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Assessment of the Minimum Population Size for ex situ Conservation of Genetic Diversity

in Aster altaicus var. uchiyamae Populations Inferred from AFLP Markers"
Changkyun Kim™*, Hojoon Kim’, Hong-Keun Choi”"
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H A1 HEUAECl TR Ao (Aster altaicus var. uchiyamae)®] A& L= 4

L Bask AAAASE A SIstol SAEIACh BRIARAlE RIS QI v AelA] 22 §7cky
1 542 B3l s EA51% k. AFLP(amplified fragment length polymorphism) tt#& ©]-83F 57342 oo 24
A3}, F 4709 zetolm] 2gto] tisiA] 936712] WL ER1E Yl om, 11 5 9347]9] WHE(99.8%)7F TS Hol
Qith. ThopEAo] A ol A GATFEA(PPB = 45.3%, h = 0.104, I = 0.168, hs = 0.108)2 =& SZzo
Uehton, A 7F 9dA BIln(Gsr = 0.075, 0° = 0.079)= W 4220]3ith. AMOVA(Analysis of molecular
variance)#-4] Ao A= AA| f-82 Hol F 91%7F AT WellA Hol= ¥Hd, 9% ZHAlE 7t ®lofof] 7] 1%k
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ABSTRACT

Aster altaicus var. uchiyamae is on the list of endangered species in Korea. Using amplified fragment length
polymorphism (AFLP) markers, we investigated the genetic diversity within and among four populations
(Guram, Dori Island, Samhap, and Danyang) of 4. altaicus var. uchiyamae. We also present the collecting
strategies that most efficiently capture the genetic diversity of 4. altaicus var. uchiyamae. Four AFLP primer
combinations produced a total of 936 bands, of which 934 (99.8%) were polymorphic. A high level of genetic
diversity (PPB=45.3%,h=0.104, /=0.168, hs = 0.108) was recognized within the populations of 4. altaicus
var. uchiyamae. A low degree of genetic differentiation (Gsr = 0.075, & = 0.079) was detected among the
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populations. In addition, analysis of molecular variance (AMOV A) showed that genetic variation was greater

within populations (91%) than among populations (9%). These results indicate that the high rate of gene flow

has played an important role in forming the present populations of 4. altaicus var. uchiyamae. According to

maximization strategy, 17, 16, and 11 individuals captured all of the genetic variation in Dori Island, Samhap,

and Guram population, respectively. The determination the minimum population size of 4. altaicus var.

uchiyamae in terms of the genetic information is critical and thereby gain reliable decision support for ex situ

conservation of the endangered species, A. altaicus var. uchiyamae.

KEY WORDS: SENDANGERED SPECIES, GENETIC VARIATION, GENETIC DIFFERENTIATION,
GENE FLOW, POPULATION STRUCTURE
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ok B2 o (Aster altaicus var. uchiyamae (Nakai)
Kitam.)= o]\dA 2202 oJHjA|(2n = 18)0]H, &FAYo]
E(dster) ] T ERa-E0l Ho A F2 (< 3mm)=
Helo g Aldo] 7153}t Chung and Kim, 1997; Chung
and Jeong, 1999). 2 A&EL | 1(5F0F HU|x ofF
o, FAEE T Ao shHW e B AL R o]
Folxl #ukgt gH7 o)A A5t Hyun, 2001). TeF&5
Aol A F A 7| oA E IeaFToE 3
& P A W A 5 Q17ke] 7ol &fste] w
ARA7E AHEpR A e o] thHyun, 2001). EA71A] ThoFs:
FAolof thgt A= 9L, A, 34 5 FE FHEe o83t
R At AMA ol gt Alashs A Fol
V=S W ARG 7S AAE 4 e AT
W E= AT 7He] fA TS d(genetic diversity)of] T3t
¢t oFA7HA] o] FofZlHE Gt (Chung and Kim, 1997;
Chung and Jeong, 1999, 2000).

