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o LEstaL gl Ao dEA lom, ofAY vt A= ko] A

Bl Aol A A ddS Fdglol vbgst Xste

A 150 gF Rl FEA o Srbsshal, IS 7tel o Apdxted e o]
AAEA S AAMAAE RIZEe] F gl B
A g Qs Aerddel 919 w3 S7hE L Ak (Caro et al, 2012).

HED QIS Uret AAEAE f789 AAQ At A2Fe] AR oleiAn,
ol QIF AujA st AzApgle] Aol FEHEA I o] AEAbele] g Bl
o5 BA-FAsks Aol AAASL AR st gk AETdds dsts
el Al 77049 QI A A oha, s8], @9l L AAA] A, 715

#3}, QIgbel o3k g, o A, AW Fbo] d=Hl(Figure 1), thH-Z2

iy

ABFL Ao 2] o ge] g%el mBHo] BFo| /H55 W k. o]l T U
Q0% Qlste] BAAE AT YUAY] FHRSF A5 Ago] FFS Fa, 1

AR oY =50l EFA7I Al A= T A o7 Fo] AAEF
o] 4%t "o E3li= FAE HATHMEA, 2005; Forister ef al. 2010).

1972 = AgA 3] 9] o] F Z4F AES WFWAE 913 =g 50| oJojxaL 9
=, 19939 AETFGFHCBO O] Ead o5 AEAde] =94 Aol o

gk o] Sojupar Al=re] AEAked ZhAel hE Fade] ssobxal glem,

(%]

HE Fgo ‘EHRYFAE AANA HEHYY] L HIoRYFAEAAZ A3
sttt ofg] skal W HAEIIEC o 6F 7o HIoRYXE 5 F 58FF7F A
A om, 20050 %0 ThA] oA R S o7 Ao ugl HE9 7)ok



[e) 3 = =z = =] H
AE T FA2 = dal [ 5 8%, Ia 565FE AASAHEAE T, 2006).
Population growth and Increasing consumption
Urbanization and

: ) Industry and - ) International

Agriculture Disforestation Fishery Tk of Soutli foa Censtruction A %
Ise il fuels ransactions

of a road :

= Habitat loss l #i s Invasion of

» Habitat fragmentation < ;i Overuse [ Alien Species

«  Habitat destruction s Pisise
{including pollution)

Decline of Biodiversity
» FExtinction of Species and Populations
» Feosystern destruction
«  Loss of genetic diversity and BEvolutionary decline
»  FEeosystem zervice decline
=  Lower support system of human society

<Figure 1> 7 threats of biodiversity.

* Data Source: A prime of conservation biology, 2014; Groom et al, 2006
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B #9, 98 5o] AdhRichard B. er al, 2014). A=A o] o] B
Al olsEttd AErhdd e 9 uTFo] st T 5 4

EEAQ BAEs FHEy] st 7 AE FEC] M A, B, AE

C3E, A, NATEAL, AE, A, ARbe] s AgolgtE 971

543 Al AP Eo] Ao m aEEo]of shth(AWEE 2001; Richard B. et

d

o
o

O

53], FAgYdAdS Wstels S840 uist A&2 ) Awol sk AEgHy FA
AAL K Laikre et al. 2010, Richard B. et al., 2014). &L A uic} thekst A
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webd 4AX BU3 mAe 9§ ke A Qo) AAEe] F1 He
A

et olafot FA4 thdAdel et Ars Ao AsgAE el AeEe AL
sl T3 9&E diMillar and Libby, 1991).

Abg FFo] f1H Wolo YEk At Xk 200 AH BEAvA, 53 52
BAE o] &35te] MEE oA gko™ allozymed DNAvFA tfdk o @ Ao 2

