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Genetic Diversity of Lonicera caerulea var. edulis in South Korea
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Abstract - Lonicera caerulea var. edulis is a rare species found in some alpine region of Korea. Genetic variation in L.
caerulea var. edulis has been investigated by examining 161 individuals from six natural populations: Mt. Seorak 1, Mt.
Seorak 2, Mt. Jeombong, Mt. Bangtae, Mt. Gyebang, Mt. Halla. The mean genetic diversity for all the six populations was
0.25 (S.I.). The highest genetic diversity was found in Mt. Seorak (S.1.=0.3158) and the lowest was in Mt. Gyebang
(S.1.=0.1047). Comparatively low level of genetic diversity was observed (Ae=1.25, P= 64.6%, S.1.=0.25), which is a
typical pattern for rare tree species. AMOV A showed exceptionally large proportion of genetic variations both for among
populations (34.69%) and within populations (65.31%). Excluding Mt. Gyebang, the genetic variation among and within
population was 18.71% and 81.29% respectively. The UPGMA dendrogram based on genetic distance is not suitable for
geographic relationship. Genetic distance of Mt. Gyebang was most distant from the other populations. Excluding Mt.
Gyebang, the genetic identities among the five populations were 0.95 to 0.97, which is very high similarity level of genetic
identity. This low level of genetic variations and the lack of site in nature indicates that L. caerulea var. edulis demanded a
serious conservation.
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Hoh(Kim er al, 2000). #+ A= & A8k 8810 A o A AR B Bghe] B deke] Mokl gl 5
T 2stel] whE AAAENA o] wght shaE Al A4 F o] A/dol S THKong, 2005). SHFES] ¥ k= Hi
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AdaE o] §5 9 767 FEE AF kel x18E L ol
ThHkim, 1998; Ochmian ef a/, 2008; Skupien et al, 2009;
Malodobry et al, 2010). H=3F o] gk o] wl$- 7
ato] —45C7HA] Ad 4= 9lom, —8Cel| &= 7l 5}stm 713171 9]
Salol| = ¥]3)] WhA] 22 4= 9= 21 E-o|tH Piekhanova, 1999;
Malodobry, 2010). vt &the] 5405 A et M=
AR 7} 3 A Q1 # 9FE(VU; Vulnerable) 2.2, A 21|, 5%
U 50 3| gk skt R Akx) o] a4k 8l A=
2 g vp QJTh(al, 2007; Lee, 2009). al2tol]l a1gie =]
grjolupy-ef -2 7 g-ell= vl A2 AT 2715 A 9
ggo] Alztstm, AR o] Ajd BHAde] QRlo] ~EH AR
Agate] Ago] A A A 723} Foll whE AR g
7gWs} 5o B A7 A fl9A o] k(AL 2007).

A HEA ] SulE Jes feiM S8 r 5
WA, frdake] g=¢f A7)nk o el oAk 2d w
E ol Feul- ek 1ol onjshs A 8 AE T
7 e stofof gk =9 Aol = frd A Wo 7k st
7] wjiZol] g o] Wstr]ehie o] A3 4= glo
S TS ANEE A, 39 Wt 58 v HEe] o]
AHKim et al, 2000; Kim et al., 2005).

upeba] opAE O] EFE B HET] A ekl 9lof of
FE] T Holo] #3 5/do] A 0w i ofof gtk
FH AEa 8] el whet A Q] DNAE 214 4ol
o] gdh At FH H7PF 085l Jth(Avise, 1994
Milligan et a/, 1994). DNAZ o]-83h= &4} markers ISSR
(Inter simple sequence repeat ) 341 =452 (SSRs) &
2o 2 ok 20 Base pair?] primerE PCRe|| ]3] S-&31=
o2 1709 primerE AHE3}aL, PAGE (Poly acrylamide gel
electrophoresis) A7]%96-S e D87} §lof Aol 1t
itk A o] At (Zietkiewiez ef al, 1994). =3k genome
o] DNAS 74912 S5tk 3ol RAPD (Random
amplificon of polymorphic DNA)®} f-AFsFARF PCR 473) A
primere}e] Ag 2718 o@A o] F 224 PCR error’}
Aol ] A AjgAde] FTHKim et al., 2005; Yun, 2008). HgF
SSRs&- 71 227} A A genomedl] LF HA] glon shold 4=
= Ak == B7] vfszoll DNA marker 241 7H4] §1
Al B7VE) a1 ek Jeffreys et al, 1988). ool ISSREA] L Z =
Ul &) A& g eke] A vheld Tl de o]-8-5 A 9l
(Zietkiewicz et al., 1994; Xiao et al,, 2004; Han et al., 2005;
Yang et al.,, 2009).
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Fig. 1. Geographical distribution of L. caerulea var. edulis.
population. (1. Mt. Seorakl, 2. Mt. Seorak2, 3. Mt. Jeom-
bong, 4. Mt. Bangtae, 5. Mt. Gyebang, 6. Mt. Halla).
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Table 1. The number of sample trees and informations of wild populations

