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SUMMARY

I. Title of the Study

Development of a molecular technique using SNP primers for genetic

marker identification

II. Objectives of the Study

The pharmaceutical component of ginseng was first found in American
ginseng (Panax quinquefolium) roots in 1854. In 1957 a Russian scientist
Brekhman have found that spaponin glycoside is the major active
compound. At present, in the National Center for Biotechnology Information
(NCBI), genetic information of 15 species of Panax genus are enrolled.
Among the species, only a few are commercially used, for example, Korean
ginseng (Panax ginseng C. A. Meyer), chinese ginseng (Panax notoginseng
F.H. Chen), Japanese ginseng (Panax japonicus C.A. Meyer) and American
ginseng (Panax quinquefolium L.).

From 1965, breeding of ginseng was started at Kimpo, Kangwha and
Pochun in south Korea. After many series of test for breeding, new
cultivar "Chun-Poong” and "Yun-Poong” were developed in 1998. In 2000,
"Ko-Poong”, "Kum-Poong” and "Sun-Poong” were enrolled. Among the
new denveloped cultivars, "Chun-Poong” showed the highest growth, best
property for manufacturing for "Chun-Sam”, so was favored by the
farming population. But, the purity of the cultivar is so low (67%) and
could be identified by only morphological method. Because there is no

genetic marker for the cultivar "Chun-Poong”, exogeneous seed mixing can
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decrease the cultivar purity.

There are various techniques for molecular markers, for example, random
amplified polymorphic DNA (RAPD), polymerase chain reaction- restriction
fragment length polymorphism (PCR-RFLP), multiplex PCR, inter simple
sequence repeat (ISSR). But, SNP molecular marker is the best one. SNP
(Single nucleotide polymorphism) is the single nucleotide change in ginseng
DNA. In the case of human, one nucleotide in 1,20071,500 bp showd
variation.

Because there was no genome sequencing project at ginseng plant, no
available DNA sequence could be gained from ginseng. So, we constructed
cDNA library from 4 year-old ginseng roots and obtained many gene
sequences from which SNP can be found. After finding SNP that can
discriminate the "Chun-Poong” cultivar, we developed PCR system using

cultivar-specific primers.

ITII. The Scope of the Study

1. Development of SNP-searching and SNP-analyzing system from
ginseng

1) Selection of marker gene from ginseng
(1) searching marker gene and SNP
(2) development of SNP primer technique
(3) development of PCR conditions
(4) development of SNP primer
(5) development of rapid analysis method using SNP primer
(6) one-step kit development

2) SNP searching in Database

3) Checking of genetic identity of newly developed ginseng cultivar

(1) development of molecular marker using phylogeneics
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(2) Phylogenetic relatedness study of new cultivar (by each cultivar

and region)

2. Application of SNP primer in ginseng and potato

1) Application of SNP primer to "Chun-Poong”

2) Application to new potato cultivar

IV. Results and Possible Application of the Study

A. Results

1) Selection of marker gene from ginseng and SNP searching

(1)

()

(3)

Using ginseng DNA, RAPD primer was designed and RAPD was
analyzed. fifty different random primers (10-mer) were used to
ampify DNA bands and 18 primers were selected to amplify DNA
bands. Cluster analysis of RAPD bands showed that "Ja-Kyung”
was close to "Poong-gi Whang-Sook” and that American ginseng
showed distance from other ginseng varieties.

Genes in chloroplast DNA of ginseng, psbA gene and rbcL gene
were cut by restriction enzyme and the DNA bands were analyzed.
psbA-N, psbA-C primer and rbcL-N, PX-1 primer was used and
1,008bp of psbA gene and 1,336bp of rbcl. gene were obtained.
atpB gene, rpoB gene and trn gene were amplified to 1,366bp,
900bp, 1,500bp, 1,008bp DNA bands. Sau3A, Tagl, Alul, Haelll
were used to cut PCR-amplied DNA but no specific DNA bands
were found. So more enzyme must be tested.

ITS region was amplified and SNP primer was used. As the
results, All the ginseng showed common DNA band (579bp). And

Korean ginseng specific DNA band (254bp), Foreign ginseng
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specific DNA band (325bp) were amplified. So, Korean ginseng
could be discriminated from foreign ginsengs so illegal foreign
ginseng disguising as Korean ginseng can be detected using this
SNP method.

(4) 36 UBC primers were tested for RAPD and 28 primers showed
PCR-amplified DNA bands. 6 (CCTGGGCCTA), 29
(CCGGCCTTAQ), 33 (CCGGCTGGAA), 105 (CTCGGGTGGG), 125
(GCGGTTGAGG), 149 (AGCAGCGTGG), 157 (CGTGGGCAGG), 159
(GAGCCCGTAG), 174 (AACGGGCAGC), 177 (TCAGGCAGTC), 181
(ATGACGACGG) showd difference between "Chun-Poong” and
"Yun-Poong”. 181 (ATGACGACGG), 218 (CTCAGCCCAG), 220
(GTCGATGTCG), 250 (CGACAGTCCC) showed band in
"Chun-Poong”, 211 (GAAGCGCGAT), 225 (CGACTCACAG), 239
(CTGAAGCGGA), 248 (GAGTAAGCGG) showed Dband in
"Yun-Poong” and 270 (TGCGCGCGGG) showed strong band in
"Yun-Poong”.

2) SNP searching in Database

(1) Many SNP candidate DNA bases were found in five cDNA
libraries by using local Blast. Single nucleotide difference of C and
T were found in DC0O3 and DC05 cDNA libraries. NCBI Blast could
not identify the genes.

(2) ESTs (expressed sequence tags) were searched using whole cDNA
library sequences and NCBI Blast results..

(3) From almost 20,000 ESTs, SNPs specific for each varieties and
cultivars were found. The genes containing SNP were mostly
unknown. The "Yun-Poong” specific SNP-containg gene was
ADP-ribosylation factor and "Chun-Poong” specific SNP-containg

gene was major latex protein.
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3) Identification of genetic properties of new cultivar

(1)

(2)

(3)

Sequences of chloroplast DNA trnL-F region and ITS region, ETS
region were compared in NCBI database.

Genetic distance matrix using Kimura's two parameter were
constructed by PHYLIP(Phylogenetic Inference Package, ver. 3.5¢)
DNADIST program. Molecular phylogenetic tree was constructed
by PAUP" (Phylogenetic Analysis Using Parsimony) program.

As the analysis results of 23 ginseng samples using chloroplast
trnL-F region, nuclear ITS region and ETS region, 1490 bp-
sequences were aligned, three bases were selected for 19 Korean

ginseng strains.

4) SNP primer application for new cultivar of ginseng and potato

1)

(2)

(3)

(4)

6,000 ESTs were analyzed that were constructed from 4 years old
"Chun-Poong” and 14 years old "Ja-Kyung” to get
"Chun-Poong"”-specific molecular marker. Major latex protein gene
was selected for SNP searching.

SNP primers were designed using 3-end mismatching and
multiplex PCR was performed. Primer 5 and primer 8 amplified
"Ja-Kyung”-specific DNA band. Analysis of 30 samples mixed with
"Ja-Kyung” and "Chun-Poong” showed high reproducibility and
accuracy. Primer 8 and primer 11 were used as control primers.
The negative marker was used to identify "“Chun-Poong” from
double blinded sample mixed with 5 differenct ginseng cultivars or
varieties. "Chun-Poong” could be discriminated with the negative
marker so this could be used as a criterion for identification of
pure "Chun-Poong” line.

Potato cultivars V-1, V-2, V-4, V-5 V-8 V-9, V-13, V-16
V-42, V-47 was analyzed.
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(5) Genomic DNA of potato was extraced and ITS region was
amplified using ITS5F and ITS4R primers. After sequencing many

SNPs were found and analyzed for use as molecular markers.

B. Recombination for application

1) The molecular maker developed based on SNP in major latex protein g
ene can be applied for a patent.

2) Korean ginseng can be discriminated from other foreign ginseng by the
molecular marker. So, our marker can be used to protect the domestic
farmer’ right.

3) Simple SNP identification kit can be manufactured and be used for rapi
d detection of Korean ginseng.

4). SNP primer technique can be applied to all the agricultural products so
protect domestic products from foreign ones.

5). The molecular maker system can prohibit illegal marketing of cheap co
mmon ginseng as expensive "Chun-Poong” cultivar. Import of "Chun-P

oong” cultivar from China can be prohibited using the system.
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trnlL gene. A! Panax ginseng. B: Panax quenquifolium., C: Panax
japonicum ; M, Molecular marker(1IKb DNA ladder).