3 Abel FFAAAY FAA TG I BR Akl gRl S o] Y] Al #)
Pt (Hamrick et al, 1979; Hamrick and Godt, 1989; Hamrick et al, 1992;
Nybom and Bartish, 2000). 7 & W& Y ¥H5 7] <d(nter simple
sequence repeats, ISSR)PF = genome’te] DNAS FA R ZZ A 7]7] &
of EXR9 DNA 7|Adoe] Fostx &= the HS RAPD(Random
amplificon of polymorphic DNA) XX z¢} FE Ao x| gtk A A o] F2 RAPD
sEA AL BlE PCR <380 Al primer®t 5% DNAZFe] AdxdS 24 536
ThEol o2 {7 Aol I Aol wre A3l AHEFHEE T, 2005;

w4, 2008; #Har, 2013). =3 el AR 249 & o anlE

o

| 285+ AFLP(Amplified fragment length polymorphism) ¥ A2}, 545 ¢
o] DNAGQ7IMEE o] &3t o=z g M= A =A%, o5 gk v}

d

A LS 95 A7k v]8-o] Eo] == SSR(Simple sequence repeats) %A A}
of nste] An)go 2 thFet AE FToA ALo] 7hsste] HE A= FHAT
off A Akl WY o= o] 8%l Qri(Barth er al, 2002; Esayas et al., 2005;

ool Aart He WA (Quercus  gilva Blume)® -3t

(Fagaceae) IrYUH<(Quercus)ol &3l A=A wEo w2 =i1+= 20~30m, 274
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AEI} T3, Brolghdt =] HR-EAA G F2 EFEstaL, o] dEH JHA,
ZIAA, A 5o ZAAAo R o] & uo] grom AR ojn] AHFE 7}
Fky 9] S Bk ol g} 7}A] ol catechin, tyrosold} & AL ES SHEhaL
Aol A AAFSAIZ o] WY T A E AT, 2010). =3 -2
T Avy, vy, G S Fd FVRAUT B A 23t 2l A
A Aol frelete], A F=dEtel A Aol FEdtthe A7 A HEE
v ATk €], 2013). o9k #Zo] AF2tst Sk oA Aol
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& £EAUOR Tl 5T Holgt Aru: AU FPFFI,

5, 2012).
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717} 245 o, 20044 Kagawad SolA HEL7|Foz HAuy 7| E sF9th
(Momohara, 1997; Sugiura et al, 2015).
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B Bl FA SAS el R el gigk A (MRS 9], 200D)7F o] Fof A
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o] A7 E o] gAY ATV A A AH A7 14.7~17.0C, AF4

873~2,526mm, HA7]Le 45~08TAIL, AATXA BHrE AFFI|L
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of 5 FeER7F 9 = 540 At (Table 3, Appendix 1).

<Table 1> Distribution of Quercus gilva in Jeju island.

Population Latitude Longitude Direction  Altitude (m) Area (m)
Jeoji-ri 126°16'49.41"  33°18'40.50" W 135 - 154 533,559
Cheongsu-ri  126°16'37.13" 33°18'8.87" W 115 - 127 105,075
Gueok-ri 126°17'3.12" 33°17'49.71" W 127 - 140 282,681
Seonheul-ri  126°4323.87"  33°30'39.10" NE 103 - 149 398,213
Harye-ri 126°35'52.58"  33°19'15.17" S 218 - 326 394,614
Hwasun-ri 126°19'50.90"  33°15'53.38" SW 120 - 127 19,031

<Table 2> Locations of meteorological station.

Station Lat.(N) Long.(E) (II;ID (}rlrt) (krlj) (};;)
Jeju 33°30' 126°31" 19.9 1.8 12.3 0.5
Gosan 33°17' 126°09' 70.9 1.8 10 0.5
Seogwipo 33°14' 126°33' 50.4 1.8 10 1.5

H: Height of observation field above mean sea level, ht: Height of thermometer above
the ground, ha: Height of anemometer above the ground, hr: Height of raingauge above
the ground.
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<Figure 2> Meteorological data of each station in Jeju island.

* The highest and lowest temperature data mean limiting value in a day.
* Data Source: www.kma.go.kr



<{Table 3> Vegetation structures of 4 plots in west site in Jeju island (Gueok-ri and Jeoji-ri).

Plot No. 1 2 3 4
Mean height(m) 7.5 9.5 8.5 8.8
Mean DBH(cm) 11.3 14.7 12.7 14.5
Tree layer Cover rate(%) 80 70 80 70
No. of species 6 4 5 3
dominant species Quercus glauca Quercus glauca Quercus gilva Quercus gilva
Mean height(m) 3.7 4.3 4.9 5
Mean DBH(cm) 4.7 4.1 5 5.3
s [ ——) 20 10 10 10
layer
No. of species 2 3 2 1
dominant species Quercus glauca Quercus glauca Quercus glauca Quercus glauca
Cover rate(%) 10 10 30 15
Shrub layer No. of species 5 3 7 4
dominant species Actinodaphne lancifolia Neolitsea sericea Cinnamomum yabunikker | Cinnamomum yabunikker
Cover rate(%) 80 40 40 30
Herl't;?,ceious No. of species 12 18 13 15
dominant species Dryopteris uniformis Dryopteris uniformis Dryopteris uniformis Dryopteris uniformis




, ol 4=, Wolg2] H|, o}
dS Febelglth(Figure 3).