. Latitude Longitude Altitude
No Sample site ' o Ns* N
P ) ) (m)
Mt. Seorak
1 .07. 128.27.4 1 21 =2
(Daecheongbong) 38.07.09 8.27.49 ,708 00
Mt. Seorak
2 .09.04 128.20. 1 > 1
(Gwuiddaekicheongbong) 38.09.0 8.20.07 578 30 000
3 Mt. Jeombong 38.02.57 128.24.27 1,424 27 = 200
4 Mt. Bangtae 37.17.43 129.06.10 1,435 27 = 500
5 Mt. Gyebang 37.44.05 128.25.28 1,577 29 < 100
6 Mt. Halla 33.22.15 126.34.15 1,750 27 = 200
Sum. 161 > 1650

“sample size.
population size.

ISSR—PCR

ISSR PCR ¥H8-94 20 nl'g 10 ng template DNA, 0.6 uMISSR
primer, 1.5 mM MgCls, 250 uM dNTP Mix, 10 mM Tris—HCl
(pH9.0), 1 U Tag DNA Polymerase, 30 mM KClo] E3te ==
ZAE3iE. 490 AR primers= UBC (University of
British Columbia) primer set #9 3 primer screeningS 3}
of @0l §rataL, thdAdS Holn SF4HEo] s
T-E55 primer 7705 4731 A3 TH Table 2).

PCR 5% W3- 94°Cell 4] 53-9] A ] - 94Tl A 30,
55 C(#881, #860) Hox= 57'C(#817, #8325, #842, #8391, #838)0l|
A 30, 72°Coll A 6022] #4-S 508] WHESE 5 727CollA] 10
w1t HE SEAZ PCREH AF9] 42 0.5 uMe]
etidium bromide”} ¥3H¥) 1.5% agarose gelollA] 2A17F A17]
JEA) A (1XTAE, pH 8.0) UV trans—illuminator’dol| A 23
FEARLS o] 8al3irt. Eg ¥ ARl 9] 5413 100 bp DNA
Ladder (Solgent, Korea)E 715522 74 bpol|A SZA4HE2]

Table 2. List of ISSR primers and the sequences

No of primers Sequence (5" to 3")

UBC 817 (CA) 8A
UBC 825 (AC) 8T
UBC 842 (GA) 8YG
UBC 860 (TG) SRA
UBC 881 (GGGTG) 3
UBC 888 BDB (CA) 7
UBC 891 HVA (TG) 7

Sl wheh 13} 002 Hlo] B2 geiste] B4 ol 3
A

A 5.9] 4]

eoluy- kel 404 54 2915 $18l POPGENE ver.
3.2 program (Yeh ef al, 1999)-2- ©]-83}¢ Shannon’s information
index, Number of polymorphic loci, Nei’s genetic distanceS
AE319T) AR5 Nei's genetic distance S ©]-8-5Fe UPGMA
(Unweight pair—group method using arithmetic average)=
dendrograms 2RI}t

W3l Arelequin 2.0 program (Schneider et al, 2005)S- ©]
& Euclidean distance®l| 93] AXME 44 AdE 7122
AMOVA (Analysis of molecular variation) #4318 21A|8ko]
A Tk o) e BEAEE ARSIt Excoffier ef al,
1992).

a3 5 o

A T

Yo frdWo] Aol AREE 77H] primerci| A
primerd Gt 18.17, F 127709] S34haS 928 = 991
th 24 67 Aee] 4 Wol#s AFEdt A3 Shannon
Index® 5743w Aobak 2(A w714 %) Feke] f-wo)7t 7¢
% =9k o (S.1.=0.32), WElAF JEH(S.1.=0.30), A4 et
(S1.=0.28), Aotk 1(HA5) JHSL=0.27), grepat ek
(S1.=0.25)5= 0= gl w9t A -k (h=0.06 S1.=0.11,
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(Table 3).

