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Abstract: This study describes analysis of genetic diversity and spatial genetic structure of Korean poplar
(Populus koreana Rehder) in Mt. Odae using I-SSR markers. P. koreana is a deciduous broad-leaved tree
species that primarily grows in the alpine valleys of China, Russia and North Korea. In South Korea, P. koreana
is found limitedly in Gangwon province. Especially, the population in Mt. Odae is located on the southern limit
line, its importance is emphasized from the genetic resource conservation perspective. The Shannon’s diversity
(/=0.230) and the expected heterozygosity (/,=0.151) were relatively low as compared with those of other plant
species. Spatial autocorrelation analysis using Tanimoto’s distance showed that the genetic patch was founded
within 400 m. It is suggested that individual trees for ex sifu conservation should be sampled with a minimum
distance of 400 m between trees.

Key words : Populus koreana, genetic diversity, spatial genetic structure, I-SSR, genetic resource conservation, sampling
strategy

= T

*Corresponding author
E-mail: jwany@forest.go.kr

59

Ztge] shte] FALRE A HHA BEALS TE&4
o= wEstal #eld /o] S ATHCBD-COPI0,
2010).

&3 (Populus koreana Rehder, Korean poplar)=
WEUE3(Salicaceae) PopulusOll &8 SHEFLEL
22X F=, gAlor FEAGH B3] 4F Al 5
2%k}, 20]7F 25 m, Aol 1 mol| &at, sk =
SURE W R EAF O 2T o] AR HE A
of] gl AF3-o]F(dioecy) HAAIAE Zt=tt. Ake] &
= 6ol o w3 =& B3 A th(Lee,
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2006). =FH Y= 2AFA FEYV(P. maximowiczii,
Japanese poplar)®} €17 @0 FAFeIA| N Folo 44
o] L &o] 3k EFo] 3tk (Rehder, 1922; Fang et al.,
1999). E3A o] =] FEAZE Aoike eojit o
7} 7125 0] 2 21K (Chung, 1943) 25t 7)Ao T3k
AEARE BRI, 22 59 ouiit &l 850 m o
oA EFE U Yol RIS o]df] wht S ik
T Jeke] A2 Ro|2 EsAIR =4 S 7t
A7F =A Bk A o, EEUT AT HES
QA7 A7 AlFEE A o AN, B4 F, vhe] 2 o
U9 o2 &8s 98l Al 2 24 A (Kim
et al., 1986; Kang et al., 2004)5+ A5 o] FolH S MW &
A - A A= 3 vk gk

EAEAE o] &gt JeiHsh A4t= Helelhe 34
oA Fo] e X(resilience)oll th3ak 0| & 713k
S BA 7% REATES S VIRAEE Al
SHCH(Miao et al., 2008). -T2 Fo] A= 2 &S
o Ao} wl$- T3 QAT FHEAF AES B 3
o] f4 WolE FAstar g wistel digh Fe] 35
#HS o =3 4 vthiLande and Shannon, 1996; Reed
and Frankham, 2003). 21 &2 ol w2} == F W A
A fA ol met 553 ¥4 T2 E 4% ¥
7+ Z5 A 2HBerg and Hamrick, 1995), ¥ 2] 4]
(Vekemans and Hardy, 2004), 737 (Jones et al., 2006),
o]& 2l wA|A 287 (Chung et al., 2003) 5ol 23] 4
S W=t o]of wpel FIHH o= FrdHol e xfo]rt
Uepdth 2l BE dA] Aol Rt oyt 37k
fraFzd g Av= Jde] Aol & F17 HA
(genetic process)°ll Tt o3| & =] FTH(Williams and
Hamrick, 1996; Nettel et al., 2009). d¥F8 o2 7457}
AAY Aghd 25 Hole afde] A HEdY
(bottleneck effect), 7324 F-5(genetic drift), ZAIA} &3}
(founder effect) o1 o]a] AT}k o] Yirkw Ui 9
THLammi et al, 1999; Petit et al, 2003; Hong et al.,
2004). AT ] e 5 H T (homozygosity),
aoR o] f1% a9E veped 2d, 7| $Rst 5
s sl thgh Fehe] 2388 7HAAA A F HA,
Az & ¢S ZFrh(Lande and Shannon, 1996). L&)
22 ) At BXYGLS Hole EFE R Hdo] &
o 2 o] gguistel] s A-gHo] A & 7S AL
P FHAbd BES Q18 didntd o] Alggk Aol

