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ABSTRACT

Schisandra nigra Max. has been cultivated for a medical use as well as food. It is an endemic species
which has a unique habitat at the altitude of 600-1,400 m in Cheju island. In this study, three natural
populations of S. nigra were investigated by using of starch-gel electrophoresis to determine the extent
and distribution of genetic diversity. Except 2 monomorphic locus (Mdh-2 and Pgi-1), 4 of the 6
isozyme locus (Idh, Mdh-2, Mnr, and Pgi-2), verified from 4 isozymes, revealed polymorphism in the
three populations of S. nigra. The mean number of allele per locus was 1.7 and the percentages of
polymorphism loci were 38.9% at 95% level and 50% at 99% level respectively. The observed and
estimated heterozygosities were 0.141 and 0.147 respectively. Although plants which were in the face
of crisis and distributed in the restricted area, have been known to the very low degree of genetic
variation, S. nigra showed higher genetic variation than others. Genetic variation was mostly allo-
cated within population and individuals than that among populations. The result of Wright's F anal-
ysis estimates of Fig and F;; showed that S. nigra population revealed Hardy-Weinberg steady state.
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glz] 2 28] vlsiA fxidolrt thekstal Azt
ke AL Aoz g9 $ithHamrick 5, 1979).
Bou|rje} o] AFEE A= BRI e 3
FiEol) BE 97|2EY A FEASH I&5H o
& B3l Fd vle) fAdels) vl L Ao
E31%)31 QrhLediget Conkel, 1983). WiHel| dX
B AAEE] 7 dWrEQ ASae de] fuc]
7- w1 teksiAl Yep | shet, ole 3RISIst
A BESh= FOoRE FHol| B3 B-F(Gottlieb
5, 1985), A21x] mdel| gk BEA|H| F4v) F
o) o}FH A¢(Lewis®t Crawford, 1995), A
Egdo] B B4 AAIR}E I (multiple founder events)
ofl 2J3t 3¢ Fol Urh(Ranker, 1994).
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Fig. 1. Natural distribution (shaded) of S. nigra in Cheju-do, Korea and investigated stands (dotted).

Table 1. Climatic elements in survey sites of Schisandra nigra (Cheju Reional Meteological Office, 1999)

Altitude Mean annual Mean Minimum Maximum
Sites Latitude  Longitude (m) precipitation  temperature  temperature temperature
(mm) °C) of Jan.(°C) of Aug.(°C)
‘Sanghyo’ 3319 126° 33’ 750-1,250 3,000 9.2 -5.8 23.0
“Youngsil’ 33°20' 126°27' 850-920 3,094 8.8 -6.8 22.8
‘Kwaneumsa’ 33024 126° 32 660-710 3,045 100 -4.0 24.3
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2 G Aol (Table 1) Z27RRe] ESFRI=T}
w2 RS THEE AGE 30iAY 4SS AAFst
o FHES BAE AIRE ARSI oldf A A
A A 50 m oI sl FAHOZ ERIR
7t obd A7} ALEES Fofsiich AFT gEEe
BlZ BB X Y& F ice boxol| W A3

THEE 4L Kim 5(19937 T4 WHeR
H58YE A AHEEIAT Gel SIGMA
starch 12%E ARS3IATE. A7]195S vz gets 5=
Hog Mt the, 7 AR FANES A
Zc}. GAHkgol| ARESl FEAE aconitase(ACO,
E. C. 42.1.3), glutamate dehydrogenase (GDH, E. C.
1.4.1.3), giutamate-oxaloacetate transaminase (GOT,
E. C. 26.1.1), isocitric dehydrogenase (IDH, E. C.
1.1.1.42), leucine aminopeptidase (LAP, E. C. 3.4.
11.1), menadion reductase (MNR, E. C. 1.6.49.2),
malate dehydrogenase (MDH, E. C. 1.1.1.37), 6-pho-
spho gluconate dehydrogenase (6PG, E. C. 1.1.1.44),
phosphoglucose isomerase (PGI, E. C. 5.3.1.9), pho-
sphoglu comutase (PGM, E. C. 2.7.5.1), shinkimate
dehydrogenase (SKDH, E. C. 1.1.125Z F117] &
Folot