AEZolut hAITolA FATS ol gt A= 4
SEoIU A 55 5 Astkallel digt AR E Al
(Hartl and Clark, 1997). 53] HE$7] &5 Bl
QeliAl= sl Foll et A B2 54 53 37
Aol digt AR S a5ith(Frankham et al.,
2002). HE27] Y FATEE AT 2719 =2
A A S 2 Qlth(Van Treuren et al., 1991; Kim et al.,
2008). 2 AAE] A9 44 35 (genetic drift)o] L}
221w Gnbreeding)oll ©lako] 47 ATFEAo] Fol5
T, WS el A3 4 QU Selo] gagon A
ol = Ale}A] A Eok(Barrett and Kohn, 1991; Ellstrand
and Elam, 1993). wepA EE917] A& Fofl gk 7HAIT
2719 g WIS shetskn BAAES 2sh] s
L grrd, A2 7o) 4% Bole 0 e 5

& mgels AAE S5 A7 S Eolof Ft,

HE7] o A Y(ex sit) B gt F 240l
s glow, AR o gt e A 542 sk
172} seed banksE o8¢k whotof tigt A4 5 ok o
2 8% 31 Qlth(Washitani et al., 1997, Matsumoto et
al., 2000). E3F -2 dX] ¢ HHS $slAl+= sl
2ol BATHAE olgato] AE el $474 ool
et EAARE IAR AASE ATy AleE AF
Sz A7 AP E|ofof & Ao|thKim et al., 2009). #A|
Q] HAS 913t HATA|l] AP AHEA] Al AE
= EY 7 A5 B9 oyt aeAQl fAREY s
5] QA slck(Brown and Briggs, 1991).

E oLo]|Al= AFLP(amplified fragment length polymorphismy)
o) g:3to] =) Eheps o] Aol dhat A}
AL, AT 29 $1F 2akw D §
FORH, o] A0l AX| o HAE 913t Fa7)A
7](minimum population size)E A4 3s}aLA} st}

o
—
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SRl
lo

T
1. M=

7A71% ot EUH, AR, AT S5 9o 9
< 5 471 7RAliH(population), 137 A7) A H(subpopulation)
oA 397/ A| et S5 T TG EA7IEAE Y o]4]
A2l THAE 2Tt} T 40470H1E FATHES 4
o AHg3H9ithFigure 1). BeRsRAo] AAEE e
e} shue] mefet AR o]2olzl Hutsk S
ASstar glglom, vlg=a], A, Zotx]E Fol T &4
sl HAE, Dol R 53t e o) meiFe] Sl
Atk 2t AT M2 A o8-8k JMAITtY AgE
24 2 m o]Fo® [ABHHA aTfAITEY] A7)l whet
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Gangcheon-myeon
Gangcheon-ri

Gyeonggi-do
Yeoju-gun

500 m

Guram Population Dori Isl. Population

cB CA

200 m

Samhap Population

o

200 m

Figure 1. Locations of four populations of A. alfaicus
var. uchiyamae in South Korea.

[IR==1X

10 - 907HA|ZRE e R At ZF HAIwe]
719} A B2 PAE A= Table 13 2ok,

al
=

M

=

2. Genomic DNA £& AFLP £

oA YR E Ao 2EE Genomic DNA prep kit
(Solgent, Daejeon, South Korea)S ©]-83}o] DNAS &
3} & Spectrophotometer(Geneflow, Lichfield, UK)E A}
3101 HFSIATE, AFLP $41S 9jo1o] $41 7t A2
=2 F NAE AEsto] 12709 AFLP Zeto|n 23k
So) 24T A3 AjHes B WolE molk 47)o)
AFLP Zgtoln| 2315 AAsto] AFLP EA4of ARg-st3itt
(Table 2). & Aol ARE-3H AFLP A2 Kim er

al.(2008)3} E-<l5}}.

=2 ==

Tablel. Geographic information and sampling size of A. altaicus var. uchiyamae populations in Korea

Population ~ Subpopulation SPA N Location
Guram GA 2,900 11 Gyeonggi-do, Yeoju-gun, Gancheon-myeon, Guram-ri
GB 14,500 33
GC 20,000 30
GD 10,000 30
GE 1,000 10
GF 3,900 25
GG 5,000 31
Subtotal 57,300 170
Dori Island CA 9,100 32 Gyeonggi-do, Yeoju-gun, Gancheon-myeon, Dori Island
CB 40,200 90
Subtotal 49,300 122
Samhap SA 8,200 14 Gyeonggi-do, Yeoju-gun, Gancheon-myeon, Samhap-ri
SB 5,700 66
SC 500 15
Subtotal 14,400 95
Danyang DG 200 10 Chungcheongbuk-do, Danyang-gun, Danyang-eup
DA ND 7 Danyang Agricultural Technology and Extension Center (cultivar)
Subtotal 200 17
Total 121,200 404

SPA = Subpopulation area(nr’), N = sample size, ND = not determined.

