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Genetic Diversity of Cultivated Populations of Alpinia oxyphylla in
Guangdong Based on SSR Marker
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Abstract: In order to understand the genetic diversity of Alpinia oxyphylla in Guangdong, the genetic differences
among 166 germplasms were studied by using SSR molecular markers. The results showed that a total of 88
alleles were detected by 14 pairs of SSR primers, and the effective alleles of each primer varied from 1.198 to
3.279 with an average of 2.599. The Shannon’s information index ranged from 0.736 to 1.890 with an average of
1.107. The variance analysis showed that 20.87% of the variation came between groups. Based on principal
component analysis and genetic structure analysis, the 166 germplasms could be divided into four groups, which
did not show the regularity of morphological characteristics. Therefore, there were high genetic diversity mainly
occurred within population, but the classification based on morphological traits and the clustering based on SSR
molecular markers could not achieve the consistency.
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WAL B A N TR, 8 5815 1700~
3500 tO0 AT ISR, fRBE T a8 BT B
FIUSCEE . ORAT . PET AR, BLACAE R e A
T B AR A R 5 4577 THI B BIE S, AN B 2 3
WK, WORd TR A B

FX T Ay B R RS, R
TR BHRVEE . JERRRAE 2R, DR MR E
SUB I FC AL AERI B BLP). Wang Z5UOVR| ] ISSR
(inter-simple sequence repeat)7> FARCEI A, NN
B A ERAG RS NSRS, BitEd 4
TR B AR BRUEOR R AP 2 A B S [ o i e
BB R . B AE R IR B, 28
BAEAERIG ST MAFERON F 5 M2 8, AMAkE
U, HRANEA RS —EE, P RF
K RN FIIEAIX 3 AR AT AE R %00 26 2
BT R SR A B AR E BB MIR . TR
R SIS IR E TS5 R, AT AE— e AR
b SOBR A AR AR S (R FE R AR A R
T8 2 P T PR ) B T ISSR AR MR G R T3&
RPRIRIRRLGE RA T2, — I HRR MR
A2 BAL Y BTE, WAZHFR SLE R AR
GEMGER FE R M, S —J5m, ISSR Af
i P BEAL 51 R AT 3 B R R VE AN 5 . FENS
#J, SSR (simple sequence repeat) & 1L & il B f& & it
2t DNA 15 31 A T 2% O B AR A 35 55 5 0 ) 45
R, BHE&EYMRRIE, THTSEEREGTM
a4 U014, SSR KN 100~200 bp. PIf TLE H
HE BB HAERENRRIR, R
GO T TR BB RO AR S El ] e
WEL B PRI FF AT R R, AMTERZE
AR SSR 73 FARICEOR SR N T 2 Mk
MAEVIRIE AL ZREE T H AR AOAR 8 FIHR S
P P e S S5 A 1410,

20 A2 70 FATFE, | R A NEER 5 M i
F AP AL 2L 4 000 hm?, R % AL X ({5
B EMEAEPER T BT R RAEE L
EreEi G, SR E RS, SEHEA
ITARB BN 2 R R AR, TSR RE
B, PEERLE, HUEMESEAFI0, KR
FIH SSR 4 FARICHLARE R 7R 48 2 B Bk 3G A4
BEATBAL ZAEE R T T TT, PRI st AR AR
B ARSI SRRy, )T AR R
Tt BEUR B ORI B i Je R Ak B 3R AR IR AR AR

1 MRLRN 71

1.1 FARE

ARG 25 B (Alpinia oxyphylla) MR 9K E T
AR S B A EE A e R,
EM T ERE A SR REE R IR B
BT AT DL BRI T P XS B AT . ARYE 2R
SRR A RHE 25K 53 9 10 DM RFA(Z1~Z8.
DA F1YC), #£ 166 i RHE 1), K&t BBt
o, TIAN-80 CUKFEIRFFH T 542 DNA #2HL.

Tl MEHARERR

Table 1 Sample collection information of Alpinia oxyphylla

ki TEASFHIE Kol

Population Morphological character Number
Z1 R, IEHERE Medium fruit, slightly elliptic 17
72 AL, B Medium fruit, lanceolate 18
73 /AN, 5 Small fruit, lanceolate 17
Z4 AR, BT Medium fruit, oval leaf 18
z5 KAHEE S Oblong fruit 15
Z6 Ky Large lanceolate 15
z1 KR Big round fruit 15
z3 /MR Small lanceolate 17
DA - 18
YC - 16