<Figure 3> Survey on individual tree

characteristics of Quercus gilva.



2. A Y AT

7FoAls A" 2 DNA &9

AEE EA AR 2 374A] o4l EAEHE ZAMAE 1.5km o|e] A2 A
A s 7IEe® F o/ Ad(F9d, AAY, Fd, eteld, s oz s}

T 807HAIY] AEAA 4 TS B8] e 2] ds AR
tH(Figure 4, Table 4).

A Alme] DNAE #etr] flate] A9 A%k AAAALES i
Y1 FA Zol & 3 CTAB buffer 800402} mercapto 100E #H7}3tar 1.5ml
FHA &7 60TCAA 1A T8 Ay, 1 F  chloroform:isoamyl
alcohol(24:1) 500 & &&3ste] Y472 (14,600rpm, 38Rt A5 400440
E 1.5m5FHe A Fol isopropanol 400uE E§38le] 20Tl 3 A& g
T A2l (14,600rpm, 10:)A17]13L &5 A& AAAste] 01Xl DNA pellets
1087 AZXAHAY. ©]& Distilled water 100ul°] =9°]3L sodium acetate(pH
4.8)1002}F 95% EtOH 2505 FH7Fste] 23 & o] &41&2](10,000rpm, 5
)8tk s HS AASIL DNA pellet& 70% Ethanol® AHAIA 5 A&
AA T 1ARE st ARAZ G olsh 22 RS F3 FolWl DNAE IxTE
buffer 100l = @l ARgst7] A7HA 20Tl FER e 33
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<Figure 4> Locations of five Quercus gilva populations in Jeju island.

<{Table 4> Locations and characteristics of five Quercus gilva populations in Jeju island.

Population Latitude Longitude Alt(ir;l;de l?;?f Szirzé)*l €
Jeoji-ri 126°16'49.41" 33°18'40.50" 148 533,559 22
Cheongsu-ri 126°16'37.13" 33°18'08.87" 123 105,075 6
Gueok-ri 126°17'3.12" 33°17'49.71" 133 282,681 45
Harye-ri 126°35'52.58" 33°19'15.17" 326 394,614 3
Hwasun-ri 126°19'50.90" 33°15'53.38" 122 19,031 4

*‘Sample size

= number of individuals

"



L}, ISSR Primer A7 2 PCR

% 727019 primer(UBC biotechnology laboratory primers, University of
British Columbia)E AF&3te] du|ddS AARE 23 AdAe] =2 6709
primerE X7 3te] A& ALE-3}tHTable 5). PCR % RF-5-2 template DNA
10ng, 0.1mM dNTPs, 1X PCR Buffer, 0.6uM primer, 0.0025% BSA, 0.6 unit
Taq DNA polymerase®] % 15volume©] =% S/F5E HA7FgE bgHS 94T
oM 1 30%3F A GAE A% F 94TellA 40%, 50TCelA 45%, 72T
A 1 30x¢] HAES 353] wHEate] 72TlA 5t F HF FEHAIZT PCRS

23 X AEL 1592 A X3} agarose geld FY3 T 1xTBE buffer(89mM

N

Tris base + 89mM Boric acid + 2mM EDTA pH8.0)7} E¢]+= A7 kit
bl Al ZASE 160VE LA st 2A17F 308 7 A7]9E AlZTh

o] & gelS ethidium bromide &9e] 20&27F AM3}e] UV trans—illuminator
Aol ZQGse Hd " SF AHES GeneRuler™100bp Plus DNA
Ladder(Thermo Scientific™, USA)E VEo R =4 base
pair(3,000bp~100bp)ell Al & H W= F75 AA 3 data matrixs 2d 53
=3

<Table 5> ISSR primers analyzed for Quercus gilva and the sequences and annealing
temperatures for PCR.