Restriction fragment patterns of PCR products obtained from psbA
gene in chloroplast of Panax ginsengs using Taq 1, Alul and Hae
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Panax japonicum, 6: Hwangsukjong, 7: Chungkyungjong, &:
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UBC-157, 159, 174, 177.
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262, 264, 266, F: UBC-270, 273, 275, 276, 280, 282, 283, 285.
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Design of specific SNP primer to distinguish Yunpoon of Panax
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(C/T).

23. Comparing a SNP with other new ginseng variety. In the result of
the SNP cleared up separate from other new ginseng variety. DC03
is Chunpoong.

24. Comparing a SNP with other new ginseng variety. In the result of
the SNP cleared up separate from other new ginseng variety. DC03
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Yunpoong and Chunpoong. Red square is a SNP (G/A).

26. The nucleotide and predicted amino acid sequence of the Panax
ginseng C.A. Meyer CAB I gene.

27. Alignments of predicted amino acid sequence of ginseng CAB 1
with other selected plant chlorophyll a/b binding protein. Amino
acid were aligned with the aid of the CLUSTAL W program.
Petunia x hybrida (CAA28639); Prunus persica (AAC34983);
Nicotiana tabacum (CAA41188); Solanum tuberosum (Z35160).

28. Phylogenetic relationship of the CAB 1 to other plants CAB I .

Phylogenetic analysis is based on the deduced amino acid
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Fig. 32.

sequences of CAB I from various species. The tree was generated
by Clustal W (version 1.4) and? phylogenetic tree (BioEdit version
5.0.9). The cDNA sequences used for amino acid translation was
retrieved from GenBank.

The nucleic acid and predicted protein sequence of the Panax
ginseng C.A. Meyer rbcS gene.
Alignments of predicted amino acid sequence of rbcS along with
other selected plant ribulose-1, 5-bisphosphate carboxylase/
oxygenase small Subunit . Sequences were aligned with the aid of
the CLUSTAL W program. Lactuca sativa(BAA03103) rbcS; Malus
domestica x  Pyrus  communis(AAA33866) 1bcS;  Flaveria
pringlei(AAB67847) rbcS; Arabidopsis thaliana(RKMUAL) rhcS;
Brassica napus(CAA39402) rbeS; Helianthus annuus(CAA68490)
rbeS; Glycine max(AAA81328) 1bcS; Spinacia oleracea(CAA66201)
rbeS.

Phylogenetic relationship of the rbcS to other plants rbcS.
Phylogenetic analysis is based on the deduced amino acid
sequences of rbeS from various specied. The tree was generated
by Clustal W (version 1.4) and phylogenetic tree(BioEdit version
5.0.9).The cDNA sequences used for amino acid translation was
retrieved from GenBank. The respective accesion number is
described next to plant name.

Functional classification of Panax ginseng C.A. Meyer ESTs. The
ESTs that had sequence similarity to known genes were classified

based on energy related functions.

Fig. 33. PCR products with wvarious concentration of SNP primer and

Fig. 34.

reaction time for PCR.
PCR product of Yunpoon and jakyungchong by concentration of

G>A Yunpoon specific primer.
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. 35. One of the most parsimonious tree of genus Panax based on the

combined plastid DNA ¢rnl. gene, nuclear ribosomal DNA ITS
region, and ETS region(CI=0.968, RI=0.957, tree lengh=31). The
numbers above the line indicate bootstrap values from 1000

replicates.

36. Electrophoresis photograph of extracted DNA of Panax ginseng

and investigated taxa. M : Molecular Marker (100bp ladder).

37. Electrophoresis photograph of amplified chloroplast DNA 3'-end

half trnlL-F region of Panax ginseng and investigated taxaM

Molecular Marker (100bp ladder).

. 38. Sequence alignment (A) and phylogenetic analysis (B) of the major

latex protein homolog gene in Panax ginseng new cultuvar

Chunpoong.

39. Putatively identified major latex protein homolog using blastx

program in NCBI database (A) and phylogenetic analysis (B) of
the major latex protein homolog gene of in Panax ginseng new
cultuvar Chunpoong’s EST and genomic clone (clone DNA) with
GenBank’s Data of Mesembryanthemum crystallinum (AAC14179),
Beta vulgaris (CAC43292), Prunus persica (AF239177).

Fig. 40. Sequence alignment of major latex proteim homolog between

Chunpoong and Jakyung ESTs for the detection of Panax ginseng

new cultuvar Chunpoong specific SNP.

Fig. 41. Schematic representation of PCR-amplification for distinction of

Panax ginseng new cultuvar Chunpoong from other clutivars of
Korean ginseng. A: Standard primers, B: C specific primer

(Chunpoong), C: T specific primer (others).

Fig. 42. PCR amplification in Panax ginsengChunpoong(l), Jakyungl(2),

Jakyung?2(3), using SNP primers to be designed for the distinction

according to PCR conditions. [A] a (primerl: primer2: primer3:
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Fig.
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43.

44.

45.

46.

47.

primer4d- 5 M: 5 M: 15 M: 10 M) and b (primerl: primer2:
primer3: primerd- 5 M: 5 M: 5 M: 5 M) using PCR program A;
[B] a (primerl: primer2: primer5: primer6- 5 M: 5 M: 20 M: 15
M); using PCR program C; [C] a (primerl: primer2: primer5:
primer6- 10 M: 10 M: 5 M: 5 M); using PCR program C; [D] a,
b,c, d, e (primerl: primer2: primer3: primer4- 10 M: 10 M: 2 M: 10
M) using PCR program B; AT- a) 55C/b) 58C/c) 60C/d)
62C/e) 66°C Appropriate 05 U DNA polymerase (SolGent Co.,
LTD.). PCR products were electrophresis by 2 % gel
electrophoresis. Size marker(M) was used with 2 ul of 100 bp
DNA ladder (Bioneer Co., LTD).

Reproducibility confirmation of 900 bp band from using primer 5 and
primer 8 with PCR program C in Panax ginseng Chunpoong(l),
Jakyungl(2), Jakyung2(3). [A] First test. [B] Try 5 times to show
reproducibility.

PCR amplification of 900 bp band from using primer 5 and primer
8 with PCR program D in Panax ginseng Chunpoong(l), Jakyungl(2),
Jakyung2(3). Annealing temperature (a) -55C, and (b)- 58C.
Nucleotide sequence of amplified DNA fragment predicted with
900 bp band. The sequences of Jakyung 1 and 2 were all the same
in 780bp, and position of sense and antisense were exchanged.
Schematic diagram of primer positions. A was designed primer
position, B was field of sequencing result, C was field of
supposition. Primer F was primerd , and R was primerS.

Check out the negative marker by twenty samples of 1-year-old
ginseng. [A] PCR result that the primer(primer9+primerl0) designed
from 780 bp sequences. Using PCR program D and AT was 58TC.
M-1kb DNA ladder. [B] Using PCR program E, primer9 and

primer10. a—-Chunpoong, b-Jakyungl, c—Jakyung?. Taq
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concentration 1 unit, M-100bp DNA ladder.

Fig. 49. Finding the best PCR condition of Chunpoong negative marker.

PCR program E in Panax ginseng Chunpoong(l), Jakyungl(2),
Jakyung2(3). Tag concentration 1 unit. a-primerll and primerS,
AT-50C b- primerl2 and primer8, AT-55C.

Fig. 50. Result of double blind test using the negative marker in Panax

Fig.
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Fig.
Fig.
Fig.
Fig.
Fig.

51
52
53
54
5%}
56

ginseng cultivars. The PCR reaction was conducted with primer 11
andprimer 8 using PCR program E under the annealing
temperature at 50C. Chunpoong (4, 8, 11, 14), Yunpoong (1, 5, 16,
18), Gumpoong (3, 7, 10, 17), Jakyung (2, 12, 19, 20), HwangSook
6, 9, 13, 15).

. Tubers and flowers of Atlantic and Superior.

. Tubers and flowers of V-1.

. Tubers and flowers of V-2.

. Tubers and flowers of V-5.

. Tubers and flowers of V-9.

. Tubers and flowers of V-16.