1.2 DNA 2B 7

A8 FH b 5 R B B ) 5L 5 2H DNA 4 Bt )
& DP320 $2H s B EF I 7 DNA, 2 1%5 b
Jiz FL UK ANAZ R AR A 65 46 S5 M B 22 50 ng/ul, H
TR SR AN T

1.3 SSR 5|#¥H 1%

23 %f SSR 5¥sk H TARFIRYGER 2), 4 PCR Y™
WP A RS M2 AN R 14 X5 GER
3)o SSR H3 e NiAR R EARF N 10 ul, EFE 2% Tag
PCR Master Mix 5 uL, #5#% DNA 1 uL (50 ng/uL), I
eG4 0.1 uL (100 ng/ul), Fi#514 0.4 1L (100 ng/uL),
W M13 514 0.4 L (100 ng/uL), ddHO 3.1 L.
1 [ NARFT: 95 C AL 5 min; S8J5 95 CAEME
455, 52 C~62 ‘CiB-k30s, 72 ‘CaEf# 30s, Jt
35 AMEH: fea 72 °C ZE{#H 20 min.

1.4 SSR 3= r#7
SSR # ¥ K F PopGene (ver. 1.32)P2E47 1844
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Table 2 Sequence of SSR primers

5% Primer IEM 54 Forward primer (5'~3") JZ 71514 Reverse primer (3'~5")
Y71 GGTAGAAGGATGTGCCCAAA ATCCACGTTTAGGTGCGAAG
YZ2 AAGAAGCGTTGGTGAGAGGA GGGAGCCAACTCATCTCTGA
YZ5 GAGGAGGACGAGGAGAGGAC CCAACAGCCCTTCTTTTTGA
YZ7 ACCGAGACTCCACTGCGTAT TCCTCGTTACTGTGCAATCG
YZ10 CCATGGTTGTCGAGAAAGGT CACATTGCCTTCCTCTGTGA
YZ12 GCTGAAGGGAAAAGATTTCG TGGAAAAGTTTATGGGTGTGC
YZ16 ATGTGGAGTCATCGGTAGCC TATGTCACCTGCGACGTCAT
YZ21 CGCAATTTGAGACCATCTGA GCATGTTTTCGGAGGAAGAG
YZ22 CCAAACCCTAGCACGACAAT GACGTCACGAATGTTGGTTG
YZ23 GCAGTGTGGTAAGCAGTCCA GGGCCAAAATTGAGTGCTAA
YZ24 CATTCGATCTCCTTCGGTTC CTCATGAATGCTCACGGATG
YZ27 CAAGCTATTGCCACGTGATG AAGGTCGAGCAGGAGTAGCA
YZ31 CTAAAGCGCCATCTCCAGTC GGCCATCGTGTAGAGGAACA
YZ44 CAGGAAGATTGCGATGAAGC ACCCTACTCCTCCCATCTGC
YZ45 TTGAAATTTGAAAAGCAACATCA CGAATTGGAAAGTAATTATATGACC
YZ46 GATAACTTGTCTTTCCTATTTCTCC CCTCGCCATCAAAATCATCT
YZ53 TTCGGTGGAAGACAGAGACA TTGATTCTGCCTCCCATTTC
YZ60 TCGACATGAAATCCCTACGA GTGAAGTGAAAGGGCGAAAG
YZ61 TGACTCCAAACTTGCAGGAG AGCAGATCAATGCACGTGAG
YZ65 GCGAAACCCTCTCATCCTTA CCATCTCCTCGTCCTTTTCA
YZ66 ACCTGATGAGTTCCTTGCATC AGCCAAATGAACGGACAGAT
YZ67 TTGACTTGGGTATGGCAAAA GGACCCAAGAAGATCGAACA
YZ77 TGTGAACCAGGGAATCCAAA AACTCACTTGGAGGCCAACTT

3 L SR
Table 3 Genetic diversity of Alpinia oxyphylla
2y MEB (V) BAEEFEE (V) AR (V)

Shannon’s 15 285 (D) MM AR5 FE (H,) WIHEREE (H,)

Primer Number of Number of Effective number Shannon"s information Observed' Expected'
individuals alleles of allels index heterozygosity heterozygosity
YZ1 166 3.800 2.324 0.883 0.493 0.468
YZ2 165 3.200 2.141 0.809 0.146 0.460
YZ5 165 4.300 3.167 1.176 0.659 0.633
YZ7 161 2.400 1.845 0.682 0.364 0.429
YZ10 164 3.400 2.669 0.966 0.589 0.542
YZ12 165 4.100 3.031 1.176 0.679 0.644
YZ16 160 4.400 3.279 1.235 0.425 0.655
YZ21 166 4.500 3.041 1.055 0.563 0.518
YZ23 166 4.800 2.822 1.074 0.468 0.541
YZ24 164 3.100 2.149 0.654 0.090 0.337
YZ46 166 4.200 2.892 1.167 0.696 0.649
YZ53 162 4.500 2.838 1.052 0.354 0.555
YZ60 145 4.100 2.994 1.123 0.591 0.608
YZ67 142 1.400 1.198 0.190 0.159 0.123
*F-4) Mean 162 3.729 2.599 0.956 0.448 0.512