Table 2. Polymorphic bands obtained with four AFLP primer combinations

No. Primer pairs Total bands Polymorphic bands Polymorphism (%)
1 E-CAAC/M-ACGT 228 227 99.6
2 E-CACT/M-ACGT 238 237 99.6
3 E-CATG/M-ACTG 234 234 100.0
4 E-CACC/M-ACGT 236 236 100.0
Mean 234.0 233.5 99.8
Total 936 934 -
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3. tzEH

AFLP 3ejoln] Zglo] the} 7} sizedl 3sl Mes
B Sa) AR e, ME] £R4 el et
Zdstd 7%, 2WsH gow 0o TYslsch 4
YRR dEy WES AT 5 9 o)
L . CR TPC P ERTE
9 X A thokAd-2 POPGENE 1.31 Z213(Yeh et al.,
1997)& ©]8-3}o] PPB(percentage of polymorphic bands),
Nei’s(1973)9] 54 A} thofA(h), Shannon and Weaver’s
(1949) index(DE -5Fgo0], AHZ 7+ G044 Hape
(Gsnt FHA BE(Nam)S AAFSHATE ESE Hickory
1.04 g 72 0]-g35}o] Bayesian approachof 2|3t 54
chakA(hs) 2 WA 7F AA Balw(0 ") ALtskc
(Holsinger and Lewis, 2005). -+-2thFA Q] 7iA Y B
MAE 7He] A& BEFAS Arlequin 3.1 T2 1S
0]-8-3}o] AMOVA(analysis of molecular variance) £4]-&
S} th(Excoffier ef al., 2005). /WA W S-ATHIFA X4
(PPB, h, I, h)Sk AARle] 7] B S wATre] i
AL SAS 80 TRIWL olgsfo] EAHUTKSAS
Institute Inc., 1999). A7HF 7+0] S-ATA = &4 7
#)(pairwise @st)S 72 MEGA 4.1 Z213< o] &3}
o] Neighbour-joining(NJ) 4% &2 2HA 3} thH(Tamura et

b

al., 2007). 27§41 He] 44 ALk 223 ALt
AEA = TFGPA 1.3 &1 (Miller, 1997) o83}
o] 5000 HH2-S- =3} Mantel test (Mantel, 1967)5 43
ahelch. W) 9] WAL o3t A2 RS A7) olF o
o] Al AAHZH, A, s dde s 72 AT
WollAl 95%0]/4d9] RIeE Kol g dMEnts £40
eIl on, MSTRAT Z2I17]S o]&35fo] A s}qitt
(Gouesnard et al., 2001).

2 I
1. AFLP CtEd ¥ FHCEY

TFE R o] ThAITEe] AT B4 o AFEE 4712
AFLP xzlo|n] Z3lo| Al F 936712 HIEE &8t o
™, o]Z 93471(99.8%)0l| A T+ /dS Ho]F S THTable 2).
7} AFLP Zeto|m] 3= g9l WMEel oy We
e HT FE BojRodnh gAYl AT &
HriepA ol WS PPB = 453%, h = 0.104, [ = 0.168,
hs = 0.108 %2 ZA = 3{t(Table 3). /HAlT W FHTHSFA
2 o Al A 7 =2 ®ol(PPB = 90.7%; h =
0.146; I = 0.246; hs = 0.130)2 Ho]F9 o, choF/fA|<
ol A 7} & WHo|(PPB = 39.4%; h = 0.103; 1 = 0.163;

Table 3. Genetic diversity within 14 subpopulations and four populations of 4. altaicus var. uchiyamae in Korea