BAo 288 117] &4 FolM GDHS} GOT:
o] o™, ACO, LAP, 6PG, PGM, SKDH
Lol e Ao, FA Wiert R st
EFG3l FREAA AlAHTE RREAel At
£33 IDH, MDH, MNR, PGI9] 47} HF2, 67} &
BAYE(Idh, Mdh-1, Mdh-2, Mnr, Pgi-1, Pgi-2)°)
et RS EAsTh 2t B9 B R
218 Az 27t Q17] wiEel] EAE 4+ glont,
U2 7Eo2RE Bud As 2 549 715 A
3}8hA F12(Weeden?} Wendal, 1989)2 Meisted 7h
FHow FA3Ac 7 FAHEREH AAE £
218 W=E EYE sl AT Ha gzt
FAL), A FAARR] HIE(p), B oJ8HTE=
o] AFA(H) 7THAHYZ TetieH, B2 F
A28 BT} Hardy-Weinberg HE vlEele] 23]
o= Levene(1949)2] S0l 243k XZtestol| 2[5}
AT}, Fisher?] exact-test= A1 (Chapco,
1976), X*test & exact-test ZFNA BAEL] 79
38 Holx BLoxTt Hardy-Weinberg HENENZ
HE olgsle A0g F8irt. =3k Wright(1978)

g T30, Nei(1978)9] 14 Az
£ A&E3% & UPGMAW(Sneath®} Sokal, 1973)e]
o8t FHEAE ST ol BE B4 pcE
program%] BIOSYS-1(Swofford®} Selander, 1989y
o]g3jed BT

L. &2 3 &
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A oh9] FAE 7R 12709 oL
BN 0H, Y oV dHfFIRE E/dke o
Y A Mdh-13% Pgi-1g A9E 19 &
RAAFATH Table 2). A} A9 A Faxz =
‘[ AGe] MR 7P B3, BIAP AHo) 3
of FAR, FE A Fo| Vhe] FARHAT. 2A

Table 2. Allele frequencies for 6 loci observed in 3 natural
populations of Schisandra nigra of Mt. Halla

Locus “Youngsil’ ‘Sanghyo’ ‘Kwaneumsa’
Idh
) 30 30 30
a 0.033 0.000 0.000
b 0.067 1.000 1.000
Mdh-1
N) 30 30 30
a 1.000 1.000 1.000
Mdh-2
N) 30 30 30
0.083 0.000 0.133
0.883 1.000 0.850
c 0.033 0.000 0.017
Mnr
(N) 30 30 30
a 0.783 0.833 0.983
b 0.217 0.167 0.017
Pgi-1
N) 30 30 30
a 1.000 1.000 1.000
Pgi-2
(N) 30 30 30
a 0.250 0.283 0.617
b 0.683 0.667 0.383
c 0.067 0.050 0.000

N: number of individuals investigated
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g ) RG] FHRE FolM Pgi-2E A3 e
AR 7FE B8 NeE Uehie FU-ERRAE
(common allele)’} T4 SFHAHoH, Mdh-15%
Pgi-19} 3= e digaaAe #EE
o} o] He] thgf-3xt e Fdg et
7} BE e FHEARAR veie 832 4av
To} o] et de] XS L(Guriest Ledig,
1982; Wheeler 5, 1995; Yeh®} OMalley, 1980),
AT} F3A}; ko] golgtk -9l Ve A
2 934 JHKimF Lee, 1992). 28H] F-Qm]x}
= e YRAG T AskE F& EXE(Fig.
1) VERdT E7eta Aot fARE FHERA
A} BE P VeI ol3st A= S|l
B2} Ao E dA&He FeloloM FHx}; gk
o] golgt 27| 7] wiFolekar AYzpErt.

