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Comparison of Genetic Diversity of Saxifraga Species Distributed
in the Arctic Svalbard and Korea
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Abstract - The species in genus Saxifraga distributed in circumpolar arctic are taxonomically difficult to study. RAPD
analyses were performed to compare the genetic diversity of the 16 Saxifrages originated from the Norwegian Arctic
Svalbard and Korea. The 12 accessions of URP primers were tested and 4 of which showed polymorphism were
selected. Total 79 (44.8%) DNA bands were scored and analyzed by UPGMA cluster analysis. The results indicated that
al of the 9 Saxifraga species from Svalbard showed high genetic diversity than those from Korea. The Similarity matrix
and cluster analyses indicated that the Saxifraga species from Svalbard and Korea can be divided into two different
subgroups. RAPDs of the Saxifraga species of Korea showed higher homol ogous patterns than those of Arctic Saxifrage.
Among the Saxifraga species, we found that the morphological similarity reflects the genetic similarity. The geographic
distance, clonal reproduction, and environmental condition may contribute the high level of genetic diversity between

Saxifraga species from the two isolated regions.
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o] 7|5F ] glom(o] 1998), hFEL] I HixFo Uk
T Bxska ok o=e] S Saxifraga 49 erokUJ 59
et A3t Atel Yol A Zgof gk A+(Weeb and
Gronall, 1989)7} &3] gl -2|uvetelAl= WS/ A9
AlEEA aqti= el IAY S8 5 S Sl
A7F FEA O 2 o]FoiR] vl Qltk(Hong et al., 2001), ESH
S AYSET LAFHe] FATA EAS AR IR HAal
(Hong et al., 200D} BFIYE(S. fortune)®] g 2] 4 e A+t
of that HuE gH sholdt 4= QItk(Lee et al., 1985).
= X]oﬂoﬂ EIES= Saxifraga 4 A B2 A27|50 &
o|Fm A 1701'—7’— Jlom, dud A=
sho] ASstal glon g tfEEo] o
/\1 U 7H7<ﬂ fFAMol vl =2 A o= Wy v} glok
(Webb and Gornall, 1989). Z&jut F|7k2] £ 2| Hof| &
E3HL Qle o] & AEE2 RAPD, AFLP ¥ ribosomal DNA
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Aot QSo] 1 E3 9t} (Gabrielsen and Brochmann,
1998: Kjolner et al, 2004: Kapralov, 2004), #uqtoljz}
HEA DNAL 22 Alsz 47]3e] §-4A Hol& o]-8-5}of
T Holg ARE A4t =3Ert dth(Holderegger and
Abbott, 2003). Saxifraga 4 A1EE2 AFAALE||A TRt

Mi4S Urehile, oleldt 2% B4 RAPD BA4Zl)
WAL BEAG AL S wlo] Zo] At 4

B

= 2HE 2dsl7|= sHANE /WAl R A Wy SRS}
Wakel 24 A4 sl +-&3sHA &85 Utk(Maynard,
1989; Alfonso and Bamberg, 2000; Kjglner et al., 2004).
7 TR B A7) EEC] £ & ) FE)
FHH fARAS B skl BEHT Gt
(Dubouzet et al., 1997; Parfitt and Badenes, 1997; Congiu

et al,, 2000) 53], BEAIeF2] oS Sla) IR Ao

RESE BY & PRES SAGC] 1 GATAS Bl

PCR& 7IREC 2 3t BAMEESH 7)o =2 &85l ot
(Vargas et al., 1998; Alfonso and Bamberg, 2000; Buntjer
et al., 2002).

B2 o B2 Svalbardell ¥-E}= Saxifraga <
2= AgHor A7t | el sk 1
A AEE afofste] = A YoA SyAor XY
2 2ot A5 wolshr| 9ls = e, 554

/}_|
A7
| 27

9]
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o

23Hgoll A-3H Saxifraga & Ala 59 A3}t A9 7]
Z2E Agsh] flal 3= ek

Mz

al dt
< O

A~

AE A=

Ao AHEE Saxifraga & A=
Svalbard Aol 23] E 9F2t gh=gellA
HATAe} =AY A E LA F-2]51H
F2 2831tHFig. 1, Table 1). 20054 8
A7HA] B chikast7 |27} A4f1gt Svalbard A
halveya 219 (N 78 55, E 11° 54)0l4 %5}
A5 gl =19 AEES 2A4Y 2-37)
A== 2gstort,

DNA¢] £ ¢ PCR-RAPD £4

1652 A2 T2 Saxifraga 52 DNA £25 $Js 2zt
100mg 2% ¥ A& 0|83} 2™, DNeasy Plant Mini
Kit(QIAGEN, USA)E &-83to] elstolct. 24 total
DNAL 50~400ug/ml& gHelslglon zk2F 200ng/mLE %
EE 9l PCRS Accupower PCR Premix(Bioneer
K2014, Korea)& ©]83l%52™, 100 pmole?] URP random
primer(Seolin Scientific, Korea, table 2)2} 200ng
template DNAE E3F5F 25 20419 WS-8 A 235}0] =38
skt =2 3 w2 = 55-9] pre—denaturation &
94T/, 55T/, 727C/28-9] A& 403] F=3stglon],
o] 3 72 CoA 5ETE WS- 3 4T ATt PCR AHE2

Fg. 1. FHowering characteridtics of typicd Saxifraga pecies collected from Norwegian Arctic Svabard, Brggger-hdvgya a S cernua,
b: S nivalis ¢ S herculus, d: S hieradfolia, e S aizoides f: S caepitosa, g: S oppositifolia.
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Table 1. List of genus Saxifraga speciesfor RADP analysesin this study