57. Alligned sequence data matrix of nuclear DNA ITS region of

various potatoes.
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o 2000858 1F, T, A% 5 AEFT ASFHeR o5 HAHG
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O{M

A4 Sol7

7t

AL

(inter species),
ZIRT} o] FoAX A =
a3l AAAFoE DNAS thk

3

= o

=

= % 7
Z ol A
DNAWo] HuE 953 polymorphism<

1993). Q14kel 4ol o] &¥ & B

- o =} O
o =z} O

N~ =2

et al, 1993 Kim et al,

1999 Artyukova et al., 2004), Panax<: 7Y thokA (Mathur et al., 2003;

,37,



In et al., 2005; Tanaka et al, 2006), A9¥ =2 n&HA4e] BFAd (Um et
al., 2001; Seo et al., 2003), T=4t¥ 7]} 14Fe] 798 (Cul et al, 2003)
ol vk Ela A EA DNAS 54395 dAst= AdELE ARG
of T % FTH AR fFHwolE &lstE= RFLP (Corell and Zoll,
1988) ¢ 7Hd & AR AHE At =¥o] @ol == EAE
dete] Jir®l PCR-RFLPE o] &3to] aigfdlate] WE 3 5359 vdAd
S ZAE A% At} (Yang and Kim, 2003).

Amplified fragment length polymorphism (AFLP)= RFLPe 7|HS w3y
dte] DNAE Agtas= A & dAE primers o] &3to] PCRE +3
st WY (Thomas et al, 1995) 224 Aitoll A= edelita} njx4te]
WS 9k mpAE AFESE o7} QY (Luo et al., 2000; Ha et al., 2002
Kim et al, 2005). ©]2]°| inter simple sequence repeats (ISSR)ZE o]-&3k
T elA E=7F 7+ (Bang et al, 2004), internal transcribed spacers
(ITS)E ©l&3 Panaxs +A#AEA (Wen and Elizabeth, 1996), il& <l
A WEy E27ko AAEA (Mihalov et al, 2000; Yang et al., 2001)%}
wj Akt e] P (Leem et al., 2005), 18S¢t rbeloll &3k <lxt4d 2 Fo
DA EA (Komatsu et al., 2001 Zhu et al., 2003)Z single nucleotide
polymorphism (SNP)E o]&3% m#A4¥ &=4e +¥ (Park et dl,

SNPHA 7= 3709 WA B A =7k SNPE FHA o=
sto] Aol IFH L gloy o= FE QA FEo FEAN AP H

A ZEo] ks SNP AlAES JHEelvh 3 2 Al AEs 288t
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Al wd ol Bl A ok AR} Eofell WSt Al R A=AHR

o 5o 7% Aol md Woluh FF 1 FEE HY Wi 7T o

@ 44 Q77 ol
Az AL} A

), ol olF Ao A} wel, S55, W, F 5 OE A ¥se]

w3l Fopo A AMEZE FHARE de=d sintth 3505 Gl s FAsta
A

AeAzfY gdoes Fdaa ARE 58t doiA 2 iy 59
3FU7MESTs (expressed sequence tags) AW olty, Hx¢ ESTsHA &
Adams 5(1991)0] <1te] =ZEE w59 cDNA library &2 FH F
ZH9) 2 Ak 609719 ¢cDNAE ESTs® WwWgozs 1 7]gde] AlzhE 9l
ok v & 9 ESTs7h QI A 255 dojzl Aozl sk vk NCBI
9] ESTs databse (dbEST:http://www.nchi.nlm. nih.gov /dbEST/): 3l
250 {4 AgAd g ARV SEH vtk (Wolfsberg et al.,
2001).

AEAE REAEA o7l A 20000 =0l Al DNASl 97AdE #+
Aol ¢tz o] 11000071 °]4el ESTsE 2R3 (Hofte et al, 1993),
ofAloto]l Fo ARl HE ghw, dE T Fol AXARE TS

T4 EAS AYPstar o (Mayer and Mewes, 2001), & A 7F3 @&
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dbESTsE HArstar glvh. o7 ddieh v 242 @A dadS diist
= AEREA o] T AEA 9 AxL7|(genome size)7} TFE 2 & B3] A
Aoz #Aed of7]FthE 125 Mb (Heiko and Wojciech, 2003), H+= o
2F 460 Mb (Mayer and Mewes, 2001)o]t}. of 7] &the} ¥ oo =<
F, A, v F SolA Eel¥ EST7F #7414k databasedll &= °] SAth

w3l ZEFo Pinus taeda (loblolly pine), =], 7+#¢ ESTs ARX7}
NCBI®] dbESTell TE5 o] glom, AL&EAorn Ay EST 5°] 5551
glom o]z3 FAAREL A& 7|5HAAT (functional genomics),
ARS8 metabolomics), M2 #F52 4 2 FT7FH Sol thdshA
g8 9k

ATETFEL TR EC] Aol NgAAs vtgst= ERrAAS A48

i, olE VxR Rt stA AsfAdAE qrdstele=d 22
-2 o] AtH(Donoghue, 1989). Aol Fejsts o] 71x3 &9 7
S EFAAIE vA olsiety] e wAAER Qlsto] StApzte] A
3 =T thate] H 7% 3 tH(Cronquist, 1988). & 1980 t] 3 ukoj

ol2 A FAAET A Ao e A fFHpe] Wolo 7] xgh
AlEstA A7 @8] & 9t (Moritz and Hillis, 1990).

of &3 A= YFFHel 72 HEA AdTolAMY FAHS Heato
S FdAe EA 7z A= #aAFAsH AAAE, AFA
A 2 A3 A4S 93 =31 A (Doyle et al., 1992).

o= A PEY AL protein® expression®] Z4% ¢l ribosome?)
rRNAE codingdl= DNA (Internal Transcribed Sequences)® nucleotide
sequenceE At BFE AASE BAAEETSH AF7F FEd] HUH
a2 k. AAE SNP (Single Nucleotide Polymorphism)o]y} th&
nucleotide sequences®] zto]l& o] &3lo] A& FHE7] fsAE AY BE
essential geneEo| thAte] & 4 Ut ¥y, 1 FAAE ribosomed
rRNAZE coding3}l+= nucleotide sequencei= 7HA|ol g3glo] LAsHA FA
Hol 9a, o5 BE AEA ATEF Aol E4AH2A sequence’t

of gtk BAMEIA WHoz ARAZ ABLRAI Sstelr B o
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rDNA regiong sequencing 3 oF 3t}

- rDNA regionsol A A2 dAde] | AEA EFE ¢34 = rDNA T
A 185 rRNAY 28S rRNAZ codingdli sequenced] #olE 7]Fo & 4f
otk ey, 14k o] Aol kR AEAY EFE f1dlAE coding
region®] AloJAfolol] FEAdt= ITS1ITS2 region sequence #o]E 72
71#o g A=t o] A2 ITS region®] rRNA coding region®. T} mutation

w71 7] Wl

AL AE ROk B AWAT oA FEW HF ZAET Ym oM £
o ool Fa e dAY, 4%, BAY, A% 2 oUA B4 5 AR
b gme dAsel ustel BAAELE Al 39 HPEPS olF A4 P
NzsEoz HAMD gdol BAYBLS Jxe @ AdATE 25 O
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3 ATAE FAYE 2 A
A 3F A 7 2 g % 4
=
Ald dTFIAeF
D/BZME S&t O0tAH
SAT A
ANZF &L DNA F=
OtH = & X2 cloning SNPo M g | | PCREAHY 1XE e
SIMEEA primerX| & AMXTAHRY (2003)
&l 53 OtAH R & XS cloning
L AINE=A
- 2AE &
SNP2l 24 g PCRZE 212 SNP IS I8t 2004)
primer&l & FREAAY D/B #*=
SNP 24 /8t
one-step kit2 {2
kpag=
(2005)

A 24 AT

7t Al A SNPEA 2

1) Ao =RE uA(marker) AR HAd o

SNP &4

SRS ER L

,42,
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7h) A4o 2 HE SNPY #4

@A A7)k A (SNP, single nucleotide polymorphism)< DNA E A AL
AAA o A= AE 7 i, oE AAlE CE VAL de A
ojelgk A7]zke] AolE etk b &3 FEje] DNA Woldl ©d 7]
t}& A (SNP - single nucleotide polymorphism)®] 7-¢ 500-1,000 4719 1
ME= Yepdohar ko

SNP markerv= H[&2 EA37] witel =2 AgE 2 e Ax9
NAZe] Aol & s =ak=dl vi% +8&3tth. SNP markers 7+ 7 A|1ZFe] &
71 ] ztolE AA mlush=s Aem olF FAs] A=, Ak A
S0l 107 o]Ae] MZo2RE Alm DNAE FE53 & golBeigsstd,
Rz A7md S 248 15 AZddA 4L A7mde) nlage