S §AAS dh-19] 7 3 HPdlMe o
HAAA 27) 00339 ¥z veRdon, f2xE
Mch-29) 735 <327 BAP HoME 3719 o
P Jerd vk, sdm Jde] A9 vy
i3] ASEAT. aEbA FAke] BE
I FEASH ATE HEiMe Boh FEU= 4
T} olFolHol & Aoz Azt

32 78N Clgx

oAt Adshe i Jde] dEFAAt s
EQ=E st fa2g Hadgadasanr), 93
A xRkt vig(p), HT o BHFE] S (H,)
9} ZTNR|(H)E &3 9k (Table 3). THEA F-314}
2 HEL & Hyo] AR HAE {5ty
95%(Pos)2t 99%(Pogyr= 0 2 2k} AH23190tt.

WERAAL 71 8ol Uehd <94 A2 AL
o] 2.0, P= 66.7%% 37l ZAKA| FolA 71 &2
#E Vel 58 £33 s JERTE =%
Ho HOWME <4 X Go] k& 27 A|Fel| Hlst
o ¥ & vER F3F Wole] Fo| Ytk A
S & < AATh a2 AR Y A Fi|
A1) Rl FUsheE A AgjHor I
dH EXE etk AE 1Estd, 2ARE I A
Ho| rgro] Femr e FAH EAS Kot
A wregsia dokar Aok 2A18F 370 A9
HEFZE AHEE A/ZL0] 1.7, Pt 389%, Pyt
50.0%, H} 0.172, H7} 0.18322 <3l dy
B¥3l] Hazhe] 34 wdto] golgh A (Kim
7} Lee, 1992)9] FHHO|ZHAL=23, Poy=75.6%,
H,=0.249, H,=0.249)9 H]&}a] k& 718 Yehdtt.

Hamrick 5(1992)2 59 H4 #4240 <$ o7
2150] frHo| BN AAES HES A7} 3 AEF
o] ZiAle frAviele] ot BX= 1 e oiket
AENA, &AL (life history) E4E o8l 2 9
S wron, AR Aeld, A8 548 Zte
1559 fdold fATEE W A 8
1 1} Qloh I o]EL2 Tost AEsHy, AL &
AE 7hed ARF R 545 ) - WA §4o

Aol FATRE A3 M & IS

T = AR BHuslgon F FEME A
A X EAo], JT FEMT aHl - A FA4o]
Ho} Zesdar et Fenat JAde] B¢ 9ol
FAFFolA Bud He F-2Ho) AL = 1.68,
P=451%, H,=0.143)% vlus] 2 o AR A%
o] ¥o|E BRIl Y RAoF VhERO v (Hamrick
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Table 3. Genetic diversity in Schisandra nigra of Mt. Halla (standard errors in parentheses)

Population A/L Pgys Py H, H,
“Youngsil’ 2004 50.0 66.7 0.172 (0.077) 0.183 (0.080)
‘Sanghyo’ 1.5(0.3) 333 333 0.111 (0.070) 0.127 (0.084)
‘Kwaneumsa’ 1.7 (0.3) 333 50.0 0.139 (0.087) 0.130 (0.082)
Mean 1.7 389 50.0 0.141 0.147

Note

A/L ; number of alleles per locus;

Pys ; percentage of polymorphic loci at 95% level;

Py ; percentage of polymorphic loci at 99% level;

H,; observed heterozygosity;
H,; Nei's unbiased expected heterozygosity
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5, 1992), AFH EE ¥97} F4H(endemic: A/
L=148, P=263%, H,=0.056)%] $Z53 Hlug
o T B2 fAH0lE B3I Qe Ao v
stk vl #4 2 2 XS ke £EP=
67.7%, A/L=2.15, H,=0251) & SE2| ujHS &
3l A BAko] o]FolAE FFMUL=190, P=
60.3%, H,=0208)=% H|wd ue ot *e 3e
HAok = AgAom PHsH ¥l e =
el o2 $F(Kim¥ Lee, 1995y v]wgh wj Ho)
ge Ao o= vehgout, Xgd Xy} b
< A AT EAE, 1988), EAFUFEC]
T %, 199D¢} vlws)] 8 e fEEo|Hoe] ok
22 RoZ Yehgt}.

