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Abstract: Genetic diversity and genetic differentiation in six natural populations of Abies holophylla Max were
investigated using ISSR marker system. From 6 ISSR primers, the average percentage of polymorphic loci was
85.6%, and the average expected heterozygosity (/1,) was 0.288. From the result of AMOVA, 94.4% of total genetic
variation came from the differences among individuals within populations, and 5.6% was caused by those of among-
populations. On the basis of Bayesian inference, genetic differentiation (6" and G;) and inbreeding coefficient for
all populations were 0.045, 0.038, and 0.509, respectively. The correlation between genetic distance and geographical
distance was highly significant at the Mental’s test (»=10.74, P <0.05). Six populations divided into two groups
according to the results of UPGMA and PCA. One group included Namwon, Cheongdo and Mungyeong population.
The other was Inje, Hongcheon and Pyeongchang population. Also, in Bayesian clustering analysis, 6 populations
were divided into two clusters. But Cheongdo population was assigned into the other cluster unlike those of
UPGMA or PCA. Taking the regions based on the results of the cluster analysis into consideration of AMOVA,
3.9% of genetic variation came from the regional difference. The dendrogram from UPGMA could provide the most
genetically reasonable explanation for the distribution of Abies holophylla populations in South Korea.
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Figure 1. Location of six Abies holophylla populations in
Korea.
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Table 1. Genetic diversity index from ISSR marker analysis of Abies holophylla populations in Korea. Ae, I, He and %P are the
number of effective alleles, Shannon’s Information index, the expected heterozygosity, and the percentage of polymorphic loci,
respectively. /s is the average heterozygosity within population from Bayesian computation including MCMC with a burn-in of
50,000 and a sampling run of 250,000 iterations (Holsinger et al., 2002). The standard deviation is in parenthesis.

Population A, I H, %P hs

Namwon 1.527(0.070)* 0.445 (0.046) 0.299 (0.035) 90.0% 0.294 (0.014)*
Cheongdo 1.508 (0.070) 0.433 (0.047) 0.290 (0.035) 90.0% 0.297(0.013)
Mungyeong 1.469 (0.068) 0.405 (0.049) 0.272 (0.036) 80.0% 0.286 (0.015)
Pyeongchang 1.467 (0.071) 0.403 (0.049) 0.269 (0.036) 83.3% 0.285(0.015)
Hongcheon 1.463 (0.061) 0.419 (0.045) 0.278 (0.032) 83.3% 0.281 (0.018)
Inje 1.561 (0.066) 0.469 (0.045) 0.319(0.033) 86.7% 0.295 (0.017)

Table 2. Results of the AMOVA (analysis of molecular variance) for 6 Abies holophylla populations in Korea.

Source df SS MS Est. Var. %
Among Pops 5 44.133 8.827 0.240 5.6%
Without regions Within Pops 114 459.900 4.034 4.034 94.4%
Total 119 504.033 4.274 100.0%
Among Regions 1 16.867 16.867 0.168 3.9%
Regions based on Among Pops 4 27.267 6.817 0.139 3.2%
UPGMA Within Pops 114 459.900 4.034 4.034 92.9%
Total 119 504.033 4.341 100.0%

Table 3. Coefficients of inbreeding and genetic differentiation, and DIC calculations under four alternative models in Bayesian

computation (Foll et al., 2008) of Abies holophylla populations in Korea. The standard deviation is in parenthesis.

Model f o" D D pD DIC
full 0.509(0.270) 0.045 (0.012) 621.2 539.6 81.6 702.8
=0 - 0.035 (0.009) 620.2 529.3 90.9 711.1
=0 0.744 (0.184) - 760.5 733.3 27.1 787.6
[ffree 0.502 (0.289) 0.083 (0.022) 631.5 503.8 127.7 759.2
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714 gk Full 2do]3lth. o]2]gh Full oA Z3lawn)
& 050901, Itk FHEst= 0"7F 0.045, G 7t
0.038Z H|wA o H3l§8 Holil §JTH(Table 3). 74
Rapo) thgk A 87} Algete AR ) 2AF
o Full 292 231 0H1E&(1,=0.012) F3 HT}= @%A
FESH(1=1.480) 80l T Zehet o= dAETH(Foll
et al., 2008).