wEhA] 2 At BT =
S 2 -SSR FAAE o] &3l FATIY R TR E

:

(o3
to
=
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X
oz
m T
(EURN]
i
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oX

Hatazt sigiet. o)) me At ZRAGE AR
o) nEGH £y AAY BPRS hasked Qo]

F08 /12ARE ATY 5 UL 2oz Anen,

IANAFRE AL FFE A5EE Qi A9 Ao
(B9 37°47 &7 128°33)0) Exshs BT Mot
S O oZ Sth B 4 g AYelA &
HE %o eFo|uy AXE APHY = A2 EEHA] &
Rom, F2 Fxo] Y3t AFS FAHoR B
AAT WA B AFolM = Al FHe s T4
S HA 15 m ol AZE FAEH S1AC] FA

22 Agste] o A5 A F A tH(Figure 1).

Y A EZFE QIAGEN DNeasy Tissue kit(Qiagen,
USA)Z o] &3 total DNAS FZ3lth -SSR #4415
#3 UBC(University of British Columbia)ol| 4] A &}%l
primer - A& go] 93k, 7§ 7 vk (polymorphism)
< Holn, THH band7} A staL o] £-o]3 8719
primerE & A3 o ARE-3FATH(Table 1).

PCR &7 WA 94°Co|A] 2 &<t pre-denaturation
3 5 94°CellA] 30%, 50-54°CollA] 30z, 72°ColA 1S
shte] cycle® ahed 358] REESIAAL, 72°Col|l A 1037¢
o FAAALE SEAHELS 2.0% agarose gelol] 180 V2

3.0 km

1.6 km

Figure 1. Location of the Populus koreana population sampled
for the study. The locations of individuals sampled in this
study are shown as black dots.

Table 1. Information of the eight selected primers.

Sequences Annealing

Primer TB PB PR

(5-3) Tem.
UBC #818 (CA)G 50 6 2 333
UBC#834 (AG)YT 52 12 6 50.0
UBC#835 (AG)YC 54 13 8 61.5
UBC#843  (CT);RA 52 11 2 18.2
UBC#845 (CT);RG 52 8 3 37.5
UBC#852 (TC);RA 50 7 3 429
UBC#853  (TC)RT 52 10 7 70.0
UBC#857 (AC)YG 52 10 5 50.0
Total - - 77 36 46.8

TB: No. of total bands, PB: No. of polymorphic bands, and PR:
polymorphism rate (%)
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3 UV trans-illuminator
5 gsien ol

EA &) data matrixS 2HA 513t

[-SSRE $ARAAEAN TP OZ Al HEF
zm— zte B A} olgHFA o] FHo] Bl
: A B

A ol A= Hardy-Weinberg®] 38 7173
FHAA ] s o]&at] At
Fack Jeke] fFaTdds 43871 <8l
POPGENE version 1.31 program(Yeh et al., 1999)2 ©]-&
skl oh A
loci; P), ] HE = 7]t X](expected heterozygosity;
H,), Shannon®] YA F(NTS ALtstAct. 4
TS Y87 Y8 WA 7F Tanimoto distances

ol gsl F7+4 A}7]/d3FE-4] (spatial autocorrelation)S
3R 200 m A2 7HE 22 Distograme 2Hd 3F3A
© ™, SGS version 1.0d program(Degen et al., 2001)
< A&t