A g Gy JuE 95 Ak

bt FJ

it

- SNP¢| Hlu AT = F3He] sy AledTol Mze S35 AAlstar 3

om, =@ SNPES AT ok Fushs Ao By k. %
# ol7le] ARE F of Ao thE Algel us Ayl 2Y 8o ¥
o o= SNPE oa] 5AANAE F04 £ Aolo] @ Zoleh
o},

o

al

W) Qo2 RE SNPY primer#t

H
oz AtgdEt a8y old SNP primer® E82 02 AAsE ol
4 A AR Fxm FE wElA e Aol vk I olfF & primer?]
3¢ BE 70-80%%t FAMstE gtE =E DNAS hybridizatione] 2 715
dol 7] W 179 A7IAEel thE SNP primer®] Azt &8 1wt
= olelwol

)

,43,



- SNP9] 7124 AHZAL2 marker o|2& 8% 9A o€ markerE¥} =

A ttE vb7h fley oRtk 7]E9] markersel vl Bl FFSFa bA g
mape e F Adv= A} M2 71E, 53] DNA chipe E s
high-throughput technology®ll =Rth 233t 54, 5 GMoA Ao o]
2% % FAeo] robot# FHIFH o3 nLHow AFstd 4 vk Aol
SNPe] Apstel SAolgtal & &+ drkolds SALS HE o dd

31 9lE “pharmacogenomics”i-okell wj-§- 3k

N

eedoles A AE H$, protein® expressiond] Z 4% <2 ribosome
9] rRNAZE codingsli= DNA (Internal Transcribed Sequences)2]
nucleotide sequence® #2413l BEFE AA S EAAESTE A7 &
W3] JAlE 3 ok A A2 SNP (Single Nucleotide Polymorphism)e] u
t}2 nucleotide sequences®] xto]l& o] &3t A& FH37] A= A

£ essential geneg°] el # £ vk Y, I FoAAE

1o
t

0%

iy

A
o

ribosome®] rRNAZE codingdlE nucleotide sequence® 7§ Al
AAG3HA FAE i, S5 B AEAY ASEHF AT
sequence’t Hof itk EABEIFAQ WRow AEAE ATEFEI
9 slol= & o] rDNA regions sequencingdf o 3k},

rDNA regionFolA A2 Aol W AEA EF& ¢4 E rDNA <+
o] 4 185 rRNAY} 285 rRNAE coding3d}: sequence?] =}o]lE 7|0 =&
dhevh ey, Q1A Fol Aol b AEAC ERE A=
coding region® A}olAlole] EA|st= ITS1ITS2 region®] sequence =}O]

i)
-
Y

[e]

E EF7FY 7IFo g et oA ITS region©] rRNA coding regionX

% mutation® 7] 7] W&ol th.

oAl AMERE AR AAA A" AES A 2AE

ST (FFTE 4 D)ol &= JAE dol=2 AdEste] =52 AHESkS]

, A FARAE AESH] fete] s AEdA B g dA 6
o2 Abgstaat v Aol ARE AMEe= s ek 4
2 Azete] FAZEORN FHIGTH DNA

_:“—J:_)_
FES fstel AFdE HE] 42 d5H T ice boxE &3t A
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i

= (e}
A= =

O

AW, silica gel® Az=ste] dHE njdFryo] Hof A
ek AFE e AAALE Yol AR 2ER 3

st ~70°C2] deep freezerel R 3} T}

il

{0

& [e)
Az e

[¢]

DNAF#%< CTAB method(Doyle et Doyle, 1987)5 thAwW &3 o7 ¢
wyog At A WERAE of 10ge EUx2ZS 05% 2-f

-mercaptoethanol®] X 7}%¥ 15 ml® extraction buffer(2% CTAB; 100
mM Tris, pH 8.0; 50 mM EDTA, pH 8.0; 500 mM NaClol Y& &
65°Col A 207t incubationdt™, Z& W phenol T E, Bld59 E4+E
S AAs7] Ysle], extraction bufferol] 2% PVP-40& 3 7}3kc}
Incubation® SEVAC £ 9 (chloroform:Isoamyl alchol=24:1) 7.5 mlZ& #
7kste], 8000 goll A 30&7F A EEste] s ds FHetal o F39
2/30] ¥ = &9 isopropanols H7FeH & -20°Col Al 12A1%F o] R.#3}
ATH7E 8000 g2 30+7F Y4l st DNAE 88ttt 8% DNA
pellet 70% ethanol® A& g % TE buffer(l M Tris, 0.5 M EDTA,
pH 8.0)o &a3gde, 7 & o utgl 75 M ammonium acetate,
25 M sodium acetate &5 ©]-&3% AAAAS AFt. F=¥ DNA &
Ao RNAE AAs7 93t RNase(2 unit/ml, 37°C, 1 hour;
Berhinger Mannheim)& ] 2]3}%, Geneclean kit(Bio 101 Inc., CA,
USA)®} Chelex 100(Bio-Rad Lab., CA, USA)E ©| &3] DNAE &F
AAG . AAE DNAE 0.7% Agarose gel2 A7|9F3 & 1

EtBr& 943sle] UV illuminatordol A markerete] #7]H =S w

X

ol
—_

al
= spot-testE A A 37, spectrophotometerE o] &3&te] 1

AraHel

off

=
a=

=

F=%Y DNA=ZFE d¥e SHuE2 Perkin-Elmer 9600 thermal
cyclerdl A 3 ¥t} PCR WSS AA 50pl H9=2 F3tH, 10-50ng
DNA, 15unit Tag DNA Polymerase(Perkin & Elmer, Cetus), 10mM
Tris-HCI, pH 8.3, 50mM KCl, 1.5mM MgCly, 0.001% gelatin, 0.5-1.0p
M primer % 200uM<®] 7} dATP, dCTP, dGTP, dTTP Go] 3% = o]
2 tt. RAPD PCRe| A}€3¥+= primer= UBC, NAPS(University of
British Columbia)oll /] #| 2t random primer set ¥ No. 1 - No. 2002]
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e

10-mer oligo primerg ©]&3t™, t&9 PCRyH§ol| AF&3t3tT).
94°Coll A 287t pre-denaturation, @ 94°Coll A 1%#3F, 42°CellA 28 7F
72°Col A 28052 FAH amplifying cycleg 353 ¥H& mixj2tog (3
72°Col A 7&-5<te] final extension®Z FAE 3949 PCR#HAES A
1 DNA product® wrEo] Woh olu] zkzke] primerol]l i3k 7] <]
PCR #74d$& &3t screenings A Alste], AelE primerd = 23] o] /9]
HEAYS Fst] F8&3F ZAAAE A Fst= primers 2A AT
PCRE %3}o] g4 % DNA product® 15% Agarose gel® 7] 9% 3}
o markerE W 3dlil o] & Polaroid film(Kodak 667)2.2 3 3} T},
PCRo| 9% ITS regiond FF : =% DNAZXH ITS region?
ZZ 2 1159 PCR(polymerase chain reaction) ¥F$& o] &3Fo] 2 A3k
o}, PCR ¥F$2& AA 100ul F3 = 33k, 10-50ng DNA, 1.5unit Taq
DNA Polymerase, 10mM Tris-HCI, pH 83, 50 mM KCIl, 1.5mM
MgCls, 0.001% gelatin, 0.5-1.0uM primer % 200uM¢e] Z} dATP, dCTP,
dGTP, dTTP &°] Z&¥ o Stk %4 ITS region® THS f1dte =
ITS4 primer®t ITS5 primergs Z}Z o] &35t O 94°CeollA 3EZH
pre-denaturation, @ 94°Coll A 183}, 52°Coll A 287k, 72°Coll A 4o =
T % amplifying cycles 303 HHE wpx|gfo 2 (3) 72°Col A 7i-&<t
o] final extension®.Z FA¥ 39Ae] PCR#AAFS #HAA dsDNA
templateE WEo] Wt}

Gene Cloning ¥ Sequencing : PCR¥} A& &3¢ 3DNA ITS gene

o gl HFH RHRTL AL FUA FE4e] BA 9

1

rir
ML

=
TE9 template dsDNA2] #3831 80|33 Sequencings 337 4
atel, TA Cloning kit(IN VITRO GENE)& AF-g&3te] 32+l Manual
of w2} Gene cloninge AAlstth. PCR¥Y Cloning# 42 535t W&
89 ITS regione F3F A% manuald] wWekA dye labelled dideoxy
termination methodE ©]83t¢] Automated sequencer(Perkin Elmer