Primer Annealing temp. () Sequence
UBC#811 50C GAG AGA GAG AGA GAG AC
UBC#813 50C CTC TCT CTC TCT CTC TT
UBC#815 50C CTC TCT CTC TCT CTC TG
UBC#818 50C CAC ACA CAC ACA CAC AG
UBC#820 50C GTG TGT GTG TGT GTG TC
UBC#843 50C CTC TCT CTC TCT CTC TRA

12
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A

9. A%

UV trans-illuminatoroll A #33F AL A5 E 7|Wko 2 gelo] AT ¢ A9
ANAgol =A e ISSR band®] #/5l Wt 13 002 A5 E A st
AR S Aldskl

POPGENE ver. 1.31 program(Yeh et al, 1999)< o]-g&3slo] t}d 4 f-dxz}
o] N &(P), & AR S=(effective number of alleles, A.), Shannon’s
information index(S.Z; Shannon and Weaver, 1949), Nei® F%x} theFAd (4

Nei, 1973) 52 t33 2o] AXsE om Axka e L3 2o

P = npj/nto[a]

(0 A FAASE o = AR A A=) )

= Ao = 1/3pF
(pi + 3 FAAFANA AR HHFHAAFL] HlE)

= h = 1-3p7

» 5.1 = =X pidnp;
(In: AAE)

Neio] +42 A8 (Nei, 1978)2 EU & PHYLIP ver. 3.5(Felsenstein, 1993)
o] NEIGHBOR X~ 27138 %53 UMPGA(Sneath and sokal, 1973)22 &% 3t
% Dendrogram®. = YEIHRATE, TS Arlequin 3.1(Excoffier and Schneider,
200505 ol&sto] fFHwele] EIAHEE dolr”] 913k AMOVA(analysis of

molecular variance)®21S 33} tHTable 6).
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<Table 6> General design for hierarchical analysis of molecular variance.

Source Degrees Sum of squares Expected mean
of variation of freedom(d.f.) (SSD) squares
Among Populations P-1 SSD(AP) no‘, + o
Within Populations N-P SSD(WP ) o’
Total N-1 SSD(T") o’r

P : Total number of populations, /V : Total number of individuals for genotypic data or
total nubmer of gene copies for haplotypic data, SSD(AA: Sum of squared deviations
among populations, SSD(WA): Sum of squared deviations within populations, SSD(7):
Total sum of squared deviations.
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A F ol A= 7YY 6671415 e R A B3 Ay a1 W

9?1 8.5~17.0m, ¥+l 12.6£2.7m 1o, Fi474d M+ 3.2~50.0cm, ¥

o S1A7ALE 18.848.0cmAtt. <9 AHL 29.5~104.0cm HYZE YEIGoH,
Het 924 66.5118.2cm=z FAFE AT 3 tEE] IAI U= ol

o

T FEHE Aepal Qe St 341571 E, F7MAWFY] A9 FaF-lelA &
He W 7R U B Al A 3~ R EAskH FHul® 8 R
EASE A= AAH(Figure 5). "Wol8] 545 B dA K o= g5 "o}
7F obd =AbA o m B E Hlote] FHHE HAFAT AAY, 7o, Had e
B AYA o Z 3kmitd el A AAsta AN EAEHow Pl B¢
o] 571 W9 #A1E o whd FelElet AR 4§ 3 k2
HE Hola Qlth. BgF AF&= HAA G A wot7) opd @i X HHE
MA S-S ANARE 2 AL A A E o, el 370A], dEelel 17847k
ZALE It Table 7, Figure 6). 71 @2 £A+& B /A= 7989 A=

82 EAHE Aoz YEltH(Appendix 2).

|
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<Figure 5> Characteristic of sprouts of Quercus gilva

<Table 7> Tree Characteristics of Quercus gilva in Jeju island.

Height(m) D.B.H.(cm) diami(t);t(cm) N‘;gf;i:f
Max. 17.0 50.0 104.0 8
Mean. 126 £ 2.7 18.8 £ 8.0 66.5 + 18.2 34 % 15
Min. 8.5 3.2 99.5 1

16



individuals of Quercus gilva

in

1]

19

35
30
25
20
15
10

]

<10 10= 12=

15=

wn

Height (m)

-
<10

102

[ |
204 30¢
D.B.H (cm)

ade

502

0

2~4 57

Number of sprouts

<Figure 6> The number of individuals according to the characteristics of Quercus gilva in Jeju island.
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G FEoMe He A7 0.237, 0.15602 dEwth JEERE ol
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<Table 8> Genetic variability at 72 ISSR loci in five populations of Quercus gilva.

