1% 22 R 3t A% 45 40 B BE 58S
{XBE T -5 BCY) FhHAG B9 BILTR] 38 ] DLy HE AR AP
WM 54 B 7 2 A0 ) s 42 1 B 8 L Rl ( Segarra-
Moragues et al., 2005; Su et al., 2017) ., F|/H>F
BRIC 0 J7 VAl 38 15 718 S B AL 45 0 & ok PR
Wi W b B 5 9 (Ryall, 1998) . % TE2 ( Mi-
crosatellites) #5 ic L MY f&j B2 & & J¥ 1] ( simple
sequence repeats, SSRs) , BAEGZaM L8,
Fe R M B E S MU FNAE A% A ) h Tz A A SR
SR TE YRR 35 A 2 ) — P AL T H (Li et

al., 2013; Gyorgy et al., 2014; Meng et al.,
2015) , WCILEARIC) 2 B T 45 7 3 6 A ) b
TR ZREE A AL 454 ( Yang et al., 2016; Ma
et al., 2015; Zhao et al., 2017; He et al., 2017) ,

AR Z2 REIE 0 A 2 DT A0 DR A G A ) A
B bR, B RE Y WG A W ) E AT R fR 37 i 2
HEH SR HE ( Cires et al., 2011), & T M4 16
A5 B AE TR /NG 4 AL 2% 3t A% 22 R L 33t A%
SRR OR WARGE PR, AT SR TR
PRICTPAL =G 4825 7 DR IE IR AL 224 P st 4%
SEK, BTE TR AT R AL Z AR PR AR AL S5 IR
PatT 5T 45 R AR ORI SRS

1 M5 7 &

1.1 ##4

W S AEZEF/INE B AL A 28 B A o I
(7K 2235 FAE 2, 1998; Ming & Bartholomew,
2007) ,Ming & Bartholomew (2007 ) $% /N4> 48 2%
I3 I B #7845 48 25 ( Camellia indochinensis) , {H J&
INIF SR SRS DA —EN2E
5t P AR B 5 AT 4 BE o 22 35 FAT: 35 98 (1998 ) 42
AN AEASAE R ST AR AT R A, FRATTAE R A
O3 AR XN SRR BN 7 ANFREE, 3 AN /NG S AL AR A
2 /NG AEASFRE 10 20 A SOR S FRE 5 B A A
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A, FhEE BHI FI BH2 WESEI B4 AR i R R
A3 em, 5P EEY &) (5K %28 AT 3,

1998) $fi iR Wi B AEZSAE M A 4~5.5 em A
£F o (HHE G AR 2R B AR A o AL A R, WA k3R

PRI B AEAS A 51 Bl , AR EE BH1 B9 70 A1 M2 it
B AEAAE AR AR B SR A M e MR L, PR e A
D3N X AP A D i i AE 2%, R AR 1) 1 B
2~3 T RO A S @ R B D AR T

BHEA AL R (TR 223k, 1979) B HAR 4~5.5 M5, T 5 DNA 425, MORSE IR | SEUEFR A
em SRS HABRAS 09 48 S A7 4 34 (2R VE AR BR FEAETEILAR 1 PR A L W 1, FEIEAR AT
L, 2013) ;BH2 PR M T AR AR ERER BT WY ARATE (1BK)
k1 =FMeEFTIHERERER
Table 1 Sampling information for seven populations of three Camellia species
Yy e " e b
(SEAERTA) g R wapw SR AEROR ORI
Species Population Location Geographical position (1 uae Op}l. aton 1 amp m}g)
( Voucher number) m) sie plant number
W e BH1 JeIN BAAR & A, 106°44' E, 22°15' N 305 <100 34
Camellia chrysanthoides Anzhen, Bingiao, Longzhou
(2017042201) BH2 JeIN B 1K S RS 106°47" E, 22°10' N 251 <50 32
Zicong, Shangjiang, Longzhou
INE AR NB1 FErET B AR 106°51" E, 22°09' N 337 8 8
C. micrantha Fengle, Xiashi, Pingxiang
(2014011601) NB2 SERETT B A B AR A 106°52" E, 22°09' N 370 12 12
Fengle, Xiashi, Pingxiang
NB3 FEAETT B A R A 106°51" E, 22°07' N 355 <100 35
Xiashi, Xiashi, Pingxiang
NSRS PT1 THIEIIR 2 IR & 4 107°08" E, 21°50" N 208 <50 34
C. parvipetala Paitai, Zhilang, Ningming
(2014011801, 2014011802) PT2 T B B AR AR I8 4 R 107°13' E, 21°49' N 492 <50 29