Populations Subpopulationsa PPB (%) h 1 hs
Guram GA 24.8 0.073 0.115 0.101
GB 50.5 0.100 0.166 0.100
GC 43.8 0.090 0.147 0.095
GD 57.6 0.119 0.195 0.110
GE 22.6 0.080 0.120 0.103
GF 34.8 0.089 0.141 0.097
GG 49.3 0.111 0.178 0.105
Population level 81.1 0.109 0.184 0.101
Samhap SA 30.0 0.092 0.142 0.104
SB 71.0 0.124 0.207 0.110
SC 50.6 0.130 0.209 0.118
Population level 77.9 0.125 0.211 0.113
Dori Island CA 55.6 0.125 0.202 0.116
CB 88.8 0.151 0.254 0.132
Population level 90.7 0.146 0.246 0.130
Danyang DA 26.8 0.092 0.140 0.112
DG 27.8 0.085 0.132 0.104
Population level 39.4 0.103 0.163 0.113
Mean 453 0.104 0.168 0.108

Abbreviations used for subpopulations are explained in Table 1. PPB = percentage of polymorphic bands, # = Nei's(1973)
gene diversity, / = Shannon and Weaver's(1949) index, hs = genetic diversity using Bayesian approach.
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hs = 0.113)5 UeR 2lth(Table 3). 3t =<k, =24, 4
AT W 27HATE el fvkeldS Bl g
& o9 £& Btk dlE 5o 2 AE W 770
2ANATY FAGFL(PPB)S 7B-5- 2/ AT GASlA =
24.8%%F H3l W 27AIE GDOA = 57.6%9] Hol&
LR Siet. Tg7iAltoll A= 274l DG(26.8%)2F T
sU7IEAE Ul o] Asto] AulE-el A HAl DA(27.8%)
Tbolli= HSRh Rt S HojF=lthTable 3). 2714
o W kel aviAIRE 271(ell, PPBF 270AIT
o] 37]: R = 0.848, P < 0.001)1} L] AA} 505t
Ao ABBAE HoAFAKel, PPBSL B8A WA R’

0.486, P = 0.008).

23t ¥ IHZ *X

Bayesian approachol] 93t /HA|5- 7+ 9414 Halre (o)
£ Al 7HA 9] mdo) whet B At 7P W2 DICEES
Ho|= ffull model)of|A] 0.0792 LEFFTHTable 4). o]+=
Nei(1973)0f] 93t 544 £3&(Gsr = 0.075)2F AR
zolnt Hopsngel AR 1S4 BB AR
(Nem)i= 6.15%2 Uretyith ghefaiaio] At + 719
ASL 2 iEstol AMOVA 245 At AA| {4l

Table 4. The population differentiation (&) calculated under three different models using Bayesian approach

Model 7 0" DIC
Full 0.999 0.079 31169.6
=0 0.000 0.051 31235.9
Free 0.483 0.070 31747.0

“inbreeding index within populations; "Deviance information criterion

Table 5. Summary of Analysis of Molecular Variance (AMOVA) for three populations of A. altaicus var.

uchiyamae
Levels of variation df Variance component Pa
Absolute %
Two hierarchical level
Among populations 3 5.75 9.0 < 0.001
Within populations 400 58.47 91.0 < 0.001
Three hierarchical level
Among populations 3 4.49 7.0 < 0.001
Among subpopulations 10 3.02 4.7 < 0.001
Within subpopulations 390 56.64 88.3 < 0.001
Total 403 59.45 100.0

"Levels of significance are based on 1000 interaction steps.

Table 6. Genetic distance matrix based on AFLP markers using pairwise estimated values of gst (below diagonal)
and geographical distances (above diagonal) between 13 subpopulations of 4. altaicus var. uchiyamae