=3

[zt A2) 4 Ao} 7334 72E vad Mantel 2
FollA F Akl Al o] YEREA (7=0.74, P <0.05),
[zt A 2|4 A7t Bs 2oz ol 3 [l
RE3h= 2102 dE Tt UPGMA 249X % d-%
Er7d kel Al AQA-H-9 e A2
oz 7EEo Aol F14 dAl) wE A4 £X
= HoFI tk(Figure 2). FAE B = AA A

o]2] 85.5%%= ¢ 370 FAE(PC1=45.1%, PC2=24.3%,
PC3=16.1%)°] A3, UPGMA 243 wlk7EA]
ZANFARES 7Fo R G- A7 JAte] A1y
I QIA-SH - F o] &3 A2 o2 FREAL
), 27 Jte] A Aol SRk gl A= F
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Figure 2. Dendrogram by UPGMA method using Nei’s
genetic distance of Abies holophylla populations in Korea.
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Figure 3. Biplot of principal component analysis of Abies
holophylla populations in Korea. The PC 1 as x-axis and the
PC 2 as y-axis explained 45.1% and 24.3% of total variation,
respectively.
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Table 4. Membership proportions of each Abies holophylla
population assigned into two Bayesian clusters by the results
of STRUCTURE (Prichard et al., 2000) in Korea.

Cluster 1 Cluster 2 N‘“.“?’"r of
individuals
Namwon 0.310 0.689 20
Mungyeong 0.249 0.751 20
Cheongdo 0.517 0.483 20
Pyeongchang 0.618 0.382 20
Hongcheon 0.565 0.435 20
Inje 0.618 0.382 20
@ §44 A7 didew = 1/}F/}ME}(Flgure 3).
Wo]= 3 418 9%t A3 = Evanno 5(2005)
o wpgel mepd 2 FROE AdEon, HH 23
F(K=2) AN G- Fael A1 =5
B-QIA Heke] £ A2z o= v ATHTable 4).

Ni

7} 1.570, o|FH3= 71 ](He)-‘E 0.288, Shannon-J -
Avkdd A 0429, b oh@dA fraakatke] 1)
E(%P) 85.6%, Hlo]= FEE] olFHTA W (hs)7t
0.295= 1A}, oA o] FHel= 5717, 3
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(H;=0.025; Shea and Furnier, 2002), 4. cephalonica
(H=0.239; Fady and Conkle 1993), A. lasiocarpa (H=
0.129; Ettl and Peterson 2001)2] A T}Fd BT} =4 1}
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AdFds 74 45 g ez FIHTATE 2
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d] H]3}](Lee, 1987; Yoo, 2002), AUHF-= %
F2 EESARE 1 300m F=2] AA Y Aol =
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]

U AU Jeke] 3123 E(04,=0.056)= L
-] ISSR 34| A 3H(95,=0.041; Lee et al., 2008)1.T} F
v =9ko ™, Wrighte] F SA %3 ¥ 2 s+ AuyF-9
0"(0.045)%= nSSR HEAE ©o]&3 FHUF EAMA%
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gle] #}Ax]7} A 2871 QITH(Coart et al., 2005). $F
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and Hyun, 2000)°]t} nSSR 34| #4](F,=0.063; Hong
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FHaA BA BEAAIe} vWEPE, 4. alba(F=0.015;
Matusova, 1995), A. balsamea(F=0.037; Shea and Furnier,
2002), A. lasiocarpa(F;=0.031; Ettl and Peterson, 2001)<]
AZET} 7 29O, A, alba(Fg=0.223; Mejnartowicz,
2004)} A. cephalonica(F=0.048; Fady and Conkle, 1993)
H]3)] SHA] UEbsiTE
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2004).
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EEEERE A 103 A28 (2014)
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A3} FARE AFAE BojFa gk
3] Aol o Fere] A9F

o, th2 Fe] vlste] A1 2 A2
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