H=s "éo

A=) H]-E(percentage of polymorphic

)
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VT frRio] Ao ARE-E 871€] I-SSR primer
oA F 77709 SEAHE] TAF O, primer T H+t
45709 T A TEEE A4S T UATK(Table 1). 4
S 799 A, oA frRkE RIS Py 46.75%,

o]FHIE 7INX(H, )= 0.151, Shannon?] ThFA X]4=
£ 023022 YEFSTHTable 2). QT4 S8 Rtk
< FAKSE AE A, *@i‘%}@ EAS Hole tE FE9
HJs|A] ol 7t s AAT. =, hAA F(H,
=0.250), AT FEAE Zh= (0.280), B 9
a3l 2 sh= F(0.270), vHE B =l o) FA] ko]
o] FA= F(0.270)54] ¥4k (Nybom, 2004)7} H] .3}
S o B 9 kg Boln ok B E R vY A
(section)ol] &381= P. cathayana Jdo|A] AF+E ISSR &
Z=oll 44 2] 0.190-0.325(Z; Lu et al., 2006), SSR ==l A]
©] 0.511-0.891(H,; Peng et al., 2005)3} H]aj £ o
T o] 5S¢ F AT

FrAThde A2 A EEH e ) 2 A o A
g8y 55 9 JFS P=th(Ueno et al., 2000;
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Table 2. Genetic variability parameters of P. koreana in
South Korea based on I-SSR markers.

Population N P%) H I

Mt. Odae 51  46.75 0.151+£0.019 0.230+0.027

N: The number of individuals, P: Percentage of polymorphic loci,
H.,: Expected heterozygosity, and /: Shannon's information index

2 ol WO R AolF MAPA, kgl A% %
A2 SiolE 5 AUTGPNS B FEOR §AL 5
Sl AVEISS AU 2ok, SIA| T K 454 (Habit
2 Zhe v BRa EgS W, e fATes 1
v ol erat Hvte] YA &l A2 4
B 54 WEQ Aoz ARt duHos Ry
Aol A FAA 2 252 A 2] 277} oA 3 1]
we, [ere] fTkel Shrka Seld QrkLawton,

1993; Vucetich and Waite, 2003). Z=3F AT ==
& SHE 9 FA; Bk ofgh {2t W (gene flow)E &
3 A = S7HEtH(Epperson, 1992). o]dl #isl] Q.
AP ESEHUY Y2 2 B4 Y RERE §43
o]gjo] AgtE]7] wfFoll sH FZF Wl F Aozt
HEENS Ao FFAT F32 w77t Ak
HAHo 7 ZA A 74 patch7| s} |32, 7 A3} o}
= Adel wj$2E AN & de FaNAITE 271
(effective population size)”} 7+2~SFCH(Fuchs and Hamrick,
2010). FEANALE] Z717F 22 Febe 23wl 2
A g 59 d3 IA vA ==ul(Hamrick et al,
1992), B2V ok GA] o] A3} vl w2 fATF
A4S HRl Ao AlgH HSo] BT o
FEol AR thE JhAlol D= 2S5 MAAAE 2
7] W2l ek e Ayl (sex ratio)7} fr &N A
A71E U & o= IS 7t hi—‘:]' Skl

I $ 44 g o e
. ]

F

et al.,, 2008), AWHH o 72 [ Ho|7o 2

&, 48, W15 5 AU5ge] k) st
Hg Heeo] Yok B A7 B Wby gay
o SATPS T e o T F2 5T AAAS
NEshe £ 54 uefs) 2 ), /150 5 dow

