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Genetic Variation in the Endemic Rare Tree Species,
Juniperus chinensis var. sargentii HENRY

Sang-Don Han*, Byeung-Hoon Yang and Hae-Yun Kwon
Department of Genetic Resources, Korea Forest Research Institute, Suwon 441-350, Korea

Abstract - Genetic variation of two Juniperus chinensis var. sargentii populations in Mt. Seorak and Mt. Halla was
investigated by isozyme analysis at reproducible 11 loci of 7 isozyme systems(Aat-1, Aat-2, Gdh, Idh, Lap, Mdh-1, Mdh-
2, Mdh-3, 6Pgd, Pgi-1, and Pgi-2), of which 7 loci were polymorphic. The levels of genetic diversity of two populations
were A=2.2, A.=1.61, Pos=54.5, H,=0.179, H,=0.287(Mt. Seorak population) and A=2.1, A.=1.48, Pyss=63.6, H,=0.270,
H,=0.250(Mt. Halla population), respectively. These values were similar to and/or somewhat higher than those observed
in other Korean native conifers. Moderately low degree of genetic differentiation was observed between 2 analyzed
populations (F7=0.039). Heterozygosity of the population in Mt. Seorak was significantly lower than expected, and
much high level of inbreeding coefficient(F=0.376) was observed. Considering the limited population size and
distribution range of the population, the population seemed to be influenced by inbreeding and/or random genetic drift,
Consequently, Mt. Seorak population should be considered to be a more important candidate for the conservation of J.

chinensis var. sargentii.
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Table 1. Description of isoenzymes assayed and buffer systems used for electrophoresis.

Enzyme Abbreviation ECNo= Buffer® No. of loci scored
Aspartate aminotransferase AAT 2611 B 2
Glutamate dehydrogenase GDH 1413 B 1
Isocitrate dehydrogenase IDH 1.1.142 E 1
Leucine aminopeptidase LAP 34.11.1 A 1
Malate dehydrogenase MDH 11137 E 3
6 Phosphogluconate dehydrogenase 6PGD 11144 B 1
Phosphoglucose isomerase PGI 53.19 A 2

:Enzyme Commission Number: Nomenclature Committee of the International Union of Biochemistry(1984).
®A= a lithium borate electrode buffer(pH 8.3) used with a Tris citrate gel buffer(pH 8.3),

B= a sodium borate electrode buffer(pH 8.0) used with a Tris citrate gel buffer(pH 8.8),

E= a morpholine electrode and gel buffer(pH 8.0). For more details, refer to Conkle et al.(1982).
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Table 2. Allele frequencies at 7 polymorphic loci of Juniperus chinensis var. sargentii in Mt. Seorak and Mt. Halla.

Locus Mt. Seorak Mt. Halla

a b c d a b c d
Aat-1 0.033 0967 - - 0.083 0917 - -
Aat-2 0267 0.633 0.100 - 0.600~ 0400 - -
Gdh 0.750 - 0.250 - - 0.833 0.167 - -
Idh 0017 - 0.533 0383 0.067 0.033-- 0317 0017 0.133
Lap 0.133 0.633 0233 - 0.150 0.567 0283 -
6pgd 0233 0.733 0033 - 0:100 0.833 0.067 -
Pgi-2 0.383+ 0217 0.400 - 0.500 0.183 0317 -

- significant heterozygote deficit compared to Hardy-Weinberg expectatios(p<0.01),
* * significant heterozygote excess compared to Hardy-Weinberg expectatios(p<0.01)
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Table 3. Genetic diversity of J. chinensis var. sargentii in Mt. Seorak and Mt. Halla(standard error).

