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Table 1. The list of samples used in this study, their abbreviations (Abbr.), locations and registration number

Registration No. of

Species Location Abbr., Natural monument

Zelkova serrata Kangwon-do Samch ‘ck-gun KWS 95
Kangwoén-do Hoengsong-gun KWH 279
Kyodnggi-do Yangju-gun KGY 278
Chéllabuk-do Kimje-gun CBK 280
Chéllabuk-do Namwon-gun CBN 281
Chollanam-do Yéngam-gun CNY 283
Choéllanam-do Damyang-gun CND 284
Chsllanam-do Hamp 'yoéng-gun CNH 108
Kyodngsangbuk-do Ch 'Sngsong-gun KBC 192
Kyéngsangbuk-do Yoéngpiing-gun KBY1 273
Kyongsangbuk-do Yiéngpiing-gun KBY2 274
Kydngsangbuk-do Andong-gun KBA 275
Kyodngsangnam-do Namhae-gun KNN 276
Cheju-do Namjeju-gun CJIJN 161

Celtis sinensis Chéllanam-do Hamp ‘yéng-gun CS 108

OKBY1

o
KBA

Fig. 1. The locations of natural monuments used in this
study.

RAPD primer¥ OperonAt2 K€ 743 OPE N E=
AL-4-3lg ). PCR ¥ 200 ng gDNA, 1X reaction
buffer (10 mM Tris-HCI, pH 8.3, 1.5 mM MgCl,;, 50 mM

KCl), 0.2 mM dNTP, 0.5 uM primer, 2.5 Units Taqg DNA
polymerase (Takara)Z total volume 50 pl2 A3}l
o}, of HF-g-98o] PCRE thermal cycler (GeneAmp PCR
system 2400, Perkin Elmer)2 ©}-& ZZHA 4334
o} 27| denaturationZ7] 0.2 94°Cel|A] 3E, o]o]A]
denaturationg $Js]A] 94°Ce|A] 1, annealing 710
Z 36°Co|A] 18, extensionS $3|A] 72°CollA] 28 0o
2 kg 278 AAFT o] 45 cycle S8 81}

ZZ35 DNAX PCRAME2] ZE8 0.8% agarose gel
2 Esel Bskch. oloiAl datas] AUE AAA
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(0.5 pg/mh 2. A3t UVE FASled polaroid 667
filme =2 #oJatiet =3 AAYE Fshr) 93l
£49 2A00A PCR 232 W3 sashgsh

3. Data®] 4

10749) primer7} AM4-E9lor}t ZE Al o|A] DNA
S-S FFAF)A] 42 primer:s Al9)slw 6709 pri-
merE °]-43 FIZIAETHS Ao #FF DNA
band 22 E| data matrixE band®] §-%o) ul=} 15} 0
o2 3o 2Aste ). Similarity index: data matrix
€ 7|22 Lynch(1990)9] vpg oz AAbE o) Az
9 934 37| 915t Neighbor-Joining (N-
J) tree (Saitou & Nei 1987)2 959t} outgroup o 2=
Celtis sinensisE A}&-3t9t). 0] 8 93] data matrix?]
19} 02 747} as} t2 AA-E 3193 clustalW (Thomp-
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Table 2. The primers used in this study, GC contents, number of DNA fragment and polymorphic fragment detected from