Ltd., ABI 3700)2 471X gd&EA4 S 38}
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2) D/BHAS T3 A4S SNPY T4

- SNP(single nucleotide polymorphism)9] HlxdF= F7+e] A3 AlEA
Toll A2e EdTE AT o, w3 SNPE AW Aol gk o

ol
J
i,
32
lo
=
0%
i
Lot
i,
k]
pass
rr
>
o
0,
X
=)
ol
1
ol
fo
A
o
u
f
>
N
0,

=50 Z3tol A AuiEol HRA Sl 2 YAl wkdE ThsAdel wlg =
wepA ol¥l AFFI 71 A FEsky] fsiA e vtole mbATE A
= Fast Aol 2 AFdAE vfolomAE 27| f&iA e At
o] EEEA EST(expressed sequence tag)iEAS E3lo] tigoew 3n
3l cDNA sequence data®] thale] BioEdit ZTE 18-S AL&3Fo] 99% A%
A+ sequence data¥ts TR F 1 FoA SNPE FAHE =
sequences NCBI®| Blast A& F3lo] A4t SNPE @48+ 3E 54
o2 da Utk
- EST data : 214 5719 ¢DNA libraryoll /] £4% 29+ 7] EST
RATAHE(DCOL), 14l AR EJAAHDCO2), 49+ HAF
(DCO03), A7 F(DC04), 4437 AF L (DCO5)

- AR 29 4k EST data® BioEdit Z2 139 0% Blast A&
3to] 400~700 bpelA 99% FsAdES VM= RAES FHIAY. 28z
SNPSIAE #<lat7] 9439] GeneBankoll A 1o th-3-3F 7|Ef A7 LE
= Zto} web ClustalWE ©]-&3te] a3 SNPYS &elstint.

- 1HAN AEFT AEFH B FFY SNP £4: ESTE mRNAE 9 HAL

25 o83 cDNAZ WHo2XA 7hedor o#g #H2 cDNAES

¢

v

o

PCRS %3 25 o] FE2Hth 287 wio ESTE mRNAZF &3
A Eo A AAZ FdxEE A & 5 Aot o] e FHAe] o
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2o HEuke ZZ37] wiFol el FHAtAA thge] M E thE EST
7F vbEold = Q) ol 5SS HAgs7] 98] P. Deloukast A%
ZAAS 915 ESTE 72 fAAY 3o 9= HHgA gz A3

oed WHe GAYFOR T AALFBE Akdtm FALe|r P9

B ATl AEE ARE FAA sAZYE AES AU 2A LD (A

<, )9 4ol el JHAE delz AdEste] FAR
[e=]

re
ofN
o
N,
ay)
ftlo
=
=
M
o
frt
>~
>
ofo
ol
2
=
—
o
o
o
=
>
ot
2,
>~
>
ofo
i,
2

DNAZFZ 2 CTAB method(Doyle et Doyle, 1987)2 thAWM g3k o} o
o s Atk ¢4 WeraE of 1.0ge wExAS 05% 2-f
-mercaptoethanol®] #7}¥ 15 mle] extraction buffer(2% CTAB; 100
mM Tris, pH 80; 50 mM EDTA, pH 8.0; 500 mM NaClo] ¥ &
65°Coll A 207t incubationd}™, ZZW phenol 33 %, BId59 E¢E
S AAs7] Slste], extraction bufferel 2% PVP-40&  F7bgth
Incubation® SEVAC & 9 (chloroform:Isoamyl alchol=24:1) 75 mlE&
7kske], 8000 gell A 303 A &Eelsto] AsdS FHaka o F39f 2/3



o] ¥ &9 isopropanols FH7FgH F -20°Coll A 12A]%F o] W st
t7h 8000 g® 307 fAlEelstel DNAS welsksirh. #2l¥ DNA
pellet> 70% ethanolZ A3 & TE buffer(l M Tris, 0.5 M EDTA,
pH 8.0)o] &3jstey, 7 & FARo uwg} 75 M ammonium acetate,
25 M sodium acetate & ©]&% AAANFS AFth F=¥ DNA &
Aol RNAE Al A3 918k RNase(2 unit/ml, 37°C, 1 hour; Berhinger
Mannheim)<& # 2] 3}, Geneclean kit(Bio 101 Inc., CA, USA)%} Chelex
100(Bio-Rad Lab., CA, USA)E ©¢|&3sted DNAE =54 AsAtt G
H DNA= 0.7% Agarose gel2 A7]|9%53 & 1% EtBrZ @43sle] UV

illuminator’dol 4 markere}e] 7] A =& W u3dl= spot-testE A A A

A

N
off
Ol
il
)
»

_0|L
32

L} spectrophotometerES ©] &3} ¢]

PCRel <93t =4 DNAS trnL-F region¥ 3 H<%E DNAS ITS
region, ETS region®] 5% : %% DNAZYE ¢nlL-F region¥} ITS
region 12]3 ETS region® FTH2 59 PCR(polymerase chain
reaction) ¥Fg-< o] §3te ATt PCR W& A 100pl F39 =2 &3}
&3, 10-50ng DNA, 15unit Tag DNA Polymerase, 10mM Tris-HCI,
pH 8.3, 50 mM KCI, 1.5mM MgCl;, 0.0019% gelatin, 0.5-1.0uM primer
2 200uMe] 7+ dATP, dCTP, dGTP, dTTP %ol g o gt} -4
trnL-F region® <Z& 9 3sloj= T1 primer?t T6 primer(Fig. 1), ITS
region®] FZ& 3t ITS4 primeret ITS5 primer(Fig. 2), ETS
region?] =Z & 94 = ETS IF primer?t 18S-R primer(Fig. 3)& 7+
7t ol gdtsith. PCR  cycle t&3 ol DO 94°Celld  2&3t
pre—denaturation, @ 94°CollA] 187k 52°CollA] 283k, 72°CollA 4E o=
T4 ¥ amplifying cycle2 303] W& wlxjuto g Q) 72°Col|A] 75 ot9
final extension®Z FA4% 3972l PCR#AS A dsDNA templateE
TS0 Wl
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T1

—

T I trnl rnF
f—
T6

Fig. 1. Diagram and position of PCR/sequencing primers for plastid DNA

trnL-F gene
T1 : CGAAATCGGTAGACGCTACG

T6 : ATTTGAACTGGTGACACGAG

TS5
—
185 rDDMA ITs 1 5HS I'Ts 2 255 rDMNA
i —
TS 4

Fig. 2. Diagram and position of PCR/sequencing primers for nuclear

ribosomal DNA ITS region
ITS5 : GGAAGTAAAAGTCGTAACAAGG

ITS4 : TCCTCCGCTTATTGATATGC

—_—
ETS 1F

ETS | 185

i8S -R

265 | NTS

Fig. 3. Diagramand position of PCR/sequencing primers for nuclear

ribosomal DNA ETS gene
ETS 1F : CTGTGGCGTCGCATGAGTTG

185-R 1 AGACAAGCATATGACTACTGGCAGG
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Gene Cloning % Sequencing : PCRHAE Es3slo] d=4 DNA
trnL-F region¥} 32 B <% DNA ITS region, ETS region® 4ol A&
L2 o] 9]
template dsDNA9] AH33 11 80|33 Sequencings F333t7] 934,

& RREe AdRm Fa%

ofN
|

A7 3 S

M
fr
iz
it

TA Cloning kit(In Vitro Gene)& A}&3t9 T H A2 Manualol u}e}
Gene cloningS A AstA Y. PCRY Cloning#3dS &3t UzxsZd
A=A DNA ¢rnL-F regione &5 A2 manualdl wehA]l dye labelled
dideoxy termination methodE ©¢]83¢] Automated sequencer(Perkin

Elmer Ltd., ABI 3700)2 97| dEAS 885t}

Sequence alignment$} phylogenetic analysis: @7 &0l F=3h=
A EA DNA #rnL-F region® 32 B <% DNA ITS region, ETS region®]
Fde 71Eo TxEE sequence EF vladte] AA3A o, ClustalX
program, Autoassembly, Sequencer 5= ©|&3lo] A HVIAE HE
%9} sequence alignmentE A U A F HIFHo=Z Htkd <o)

o 232 AEY(Appendices 1, 2, 3). T3 Z} BEFtol] Ik A A A

DNA trnL-F region® 3 2] 2 < DNA ITS region, ETS region® #7344
HE Q93te] A|AIEA oM (Table 5), 7|£o] ExH FL3 EFLY

sequence®} Hl e = QI EF A A3 HH(Table 6).