Sub-

. GA GB GC GD GE GF GG SA SB SC CA CB DG
populations

GA - 0.4 0.7 0.8 1.6 1.8 22 4.6 43 4.0 1.8 2.4 84.6
GB 0.039%* - 0.3 0.5 1.4 1.5 1.9 5.0 4.7 4.4 22 2.9 85.0
GC 0.051%**  0.010%** - 0.3 1.2 1.3 1.8 53 5.0 4.7 25 3.1 85.3
GD 0.061** 0.022%**  0.018*** - 1.3 1.5 2.0 54 52 4.8 2.6 33 85.4
GE 0.187%*%  0.120%**  (.]43%**  (.082%** - 0.3 0.7 6.2 5.9 5.6 34 4.1 86.2
GF 0.150%**  0.108***  0.123%**  0.081***  0.109%** - 0.5 6.3 6.1 5.8 3.6 42 86.3
GG 0.116%**  0.083***  0.085%**  0.048***  (.078%**  (.085%** - 6.8 6.5 6.2 4.0 4.6 86.8
SA 0.189%**  0.126%**  (0.136%**  0.095%**  0.146%**  (.133%**  (.073*** - 0.3 0.6 24 3.0 80.0
SB 0.142%*% 0.100%**  0.109%**  0.064***  0.103%*¥*  0.091***  0.054***  (.033%** - 0.3 2.1 2.7 80.3
SC 0.148%**  0.110%**  0.119%**  0.061%**  0.104***  0.115%**  0.055%**  0.071***  0.046%** - 1.8 24 80.6
CA 0.168%**  0.123*** 0. 131%**  0.104%**  0.145%**  0.148%**  (.112%*¥*  0.120%**  0.094***  (.103*** - 0.5 81.5
CB 0.143%%*  0.110%**  0.116***  0.095%**  0.135%**  0.138***  0.106***  0.113%**  0.098***  0.093***  0.015%* - 81.9
DG 0.261%**  0.175%*%  (0.193%** (. 135%**  (.189%** (. 191***  (.113***  (.148%**  0.074***  0.086***  0.138*** (. ]3]*** -

"Abbreviations used for subpopulations are explained in Table 1. ** 0.01 < P < 0.001; *** P < 0.001.
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% 91%7} AR ) A7) zholel Al 7]9let Aoz 1} ¥
ehton GuAous ARZre $44 Hel s B T S
Aolek. w3 AAE 7k WAL 7 AR U 5 37K g g
AZog o] BAG Aufo| A 27F2 el §H7 S so-
W01(88.39%)7F 7H =7 vkt o, A 2H7.0%), & s |
AT 7H4.7%)9] wlo] o2 E Itk Table 5). T )
crokso] 7|2kl E o] o] 4] Aule AAZS Aelet 13 3 s0-
N 2AAE 2l §AA A2 (pairwise @s)E T3 A} : 1
ZUNAE W 27042 GASH GC7Eo] 0.0102 AR E, ©
%%]-7]1%”%1’}1 5\—7H%”TT—L GAQ}' 19_"%}7]1?4]7}14'] 5\—7H%”TT—L DG “ [¢] ! 2'0 ' 4'0 ' slo ' slo ! lz)oI 150 ' 1:'10 ' 120‘170
Zl.ol 0.261 % ﬁqi]% E%]_Q_i’ ;ﬂ;‘(ﬂ Eéi%k% 0.109% Number of individuals sampled in simulation
UElt(Table 6). Mentel test21} A7fAE 7F 4% A I
elot Bel Ag) 7ol Gojgt 4TS o= soz (B
UERFTHr = 0438, P = 0.001). 2713 7+ G424 A ISERCE . ::D&
= o] gdlo] N-J $AES 24e At A7]% olF2 o Ll
B 30 MAREY, B2, ATHe SeppA 2 H
THEEE A BolFehFigure 2). EI FUHAIZTE A E
= AT W 2R 2 AT 92 s v S w0-
AR YL A 7R Rl T ]
91218k ek ©
3. Igj Il 2' E Ix_.l % _?_l @. _,:El _4_ 7H i‘" _Jlk_ ﬂ.g Number of individuals sampled in simulation
2 A ol 95% ol MEE moj gy W ()10 e
S PRI A 3157, AR A 36470, =2 E wod
ARl A 399702 B glek. At k) ojgt 4 -
Ao 27N 7+ AR Y ZE YA et F 8 ;
2GS AV AT, ZOAA AL 1I71A), Ea)A g
A ZN A= 17AA, AR Zl M= 1647 = vreby 5 g0
ChFigure 3). =gt FA Q1 T Fo] o 2 Al ;
GA “° o ! 2I0 ' 4:) ' AIO ! 8I0 ' 9I5
ﬁ Number of individuals sampled in simulation
e N Figure 3. The level of genetic diversity captured by

—
CA .
—': | Dori Island

SA

B Samhap

sC

pG| Danyang

0.01

Figure 2. Neighbor-joining dendrogram for 13 subpopulations
of A. altaicus var. uchiyamae based on genetic
distance(pairwise @st) of AFLP markers.
Abbreviations for subpopulations are listed in
Table 1.

