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Fine-scale Spatial Genetic Structure of a Small Natural Stand of
Populus davidiana in South Korea using AFLP markers
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2 9o ®islete AASA A AEe] AE] fEiMe HAg FATFES AT ¥ ot A9HeHS 4
Folof AtE AHFH R olojubd & Yt} vk {fAThgd ol %74?‘71 ZasHl i @E}O] dEsty &Y ¢
Aol AXA Eot. £ dFe FH Jdom FH shiolu FA] el o AR ARV Jee] £
T2E THSAT et v AT ES WA BEHA 14,000 m*l] AE-S 3500A 2 FEEH, R
o A3 70 mx70 m FAFE &3 123704 F 6U/HAIS A SR AFLP WHAE o|f3le] Aol E 24
ST ZARP ARV e Hek 16d H 32d Aol om, A FH BEe ofsk 23 FHE o)F
3 »l"i‘:‘r AFLP primer 624 1967 S3FiaS glsielen, o] F 157e 934e Bt primer 239
Hi FAAESE 32.7@ETEHA=72), olFHTET ZIHA(H )= 0.154, Shannon®] TFFA A4=SL)yE 02542 e}
WA, GOt ARV vkt ARV H e seto] vt UH% e fATHES Ll 9 = Ae= Yyt
ok 3 FAFERE 24 m oJHolX EEsk= JHAIE 7Rl §AF fAPdol UERoH, AR WA IYE &
2R BAGoZ st vluA e friwge] A4E o= A7 %E}.

Abstract: A locally adapted plant population under harsh environmental changes might survive for a long
generation through maintaining proper level of genetic diversity. When it happens losing the genetic diversity
too much fast, the population could be declining and probably become extinct. An isolated small population of
Populus davidiana was investigated to study out the genetic diversity and the fine-scale spatial genetic structure.
The estimated number of adult trees in the population of Mt. Worak, South Korea, was 350 in the total area
of 14,000 m?. The number of adults in a study plot (70 mx70 m) was 123. The average age was 16-year-old
and a 32-year-old tree was the oldest. The distribution of individuals was slightly aggregated in the plot. Sixty-
one among the 123 individuals were randomly sampled to estimate genetic variation using AFLP markers. One
hundred fifty-one (77%) of total 196 amplicons were polymorphic from six AFLP primer combinations. The
average number of loci per primer combination was 32.7 (S.D.=7.2). Expected heterozygosity (/,) and Shannon’s
diversity index (S.1) were 0.154 and 0.254, respectively. These values were extremely lower than those of other
P davidiana populations in South Korea. Genetic patchiness was showed within 21 meters by spatial
autocorrelation analysis and the isolated small size of population might be mainly attributed to the formation of
such small patch size.
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AR (Populus davidianays A U2 Leuce 22
Trepidae ©F8l 48] I (Cervera et al., 2005), L
20m, AE 1 m7HA] Aghs 9HEy 2508 2L 49
of grmaFR Iu, FA= 5970 sttt AL
SFeFA (Choi et al., 2013), ZA= 7FH-A1 2 20 0H(Kim,
2009). S5 Aok, T, Yo EEsaL o, FEl
= AEEE, HdE, Gt = Buike F4 o
S 400 m - 600 moll A= G50, FHEe F2A
o] Fato = 4] Ath(Noh et al., 1994). th
1-?_?\:} ./‘,_:F/l [] o] ] o} 71—0_11201]}\1‘— /\].HL;Q o=z & 7]_11—
2] ol A A% 7] % 3cH(Chang et al., 2011).

APA LT 5—7— —r—é—%% H2jo] a1 Aol mEm, Fx
Aol Z717F 2 54 wiiol] dEfse] By FFo
2 o]-&% 3 QJtk(Bradshaw et al., 2000). $-2]UEke] A}
AUl tiek = 19819 SR A ol mEA 2E
R EVL’?— Aol A = A =L o] 2 QIS TE
A ] FETES 0}04 Az 07 A2 HATH(Noh
et al., 1994). /\P\]LF—,— 2=z 0] ke A EHA A= AR
9] EAAYT(P sieboldii)?] T 79 (Ueno et al.,
2009), 22 P remula®}t WP alba) FH7F amplified
fragment length polymorphism(AFLP)<} microsatellite »}#
£ o] &3t FHAtelyd EAlo] UTh(Fossati et al., 2004).
vkt ARV Jeke] fATd A2+ randomly
amplified polymorphic DNA(RAPD) A E ©]-&3lAY
(Hong, 1997) microsatellite "= 0]—&‘6‘}04 AU R
o FAEsHS FA AT E40] o Fol A THLee
et al, 2011)- v Fehd ZhA €] % P2 By A
g Aol tigh A= v|gg A7 o] th(Shin et al., 2014).