them, and percentage of polymorphic fragments

Primer Primer Seguence G+C No. of amplified  No. of Polymorphic Percentage of
No. (5" t03") Content fragments fragments Polymorphic fragments
OPE 15 ACGCACAACC 60% 12 (15) 11 (15) 91.7 (100)
OPE 16 GGTGACTGTG 60% 16 (16) 14 (16) 87.5 (100)
OPE 17 CTACTGCCGT 60% 9 (12) 7(11) 77.8 (91.7)
OPE 18 GGACTGCAGA 60% 16 (16) 15 (16) 93.8 (100)
OPE 19 ACGGCGTATG 60% 14 (15) 14 (15) 100 (100)
OPE 20 AACGGTGACC 60% 19 (19 19 (19) 100 (100)
Total 86 (93) 80 (92) 93.0 (98.9)
* The values in parentheses were counted with DNA bands amplified from Celtis sinensis.
M 1234567389 101112131415 ¥ 34 CNY
; 8.6 CND
11.6 CBN
3.6 CBK
2.5 KBYZ
13,77~ CNH
4 L~ KN
63.7 KWS
15.7 7.7 i
29.2 KGY
15,7 KBY1
KBA
4.2 KBC
t— cin
Fig. 2. Electrophoretic patterns of DNA fragments ampli- s

fied using RAPD pirmer, OPE 18 in 15 samples
studied. Size markers mixed by pUCBM 21/Hpa
II, Dra I and Hind III, and X/ Hind III are on left
and right side. 1 to 15 are KWH, KWS, KGY,
CBK, CBN, CNY, CND, CNH, KBC, KBY1, KBY2,
KBA, KNN, CJN and CS, respectively. The abbre-
viations of each sample are indicated on Table 1.

Za 9 g

A7 982 A" 14049 =ep7e fdu8A
= 6708 RAPD nlA=Z BEA3lgich outgroup o 2y 3

22 Aot dutd oz A8 7 primere] A
)% polymorphicdS & 4 2} (Fig. 2, Table 2).

zt »E]}FollA %3 DNA W =4+ primer OPE
208 A3 w7} A W] EEle] 1978 B
71 B-& 4= OPE 1792 ¢t} (Table 2). Polymorphic
band $& 7oA 197092 1 HAEE 77.8%40 4 100
%ct, =235 DNA wWlxeo] &3 ma} data matrixS
238kl w(Table 3) o] & 7|22 72+ WA 7He] HAH32)

Fig. 8. N-J tree constructed on the basis of data matrix.
Support for branches was evaluated by 1000 boot-
strap replicates analysis. Numbers on the bran-
ches are the percentages of bootstrap confidence
values.

A= AAsde} (Table 4).

Moz FAHY Axe Wikn Fxe] = )
A (KWHS} KWS)ZHIA 78.4%2. 71 & A AMES
Geheder ol Slols dAm 50% Wl SEe) FAIA
& ned 2 AN gaBAE B sk
Table 39 data matrix3 7|22 N-J trees =zHA)31ad
o} (Fig. 3).

7} branchE #| 2} 8} bootstrap F&-2 vf-$ ¥ 7
e Yeilign A= AL (KW 34 (KWH)
9 A= 63.7%%) ). Bootstrap 52 A4 AA
o2 vwA 77 Ad dRT (CNY)FH FHek (CND)
g9 7l AHZ WS AL EKWH)S| A7 22
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Table 3. Matrix of DNA fragments detected by RAPD primers from 15 OTUs of Zelkova serrata and Celtis sinensis