A A, Pos Py H, H.
Mt. Seorak 22 1.61 54.5 63.6 0.179(0.067) 0.287(0.082)
Mt. Halla 2.1 148 63.6 63.6 0.270(0.088) 0.250(0.073)

A = number of alleles per locus, A, = effective number of alleles per locus, Pss = 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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Fig. 1. The distribution of allele frequencies in the populations.
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Table 4. Wright' s F statistic(1978) for J. chinensis var. sargentii.
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Locus Fis Frr Fsr
Aat-1 -0.0742 -00619 00114
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Gdh 04383 04442 00105
Idn 0.8101 0.8312 0.1111
Lap 0.0630 0.0660 0.0033
6pgd -0.2420 -02168 0.0203
Pgi-2 02077 02145 0.0085
Mean 0.1506 0.1838 0.0390

- 80 -

ojAY Hek 7F §A4 £3tY] =& velli= wolo u)
s At W ZHAl 7F Bk Hole) vjgo] w4 Uehd A
< 7S Sk FAAF Art A FYsta A
Al AYA EXE Hole 45 AukoA] duixoz 3k
H& ZHE2 X (Hamrick et al., 1992), 7]1&0| 211 ¥ $-g
et e JIGeE Adelix FHE For 3= HAZE o)}
FALSE =& o)t (Pinus densiflora Fsr=0.038; P,
thunbergii Fsr=0.035; P. koraiensis Fsr=0.050; Kim et
al, 1994). 1} w3hti el A S Y7 o ¢ Ay
ojx At HFRE= HW thil thE F=FEol vj3) 2to,
H 5 o] ze|Hog xs] ArlEo] glo] tha 9

T2 YzreEch g, F A 7 Nei(1978)9] F314
Al 0.0232.2 HlwZ 7PEA Jebdth 2 dAtelA
Feah dA At = € S84 {323 71 7|29
| Hls Ao AHlom 3
Hol| 24 Ayt 277t

22 33 4k glou

A

18

o\ 1x & M o g

L2 oy

N ot

¢

oA X ol X ot

=

AL et ¥
Upebdica ZbEt E
bof Q1914 - A maow

ol& ¢l ZXnH

[ S TR Y

>

il i o
SL
g orir ke

2 ox
o

=

g ¥

A

o
o

x o g
SRS

o

O
1o

lo g o8 rir N
>

%1211

4

o 2L

o



(e i
3
B

o & R k

R Jo
fu
=
ol

of
o o Ko Jo

g g
Ho
ol A
ULy
)
.n;
L
_tvj_‘

i

n oo
o]
Iy
ot
>

lo rr

N
2
ft

ox
g,
& o
-
2

ol
&
=2

O

i

Ho i
o

YN

iy
N
H oo

ol e
12
1
ol

® o o
o2

1o
B
oL
A

Sahzlt 2AF X ol At ez AYste 3 FAR}
A9 =¥ H(Juniperus chinensis var. sargentii
Hengy)9] Aobit 9 shebal Jehs g o2 F9aa 24
of o3t A thfdS AR F T FHELNA
el A e FAREIT A= LH, °o}F Mdh-
1, Mdh-2, Mdh—3 ¥ Pgi—1 SAAXZE ALt 74 4
2R A Trg o] BEEGUT B4 F HAdY fxiol
8o 7}z A=2.2, A.=1.61, Pgs=54.5, H,=0.179,
H.=0.287(A e Aehit A=2.1, A.=1.48, Pys=63.6,
H,=0.270, He=0.250(F =Mt Aoz I & JALT2
2RE FYas £48 53 FHH FAMo|Fl HF ot
2 5L AFE BYon B4 Yt {38 £33 HA=E
18] 3 & Ao R YebdthFsr=0.039). Aotk Htte]
3% oy e WERZL 7| Ao ] uf-¢ Wte
A ol W E=A VeR(F=0.376), MyHer 2

] E= 3% F5o 93s gol ¥ gle Ae=
A=At ol Aokt bR k] B Ao A
A7k shepal Akol vl3| of2- A 7] WEQ FAE
o, &F dopik ko] BRES 93 Hot o]
Hast 2o AARHETh

R

12

iy

=l

o]

22
o

it

Chakraborty, R., P.A. Fuerst and M. Nei. 1980. Statistical studies on
protein polymorphism in natural populations III. Distribution of
allele frequencies and the number of alleles per locus. Genetics 94:
1039-1063.