simulations for determination of minimum
population size based on AFLP markers
from three populations, (A) Guram, (B) Dori
Island, and (C) Samhap. The solid and open
circles represent the average level of genetic
diversity captured in a given number of
individuals sampled by maximization strategy
and simple random strategy, respectively.
Each data point is based on 20 independent
replicates. The black and grey arrows indicate
the minimum number of individuals for
maximizing genetic diversity by maximization
strategy and simple random strategy, respectively.
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Y Hagel 2o Lol 83714, = el A A4l
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1. RHOYY
WA Wel A A
AE Btk A Govt Rixst= IF-F2
vl 444 f5 = FHao] ofsto] e
< Yeldt(Hamrick and Godt, 1990). Tof&E A o] 7Hxﬂ
FollA] TE SATtorA o] WHPPB = 453%; h = 0.104)
o spgolsule] o2 BRaEs Hwd 39 BE 4E
o etk % Ui FFUE AWl Ao 2
k= thdAAY 28AI(2n = 18) F21 A. asa-grayi(PPB = 10.9%,
h = 0.041)Y} A. miyagii(PPB = 19.9%, h = 0.077) Et}
3] A HeEthMaki, 1999, 2001). 42, 3= 5 4
Aoz A -Er:‘?é}% S =H(A. spathulifolius; h = 0.102)
= H3t 22 HojFQItiMaki and Morita, 1998). H|
= ‘:}ok%—‘:r"xé*o]ﬂ =Ujoll AlghAQl B2 P2 Heltt st
cete SO AUl SHoA e A3 Helow =
< AT AT & e AR AlrdEnh U2
Honshu®] Yamanashi® ¥} Kanagawadlof|qt A|3t4 o2 E
Eajol, wepRAolsl §AE A BAS ol 4
kantoensis(h = 0.142)9] Qo= =& FHTTUFALS Hol
th(Maki et al., 1996). I TFE Q2o 72 = T}49] AA|R}
Ato] o)t Aolth(Xue er al., 2004). L] W] o
sto] th=0) iAIE0] T ol FFeEN MEA A=
WA WollA TS A 4= ok ] TR
o] AT BlaA] Ztof Q1914 1 o] g o] 7
A el %X*EF’WO] Had v S8t Agke] 32X
0’0‘71 ol & AT AT 4 Sk

2agole] i
= upt gle 7H><ﬂ:rl i ‘PT'X s SAZ O] A=
MEshe o T4, 2, ZEAolsolA A7HEE
e EO]‘; B 2HA. kantoensis®}; A. spathulifolius)T} &
AR AT S Kol Y X wHE ASskE 4
asa-gmyl"ﬂ H 3l =& FAGGAES Hol=dthMaki et
al., 1996; Maki and Morita, 1998; Maki, 1999).
GapssAo|o] 2k AREL SATIUAS Wmet 2,
S5 @ MATEE 7= AFddio] Asst= 370 7iA)

gL

(=, =4, Aol vls 4] W TS
K|S9 th(Table 3). o= T7iAlTte] AU e] 7HA|
=0 Hlsl AH o R 22 AT 2719 F2 S
2 Ko7 mizo|thTable 1). 242 AT & ZAAS
of vlg] A or FHA Fgof 23t 3 A wrot
MAZE W GATtkAlo] £o]EA Ech(Barrett and Kohn,
1991). o]&fgt 34l Tk FA o] JhAIE W ATt
I A 271U SR WA fojg Ao AAE
Holo® XA Hr}

&
4 5ol e ch, HLEE ATo
ol Y] A& F(Gsr = 030 - 0.59) E7bpE2 AlEs)
+ tHAA AE(Gor = 0.23)0]) HIeiA &2 A4 E3keE
K oltNymbom and Bartish, 2000). & Lo A #ztg]
o0l of AV 2 4% $5F S2(Gor = 0.075,
6" = 0.079) EIRES AFsls thdA A8 FHE
- v Ao slefEigic, Ee vreps Aol ARl
704 RIS SRgolhel e BReEa v
3 ALo= A Yyelyth ol& £9], A. kantoensis(Gsr
= 0.145), A. miyagii(Gsr = 0.477), 3|=H(Gsr = 0.491), A.
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