A7Id e A Ao FRAFR A2 PHYLIP(Phylogenetic
Inference Package, ver. 3.5c)W ¢ DNADIST program® Kimura's two
parameterol] 23k genetic distance matrixE 24 &1t (Table 8, 9, 10,
11). =3 PAUP (Phylogenetic Analysis Using Parsimony) program=
o] &3}4] molecular phylogenetic treeE 2HAslal, AlEE9 AFx=of A
gAS =37 Y3, Jackknife analysis@ bootstrap analysis® <3

3} 3l

=

,51,



. 4 2 Aol AAZHY SNP primerd &4&

D AFF Aol s SNPY &&

) A% AEF 57

- B Ao A A& 22t (Panax ginseng C.A. Meyer)= KT&G (A &=

AadAdzATANAM HH 4T AEFF BA) AFE QA07HAD I, 7=

2
=
W
y
3o

= A ALBE 2w 1 A0AAD, AEE w2 Q07HADS A
ottt (Fig. 4). =3 HFH o2 FFIAS 9ste] KT&GAA o=
Adte 5F9 6d HE @A), 43 @A), =5 @A), A4F 4H
A G @hADe ds AFske] olF WA ofste] HFo 7
= A% ABR ARSI B EAek s Abgeksla o2 e
F& AFEste] DNAE FEstal YA Algs dAEL2 49 F deep

freezer (-807C )l R &3}t

RAE] Lakpangl
2 BiCkgnpnngi

Fig. 4. Photographs of Fanax ginseng roots used for distinction of

ginseng cultivars. A-Chunpoong, B-Jakyung 1, C-Jakyung 2.
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U) 24 o2 HH genomic DNAY F&

EgodA AT B2 s2= a2 FWe &S AZSL paper

towel& o] §3te] $RE AAT F AAbte] Wa AAW2E Fof &

ol
o
=
__\.}é
o
i
M
e
[a—
o
()
3
(e}
o
il

W ¥E 1.5 ml Eppendorf tubeo] ¥
7] Hel % buffer® Yol genomic DNAZ 2] « A3 tHQIAGEN
Dneasy plant mini kit, USA; Gene AITM Plant SV Kit, Korea). 5%

i}

genomic DNAY 15% agrose geldlAd #7195 35te] A& &olsk 5
UV/VIS spectrophotometer(Amersham bioscience, USA)2] 260 nm<} 280

nmol A FFEE 43l DNA =834 % AFS AA8H

) o]= mAWe] o3 MToA WHEL 9% DNAZZ 2 PCR

Aurgl 9lx o 20 mge B E 1.5 ml Eppendorf tubeo] ¥il HAAALE
wol it b mhaj gk 3 200 19] 0.5 M NaOH=

i
o
|y
T
W
L
Q1
P
ot —
0

3l vortexing3sle &3lal 5 15 FH3ke] 100 M Tris (pH 8.0) 495 1 9]
9+ tubedl] ¥ vortexingdt & 1 15 PCR template® AF£3F1t (Wang
et al., 1993).

PCR % ¥ A3 : PCR %2 Williams (1990)2] W¥HS W3 sto] AFE
sttt PCR ubs &2 "t S50l 10xbuffer 25 1, 10 mM dNTP
051, 0.5 U DNA polymerase, 50 ng DNA 1 |, primer® &3] & 20 1

1

rlo

Z 9E % PCR HHS& AAIS T (Tables 1, 2).

PCR product®] ZAZF 2 dHolg £4 : Z3d 2E2 1.5% agrose gelol
/1 kbt 100 bp DNA ladder (Bioneer, Korea)¢} &7 #7]<F3slo] &<l
3} 3L electrophoresisE 3t agarose gel A2] bandt AF&] A ZH A x| Abof A
HqAg gheetE o] &dte] #FF F dolHE AA st HolE e 4
£ photoshopE o] &3} WI=9] coloré} AHEES X3 & Ao ALg

shech

- Plasmid DNA % ¥ sequence ¥4 : A%H cloneE< sequencing #
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A& 98l pGEM T easy vector (Promega, USA)lcloning 3} th.
Sequencing ¥412 93} plasmid o]+ dZ7] g3 (Bimboim et al,
1979)& Ab&ste] Zelatsirh WEH e obE 4 mee] LB wi Aol 12~16A]13t )
S g dE 15 ml Eppendorf 9AEE FEZ &7 wHEoE &
stk vrelElol= 100 w9 GTE buffer (50 mM Glucose; 25 mM
Tris-HCI, pH8.0; 10 mM EDTA)°l @AEdt = 200 we] <2e] sodium
dodecyl sulfate (SDS) &< (0.2 N NaOH, 1% SDS)E 7}l &£&3t1 5
B Ao HEstdth o 7)o 150 xe] 3 M potassoim acetate (pH 4.8)
GHE Thete] Aol B & dAEYs dedSs Ay A
@] phenol/chloroform (1:1)& 3 7Fste] 12,000xgel A 103+ €
sto] ool 2ufe] o gES Hrbste] -70TColA 303+ FATH

O

ol

=4

ojft
flo

ofr

jutal
Eh
i)

Table 1. PCR primers for the detection of specific molecular marker in
Panax ginseng new cultuvar Chunpoong

Primer Length

Name (mer) Sequence

Pgéfgggl 30 Left 5-ATA TGC CAA ACA GGA ATC AAG TCA GAC GGG-3’

P{;g“;ff 30 Right 5°-CGC CCT TAT GAT GAG CCT CAA TAT CTC TGG-3’

F(’Eéﬁigf 28 Left 5-ATG GAC CAT CAA CTA TGA GAA GCC CGA C-3°

lzg\fggg)* 28 Right 5-ATA CGC CGT CGG ATC CTT CAC ACT CCC A-3’

Pf(isf?:e)f*”) 28 Left 5-ATG GAC CAT CGA CTA TGA GAA GCT CCT C-3’

Pf(i§§)f6 28 Right 5- ATA CGA CGT (GG ATC CTT GAC GCT CGA A-3°

(rf;ji(‘;‘re;;) 95  Left 5-ATA TTA ATG GGT TTA ACT GGT AAG T-3°

(rfarji(ﬂe}{ei) 21  Right 5-ATG ATG AGC CTC AAT ATC TCT-3’

Primer9 ,_ _q
(majorF) 21 Left 5-AGA GAT ATT GAG GCT CAT CAT-3

Pr(ié“}g)lo 98 Right 5'-GAG GAG CIT CTC ATA GIC GAT GGT CCA T-3'

P(rSiI;“_e;ll)l 21  Left 5-ATG GAC CAT CGA CTA TGA GAA-3’

P{SiFmle 41)2 24 Left 5-ATG GAC CAT CGA CTA TGA GAA GCT-3°
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Table 2. PCR conditions for the selection of optimum amplification in
Panax ginseng new cultuvar Chunpoong

Pre-dena- . Anneal ing . Cycle Final-
. Denaturation temperature Extension .

turation no. Extension

(AT)

Progran A 94T, 947C, 66T, 72T, 30 72T,
osranm 10 min 30 s 30 s 30 s 10 min
Procram B 96T, 96T, 55T-66C,3 72T, 30 30 72T,
Oglam 5 min 30 s 0s S 10 min
Program C 96T, 96T, 60T, 72°C, 40 35 72T,
ogram 5 min 30 s 30 s S 10 min
Procram D 96T, 96T, 55T /58T, 72T, 40 36 72T,
Oglam 5 min 30 s 30 s S 10 min
Procran B 94T, 947C, 52T, 72T, 36 72T,
ogram 5 min 30 s 30 s 1 min 10 min