Conkle, MT., PD., Hodgskiss, LB. Nunally and S.C. Huntter. 1982.
Starch gel electrophoresis of pine seed: a laboratory manual. U.S.
Forest Service General Technical Report PSW-64.

Comuet, JM. and G. Luikart. 1996. Description and power analysis of

-81-

R B LI E Sl o] MAEEER Hirel e BESE

two tests for detecting recent population bottlenecks from allele
frequency data. Genetics 144: 2001-2014.

Gottlieb, LD., SI. Warwick and V S. Ford. 1985. Morphological and
electrophoretic divergence between Layia discodea and L.
glandulosa. Systematical Botany 10: 484-495.

Hamrick, J.L., Y B. Linhart and J.B. Mitton. 1979. Relationships
between life history characteristics and electrophoretically detectable
genetic variation in plants. Annual Review of Ecologial Systematics
10: 173-200.

Hamrick, J. L. and MJ.W. Godt. 1989. Allozyme diversity in plant
species. In: AHD. Brown, M.T. Clegg, AL. Kahler and B.S.
Weir(eds). Plant Population Generics, Breeding and Genetic
Resources. Sinaver Associates, Sunderland, MA, USA. pp 43-63.

Hamrick, J L., MJ.W. Godt and S L. Sherman Broyles. 1992. Factors
influencing levels of genetic diversity in woody plant species. New
Forests 6: 95-124.

Hickey, RJ., M.A. Vincent and SI. Guttman. 1991. Genetic variation
in running buffalo clover Trifolium soloniferum, Fabaceae.
Conservation Biology 5: 309-316.

Karron, JD., Y B. Linhart, C.A. Chaulk and C.A. Robertson. 1988.
Genetic structure of populations geographically restricted and
widespread species of Astragalus (Fabaceae). American Journal of
Botany 75: 1114-1119.

Kelley, W.A. and R P. Adams, 1977. Seasonal variation of isozymes in
Juniperus scopulorum: systematic significance. American Journal of
Botany 64: 1092-1096.

Kelley, W.A. and RP. Adams. 1978. Analysis of isozyme variation in
natural populations of Juniperus ashei. Rhodora 80: 107-134.

Kim, Z.S., SW. Lee and J.O. Hyun. 1993. Allozyme variation in six
native oak species in Korea. Annual Science For. 50 (suppll): 253-
260.

Kim,ZS.,CH. Yiand S.-W.Lee. 1994, Genetic variation and sampling
strategy for conservation in Pinus species pp.294-321. In:
Conservation and Manipulation of Generic Resources in Forestry.
Eds. Z.S. Kim and H H. Hattemer. Kwang Moon Kag Pub., Seoul.

Kimura, M. and JF. Crow. 1964. The number of alleles that can be
maintained in a finite populations. Genetics 49: 725-738.

Kwon, HY. and Z.S. Kim. 2002. I-SSR Variation within and among
Korean Populations in Taxus cuspidata. Journal of Korean Forestry
Society 91(5): 654-660.

Ledig, F.T. and M.T. Conkle. 1983. Gene diversity and genetic
structure in a narrow endemic. Torrey pine Pinus forreyana Parry ex
Carr. Evolution 37: 79-85.



WBZHEE Korean J. Plant Res, 19(1) : 76~82(2006)

Ledig, F.T., V. Jacob-Cervantes, P.D. Hodgskiss and T. Eguiluz-Piedra.
1997. Recent evolution and divergence among populations of a rare
Mexican endermic, Chihuahua spruce, following Holocene climatic
warming. Evolution 51: 1815-1827.