dukr o g B 7o) wf- Ao JAY EE
7100 A7 A2 o o] wie- A vepdc)
(Falk®} Holsinger, 1991). ¥l AHHGITo] Zon]
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T2 FEEY vnFe de thh 28 FZhHo)
£ HF3L e AoZ el ol Zorrk=
fr 73 AAel 93 WiaEr] oz Azt d
wEo g Ao FANA 0 AsiMtt MagE F1
o f - 53 Al ofs) MElE Fol fEwielzt
Aeg dHA JriHamrick 5, 1992). °J=
o] o}l Fo = Q3| gl Ersd A
g2l o8 A FATeEA I e
715 FAE 5 o, "l Fdo] B3}

PHolE T MdldM=E 48 & =
7] 2oz Ayze.

ZoHAE 4 ] fRHelE AT 4 AN
| EgE dolegs Zonxe PIERS E &
Atk EomR= xpo)Zoln g Eftd] 23 JiER
E7} o= A= ARA=HEE, o)A A wiFE
° =2 Zg3le A ] #34 dg=rt FAEA
A Zog Fg9rt. 2e, old tigk & o] W
FAE elire afekel B3 U3 ZAPT AA
Hojzop & Aot AAE Zovxe] Zg- FAA
7t F2 A (Bl 23iA] olFAA=d], oleigt 543
2 Mg ZgE A Aleld) f1x 7S ESIA
3] f-1z) B 59 E3E I3 Aol 7
g ol Ax AHANE 71es 3 & RAcs 4
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27| Yo A&HY ForARe A1 -
M B4 A T 550l Hlsh Gaels) 4
gHoz e oz vkt AL FewlAs)
U 52 FAMelE fA187) SiE ASHEE 7
HAR, AN A A2 AT} 54 ko,
WA §REo] GORE AP WG Rhe U
ol sf3te] 7§4lo] o)Fo4d FFsAo] ok ER
3 sk o] FAHA7E o] s ol FeIxT
@ Afolol] ofe] AR Eo] EAlelel ATk lge
s77) W] Heikt 4R WRIL ol AE 98
3) ool 4 Utk Az} A1 35l o
#7go] Zhae) FRE 98 wAlE S itk
AzkEry.

3.3. Wrighte| F 24 9 |REAE &4

Wright®] F 24 23} Fis R Fpat 57 09
7R #E UElo] Semxt o] 739 Hardy-
Weinberg B3 Jelol] 243 oS ¢ & AU
(Table 4). °l& Z} JDEZ Z} FZRAHNA B
Fax1E 9} Hardy-Weinberg B Hlw9ke] 9%
GHE 7233 iy Yepdar e, ZE J
@ 2 {FARRANN 2§28 ¥EE Hardy-
Weinberg BEJEIE Hojular A it oj=gh
AR Sonat Y] A A-&E5Fe) AF3o]
F7F Zo] e - B4 WS BRF nes F
B3 v 2 HABAS VXA QRelx B
3}3L Hardy-Weinberg BB JENS FXIAA F7] A3
318 w7PEe] 83 Je Aoz FAAD.
Zomzte] e 1 wwlekel #3 Mg d7e
olFoj7 upz} glovt ZXamle] ke A W=
$a e AR FAHHUOH, Y ZH el 7=
£ madts Zxlamle o FEAFAY SIS
X 717] A% Fgkgo] AgEo] 2 Ao FH
"o}, o}gd o] e N2 piskd ule}h 2ol

Table 4. Wright's F statistics for polymorphic loci in natural
populations of Schisandra nigra of Mt. Halla