670 ek Aol et & o EFHAke] (A)7F 1.2571,
Shannon®] 44 ThFAIAGE 0.2521, TFEA AR
H]-E-2 64.56%5 SR1E| ATk, A o] - wWolgo] o}
£ Fetol] vlarste] Ho|H o2 vhe £245 Ve B ]
Yol U Heke] AnkAQl -7 Holg Thek-Ss Sjal] At
ks AlQJ g 3t F oS glsigiet. 3 Holgol

|55kl E 571 Aeke] Hatghs ERleh A dA| 4 o2 424
7h ok ol 7 ake HAITHA=1.28, S1=0.2816, P=73.07).

=] o]yt 67 At 2R H 45 Shannon®] F-71
T A19(S.1.=0.252)8 =] A-A}e} vl algk At 4k
of st ghepiba) ShEEe] YR A EE Bty
AJ&1)(S.1.=0.531, Choi et al, 2004)t} EZU(S.1.=0.470,
Han et al., 2005) K0} 1] - S =0 ATk, 3k atibo] =2
B¥ehe AFHEY ESMUH(S1=0.302, Yang ef al,
2009), =EHH(S1.=0.463, Choi et al, 2004), w3
(S.1.=0.567, Im et al., 2012) BT} W& 3S Hol= A o2 3
J=|SATE L gl S ko] Badl % w3}
(S.1.=0.243, Kim et al, 2009), TF51HH(S.1.=0.269, Lee
et al, 2002) 9} FAFEE 0 2 ol A oﬂ;ua UARE 3
FE} v g o frvkeldof v ﬁsz& &
thE T

olmgt 2] HA%0] @uslol olato] otk U

WA B A2 W17t A Ak 2] B
SP7F QAR 740 le] d uwf 2} JiA| Ef AL 150
A T e olau Zo|| o]F3 T Agnew, 1961; Kim et
al., 2000). 714 Wolgke: ZATe] 7)o oJEdh= B
ol&l A J}TEJ ] olell A A7 )7} 2SS &4
ol o] MPSE-2- v vhepdtt, webA TR 371-3— 4
sk JfAlre] A 0 R 438 4 ol Wl
A HChu ef al, 1998).
ool Lee et al. (2002)-> W75 1H-9] frd 4 thddo] vt
o] 42 zke A g 72 013 G217 Bz o] 7h&slr) 9]
Aoz A3t Kim et al. (2009) GA] T 37F A4
, 7FkE A 5 AR Aol PR E gt 54
A AAF7E 7P ARG ko] v [dEe] %
A ol vlaLste] dAJs] W 0 R SQ1E o]
T o] w2 o2 Fekarel 7]9lske A o= Al
ZAA sk AR B o AL o] ulg- A2 7]
TR QIS 7P e A T & YERH, Aok o B
o, gt e, gk o] JiAlg 7 Ao B o] Fob 1
Oos W FATA S Ve éﬂri EO} Hete] 7Hxﬂ

27N
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Table 3. Estimates of ISSR amplicon diversity within L. caerulea var. edulis

Population Al S.I” P (%)
Mt. Seorakl 1.2766 0.1718 0.2712 85 (66.93)
Mt. Seorak2 1.2933 0.1934 0.3158 111 (87.40)
Mt. Jeombong 1.3006 0.1796 0.2760 79 (62.20)
Mt. Bangtae 1.2857 0.1846 0.3000 108 (85.04)
Mt. Gyebang 1.1054 0.0678 0.1047 28 (22.05)
Mt. Halla 1.2428 0.1535 0.2449 81 (63.78)
Mean"! 12523 0.1594 02113 82 (64.56)
Mean™ 1.2798 0.1766 0.2816 92.8 (73.07)