AFLP= $AvHAEA Bt o|FHAEE glst=

ol

fr

er

4l A7} X 5% =S template DNAS} & 714 E&4
715 AHgSloF et T HlaA =2 Adr1ES 98

St (Mba and Tohme, 2005). 221} T2 $-Advl79]] H]
sted A3 go] sl W oA EAAE SRY

A7) wiZol] Heke] - Hsht & H2] F(clonality) 2+
< TR BAE oplet T3 F59] A, AlEr
A A Sl FHsHA AHEE )\‘:]'(Meudt and
Clarke, 2007).
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U] S (S5 36°50" 42.9” 2 A% 128°04 12.6")
olch. gobt Aol vha 7)ol HrE A4 AT
oA ARAUES] EAel thEk RS e Ut jloH
(Lee et al., 2015a; Lee et al., 2015b; Kang et al., 2013;
Jang et al., 2015) ¥ AAAME T2 AU JES &
olgr 4= It 20098 62 ZAMA] Yol 70 mx70 m
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2. AFLP O 24
AAIYFE AR E vl Sl DNeasy Plant Mini Kit
(Qiagen, Venlo, Netherlands)E ©]-8-3}%] genomic DNA
£ FZ319 ). AFLP BX| A 412 Vos et al.(1995) W
HE B WA k] ARR-S 9Jsl] I W& SFaL(Hong
et al., 2015), hot-start PCR 'S A}-8-3}% ). genomic
DNA 0.5 ugdl 10 unit®] EcoRI ¥ Msel A 3+&E 2 (New
England BioLabs, Ipswich, MA, USA)7} | 2]¥ 25 uL
Hhg-ol-S 37°CollA 2 A17F F A ek 5 pLe] vl
5 pmole®] EcoRI adaptor, 50 pmole®] Msel adaptor
(Applied Biosystems, Foster, CA, USA)$} 100 units<]
T4 DNA ligase(New England BioLabs, Ipswich, MA,
USA)7} 33HE 15 ple] ligation &0l © 3L, 37°Col A
3 A1 ARG Fol SRTE 109 348k 12} PCR
% F(preselective amplification)S ¢]3ted 3|4 E 3 uLe]
ligation &<} 7} 1 pmol2] Msel+C % EcoRI+A prese-
lective primers(Applied Biosystems, Foster, CA, USA),
Z+z} 0.2 mM2] dNTPs, 2 mM MgCL3} 1 unit®] Tag
DNA polymerase(HotStarTag; Qiagen, Hilden, German)
< &3sted 10 pLe] PCR ¥HE&-8§HS At PCR A
&Y 2L 95°CollA 1587 7] vk 3, 2k SEA 9
A ramp timeS 124 F7FAI71H A 94°C 30%, 56°C
1;, 72°C 137HY 203] 5 wHEHdth 12} 3 éiﬁom =
T2 108 8]43ted 22} F-F(selective amplification)ol]
Al%obﬂ. 3 uL ANzt 3 BAH 2.5 pmole] Msel-
primer % 0.5 pmol®] EcoRI-primer (Applied Biosystems,
Foster, CA, USA) &%, Z}Zt 02 mM dNTPs, 2 mM
MgClL, 1 unit®] Tag DNA polymerase (HotStarTag; Qiagen,
Hilden, German)E %34 11 uLe] 22} PCR W3-8
< ZAY =), selective-primer 232 771E AME-3SHA T

(Table 1). 27} PCR A3 2714 SEZ1E olojr] 43}
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Table 1. Number of AFLP amplicons per primer combination
for Populus davidiana.

Total number  Number of Polymorphic

Primer

L. of amplified  polymorphic rate
combination bands bands (%)
E-AAC+M-CTA" 23 13 56.5
E-ACA+M-CTA 33 28 84.8
E-AAC+M-CTT 34 25 73.5
E-AAC+M-CAC 32 25 78.1
E-AAG+M-CTT 45 35 77.7
E-ACG+M-CTA 89 25 28.1
Total 196 151 66.4

*Restriction enzyme E- and M- are EcoRI and Msel, respectively.

et 941 95°CellA 1587 27] Whg %, 7 S
oA ramp time 1ZF% 57}, extension &%=+ 1.0°CH
ZHAAIZIHA] 94°C 30%, 65°C 30%, 72°C 1574 108
5 WFESIH T O] 94°C 30%, 56°C 30%, 72°C 187¢
A 3035 WHEskaL, 72°ColA 3087 HE SHAIH
HAF FZ8Y 1 ulg 9.7 puL2| deionized formamide,
0.3 uL9] GeneScan 500 ROX dye size standard$} 47
A 95°CollX 5E7F €14 (denaturation)3}ar, ol 105
7+ A & 40co] RS TE ABI 3130x! Genetic
Analyzer (Applied Biosystems, Foster, CA, USA)E ©|&
st M7]9 %5 S 333, GeneMapper version 4.0
(Applied Biosystems, Foster, CA, USA) ZZ 1A Z
FAHES ekl