Name, Tongmian, Ningming

BT Total

184

1.2 DNA #ZHR0 SSR 43 &Y

KSR 9 CTAB i ( Doyle, 1987) 2 HUM F
5L DNA, M Lu et al. (2014) Fll Liufu et al. (2014)
NV R4 AE 28 FNR 4 AE AT R 3L 59 X T
Bkl 11 X5 A i 2 B E
MOESIMHTABIS, PCR ¥ IGEKRMERTF S
% Liufu et al. (2014) 0%
1.3 HiES

A 53 8 8 HE A Genepop version 4. 1
(Rousset, 2008 ) f il i 31 — i 11 4% °F- i ( Hardy-
Weinberg equilibrium, HWE) , 3f %] fir 5% P (=R
sequential Bonferroni 7 IF. ( Rice, 1989) , GenALEx
6.5 (Peakall & Smouse, 2012) BT & i1 FH
SEALSEN B (N, ) A BT AL HE B (N, ) W 2

B (Ho) WIBIR G (He) 16 E RB(F) £
SYERL R T 08U (PPB) S5 2 FEE TR EL, 7r 772 5+
J7 2257 BT AMOVA ( Analysis of molecular variance )
( Excoffier et al., 1992) F|H] Arlequin 3.0 ( Excoffier
et al., 2005 ) AL, IF HIZEAF GE 1 () 0 il
FEM A R Fgpo B (Nm) Al 530 28 2K
Nm=(1-Fg) /4 Fg,

B L 22 S i) FE Y 7 BT (PCoA ) A
GenALEx 6.5 % ff it 5., STRUCTURE 2.3
( Pritchard et al., 2000) X§ 7 ASFREESEAT 04T, AR 4
BAL I 1 22 S ok o BT DRI AL 254 . SR
N K=1-6, 8" K653 313247 20 ¥, Burn-in 10°
K, Markov Chain Monte Carlo( MCMC ) 5% 10° 4%,
IBATE A AL H A STRUCTURE HARVESTER
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Fig. 1 Distribution map of the sampling locations of seven populations of three Camellia species

(Earl & Vonholdt, 2012) 434, i85 i Fe fE st {4 2%
HE K, FIFH GenALEx 6.5 H1 (Y Mantel test £ 7
ASTRE Y 35t 15 BE B 2 7 5 b FR PR B (isolation by
distance, IBD) £F-7EFH KM

2 SR 5

2.1 ThEEEE S

11 AL AE =R B8 184 A (A St A6 2]
AALHE 92 A IR 8.364 (K 2) . T
AFPEE 11 A7 05 3 77 IR Hardy-Weinberg ~F- i K
5 K 25 R I A 9 WK B P i (P <0.05) , &
sequential Bonferroni % 1E J&5 , H A7 {7 s, TERS 7 F
#F NB3 fi B3P, BT A Bl i TR 2200 M

IR AL Z RIS BOT R R WK 3, T

PRI ACT b NGRS S R (N,) A
BAEN L EC(N, ) I Z 5 B (Ho) WA
JE (He) 43 & 3.9 .2.328 .0.520,0.501 , = T i
SACTFINMES LS . FEFIREKT L, 7 AP T
Byae i 2B (N,) £ 2.7(NB1) ~5.1(NB3) Z
], SF¥ME R 3.8, A RUEN FE (N, ) 1E 1.788
(NB1) ~2.466(PT1) Z [0], F-¥{EH N 2,161, Ml
&4 (Ho) 7F 0.409 (NB1) ~0.543 ( NB3) Z [,
FYIE N 0.487, MBI G JE (He) 1E 0.379 ~
0.543 2 4], F-34108 K 0.471 , e E AP EE NB3 , J A%
FEFIEE NBL(£ 3)
2.2 B

I AR SR IT M (AMOVA) 85 31 R |, = Ff
SAEZE A AR F 5 9.66% , Bl N B RE ] AR R b
24.62% ,FPHENE S 65.72% (% 4) , TEFPIN,
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Table 2 Genetic diversity information parameters of eleven microsatellite markers