Abb’i(}; rimer OPE15 OPE16 OPE17 OPE18 OPE19 OPE20
1111111223 111111222 11111 11111122 11112923 111111112
668990125678031 4566778124778018 344678913456 4456789913456803 455667780147385 2334556789012456780
size  190085150055000 0059481150055050 658064015785 0552630910004100 205094655115570 8278089630015024550
(bp) 020000400000000 4102000400000000 009000040000 4500000040000000 510020500400000 0059102040040050000
KWS 010100100100000 1001000110110011 111010100000 0600001010011000 000010000010000 0100000000010010000
KWH 010001100100000 1001000110010011 111100100000 0000000010011010 000010000010000 0000000001010001000
KGY 010000111100100 1010100010000111 111100100001 0000000101111010 000001000010000 1000000010010010000
CBK 010000100000000 1001100100100001 111100000000 0000011000011000 000101000101000 0000000010000011000
CBN 010000010000000 1001000110110001 101100000000 0000001000011001 001000000010000 0000101110011011101
CNY 010000000010110 1001000110101011 111100100000 1100011000001101 000010000010000 0000000010000011010
CND 010000010000000 1001000100111001 111100100000 1000000011001000 000001001010000 0000000010000011000
CNH 010001100000000 1011000101001111 111100100000 0101001000011000 000000010010001 0000000000100001000
KBC 010000000000000 1100001101001111 111110000000 0010011011001010 000011000010000 1011101001110100000
KBY1 010001111110000 1000011110110101 111100100000 0000000000002010 100011000010011 06000000011001011001
KBY?2 010001101000000 1001101000100001 111100100100 0000101001001001 000000100010000 0000000000010011000
KBA 011000100000000 1000101100110011 101100100010 0011000000001000 010000000010010 0001010010110011000
KNN 010001100000000 1001110010001001 111110000000 0100101010011010 000000000010000 0000010010001011000
CIN 010010101000000 1001110110001011 111110000000 0000000010001010 000000000010000 0001100001010111001
cs 101100011111001 0000000100001010 100101011000 0010001100000001 000000000610100 0000010000000100000

Table 4. Similarity index among 15 samples used in this study. These values were counted on the basis of data matrix on

the Table 3
KWH KGY CBK CBN CNY CND CNH KBC KBY1 KBY2 KBA KNN CJN CS
KWS 0.784 0525 0.571 0.593 0.607 0.600 0.566 0.500 0.557 0.577 0.555 0.593 0.607 0.275
KWH 0.607 0.542 0.566 0.582 0.612 0.654 0.542 0.667 0.588 0.556 0.642 0.691 0.240
KGY 0.519 0475 0492 0.545 0.517 0.492 0.606 0.561 0.500 0.542 0.557 0.286
CBK 0.588 0.604 0.638 0.560 0.421 0.517 0.612 0.538 0.627 0.528 0.167
CBN 0.586 0.615 0.473 0.419 0.571 0.556 0.526 0.571 0.552 0.264
CNY 0.667 0.596 0469 0.554 0.571 0.508 0.586 0.533 0.327
CND 0.549 0483 0.610 0600 0566 0.577 0.556 0.245
CNH 0.525 0.516 0.566 0.536 0.618 0.526 0.269
KBC 0.464 0433 0.476 0.452 0.625 0.305
KBY1 0.557 0.531 0.571 0.585 0.267
KBY2 0.582 0.630 0.571 0.235
KBA 0.491 0.542 0.259
KNN 0.690 0.226
CJN 0.291
clusteringalgdc}. o] gloll= X|g|H o=z = A7 el 46% o)Ak o. 2 =& polymorphisme Bl Zu A
groupingd} At E3H oz Hr)sh= AeE Byet F M 0~2%2 w9 2etet(Kazan et al. 1993). o
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o) Wolsh mmy 4 k. olo] wskd ® A7) A
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The Genetic Relationship of Zelkova Serrata Registered
as the Natural Monument Using RAPD Markers

Kyung Hong Kang* Young Jae Chong! and Hong Nam Kim?

(*School of Life Science, \Graduated School, 2Intitute of Natural Science,
Jeonju University, 560-759, Chonju, Korea)

Abstract - The genetic polymorphism and relationship among 14 Zelkova serrata registered
as the natural monument in Korea were investigated using RAPD markers. N-J tree indicated
that individuals in Kangwon-do were clustered and those in Yéngam-gun and Damyang-gun
of Chollanam-do were done closely. However, all the others were not agreed with the geo-
graphical distribution. Maybe this discordance was resulted from their movement by human
being than any biological factors. The polymorphic percentages among individuals were from
77.8 to 100. From the high polymorphism, it was supposed that existing natural monuments
were independently originated in the ancestors of long differentiated populations. [Zelkova
serrata, RAPD marker, DNA polymorphism, natural monument].