- EFeh2av= DNAE 4TColA 1027 942 ate] 80% olghesn A2 +
e 50 ¢ RNaseE *3+3k TE buffer (10 mM Tris-HCl, pH 8.0; 1 mM
EDTA)o o] ARE3IGIth olF A7IAdwA S 98 Addd Egtam=
DNA+ 350 u¢ TE buffer® ©d & 400 we] PEG &9 (13% PEG, 25
M NaCh< Agste] d5el 1023 FATh &2 = DNAE 47T,
12,000xgell Al 10=3F € < o EwE 400 pl
o] TE buffero]l =itk o] &4
o] 12,000xg 1027 AT F s Aol 2w o] Ae-&3} 1/49] 10 M
ammonium acetateZ 3 7}3k plasmidE HAA717] {84 -70T ol A
307 At A A7 Feb~nE DNAE 4TodA 1027 948

o
j

>
M
AC
rot
ol
J
(@)
X
=2
rﬂ
HU
53

O

o
2
off
o
lo,
=
=
0}
5
<
@]
=5
@]
=
S
=
S
3
=
=
(o3
N
N
Ol
ol

o

_iy

slo] A 70% e A F AR ARAIA 10 ple] Wi

A AFgstel GNALRHE AT B3] A8

- Sequencing #2412 automatic DNA sequencer (ABI prism 3700)E o] &3}
o 5'8F8Fe] T7 promoter (5'-ATT ATGCT GAGTG ATATC CC-3")¢
3" WEk]SP6 promoter (5'-ATTT GTGGA ACACT ATAGA AT-3)E

,55,



o] &3l AA el A7IME BA4S AASY major latex protein homolog

F& gt
Sequence alignment$} AZEA : B 2o A& <4 E
A3 SNPEAS 938t SegManll®] assembleiA] WHH S ALE3lo] 2413

QA 3 7]F NCBIY GenBankel 93 ESTs Data®t ojWl A5Ao]l <l

o
AR

2) NEZ ZAANA HHZ7A9 SNP primerd &4
7}) 22 DNA #% 2 PCR

77 DNA #% : DNAF%2 CTAB method(Doyle et Doyle, 1987)& Ut 4
Ma et olgfe] Wwlozm AT, A WEWHE oF 10g9 Bwx
2% 0.5% 2-fi-mercaptoethanol®] #7}¥ 15 mle] extraction buffer(2%
CTAB; 100 mM Tris, pH 8.0; 50 mM EDTA, pH 8.0; 500 mM NaCl)ol
go o 65°ColA 2087t incubationst™, Z# W phenol 33E, BlU S
o] BLES AASH] ¥slel, extraction bufferel 2% PVP-40& % 7}st

t}. Incubation¥ SEVAC £ 9 (chloroform:Isoamyl alchol=24:1) 7.5 ml
£ #7¥she], 8000gell A 303 A e st FEdS Hsta o] F3 9
2/30] H+ %9 isopropanols H7}sk & -20°Cell A 12A1%F o] H &3}
ATH7E 8000 g= 30%%F WA st DNAE & staith. #8¥ DNA
pellet2 70% ethanol®Z A& 3 5 TE buffer(l M Tris, 0.5 M EDTA,
pH 8.0)o &3stie, 7= & Ao wek 75 M ammonium acetate,
25 M sodium acetate 5& ©]-&3% AAAAHLS AFT F=¥ DNA &
o] RNAZ A A37] Y3sle] RNase(2 unit/ml, 37°C, 1 hour; Borhinger
Mannheim)& €]ttt GAl¥ DNAE 0.7% Agarose gelZ 7|9 %
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3 3 1% EtBrZ 9 A3te]l UV illuminator’doll A4 markerete] ¥713 %=
v w3} = spot-test WW I spectrophotometerE ©] £3te] I TEE

Al xkaE Sl

U) PCRol ¢ § ITS(Internal Transcribed Spacer) regiond %

- PCR A4 : &% DNAZYH ITS region® TZ& 129 PCR 4$
S o] &ate] At PCR ®b&S HA 40ul Fy= Papglon,
100ng DNA, 1.5unit Tag DNA Polymerase, 10mM Tris-HCI, pH 8.3, 50
mM KCl, 1.5omM MgCly, 0.001% gelatin, Zt7} 0.5-1.0uM primer % 200
uMe| zt dATP, dCTP, dGTP, dTTP So| X = o] v}t ITS region?
ZZ S 93}o] ITSS5F primer®t ITS4R primer(Table 3)& o] &3lo], @
96°Cell Al 2+ 3t pre—denaturation, @ 96°Cell A 30%, 50°Cell A 30%, 72°C
A 1# o2 FAHA amplifying cycles 303 W& wmixjgto g 3 72°C

ol A 10EF <t final extension® & FAH 3941 ¢ PCRIAS AH .

Table 3. Primer sequences of ITS 5F, ITS 4R used in this study

Primer Sequence(5'-3')
ITS 5F (Forward) 5' — GGAAGTAMMAGTOGTAACAAGG — 3'
ITS 4R (Reverse) 5' — TOCTOCGCTTATTGATATGC - 3'

- Gene cloning 2 Sequencing : PCR¥#}A< %3to] DNA ITS A o]

 PCR AtEE59 A&t &o]d sequencings G371 935H4,

OH

pGEM - T Easy Vector System I (In Promega Corporation)& A}-& 3}
o] FF A2 manualel wE} gene clonings A A% ¥ PCR¥ Cloning %
e Eole " 2 ITS regione automated sequencer(Perkin

Elmer Ltd., ABI 3700)2 97| &S Fas5t)
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A3AAT5 23

7b A4l A SNPEHA 2 E4A "9 A

1) dHo=2RE vA(marker) FHAY AL 2 J7NEEHSE T3
SNP =4

7} RAPDE o] &3 EAAA HE

<

- A4S 2719 I (Araliaceae) Q] S14E(Panax genus)ol| Z3lH, A E8EEA
59l 305l A 48 9] ofxlete] =5 AW LulolA FE AuE = e
A4 (Panax ginseng C.A. Meyer)Z S dAdolA Aul=es A4
(Panax notoginseng), —18]3l W=y Fyrte] EH2AGA A== w1
A (Panax  quinquefolium)s©] 39 WO 2 UFo] RAEF I
1996). @AZMA Panaxs: &<l Q14tel & AF-A el wet WES 23
skl 7-10 Fo® skl Jow(H, 1996), dntHom QA Fo FH
o wel 1HAMN(Panax ginseng C.AMeyer), =43 (Panax japonicum
C.A Meyer), A4 (Panax  notoginseng  Burkill), 7} A Panax
pseudo-ginseng Wall.), Uv=r4(Panax quinquefolium Linne)¥ A4t
(Panax trifolius Linne)s°] At 1 5 vt A4S seola] el

Holehz WA o= FANM AN HY nEAY APoRM YW

gor S Al FEFAEE it

- Qe FF FFAT QoiA Dok F719 Aadst] e WFozw
250l AT Y RORA obHA FFORA FUNA B3 Yt
Ao, BAZA QA4S EANASE AARY, 207 Fol, ThaHU

ol o] FolAaL gloy 5d FAIAT} flo] §F AR FHA ¥ &
L

of WrhA, 1994). EBHQLel 9@ QA4 BRE LS Folgw AV
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e ASAEel wel band Fdel Eebd 7 e T A AL
W (Schulz, 1994), 2} %X]2] «F<20 restriction amplified polymorphic
DNA(RAPD) W 7ol vi- &olsta Al&stm 3o DNAREC] 9l
o=  FHAHol Jhed  ®uk olYg} restriction fragment length
polymorphism(RFLP) 7R t= diiz oz jFdo]l Ao Az & H
FE7re] DNA 3 FAAA L 250 o @ol AR5 92w (Joao,
1994: Kim, 1996), <14H(%d, 1990), AFH(ell, 1994), = (<F, 1996), FFAH(HH
1996)5 ¢ #& ®HE 913 RAPD marker’ ol A A o]drtal H g
vk 9l

ey RAPDH S 5% DNAS Aeol webA AdAde] wfg t=
primer®] A4 % PCRxT AF ] wet thie] zo]7t Slo] o]o
g BeAo] Algs] Q7 e AAolth w2 A= Qe
RAPDE #1g <l4te] DNA &4 7Fs4d& dataat, PCRO A4z
AAsta AEFE, F1%s 22 T4t vsake] SF%¥ DNA band

AHAE LotH A stk

"1 Ase T ddAddzATdY a4 (Panax.

ginseng. C.A. Meyer)®] W& AAEH S, 18 FooA] Aujd

© o H

o

A AL FZ4(Panax ginseng. C.A. Meyer), 181 W =4H(Panax.
quinquefolium. C.A.Meyer)2] 2, 2] S AFHsle] T 2L HFT 7ol
AF-&-3F At

Total DNA 2] 3 Al @ 3ol AFHE A4 g4 03ge Al7E A
F sl 1.5mL9 eppendorf tubeo] 23 6000 ]PCR extraction buffer(1.0M
Tris-HC1 pH 7.5, 10M NaCl, 0.5M EDTA pH 80, 10% SDS)E X 7}sho]