animoto2] F-AAE=
5]2] permutation 49l 2]
3l FdE A7k EH'C'?H %«]H < WS A7 95%9]
el A 400 m ool Fxsk= Al 7F FHA F
o] yepd 271 d o] IR E NS, 1 o] Hol
A 7WAE Zhelle dolExske 2o Yelth(Figure 2).
7158 A Al vepd B FEE9 3 /A
TZ2E AVEA, =AY (Pinus pumila)®] 735 12 m
(Song et al., 2012), S-E-AE7](Rubus coreanus) 20 m
(Kang et al.,, 2003), Al ZF|(Empetrum nigrum var. japonium)
10 m(Choi et al., 2004), S-SAF2=B = (Eurya emarginata)
24 m(Chung and Epperson, 2000), == 7y (4belia
tyaihyoni)= 12-18 m(Jeong et al., 2007) oA F7F
TF27F GAEJ =FE e 7] AFE Ve 7F
o] 3L 2 m °o]3fe] AER! A 2] 25 m(Lee, 2006)
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Figure 2. Distogram for P. koreana using Tanimoto genetic
distance with 36 I-SSR marker.

THA] Abets WA FEOR B AFAME FAES] ¥
7+ FE 103 m, Bt FLA 0] 25.5 emZ YERSTH
EgA T} 7|E A Aol A ] TR Aol F
o] A=A Aol RigE AR AlsHY wEA 5
FolHA BT} o] nighe) ogh SHE H]4to] o]
FolA= FF FFF(Quercus petraea, Q. robury=
50 m(Streiff et al., 1998), ZAU-F(Pinus koraiensis)= 36.8
m(Hong et al., 2001)0llA] #702 &ko] FA= At o]9
Hl W = EFHUT7E 93] 2 54 kS A3t
= A0 E Yett ol Fhit-Fet shbrt S 9
3 FA7L ATHE WEFAES 2 FFO2 FANE
7F AlgtE = v ST vkl o3 FA7F |
AW A= 540 TRl vgE ZoeR B
o1th(Berg and Hamrick, 1995). B=3F, 32 1}2] A2
A7 ARA, S7EH R Bstal MEde] 2 FHA
BAIYS S wf 7 Al o] Al a9le
g 3Fo] Zrget= A0 2 AFFHETHChung et al., 2003). T}
A EFEVE BES Q8 REFE AT Y A &
GEBT] ST B A S I TS
aate] H4 400 m ol’de] ATE = Alo] A g
Aoz e}

7 =
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A2 & (ex sinn) BE Whgo] AR o = HHrt &
FHYT] A EY 2 35 F57F =2 AT
xS AR S s FAAERSE TG0 X
45 B FAW AAA] BEO] 9AHOZ o] Fofzok
gk Aot} o]¢} H&Eo] SAste) mE At 4ol
thulete] Huhs HES B fduels B3 iAE
Ao 2A FYoto] Hfsle FHTIES AT

7o) 4 2k QRS the WA EA4e, Ae
W AB7E D FAY 5 S e AFEAGA
7

Berg, E.E. and Hamrick, J.L. 1995. Fine-scale genetic struc-
ture of a turkey oak forest. Evolution 49(1): 110-120.

CBD-COP10. 2010. Strategic Plan for Biodiversity, 2011-2020.
Tenth meeting of the Conference of the Parties to the
Convention on Biological Diversity (COP 10). < http://
www.cbd.int/doc/?meeting=cop-10.

Choi, H.S., Hong, K.N., Chung, J.M., Kang, B.Y., and Kim,
W.W. 2004. Genetic Diversity and Spatial Genetic Struc-
ture of Empetrum nigrum var. japonicum in Mt. Halla,
South Korea. Journal of Korean Forest Society 93(3):
175-180.

Chung, M.G. and Epperson, B.K. 2000. Clonal and spatial
genetic structure in Eurya emarginata (Theaceae). Hered-
ity 84(2): 170-177.

Chung, M.Y., Nason, J.D., Epperson, B.K., and Chung, M.G.



LOit EFH I (Populus koreana) J ] S04 2 344 f47%

2003. Temporal aspects of the fine-scale genetic structure
in a population of Cinnamomum insularimontanum (Lau-
raceae). Heredity 90(1): 98-106.