Locus %éﬁl %éﬁl %éﬁl ’*;01 ’*;gx DI F ?F@Z iéﬂl
FLA2 9 3.9 2.283 0.592 0.535 0.974 -0.107 0.212 0.288
FLA7 9 4.7 2.635 0.605 0.602 1.118 -0.005 0.206 0.209
FLA20 12 4.3 2.741 0.591 0.567 1.060 -0.042 0.296 0.325
FLA23 9 5.0 2.492 0.626 0.567 1.092 -0.103 0.231 0.303
FLA27 6 3.4 1.980 0.436 0.435 0.757 -0.002 0.372 0.373
FLA30 5 2.1 1.653 0.286 0.279 0.457 -0.024 0.302 0.318
FLA32 10 4.3 2.157 0.521 0.495 0.904 -0.053 0.144 0.187
TER3 5 2.7 1.541 0.306 0.315 0.546 0.028 0.298 0.277
TERS8 7 2.7 1.777 0.320 0.366 0.624 0.126 0.481 0.406
TER18 12 5.3 2.428 0.643 0.567 1.108 -0.135 0.100 0.208
TER21 8 3.3 2.083 0.430 0.448 0.786 0.040 0.407 0.383
SE-14 Mean 8.364 3.8 2.161 0.487 0.471 0.857 -0.025 0.277 0.298

TE: Ny BHSAEEREG N, PRSEAFEREG Ny ABEFREREG Ho. WUMZRE B He, WG I HRIEH; F,. ik
SRR F,. BKESZREG Fg. w0 R

Note: N,. Total number of alleles; N,. Mean number of alleles; N,. Number of effective alleles; Ho. Observed heterozygosity; He. Ex-
pected heterozygosity; I. Shannon’ s information index; F. Inbreeding coefficient; F,. Genetic differences among entire population;

F,. Genetic differences among subpopulation.

x3 ZMEEFZTTIMBRESHEREY

Table 3 Genetic diversity indexes of seven populations of three Camellia species

- . . , AR
THER SR ] oy o CBfe
ot i e S K S g WEREC A
Species Population F PPB
N, N, Ho He
(%)
LAY iPN BH1 3.1 1.914 0.441 0.411 -0.066 81.82
Camellia chrysanthoides
BH2 4.2 2.064 0.452 0.451 0.013 90.91
F-44 Mean 3.7 1.989 0.446 0.431 -0.024
INE A AL NB1 2.7 1.788 0.409 0.379 -0.114 81.82
C. micrantha
NB2 3.5 2.349 0.523 0.508 -0.041 100.00
NB3 5.1 2.356 0.543 0.543 0.027 100.00
S-44 Mean 3.8 2.165 0.492 0.476 -0.038
NI AL PT1 4.3 2.466 0.508 0.540 0.063 100.00
C. parvipetala
PT2 3.5 2.190 0.533 0.463 -0.139 81.82
- Mean 3.9 2.328 0.520 0.501 -0.028
S Mean 3.8 2.161 0.487 0.471 -0.037 90.91

e Ny PRGN, ARG Ho, WSS 5 He. MBI F. M€ R4 PPB. 200 nUA ML
Note: N,. Mean number of alleles; N,. Number of effective dlleles; Ho. Observed heterozygosity ; He. expected heterozygosity; F. Fixa-
tion index; PPB. Percentage of polymorphic loci.
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R4 “MEAEFLITERAESIIN(AMOVA)ER
Table 4  Analysis of molecular variance (AMOVA) for three Camellia species

8 S 2 4 b

Sre 75 S p i Lo L R A
. - ercentage of variation

Grouping Source of variation (%) Fy,
FiA A AlL individuals FilE] Among species 9.66 0.34 =

A PIFPEENR] Among populations within species 24.62

FhEE N Within populations 65.72

FPFEE] Among populations 24.41 0.24 s
W4 4625 Camellia ch rysanthoides

FHEEPY Within populations 75.59

FhiFENE] Among populations 18.20 0.18 #x*
INEAEZE C. micrantha

A #E Within populations 81.80

‘ F#EE Among populations 35.39 0.35 s

INREAEZE C. parvipetala

FEEN Within populations 64.61

. ## FR P <001, TR,

Note: #*#* means P < 0.01. The same below.

x5 MBEEEIURBF,(NBLET)MERR Nn (MNHEZ%L)

Table 5 Pairwise comparisons of F, (below the diagonal) and Nm (above the diagonal) for seven Camellia populations