Lee, SW., S.C. Kim, W.W. Kim, S.D. Han and KB. Yim. 1997.
Characteristics of leaf morphological, vagetation and genetic
variation in the endemic population of a rate tree species,
Koelreuteria paniculata Laxm. Journal of Korean Forestry Society
86: 167-176 (in Korea).

Lee, S.W., S.C. Kim and H.S. Lee. 1998. Allozyme variation in
Abeliophyllum distichum Nakai. an endemic tree spicies of Korea.
Silvae Genetica. 47: 294-298.

Lesica,P.,RT. Leary, FW. Allendorf and D E. Bilderback. 1988. Lack
of genetic diversity within and among populations of an endangered
plant, Howellia aquatilis. Conservation Biology 2: 275-282.

Levene, H. 1949. On a matching problem in genetics. Annual
Mathematical Statistics 20: 91-94.

Lewis, P.O. and DJ. Crawford 1995. Pleistocene refugium endemics
exhibit greaters in the genus than widespread congeners in the genus
Polygonella(Polygonaceae). American Journal of Botany 82: 141-
149.

Loveless, M.D. and JL. Hamrick. 1984. Ecological determinants of
genetic structure in plant populations. Annual Review of Ecological
Systematics 15: 65-95.

Luikart, G. and JM. Comuet. 1997. Empirical evaluation of a test for
identifying recently bottlenecked populations from allele frequency
data. Conservation Biology 12: 228-237.

Luikart, G., F.W. Allendorf, JM. Cornuet eand W B. Sherwin. 1998.
Distortion of allele frequency distributions provides a test for recent
population bottlenecks. Genetics 89: 238-247.

Nei, M. 1978. Estimation of average heterozygosity and genetic
distance from a small number of individuals. Genetics 89: 583-590.

Piry, S., G. Luikart and JM. Cornuet. 1999. BOTTLENECK: a
computer program for detecting recent reductions in the effective
population size using allele frequency data. Journal of Heredity 90:
502-503.

-82 -

Ranker, T.A. 1994. Evolution of high genetic variability in the rare
Hawaiian fern Adenophorus periens and implications for
conservation management. Biological Conservation 70: 19-24.

Sokal, RR. and FJ. Rohlf. 1981. Biometry. 2nd ed. WH Freeman. San
Francisco. USA. 859p.

Swofford, D.L. and R.B. Selander. 1989. BIOSYS-1: a computer
program for the analysis of allelic variation in population genetics
and biochemical systematics, release 1.7. Illinois Natural History
Survey. Champaign. Illinois. USA.

Waller, DM., DM. O’ Malley and S.C. Gawler. 1987. Genetic
variation in the extreme endemic Pedicularis furbishize
(Scrophulariaceae). Conservation Biology 1: 335-340.

Wright, S. 1978. Evolution and the Genetics of Populations. Variability
Within and Among Populations. University of Chicago Press.
Chicago. Illinois. USA.

AR%, AEF, WA 2001 $EH o)A Aehes HR(GE
S, EA ST I101E. ppad

5=, A Q-7F. 1985. Juniperus chinensis THZ o] A| =&}

}3) =] 77 22-26.

BEFA7 AEE= AE e Y pp2l.

1995, A AY 2.2 4 u) 2 9 AHbehol A A

A 2ASB(LH)O] BY AT BT 2% A

Bl
o
u2
ﬂ'

X
ol
N
—

o4, ke, 27 A, 281997, 3] 4+E AR 0l9] 4
Bo). ah=-8-%38H%) 7] 29: 376-381.

HEiE. 1965 TR FAB R AEUE - 22/ A5E
A} pp.128-129.

Y4 A A, Y5 2004, 5 HAEQ 3R
(Juniperus chinensis var. sargentu)-J TR RO WE X7

% 9 0 vhobAl SF2ANE 83 &) 27(5): 257-261.
FEE, Yo, FEE, o1AS, A3, TAHE. 2004, Hopt
ey A& AR AT 4" A 2o E A
93(5): 393-400.
cas

Y 2005.8.23 ;Y 2006.1.16)