Chung, T.H. 1943. Illustrated manual of Korean trees and
shrubs. Choseon Natural History Museum Society, Seoul,
Korea. pp. 683.

Degen, B., Petit, R., and Kremer, A. 2001. SGS-Spatial Genetic
Software: A computer program for analysis of spatial genetic
and phenotypic structures of individuals and populations.
Journal of Heredity 92(5): 447-448.

Epperson, B. 1992. Spatial structure of genetic variation within
populations of forest tree. New Forests 6(1-4): 257-278.
Fang, Z.F., Zhao, S.D., and Skvortsov, A.K. 1999. Salicaceae. In
Wu, Z.Y.,, PH. Raven, and D.Y. Hong. (eds.). Flora of
China, Vol. 4. Science Press, Beijing, and Missouri Botanical

Garden Press, St. Louis. pp. 139-274.

Fuchs, E.J. and Hamrick, J.L. 2010. Genetic Diversity in the
endangered tropical tree, Guaiacum sanctum (Zygophyl-
laceae). Journal of Heredity 101(3): 284-291.

Hamrick, J.L., Godt, M.J.W., and Sherman-Broyles, S.L. 1992.
Factor influencing levels of genetic diversity in woody
plant species. New Forests 6(1-4): 95-124.

Hong, K.N., Kwon, Y.J., Chung, J.M., Shin, C.H., Hong,
Y.P., and Kang, B.Y. 2001. Spatial Genetic Structure at a
Korean Pine (Pinus koraiensis) Stand on Mt. Jumbong in
Korea Based on Isozyme Studies. Journal of Korean For-
est Society 90(1): 43-54.

Hughes, A.R., Inouye, B.D., Johnson, M.T.J., Underwood, N.,
and Vellend, M. 2008. Ecological consequences of genetic
diversity. Ecology Letters 11(6): 609-623.

Jeong, J.H., Kim, K.S., Lee, C.H., and Kim, Z.S. 2007.
Genetic Diversity and Spatial Structure in Populations of
Abelia tyaihyoni. Journal of Korean Forest Society 96(6):
667-675.

Jones, F.A, Hamrick, J.L., Peterson, C.J., and Squiers, E.R.
2006. Inferring colonization history from analyses of spa-
tial genetic structure within populations Pinus strobus and
Quercus rubra. Molecular Ecology 15(3): 851-861.

Kang, B.Y., Hong, K.N., Chung, J.M., and Hong, Y.P. 2003.
Spatial Genetic Structure of Korean Black Raspberry (Rubus
coreanus) at Mt. Chiak Using [-SSR Markers. Journal of
Korean Forest Society 92(6): 558-566.

Kang, H.D., Mun H.G, Park, L.S., and Lee, M.S. 2004. Effect
of TDZ(Thidiazuron) on Shoot Proliferation of Peace Poplar.
Korean Journal of Plant Biotechnology 31(1): 49-53.

Kim, J.H., Park, J.I., Lee, S.K., and Mun, H.G. 1986. Callus
Culture of Korean poplar (P. koreana). Proceedings of
Korean Journal of Breeding Science. pp.17-18.

Lammi, A., Siikamaki, P, and Mustajarvi, K. 1999. Genetic
diversity, population size, and fitness in central and periph-
eral populations of a rare plant Lychnis viscria. Conserva-
tion Biology 13(5): 1069-1078.

Lande, R. and Shannon, S. 1996. The role of genetic variation in

i

A 63

adaptation and population persitence in a changing envi-
ronment. Evolution 50(11): 434-437.

Lawton, J.H. 1993. Range, population abundance and conser-
vation. Trends in Ecology & Evolution 8(11): 409-413.

Lee, T.B. 2006. Coloured flora of Korea. Hyangmunsa. Seoul,
Korea. pp. 1928.