No Scientific name Geographica origination Coordinates

1 S cernua Svalbard 7855 N, 11°54 E

2 S svalbardendsis Svalbard 7858 N, 11°55 E

3 S faliolosa Svabard 78°55 N, 11°56 E

4 S hieracifolia Svalbard 7854 93'N, 11°55 41"E
5 S nivalis Svabard 78°55 06'N, 11°54 41'E
6 S aizoides Svabard 78°55 N,11°53 E

7 S hirculus Svalbard 79°04' N, 11° 46 E

8 S cexpitosa Svabard 78°55 09'N, 11°54 97'E
9 S oppositifolia Svabard 78°58 05'N, 11°56' 96"E
10 S fortunel var. incisolobata Korea

11 S dolonifera Korea

12 S mandshuriensis Korea

13 S oblongifolia Korea

14 S octopetala Korea

15 S punctata Korea

16 S fortunei (x)(No. 49) Korea

Table 2. URP primers used in RAPD anayses of Saxifraga species Zn « pxEf

No. *Accesson  Sequence

1 URP1 5-ATCCAAGGTCCGAGACAACC-3
2 URP2 5-CCCAGCAACTGATCGCACAC-3
3 URP3 5-GTGTGCGATCAGTTGCTGGG-3
4 URP4 5-AGGACTCGATAACAGGCTCC-3
5 URP5 5-GGCAAGCTGGTGGGAGGTAC-3
6 URP6 5-ATGTGTGCGATCAGTTGCTG-3
7 URP7 5-GGTGAACAGTGAGATGAACC-3
8 URP8 5-TACATCGCAAGTGACACAGG-3
9 URP9 5-AATGTGTGGCAAGCTGGTGG-3
10 URP10 5-GATGTGTTCTTGGAGCCTGT-3
1 URP11 5-GGACAAGAAGAGGATGTGGA-3
12 URP12 5-GGCATTCTACCACCACAAGT-3

* Acoession numbers of SRILS UniPrimer Kit.

ethidium bromide”} X2&% 1.2%(W/V) agarose gel AollA]
5.0volt/cm 7oA 40 E7F 7] 953 & UVslo A AL
2 7|53t
RAPD £4

SZ5% DNA =9 f-Fof wz}t 1(band present)® 0O
(band absent) & prifile2 &
coefficients(Ssm=1l-F HH=9] = / BEXo] x84 F Hi=9]
PE AE sH9 Y AR W EE A (Similarity matrices)=
Ssm(Sneath and Sokal 1973)5 &-&3F UPGMA cluster
analysis(Sokal and Michener 1958)2 2MJ3l¥tt, FAIE S

=A131517] 93t Dendrogram-2 dissimilarity index(d=1-

J3te] simple matching

SsmE & 3}04 UPGMA method2 AF&E319 o™, SA 421
GAHE AL Nei s estimation(Nei, 1972)0f] 2£7]5}o] 4=3)
Sk
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Z 12%9 URP primer(Table 2)& AME-3}o] Saxifraga
of &oh= 165 = 1] 7472 S AT ARSE

Itl 1B

glo|w % URP 2, URP 4, URP 59} URP 79| %9 4] 71
3 M= 9] t}g A4S gholslal RAPDE-Alo] 283519l ch(Fig. 2).
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Fg. 2. Pattern of RAPD fragments generated by primer URP 2, URP 4, URP 5 and URP 7 for 16 Saxifraga species M: PCR marker, 1: S cernua, 2: S
svalbardenss, 3: S foliolosa, 4: S hieracifdlia, 5: S nivalis, 6: S aizoides, 7: S hirculus, 8. S caespitosa, 9 S oppodtiflia, 10: S fortune var.
incisolobata, 11: S solonifera, 12: S mandshuriend’s, 13: S oblongifolia, 14: S octopetala, 15: S functata, 16: S fortune (No.49).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1] 100
2| 062 100
3| 067 065 100
4| 058 059 064 100
5/ 05 05 058 079 100
6| 056 067 05 062 062 100
7| 059 067 065 068 065 076 100
8| 05 065 058 067 07 065 068 100
9| 050 052 053 065 065 064 067 065 100
10 058 059 052 061 067 053 059 061 050 100
11 053 052 047 050 05 061 058 05 058 062 100
12 062 055 044 053 065 058 058 059 052 059 076 100
13 055 062 043 05 067 05 05 064 053 061 071 074 100
14/ 053 05 041 047 065 052 05 059 049 062 073 076 083 100
15/ 053 055 038 050 05 052 052 05 052 05 070 076 08 08 100
16/ 059 061 050 059 065 058 05 059 05 062 076 076 077 08 073 100

Fig. 3. Smilarity metrix of the pattern of polymorphic DNA bands generated by URP 2, URP4, URPS and URPY. 1: S cernua, 2: S svalbardends 3: S
folidlosa, 4: S hieracifdlia, 5: S nivalis, 6: S aizoides, 7: S hirculus, 8 S caexpitosa, 9: S oppodtifalia, 10: S fortune var. incisolobata, 11: S
Solonifera, 12: S mandshuriend’s, 13: S oblongifolia, 14: S octopetala, 15: S functata, 16: S fortunei (N0.49).
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Fg. 4. Phenogram of 16 Saxifragra species generated by UPGMA smilarity vauesgiveninfigure 3-2. 1: S cernua, 2: S svalbardenss, 3: S foliolosa,
4: S hieracifolia, 5: S nivalis, 6: S @izoides, 7: S hirculus, 8: S caepitosa, 9: S oppodgtifolia, 10: S fortune var. incisolobata, 11: S golonifera, 12 S
mandshuriensis, 13; S oblongifolia, 14: S octopetala, 15: S functata, 16: S fortune (N0.49).
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