Locus FIS F[T FST

ldh -0.034 -0.011 0.022
Mdh-2 0.009 0.054 0.045
Mnr -0.231 -0.154 0.063
Pgi-2 0.150 0.227 0.091
Mean 0.025 0.097 0.074
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Semat o] I FFY FwelE: AR
QEE skt AEE 8 & o= Fgdr)

TovARe] 739 AA| Fdo] R-H FJUgE Aol
= 7.4%(Fsr=0.074), YHA 92.6%= HhH 7}
AZE Apol2HE 71 Ao FHEHG ol o
- BRAEEH FARE ol o (Hamrick 5,
1992), E2wAe}t 2o] A2|d £ Ft uhe- F
K Ger=0.124) TAF(Cer=0.141%] O 525
= Hlws) B de Jue] B3t A & 5 3
It o173 Femlate] AL F2 Ao o) FAHH
o7} o]FoiR| 1 BEAE FA0Z AHAlEY] = AN
Ago] A 13 RS LA = + A
= AAde g3 3 Fo2A AWt 5234 B3
7l 2o Ro g FAgHc}

34. Nei®| R85 72| & /E 24

Nei(1978)°] #33 AH2D) 2 733 TL=DE
Tg A= Table 59} 2o} BaARe Y= 7
2} 00189 098302 Yeh} FiRgt Feidld) w3zt
7R =Z FAdzre] £33 Bahe 2R o= Vel

At £317 AelE o83l UPGMARY &gk
FREXAE AR A= Fig 29 2oh B4

Table 5. Pairwise Nei's genetic distance (above diagonal)
and genetic identity (below diagonal) in natural populations
of S. nigra in Mt. Halla

<al'sh b Ago] Ho 5 VAP Hdo] B
), BEAN WV FAAE PeilN BE WS
Sahe Hold #7148 HIE 2 US04 NES
Yeplo 24 o] e v} f=E Ao Y
Hakroz «al'oh} AHE Yool WSl BLA}
ko) §707 727} 1k o]AAQ Ao FRET
Sli=d), oleleh oS BeAIX9e) 7158 (Table
Dol e F gl lsle] fRSIGY) HEoE
zgc} Je Wee A4 Sdehae T B5E
7o) 7§24 ¥hg7)a Sl BRI J9ge] o
@ nr} P A7} anEr.

IV. § 2

Syl AslaL e SeriAL FARME B
F3la SA3] 3, AT FeRlolele Aeld
Aol AFEFEST Ye I FAS gie s 9
FAEd 23 f-xolE ZARBIA

1. BRKT YA R JDY] i) FfEERCl
et ErEE T HES e ol EETE 7R
B Mdh-13k Pgi-1's AAS B &N 270
olrte] ¥ISLEME T BE=F O Idh, Mdh-2, Mnr, Pgi-
2204 £HES Rt Pgi-2S AT Idh, Mdh-2,
Pgi-1, Mdh-1, Mnr S3A3 A FLg Ng-H-47F
Her) 71 58 FEEE T vepdo

2. EETEE $hRETRAWLDE BT 179 &%

Population “Youngsil’  ‘Sanghyo’ ‘Kwaneumsa’ o o - PRSI
‘Youngsil" sk 0.000 0.028 -E E‘ﬁ—“ﬂ, 95%(P95) = 99%(P99) —r*\v:“’ﬂ ']-’] E]'
‘Sanghyo’ 1.000 ok 0.025 A {aARe He-L 389%%} 50%, BT Hipk
Swaneumsa’ 0972 0976 arEe) BNIEEHE,)S MHFEHIE 22 0.1413
Nei's distance
10 .08 07 05 .03 02 .00
B e T e s R S S
1. "Youngsil’
’2. 'Sanghyo’
3. 'Kwaneumsa’
B et S S et L s St e T T
10 .08 07 .05 .03 02 .00

Cophenetic correlation = .994

Fig. 2. Dendrogram showing the clustering of the 3 natural populations of S. nigra of Mt.

Halla based on Nei's genetic distance coefficient.
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