Population N P A A h S.I
Jeoji-ri 22 72.2 1.72 1.35 0.215 0.333
Cheongsu-ri 6 40.3 1.40 1.22 0.138 0.210
Gueok-ri 45 81.9 1.82 1.38 0.234 0.364
Harye-ri 3 25.0 1.25 1.20 0.111 0.159
Hwasun-ri 4 19.4 1.19 1.14 0.080 0.117
Mean 19.00 47.8 1.48 1.26 0.156 0.237
Overall 80 93.1 1.93 1.39 0.248 0.390

N. number of individuals, 7. percent of polymerphic loci, A: number of alleles per
locus, A.: effective number of alleles per locus, A Nei's diversity(Nei, 1973), S.I:
Shannon’s information index(Shannon and Weaver, 1949)
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ZAHE 57 kel glgk AMOVA &4 Ay AA f-xwoele] oF 17%7F Ak 1+
Zpolell 71Q1skal WA 83%= A Wl A 1rell SR8k Ao AbEEA oM,
et 2 Hi2Est A=E ovlsts Fahe 0.169% Yt (Table 9).

@, shelel - sewl QAde] A4 A 030362 A B e nglo
o, AAY - 798 Fe 0.03372 7FF & S yehgo] 13 Agst 7

Figure 8.3 Zom A4 Aelsk the ool us
vl §24 A b W ke nel Aeld At 4
ol 4] sk,

<{Table 9> Analysis of molecular variance(AMOVA) at the ISSR in five populations of Quercus

gilva.
Source of 4 Sum of Variance Percentage
variation o squares components of variation
Among 4 109.346 1.620 16.93
populations
Within 75 596.167 7.949 83.07
populations
Total 79 705.513 9.569
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<Figure 7> Nei's genetic identity (above diagonal) and genetic distance (below diagonal).
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<Figure 8> Dendrogram using the UPGMA method based on Nei's(1978) genetic distance for five populations of Quercus gilva.
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2014; AA 3] 9], 2007; A% <], 2009; 257 9], 2014). A FLEAAE
A mHLE(4=0.271, S.1=0.429)= N7 UFRE 22

ro
=
o
L
o
3y
uly

h=|
EHT & FAUYAEES FA T #9stS t(Lewis and Crawford, 1995;
Ranker, 1994; Maki and Asada, 1998; Xue et al, 2004; Luan et al., 2006; 7
3], 2003; Nybom and Bartish, 2000).

AT fAMAL s E5e URFAA] TAA Az Az F7
% olsl Zapdtk el A k. AT A9 me e e o] Bl

FASE Fujgol gk A o MAGT Aa, X

Table 10. Comparison value with Quercus species of the subgenus Cyclobalanopsis using RAPD

marker.

Species P h S
Quercus gilva 93.1 0.248 0.390
Quercus gilva' 91.5 0.249 0.377
Quercus acuta™ 95.2 0.163 0.261

Quercus glauca™ 97.2 0.172 0.275
Quercus salicina™ 95.1 0.148 0.241

- P percent of polymerphic loci, 4 Nei's diversity(Nei, 1973), S./Z: Shannon’s
information index(Shannon and Weaver, 1949)
- Data Source: “A713 2](2001), & &]5-(2001)
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Individual Tree Characteristics and Genetic

diversity of Quercus gilva in Jeju island
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(Supervised by Professor Kye—han Lee)

(Abstract)