AFLP 37218t 482 2788 Haslslr] 9lstd &
ZHk-S- % (peak height threshold)S 7] #HolA (rfu>100;
relative fluorescence unit) AA| /A ENA L 5 &
& Hole SF4E-S A 8EaL(Whitlock et al., 2008), &
A3k A7)0 FEAHE(100-350 bp)S F-8Hete] 2o F=
AHEOA UEhE o WEd F SHAECA Y

homoplasy 73] 5 Zo] A} 3131 BH(Vekemans et al., 2002).
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Figure 1. Spatial distribution of Populus davidiana individuals at
the study plot in Mt. Worak, South Korea. The triangles
showed poplars with the diameter of breast height (DBH)
over 6 cm. The filled ones were the sampled individuals for
genetic analysis.

of VWAL xSl Ay AALe) B AL
2.5 molP, EAF ARG AN WEE 0025

2 A4 914,000 m?)ollE= 35070371 EESE= Zlow
=€ tHFiguer 1). A $329F A 8HaL HH#S
18 me} 12 mAth AAFE ol &3te] e kel &
A 7 (diameter at breast height: DBH)}S 6 cm¥ o 1}
ol 8dA, A F& A 25 em & W 2FPoR
ZAEAT 1237049 Ha FLAPL 127 em=2 Ha
ol= 16d0]3]Th

2. RHCIY
APATUSE 6170 A9l thaled AFLP primer 653914 196
N FFAES IRl ol SFEF 15Ue o
ZJ (polymorphic band)S YERH I, primer 23T &
TR E 32.7(FEAA=12)0 vk FHATEE S
& A3, B4 ks ve (P2 83.4%, °l¥A
ZIHA(H)E 0.154(3E 7 %}=0.013), Shannon?] T}
A G(SL)E 0.254(ETHA=0.018)2 YETE &
gk Aol FLg FAAE S 2L Qlojx] 2o} w2
FAEE= VA= FH A L2 ZE(putative clone)S
Attt 5L T AT S sk AT
oA Hte] thkd 4X]7F AFLP 2.t} microsatellite 7}
AollA 28] Bx F=A YEhE 73 FF(Mariette et al,
2001; Nybom, 2004)2 3L#3} %, microsatellite #7115
o] &gk = o] AU ko] Fo o] FHIE 7T A
(H=0.603, Lee et al., 2011)2} Bl 2.8 uf Gl APA L
7t T Ao AT Aol FRT AeS &
AT g2 AR YRS 5594 microsatellite 7F2]
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ox Hl o

o

_‘_

f
.



312 B 210598 A 335 (2016)

OIPHYE 7HA = T S=E 0.802(P. cathayana,
Peng et al., 2005), =t 2] =Y 0.707(P maximowiczii,
Lee et al,, 2009), 5L 5% 0.73(P nigra, Rathmacher
et al., 2009) 2.2 =] ARAJLE(0.603, Lee et al., 2011)
oF Hls=gk S ARk, Dot ARA U7 o] )1 A
o= o o|FPHJE 7|URE Hol= Aoz AtE)
AR =2 A B3-S A9 skar thekgh S5 004
Aol 7hsatm, Aggol A o2 dHA Unk
(Noh et al., 1989). @t Aol A2 Aol et A
AN AR Feke] Exfol] tisir e Bald vt fle
Hl(Lee et al., 2015a; Lee et al., 2015b; Kang et al., 2013;
Jang et al.,, 2015), & A= 1976100 =/3H LePit
]S HEY 260,000 m*(Han et al., 2007)2] G395 =
HA 2 14,000 m*e] WA A AR kS ERls)
AT} o] A9 LA Aol 3 o 2] Aol A AL
el tieiA] BarE vprb QIAINE ARA S]]
FHL 32948ys 2HAE W AFE 244 A e ol
TE PR E EESINE 7hsAdol wrh ARV &
73 Z710l AT 250 A A HIRE A2 ARl
Fo 7 2%k HARFF F(founder effect, Booy et al.,
2000)9} Bl Eof, Z2AF F ek oFA ol Ml HlaA 7]
S A AG AYHE FHoR {37} ool W
Bo A AjFdo] 2 HHA A o] H& FaEo] f4
e AT HS AstElE e R F5En
TGP NAEA, Wl g, 5 Iske] JA}, g
73%] ©]& A (environmental heterogeneity)s 2] 214}<]
S W=t} Booy et al., 2000; Hedrick and Kalinowski,
2000). 22 ATt do] Sl = FHe2 AGE, H2A
go] Zhaata Zxwml = 1% AgE ofstE By s
gol lom, Yeko] #gHo] Yo 4= lrh(Reed and
Frankham, 2003). £3], 275 Jete] A9 Z31wm) e}
FrAAFEe] S7ksAl Hal FAvkdA o] st o
ZdRstol] A-gohA] Hotal ¥ -7 Ark(Ellstrand
and Elam, 1993). €Mt ARAUF b2 AFd 2490
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3. 3UH RTUFZ