BH1 BH2 NB1 NB2 NB3 PT1 PT2
BH1 — 0.774 1 0.399 4 0.611 1 0.533 7 0.402 7 0.301 5
BH2 0.244 1 s 0.887 8 1.260 0 0.761 2 0.562 6 0.333 9
NBI 0.385 0 s 0.219 7 = — 1.489 9 0.728 4 0.580 2 0.381 5
NB2 0.290 3 s 0.165 6 s 0.143 7 s — 1.301 2 0.791 4 0.439 3
NB3 0.319 0 = 0.247 2 s 0.255 5 s 0.161 2 = — 0.586 8 0.375 1
PT1 0.383 0 s 0.307 7 s 0.301 2 s 0.240 1 s 0.298 7 s — 0.461 4
PT2 0.453 3 sk 0.428 1 s 0.395 9 = 0.362 7 s 0.399 9 s 0.351 4 = —

AT 53 78 S KR 3 BB AE A T AR N,
SAE A A RER A S E 24.41% , FhBE N E S5
75.59% 5 /INAE 42 A6 2% Fh B (B) A8 5 1 18.20% , P i
PR 5 7 81.80% ; /N 4 48 4% b B 1) 28 57
35.39% ,FhBENAE 5 5 64.61% . Wi FhBE A 19 35 1%
I REL F g AR R Nm W S TR, F fE
0.143 7~0.453 3 Z 6], Horp 1 4 Ap AR F o (H/N T
0.15;6 L FhEENR] F, (H7E 0.15~0.25 Z[8], 14 4 Fh
BEM] F o KT 0.25, UL R RE R 0L K. Nm 1E
0.301 5~1.488 9 Z[a] {4 3 2HFh ¥ a] 3 K K
T AR R AR, S AR A F/INE 4 AR
2 0L BB F o, 0 0.173 1, 3 42 48 25 A/ Nl
SAERFNE I R B F oM 0.258 3, /NE S ALK AN

INIE G AE AR R A fE R B F oM 0.206 8, 4 48
RE/INE SR, N 4 A6 A5 5 Ho A
Tl G B2 I ALK .

STRUCTURE HlI PCoA 43 AT = Fh 4 fE 45 18 1% 45
K45 B LA — 3, STRUCTURE 43 #7455 s,
7T AP 184 MR IR AL K=2( & 2)
PEHS T AR5 10 2 AP EERNIE S 18 2% 11 3 4>
FRRER S o A5y — 4, NS AE A% 2 A FhBE
AR AAR 50— 20 (1 3) . PCoA 43 Hr 45
(FE4) 7 ASFRREFTA ARG R w4, B 42 4
Z00 2 ANFEERUNE ALY 3 DRI R —4,
NG AESS 2 ADFRE S S — 4 02D 4
ARV FRRE B B A0 JF , R R BEPT L 42238 T /NME
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AAEZH) 3 N EE, Coord.1 Fl Coord.2 43 T
18.76% Fl1 12.59% 1) 578 5, Mantel test 25 5 3% ]
7 AP ) H 2 I B R 35 A2 R R 55 A IE AH DG M
HAEE (R =0.084 7,P=0.23) (K 5),

3 it

3.1 BN

AL Z2 R 7K 2 DR MR 3 I ARV T 1Y
HH K & ( Frankham et al., 2002) , — kv,
FAEY) T Wi A5 A Py L BN RSy (8 Fh e 2
BARAKF- B 15t Z R (Spielman et al., 2004

BH1 BH2

1.00
0.80
0.60
0.40
0.20
0.00

NB1 NB2

3.5¢1 Deltak=mean(|L"(K)|)/sd(L(K))
3o}

2.5}

2.0}

Deltak

1.5}

1.0

0.0

2.I0 2.I5 3.I0 3.I5 4.I0 4. I5 5.I0
K
Bl 2 o s 4B K SATHE AK 1 E R
Fig. 2 Relations between the number of determined
group K and estimated value AK

NB3 PT1 PT2

EH A
C. chrysanthoides

NEEHE
C. micrantha

N E R
C. parvipetala

Kl 3 =fh4 b4 STRUCTURE 70 Hrés S (K=2)

Fig. 3

FERRD 4T Principal Coordinate (PCoA)

A a
L)
0’. 0 ‘o ‘%“

o* 3t§ ¢ - “‘ A

- A

. s H
" ma - BH2
g o Ma & * NB1
4" Voadas, * NB2
AA T Fofda " NB3
a s PTY
f“ . P2