“A. = Effective number of alleles; h = Nei’s (1973) gene diversity; S.I. = Shannon’s information index; P (%) = Number of polymorphic

loci (percentage of polymorphic loci).
Y1 =mean of all populations.
2=mean of five populations (excluding Mt. Gyebang).
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Zol] 7] 23 g o Jek - gy 7]
312 AMOVA 418 8 g A3} 65 ol &3k
H o) 65.31%%, 34.69%(pst=0.347)7
olah= 207 BHlEQItH(Table 4). Fek 7he] -4 H3 4w
S U] DNA A 2HE 0|88t - ZA e} v] g w) v =gk
FEA O EZUE (st =0.335, Han et al, 2005), B]5=
vhekAd 42529 vk 3K ¢st=0.306, Kime al, 2009)} F-Als}
et

ZARE 67 Fek 2] A e At Aat ko] A9
Nei®] 727k ve#] 57] ekt 0.182~0.247 =2 &
Q1 WA APRARS: A €] gk 571 ek 2hell= 0.029~0.048 =
29 AAGE YERIT Table 6). ool 7] %3t 24| =9
A AT AR S wg- 2 ARE FaL Fol A e E

_,4

NN o
myS
)
o K
N
o
=
N

o] 9= AE 18 4= ik U A] 571 F ek Aok (A
717 %) Ak, g fdo] ATES o] FH, 1SR
AP %) ek, Wk e, A8 feko] A o=
o] shte] 155 o Foltk(Fig. 2)

Fraz e gl 9 A e 2P A3 A ks Al S
A Hektel] 734 s o] ulg- mom A2F A=
go] gl A & FRIE AT Akt o] Al A Aol A
ek F3 a9 e Ao 2 HE o] 58 EF(relic species)
o] ZAJgH(Kong, 2002) -2uheke] A &S T2 55
EA ko] Aotk A2k skt 5o AP Aol =
A&A 0w Fxapy| witel, f-evete] aaAE Y

1

s

Mt. Gyeabang

Mt. Jeombong

Mt. Bangtae

Mt. Seorak 1

Mt. Seorak 2

Mt. Halla

Fig. 2. Dendrogram based on ISSR data for six populations of
L. caerulea var. edulis.

& 5olH o FHIE HHo} AT Lo Yep = Fo] EA)
3K (Kong, 2008). o218t A1 552 Wsly] 5499 3915
Tl& oA ZEdt fEreo 2 1uted o] S22 A9 7
2ol wpgh a0 2 Uy Ao o2 A, A
A, Heiah AARE FA4shks 2417 EtHKong,

B900] T Aehen|, FkEolAl: Mot %
Q. Qb)) geate] AgESle] A, olel &
BRls AR 29 Ae] 447190 22 HEol
=]

=}
ol A 2] Yo RENIA FRke] o] sk

i
ol i
©

=

ll “
o

Table 4. Analysis of molecular variance within/among six L. caerulea var. edulis populations

Source of variation d.f. Sum of squares Variance components Percentage variation
. 34.6

Among populations 5 955.63 6.67 (¢stz=0§ 47)

Within populations 155 1946.06 12.56 65.31

“genetic differentiation among populations.

Table 5. Analysis of molecular variance within/among five L. caerulea var. edulis populations (excluding Mt. Gyebang)

Source of variation df Sum of squares  Variance components Percentage variation

Among populations 4 402.76 3.43 1Z8'71
(¢st™=0.187)

Within populations 127 1893.02 14.91 81.29

“genetic differentiation among populations.
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Table 6. Nei’s genetic identity (above diagonal) and genetic distance (below diagonal)

1. Mt. Seorakl 2. Mt. Seorak2 3. Mt. Jeombong 4. Mt. Bangtae 5. Mt. Gyebang 6. Mt. Halla

1 - 0.9696 0.9540 0.9621 0.7813 0.9665

2 0.0309 - 0.9621 0.9665 0.7984 0.9712

3 0.0471 0.0386 - 0.9530 0.8335 0.9555

4 0.0386 0.0341 0.0481 - 0.8069 0.9589

5 0.2468 0.2251 0.1821 0.2146 - 0.8133

6 0.0341 0.0292 0.0456 0.0420 0.2066 -
oM AAR F2H0E 7R o= sl Erth(Yang, 2009).  of8) 25w, a4 B Aol Al AR Rlee] A7]9 3t

o2 3t 70 Al A ey Edt e 7] 91 dElvH(Chy, 1998).