ZFMS0H, 1H5 Shannon’s {5 .45 %1 (Shannon’s
information index, 1), {73 % (observed number
of alleles, N,)« A &4 F: K % (effective number of
alleles, No)» WA FE(H,) WIEIEE(He) B
A7 1] 3 [RI AT (N, ) FI Neei’s 38245 2 251231,

FIF Arlequin (ver. 3.5.1)7 #1 A4 [a] R LA N
eS¢, AL RVEE AR (8] 1) AL Ak R (Fy), AT
AMOVA 73177 ZMBZ 501, Z3“Number of
permutations” X B A 9 999, “Number of permute-
tions” W B A 100, & ME/K-F B 0.0524, FIH
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Structure (ver. 2.3.4)3 {5 AR 3E AT 3B 4% 25 44 73 #r,
FIH Structure Harvester 115 AK {E A LnP(D){H, it
FREA B EE KAEP). R R B4 (www.r-project.org/)
o ape B[ pcoa AT PCoA FAAKR I HT, 4%
HREA AT B

2 S RANIH

2.1 BAEZFEES T

SSRALEAZAM MK 3 W, 14 X 547E
166 13 Fedi o 2R 5T LA H 88 A4 HE A,
Xof BRI 507 2R 1.198~3.279 AN, T 44 3.729 4,
Shannon’s 15 B IEHUN 0.190~1.235; MM A& N
0.090~0.696, “1*33] 0.448; HEEI A E R 0.123~0.655,
P15 0.512,

BRI AE S REPE LR X H PopGene #17
TRARIBAE ZREME TR 4), TEURIAIA R AL L R 5
H/ANA 1,653 A, KN 4.023 4, T 2.599 4

R4 BRI L 2

Table 4 Genetic diversity in Alpinia oxyphylla populations

SRR AT 16,121 ANAMA, K E) 3.721
ANEELf7 FE R AL A Shannon’s 12 B8 20N 0.520~
1.463, YJME N 0.9465 WL G B A1 HIEE 4 5 FE 4y
W75 0.328~0.683 F110.385~0.714, “F-15143 4 0.448
F00.512, HAr, DA BEK Shannon’s 15 B F8 50K
. 9 1,463, SEAL I DR HORIAG 2805 Ao 5= R 2000 i)
N 6.000 F14.017, R DA BHABEAE 2 FEME RN
FE

BEBEESMOTT MRS AT, B A
(AL 1k R Fy N 0.043~0.265, “F¥24 0.131,
0.050 <F,<0.150 196 27 4, 51k 49.1%, 0.150 <
Fy<<0.250 [ 15 2, /it 27.3%, KUZE 8
5K R0 3 A ) Ak T o 5 i v A > AR B . Z4
1 Z5 BEARREAL 7 R 5 =, N 0.265, BAKI
A& Z2 fZ3, 40.043,

AMOVA T ZE4H ML 6w, fERZFN
K- P<0.001 R, 20.87%[1i AL A8 Sk A= TE AR [,
79.13% B 5 AR S R AETEREAR N, 150 A 2 R AR

y AMEEL (V) GALEERE (V) AREEAIEEEL (V) Shannon’s {5 B84 ()  WMMAEEE (H,)  WIREREE (H)
HEAR
Populati Number of Number of Effective number Shannon’s information Observed Expected
opuiation individuals alleles of allels index heterozygosity heterozygosity
Z1 16.214 3.357 2.406 0.898 0.409 0.505
z2 17.143 2.357 1.857 0.621 0.328 0.385
Z3 16.357 2.429 1.766 0.594 0.356 0.369
Z4 17.357 2.143 1.653 0.520 0.347 0.322
z5 14.643 4.571 2.858 1.142 0.453 0.591
Z6 14.857 4.643 3.224 1.212 0.474 0.621
z71 14.286 3.429 2.374 0.937 0.488 0.532
78 16.714 2.714 1.815 0.632 0.355 0.374
DA 17.786 6.000 4.017 1.463 0.683 0.714
YC 15.857 5.571 4.023 1.441 0.590 0.703
“F¥J Mean 16.121 3.721 2.599 0.946 0.448 0.512
FEAS S TR TEREAR Y, BRIV LB 35 AK = mean (LK) / sd (L(K)
3.0r
2.2 BRI T 25
FIH Structure 4 PEIET: VIS HRAT 16 5
Bt B A B SR IRHEAT W) BEAR G R o b, SRR s
W, M KAER 4N, BRRERMERRRE ) h '
R N s N N N N N 1.0¢
SERT I, R A G B A AR 20y 4 AR o B