2 Coord. 2

"\

7

Ly
>$’"

%R 1 Coord. 1

B4 R AEZR F B ST (PCoA) H 2R
Fig. 4 Principal coordinates analysis (PCoA)

of three Camellia species

Gao et al., 2017) , SFEEHEY ML, =Fh & L5
()1 Y S S VB IV, AU R 2 5 BE He XA (it

STRUCTURE analysis of three Camellia species

8. 000,
7.000 4 log (1+GGD) vs Fgr (1-Fs;) .
~ 6.000 y= 8 1236x + 0.8148 .
> Y R= 0 0847
Y 5,000 Jp=0230
= 4,000 5
~ 3 000
2.000 "
% 1. 000 /
8 1.000 )
i ¢
0.000 482 . P

0.000 0.050 0.100 0.150 0.200 0.250
HIBEEES | og (1+GGD)

Pl 5 g e g A0 2 g OC R I
Fig. 5 Correlation between genetic distance and

geographic distance

SAEAS N, =3.7,He=0.431 ;/NMES LSS N, =3.8,
=O-476;/J\%Fj‘z ZX,N,=3.9,He=0.501) ,{i%
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TR @A IR SRR C. flavida , A ( 55 7 FE
$)=4.4,He=0.555] ( /KM, 2015), RIEZ
[ C. taliensis A (A LN FEE) = 6.776, Hs ( 3
R ZHREE) = 0.597 ] (Zhao et al., 2014) , iR KT 1L
% (C. japonica,A=16.5,He=10.84) (Ueno et al.,
2000) FIZE (C. sinensis,A=4.3,He=0.64) ( Yao et
al., 2012) . PRk, =B 4 46 2% X546 0 280 AH X 341K
KER G 2, 2R st i Z R R R
B LR, WA AFIRSE | B4 A A2 g 5 X4 (Ny-
bom, 2004) . =F 4 A28 o0 A M AR B8 JF HL
NATTRT AL AT B A A B 1) B A R X - b Y T & R
F, S ST A B A= B/ T B IF 52 B 43
At A FIRE I S BRADEE A BCHS D T 100, 4304
M B FhAE /N R Ak o0 A T RE BT =M
AR TR AR Z R
3.2 mfESEH

= AR S T R ) 7 A e K 1Y st A% 3 b
(K 5), Hh 8% 701 R F, (UAEFHE NB1 FI
NB2 Z[H]/NT 0.15 , F77E th S FE BE (1384 o0 1k, e
Ul RI R 22 6] £ 7E 55K (0.15<6 4L BEN] Fy fH <
0.25) BiE R KAt 1% 434k (14 A M fE R Fo, (6>
0.25) (Wright, 1968) . N HETE] F g, 78wl it 4
1645(0.244 1) F/NE4A AEFS (0.143 7,0.255 5701
0.161 2) R K ML 504k, /NI 4 A 25 B0 I A R
8] F o, 2R RAHAE 21 (0.351 4) , KFRFATH)
Fofr PR R 0] 35 % 53 AR (B, P RE 2 B R /N R 4 A6 %
FRRE PT2 2K IRST (0 /NF B I 1, 3
TR W5t % o Al 25 S A [R) J 3 2% R 1R o8 4 46
ZAHP AN R (R, 2015) SRR S AL 2
TR AT 22 Fi, b 35 DR 2 2 ) 0 35 4% 23
R EZERREZ — (BR/NE, 2000) . 7 A Fp#E E
FEEE Nm BN (3R 5) AR 3 LHFEETE Y Nm o R
T 1, MR8 Wright(1931) BRI, LA 4 A BEE] Nm>
1 I PR 3 A RE AR 5t 4% T A8 i VR, O By 1k 35t
FRARAS B R FPRE ] 5t AL A i R A 4B T
PRI 1 (1% 4% 4 J R 4 3 P =3 22 0% 7 22 0
Ko TER S AP 0 A 5%, TR 8 4 AE 4 (Wi et
al., 2017; ZEEFEHE, 2017) JHAS (PR Z
45 2010) FIRFEAS (Liu et al., 2012 ) BFhF 5546
WAL RE AR 1 A7 B, 5 80T FhE E) B A B i

i1V SR O £ o O o L 2 B el el K A
A3 BRI T A6 R RN 8 Fh O B) 08 9 1, S S5O
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