M= 1}01* W A2, 32 5 AR | 2] A3t st SolH o= AL Fre] A4 =] W2 o] v
A, Aeja] 77 e Ao s ke, o] TE L A ES th X‘WM % %:@}7}% Ao I =),
9 “ﬂﬂd—r o% Héﬂ 1%l%* v o] AE-5 ad A

qu tﬂOl%l H%%ﬂ 47%11 3 A Je 1FT

HA AR A A ] Sol e wiAskaL = Weolyt

29| frARst IS stolshaat AR AL

o] AMOVARA-S- =381 tH(Table 5). 57 #
H pstit 0.1872 YoM Yepd 7]E} 5 w5

A9 &k 57 A
o2 Al
(o

st=0.130, Yang et al, 2009), &HH7(¢st=0.134, Kim et al,
2004), H%(»st=0.116, Hong et al., 2003), SHRF( ¢ st=0.134,

9k 2008), T2 pst=0.161, Kwon and Kim, 2002)
(¢st=0.155, Lee et al, 2002) 2} v waf 27t &=

Frow geIEgr)

) )\‘T‘—_‘%

23}

A7 SEHE Fal 2 Kieto] S0 o Aglslo] AR
ol 52 i&Oﬂq%k%%ﬂ4ﬂatﬂwﬂﬂv@%

@%%ﬁq%@%%m R0} A S

Al 2gk 5

) Rk el R AlaA) e Ao sklngi)

o
4
iCisl

717k Evke 19
e} ZAAelA e el g Ao 35

(circumpolar plant) 2 W3}7](<F
o WA stel Afeirt o)

sl
@ﬂ%&% QHHQQQWHN@
Hrh(aL, 2007;

w iy

Kong, 2005; Lee, 2000). webr] @A 2] o]t =] 2|4
2|7} 34tel| wgkE o] 9) ot IpA Q] Bl Hare] 7]Qlste] 7]

g 7ke] faAR

214 7129} Aol a Akgoln, 15 2he)

A
Ao = AL ks AlQjslals Agh 0] o

5. 717H§ xhﬂﬂvu Jﬂﬁ“ﬂ 47H°ﬂ H] uto] wj-9- 4]
ER}, A A AT Al Feke] A AN AIG7) UH‘I‘
WA gk A o] ARA Aol sk}, whEka] v #] o}

‘—J:y‘\___-‘—

570 gestel SRk FaEel Ui el 222 9
B A0 B, v AL AR Aale] L 24 S
g o9 w2 A Ao As,

ol FEsH= AT A4S 5] 2 o] 5
27} glol 2] 43 mEe] o5 o 5 ¢l 1 A7
A ko] oS- vl Belslo] 0% B S} e
Ao B, S0 A9 3 Aol 19 Belel

=2

A 7 7V A e AR o] B fwlo] ] ol
2 02 nol A7 Lyts) ik oljeh 441X 7} gegel
o] Sl e Bl 2 918 a4 A48ek SO B
B glrt,

ool o Fegolube] A4 24l 2 A 1A
AL 0 ol o] & el o] FEFES E)

WAL A7) S70A71aL, el &Eke] 9] AAshs &

=

A7 B 9 B9lo] o] Fojxjop &t 7l o 2 ghkev), Bdt
el A4S el A HetolA AT & -
Yo} @] ) o] W Ao BErLE A9 WA A
o 7H e o] AR siho] 7 eherd Aetele] £ 1
ojgko] 71 =7 vt Ao ik2(H w71 5) ekl A B

o

MAE FEdhe 2ol a4 ¥ ﬁi AbaE.
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A2 0.2535 (SI)E UeREom, Aokal2 Fek(S1.=0.3518)
o] 71 =& kS, A HeH(S.1.=0.1047)0] 7Fg S ke
LERATE AabA o' 87l M BojA] = ] e
o] AT S et (Ae=1.25, P=64.6%, S.1.=0.25).
AMOVARA A3} 3 Wo%9] 65.31%7}F ek W) 71 71
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