Lu, Z., Wang, Y., Peng, Y., and Korpelainen, H. 2006. Genetic
diversity of Populus cathayana Rehd populations in south-
western china revealed by ISSRmarkers. Plant Science
170(2): 407-412.

Miao, Y.C., Su, J.R,, Zang, ZJ., Li, H., Luo, J., and Zhang,
Y.P. 2008. Isolation and characterization of microsatellite
markers for the endangered Taxus yunnanensis. Conserva-
tion Genetics 9(6): 1683-1685.

Nettel, A., Dodd, R.S., and Afzal-Rafii, Z. 2009. Genetic diver-
sity, structure, and demographic change in tanoak, Litho-
carpus densiflorus (Fagaceae), the most susceptible species to
sudden oak death in California. American Journal of Bot-
any 96(12): 2224-2233.

Nybom, H. 2004. Comparison of different nuclear DNA markers
for estimating intraspecific genetic diversity in plants. Molec-
ular Ecology 13(5): 1143-1155.

Peng, YH., Lu, Z.X., Chen, K., Luukkanen, O., Korpelainen, H.,
and Li, C.Y. 2005. Population genetic survey of Populus
cathayana originating from southeastern Qinghai-Tibetan
Plateau of China based on SSR markers. Silvae Genetica
54(3): 116-122.

Petit, RJ., Aguinagalde, 1., de Beaulieu, J.L., Bittkau, C.,
Brewer, S., Cheddadi, R., Ennos, R., Fineschi, S., Grivet, D.,
Lascoux, M., Mohanty, A., Muller-Starck, GM., Demesure-
Musch, B., Palme, A., Martin, J.P., Rendell, S., and Ven-
dramin, G.G. 2003. Glacial refugia: hotspots but not melt-
ing pots of genetic diversity. Science 300(5625): 1563-
1565.

Reed, D.H. and Frankham, R. 2003. Correlation between fit-
ness and genetic diversity. Conservation Biology 17(1): 230-
237.

Rehder, A. 1922. Two new Asiatic poplars. Journal of the Arnold
Arboretum 3(4): 226-227.

Song, J.H., Lim, H.I., Hong, K.N., Jang, K.H., and Hong,
Y.P. 2012. Genetic Diversity and Spatial Genetic Struc-
ture of Dwarf Stone Pine in Daecheongbong Area, Mt.
Seorak. Korean Journal of Plant Resources 25(4): 407-
415.

Streiff, R., Labbe, T., Bacilieri, R., Steinkellner, H., Glossl, J.,
and Kremer, A. 1998. Within-population genetic structure
in Quercus robur L. and Quercus petraca (Matt.) Liebl.
assessed with isozymes and microsatellites. Molecular Ecol-
ogy 7(3): 317-328.

Ueno, S., Tomaru, N., Yoshimaru, H., Manabe, T., and Yama-
moto, S. 2000. Genetic structure of Camellia japonica L.
in an old-growth evergreen forest, Tsushima, Japan.
Molecular Ecology 9(6): 647-656.



64 IRl 41030 A 15 (2014)

Vekemans, X. and Hardy, O.J. 2004. New insights from fine-
scale spatial genetic structure analyses in plant popula-
tions. Molecular Ecology 13(4): 921-935.

Vucetich, J.A. and Waite, T.A. 2003. Spatial patterns of
demography and genetic processes across the species range:
null hypothesis for landscape conservation genetics. Con-
servation Genetics 4(5): 639-645.

Williams, C.G. and Hamrick, J.L. 1996. Elite populations for

conifer breeding and gene conservation. Canadian Jour-
nal of Forest Research 26(3): 453-461.

Yeh, F.C., Yang, R., and Boyle, T. 1999. POPGENE VERSION
1.31: Microsoft Window-based Freeware for Population
Genetic Analysis. Dept. of Renewable Resources. Univ.
of Alberta. Edmonton, Alberta. Canada.

201341 109 8 A4 20149 3¢9 14 A