This study was to analyze the individual characteristics and genetic diversity of
Quercus gilva Blume growing in Jeju Island to develope conservation strategy.
Individual characteristics were surveyed from January to December 2011. The average
height was 12.6+2.7 meter and average diameter at breast height was 18.8+8.0
centimeter. Most of @.gi/lva was sprouts from stumps, averagely 3.4+1.5 pieces,
deduced by frequent logging. The maximum number of coppice shoots was 8, and
number of trees formed single, not coppice shoots, was 4. The genetic diversity was
examined for 80 trees distributed among five populations from December 2014 to
August 2015. 6 ISSR primers were used for analysis and 67 polymorphic ISSR
amplicons were investigated. The average of proportion of polymorphic loci were
93%, and average level in the population was 0.237(S.1), 0.156(/4). From the result of
AMOVA, Fy was 0.169 indicating there was a great genetic differentiation and about
17% of the total variation was allocated among the five populations, while the other
83% of the total variation was in individual trees in each population. The genetic
distance was closest between Jeoji-ri and Gueok-ri that was geographically closest.
On the other hand, Harye-ri and Hwasun-ri was farthest genetically unlike

geographically. Therefore, The correlation between genetic distance and geographical
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distance had differences. Based on these results, the conservation strategy could be
developed, for examples, considering for designation as “forest genetic resources
conservation area” about the habitat, monitoring continuously, fostering the growth of
seedling, ex situ conservation of genetic resources, and comparing the differences of

environmental and genetic characteristic with population in ex situ.
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Appendix 1. List of appearance species.

Family Genus Species Flot_No.
1 2 3 4
Apocynaceae Trachelospermum Trachelospermum asiaticum (Siebold & Zucc.) Nakai N N N N,
Araliaceae Hedera Hedera rhombea (Miq.) Siebold & Zucc. ex Bean N N \/ N,
Caprifoliaceae Viburnum Viburnum odoratissimum var. awabuki (K.Koch) Zabel ex Riimpler y N
Caprifoliaceae Lonicera Lonicera japonica Thunb. N
Cornaceae Cornus Cornus kousa \ y v
Cyperaceae Carex Carex lanceolata Boott \ v V
Cyperaceae Carex Carex fernaldiana H.Lév. & Vaniot N N
Dennstaedtiaceae Lemmaphyllum Lemmaphyllum microphyllum C.Presl v
Dryopteridaceae Arachniodes Arachniodes aristata (G.Forst.) Tindale N N N
Dryopteridaceae Dryopteris Dryopteris uniformis (Makino) Makino v N N N
Dryopteridaceae Cyrtomium Cyrtomium falcatum (1..f.) C.Presl N N N N,
Elaeagnaceae Elaeagnus FElaeagnus glabra Thunb. N
Fagaceae Quercus Quercus gilva Blume \/ ~ ~ N,
Fagaceae Quercus Quercus glauca Thunb. v N N N
Fagaceae Quercus Quercus salicina Blume v
Lardizabalaceae Akebia Akebia quinata (Houtt.) Decne. \/ N,
Lauraceae Neolitsea Neolitsea aciculata (Blume) Koidz. \ v
Lauraceae Cinnamomum Cinnamomum yabunikker H.Ohba N N N
Lauraceae Actinodaphne Actinodaphne lancifolia (Siebold & Zucc.) Meisn. N N ~ N,
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Appendix 1. (Continuously)

Plot No.
Family Genus Species

1 2 3 4
Lauraceae Neolitsea Neolitsea sericea (Blume) Koidz. \ \ N \

Liliaceae Liriope Liriope platyphylia F.T.Wang & T.Tang N
Myrsinaceae Ardisia Ardisia japonica (Thunb.) Blume ~ \/ \/ ~
Oleaceae Ligustrum Ligustrum obtusifolium Siebold & Zucc. ~ \ N ~
Orchidaceae Calanthe Calanthe discolor Lindl. \ v
Ranunculaceae Thalictrum Thalictrum aquilegifolium var. sibiricum Regel & Tiling \/ ~

Rosaceae Prunus Prunus sargentii Rehder N

Rosaceae Spiraea Spiraea prunifolia f. simpliciflora Nakai N

Rosaceae Kosa Rosa multiflora Thunb. \

Rubiaceae Paederia Paederia scandens (Lour.) Merr. var. scandens \
Schisandraceae Kadsura Kadsura japonica (1..) Dunal N N,
Thymelaeaceae Daphne Daphne kiusiana Miq. \/ N

Ulmaceae Celtis Celtis sinensis Pers. v v N v

Verbenaceae Callicarpa Callicarpa japonica Thunb. N

Vitaceae Vitis Vitis coignetiae Pulliat ex Planch. ~

Total number of species 20 21 23 19
Number of Quercus gilva 3 6 7 3
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Appendix 2. Characteristic of sprouts of Quercus gilva in Jeju island.
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