ZAFA 123701914 Clark and Evans(1954)2] <+3]A]
“*(aggregation index: R)E A4t =Hl, A5l up=h
A A e EEFHE 2RI R<D), HADR=1), 12
(R>1)2& 23 = Urh(Ripley 1981). YHrF ARAUF-
ol AT E 08282 JRAIEC] % BH] IS o]
FIL AATHP<0.05). FAHo] 4l o] 82 617§ <]
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Figure 2. Correlogram for the Populus davidiana stand in
Mt. Worak, South Korea, using AFLP markers. The r value
is an autocorrelation coefficient. The solid line is represented
the correlation between genetic distance and geographic
distance. The dotted lines are 95% confidence intervals.

A T2 125 em, /NAZE] FF A7} 3.5 mE
Uebtth 8 AFR)IE 0.823(P<0.05)0-2 FAFE A
12370A1¢F Hl=gk D= A5 A E HolaL qdojA
o] 200 o]8H 61712 2 5] Lt AL
AT dEA8S e 2 o= Arker
MA e el gl %
autocorrelation) £ A3}, ZAHA
24 m oujel|l A Exzsl= JAIE el 4
JeH, 24 mollA] 48 m M| WollA o] &3, 48 m ©]
Qo= FHAo R Aolgh /A7 X
S HFigure 2). eyt 7+ WA 5
A 2] (genetic  distance)oll = 34 o]
=0.193, P>0.01). 24t EEUT(P koreanay= 2t
AF AR} Bl =3 ] AT (H,=0.1515 A
Yoo 78-S o H2 400 m oWl FA AT
(Shin et al., 2014). o]2]g+ F7H FAFE Aol =%
A Fee] B2 A7 WL, &2 AlS we &
Eohs FHAER G0 2 A (capsule)F Bl 2] FA17F vl
o e Bl o3l A olso] &0l 7tHe R Bl
FoACH(Shin et al., 2014). RFA Yolak ARAIUFE Heke
M7 FA RS o] FA low, B FaL 7
Aol AHE EA wfiZol FAke] vlito|L} st
A7 A E o] {14 FAMdol e MAES
217} 24 m ool 2A]A H& A= A7t
of mebx F7H fHFxe A 2
o] ZH(P nigray> 1,000 m oJH2] 7|37k
A3 0] ok (Rathmacher et al., 2009). ©|=
°F 3 km o] S wpe} £ W ol
N2 =FE UAAA 2 F27F DE|7HA]
ted A AEslr] djE o2 F59r
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ZUE ALl Z 70 m, Zo] 200 m WEYFeE A
A 14,000 m* @Al 35070 A 7F £33 A= FAT
H, doZ AAgHE ZAME 4,900 m*H el 12370A] 5 6170
A Bz fldolE B4 st

Yok Aol A AFLP PIAE o] 88 T4
AR V)S(P)E 83.4%, o FHTE 7IhA (H )= 0.154,
Shannon®] TH¥d AF(S.L)= 0.254% VreEbtom, 2
ol WAow FHEE 22 M)A} AR 71E
o B microsatellite "F1E AFE-3F AR LS A
(Peng et al., 2005; Lee et al., 2009; Rathmacher et al.,
2009)9} S o] AR vke] o] FHFE A )
ek o) Yok ALY ol o R e 53
£ Bo| i gl Yo AMLRE Feke A a9} o
Bol frigolgo] ofel e A% Mg wHE B, 2
a7k $EHE AR QR P, I T B
AR REhE B} e SRR S uelw Q7] o)
Rol| A7|F oz &&Ho| Fa

Ho
o] 53 -7}
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o ARA U ko] 37 fA R A 0lA
AAE] 24 m oJHoll= frAH R AR fAI7F S
© 2102 UEpTh dotit Aol BIS=E o]
AgFdS Ad 28T+ o & fdee 2718 2
+=HI(Shin et al., 2014), |21+ x}o]&= EFH T Hoto
A NAIZRe] 2 A7 Y HA & ASFS ek i
Z3FL QJojA] FAFe] o]Fo] 7] wioleta FHE T
HHE Dopik AR UR= v d 72 A=t b4 x|
o] Y Ao 5P 8 TR sHE o]F o] o
LW of 2} AR DRHFENE o FL 7] Wi
of 22 FHTES o] R = Ao R AztETh
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