(K 2). NBERIB AL 5T LR, Bk 22, 73,
74 F1 Z8 [t AL seBONARAL, BER Z5. 29, Z10
BONPRST I 1k, TR 21, 26+ 27 75—

34 5 6 7 § 9 10
K
B 1 AN[E K B/ AK fH AR

Fig. 1 Changes in AK at different K values
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Table 5 Fy, among Alpinia oxyphylla populations
FEK Population Z1 72 73 74 z5 z6 z7 78 DA YC
Zl sesfeskok
Z2 0.087 ok
Z3 0.104 0.043 HokE
z4 0.156 0.075 0.062 FHAE
z5 0.151 0.212 0.219 0.265 HrEE
76 0.085 0.103 0.121 0.140 0.082 HHEE
z7 0.085 0.058 0.083 0.084 0.162 0.076 HHEE
Z8 0.091 0.050 0.056 0.075 0.207 0.095 0.072 kkk
DA 0.179 0.226 0.237 0.258 0.109 0.119 0.165 0.230 ok
YC 0.139 0.165 0.169 0.184 0.129 0.091 0.124 0.161 0.089 ok
R 6 mB ALK AMOVA 7
Table 6 AMOVA variation analysis of Alpinia oxyphylla populations
AR SRR Variance resource E HE Degree of freedom A5 2414y Variation component (D) P
AN Between groups 9 1.015 (20.87%) <0.001
F N Within group 322 3.855(79.13%) <0.001
B Total 331 4.865 (100%)

SE B AR TS (B 2).

PCoA FAhrar T4 KK 3), FrlMETE
Y E] BRI SRR A RRAE, KRBT 43N 4 4
X, A XEEMUEKRE Z1. Z2. Z3. Z4. 27 F1 Z8
FEARMAMAE, B X EZAE KA Z1. Z5 f1 Z6 ik
f)M4, CF D XN 25k 5 YC 1 DA Bk, H

1.0
0.8
0.6
04
0.2
0

1 2 3 4 5 6 7 8 9 10
& 2 28 B EARIBAL S5 H . 1~8: Z1~Z8; 9: DA; 10: YC.

Fig. 2 Genetic structure map of Alpinia oxyphylla population. 1-8: Z1-Z8;

9: DA; 10: YC.
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Fig. 3 Principal coordinate analysis map

1, C IXIHEARIE S R, P auh DX
FIEMRIES AR, R, ROk A IXHTfER
AN REFKAD, MTaRAD0: BIX
FIHERR IS R RS INR, R KA D, &
SR 5 RAVRFIE 2 8] R 2 B W 8 St

3 AR

VIR B AL AR B I S 2 b ] AR SR
BEUA B E RAEFFE M2 mR27, Wright!?® g ik
PR B L S ACRREEEAT T RI2 0<F<0.05 &/~
AN, ATDAAE BB L 0.05 <Fy <
0.15 KR T 2K 0.15 <F,<0.25 F£onivifk
KR Fu=0.25 RoRBAE SR . A TR
F SSR 43 FFRicixt 166 43~ 7577 2 B4 A i b AT 1ot A%
ZREMENT, TR AL L RECN 0.043~
0.265, Shannon’s T8 HIIME A 0.946, & T r= B
AT 0.337 3121, B AR BT 1) 25 A BT B A%
ZRERE, BUEE SR NE R

AW FAETE A 73 IS0 mb 0 B A8t 4% 4544
SN, K 166 43 AR AR AT N 4 KRR, B
T PCoA 73 W 7E 42 1] b [FIFE R I 2B 0 AT
fiE, {H 4 /DI a3 B AR IR R TE RS
FHERRUE M, RIIEET 2 FArid R4 R
AL Z FIARIR RIS, 5T A1 73 BB A
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AR AT MR AN F T 51 A 3G R R
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PR S RS, M PRREL A, T
TP IAETVERI TR 238 JLHAP, R MR A
ARG RIREE, LA, PR BINMEIRE 5 %
BN B RIR B T4 B0 4 kAR 2 A R R
AR ZEPOL B =, SIWIBCR RN o> TR L HERTE, A
WHFLRTE I 51008 14 %5, 5IPA R 2678 o6 0 %
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