A3 vt & 30%3F vortexstth o] FENME 12,000 rpmel A 3EZE
AR & T ATd 500uE FHotd AMEE tubeol Y3 phenol:

chloroform:isoamylalcohol(25:24:1) 500u0E X 7Fstch o] €948 tiA] 30
7+ vortex@ F 3#ZF 12,000rpm o2 YA R-E]ske] A5 el 300u F 3}
& tubeE 27 ¥ 200409 isopropanols H7Fsto] 287F Ao HF

T 4TANA 1027 12,000rpme 2 AA sttt A2 s A5 o

PN'

H

1

X

ok
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< WEa 70% ethanol§Ho =z AHF Azt 127 ¢ DNA
pellet2 100u02] TE bufferE 93 &3 & RNase A 2]g & 10ul2] 3M
sodium acetate?} 220109 cold ethanolS X7}k & -80TCoA 303+ B
& 5 12,000rpmell A 10#3F At Fs s Al sk, 70% ethaol
S ol gate] AAS oy AxsAth 1FE DNA pellets 100x09] TE
bufferell &3l A1 7t}

- RAPDE $1& primer @ <14Fe] DNAE ©]&3te] RAPD®AS 17 9134
At8% primer= The University of British Columbia(UBC)2] Nucleic

32

Acid-Protein Service Unit(Dr. J.B. Hobbs, Director)oll A #|%+¥l UBC No.
1 - 505 AFg3ll o, I sequences Table 43} Zt}.

Table 4. The sequence and RAPD of tendom from UBC primers

Primer Primer Primer
No. Sequence No. Sequence No. Sequence
(UBC) (UBC) (UBC)

UBC-1 CCTGGGCTTC UBC-18 GGGCCGTTTA UBC-35 CCGGGGTTAA
UBC-2 CCTGGGCTTG UBC-19 GCCCGGTTTA UBC-36 CCGGGGTTAG
UBC-3 CCTGGGCTTA UBC-20 TCCGGGTTTG UBC-37 CCGGGGTTTT
UBC-4 CCTGGGCTGG UBC-21 ACCGGGTTTC UBC-38 CCGGGGAAAA
UBC-5 CCTGGGTTCC UBC-22 CCCTTGGGGG UBC-39 TTAACCGGGC
UBC-6 CCTGGGCCTA UBC-23 CCCGCCTTCC UBC-40 TTAACCGGGG
UBC-7 CCTGGGGGTT UBC-24 ACAGGGGTGA UBC-41 TTAACCGGGG
UBC-8 CCTGGCGGTA UBC-25 ACAGGGCTCA UBC-42 TTAACCCGGC
UBC-9 CCTGCGCTTA UBC-26 TTTGGGCCCA UBC-43 AAAACCGGGC
UBC-10 GGGGGGATTA UBC-27 TTTGGGGGGA UBC-44 TTACCCCGGC
UBC-11 CCCCCCTTTA UBC-28 CCGGCCTTAA UBC-45 TTAACCCCGG
UBC-12 CCTGGGTCCA UBC-29 CCGGCCTTAA UBC-46 TTAACCCCGG
UBC-13 CCTGGGTGGA UBC-30 CCGGCCTTAG UBC-47 TTCCCCAAGC
UBC-14 CCTGGGTTTG UBC-31 CCGGCCTTCC UBC-48 TTAACGGGGA
UBC-15 CCTGGGTTTG UBC-32 GGGGCCTTAA UBC-49 TTCCCCGAGC
UBC-16 GGTGGCGGGA UBC-33 CCGGCCCCAA UBC-50 TTCCCCGCGC
UBC-17 CCTGGGCCTC UBC-34 CCGGCCCCAA

- Qe RAPDEA : Qe $7 2@ wWEzte] fe@7E s 9l
WA wHA4) AHES AFEate] Table 4914 UER UBC No. 1-509]

primerE ©]&3le] RAPDEAIS AAIg¥ow, 1 F bande] F-&o] &4
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St primerE A el olE o] &3 AAF, FTUEE, T4, vl
7 EFE g8 AFgskde. mmek 22 DNAC =bo]7F PCRo]$ DNA
band®] %UAtel o3 JEFS wXE AES HES LA EFAA FAH o

2 Asshn gle AFEAA 2 e, 9¥e AR AAske] AR

RAPDE 3gto] 9ojJA+= template DNA, Tag DNA polymerase, dNTP,

primer5e] Wgelg TS A boln] o]F L4t HAY 2

AU

A dA 3l ojabe] wrEE PCRAAS Aokt EA  DNAY
amplification®] °o]Fo]& 4= At} E A= o]gjst Q4- 50| FHF
.

9l= Premix M(n}o] &

2

op)oll template DNA 50ng, Primer 10pmol, &

S HAUlsle] & WL ANS 20ulE 931 mineral oilS H71EHA

g

CRYF-3-Z 72 predenaturations 96 ColA 2% W3 ¥ denaturation 94C,

DNA

o

1%, annealing 37C, 1%, extension 72T, 2%¥7te] Hkg-
amplificationS 93] 45 cycle2 143 C™ post extensionS 72T ol A
15#7kgE & WhES 4T FH5AHT. PCRe] €4 Fol= PCRuHE
10ulE 1.2% agarose geldl 77|99 53 & DNA Fd& AT

Q14¢] RAPDEA ZAF : <late] B9 & RAPD banding patternell x}o]

7F e AE FAS A= Figo 53 Zrh 9, ¥y 3 guxHdor §
S =

DNAE UBC-50 primerg ©]-&3le] PCRS gt Ay oF 1.2
KbollAl 543 1709 band’} @ AT, o 519942 Ay EFol
template DNAE & ald %29 #o]|7} RAPD banding pattern®l 7] x| &=

>

G nuA FA9 9, 53, £9 % FPOEVE Feld DNAZ 47
o] g3le] PCRS & A¥ RE ZAdA U3 band?} EFHActa B
SR, A A=A AMFHAF FHfle]l EE 2 oA DNAS
wEet = o EAVE STt Buste] B Ade Aot fAsES
of. E=3 AUl RAPDEAIE E4 3 el SlojA PCRel #eldt= F2
8459 template DNA+T 10ng, dNTP primer+ 2unit, Taqg polymerase+
50uM, primer 10ngS Z+2} H7bske Aol 7Md A3sk 27olslen PCR

A5E 5052 e Aol 44 Agatin srAThel, 1994).
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M1 23456789 M

1.2 KB=i

Fig. 5. RAPD banding pattern of genomic DNA from various tissues of P.

ginseng C. A. Meyer using UBC-50 primer. M, molecular marker; 1,
2, 3, Leaf; 4, 5, 6, Root; 7, 8, 9, Stem.

U
A% primers A@stial o] & o] &dte] A4

< b
T, 2718w, T4, vsad SEFE S ARgskd At

Awrsl 2} 5071 e] UBC primerE ©] 839t (Table 4). ©]% band’} &4
gk 1870¢] primers AW & ARew, 1 A= Table 50l WEFH AT
Aty 18719) primers AAE, Z7)84 S 124 genomic DNA
E o E w3 oA PCRYHES AAstAT. 2 /AL $d %
A A E primer& ol webA] et bandddS A= o= Qe &

2 HEY] Aol7t S AAMetE Adel et 53] miwate] A
UBC-62 1.7Kb, 232 1.7Kb, 700bp, 29 800bp, 34+% 600bp, 432> 800bp,
5091 4+= 1.3Kb selA & 3T E YT bandd S HAow, =
Aol A9 UBC-62 19Kb, 162 2.1Kb, 31> 15Kb ToA Eo]& band%
ol dEAHAY. I AAFTe A5 UBC-12 16Kb, 22KbolA 25
12Kb, 26 15Kb TolA F71&52 4% UBC-19°1A4 1.3Kb, 25+
1.5Kb, 31> 15KbolA & F3 FE =T bandE ETH 1 A3+ Fig.
69} Table 5¢F 2t}
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*riemier

|

30 ¥ 33
MABC D ABCDABCD

Fig. 6. PCR amplification of DNA from 4 species (Panax ginseng) using

primer; A:! Jakyungjong, B: Punggi Hwangsuk, C: China, D: Panax

quinquefolium. M, Molecular marker(1IKb DNA ladder).

Table 5. Bands of ginseng DNA amplified by PCR using UBC primers

Band Size Formed

UBC Primer

<05 Kb | 0510 Kb | 10-15 Kb | 15 Kb>
No. B DIABCD|ABCTUD|ABTCD
1 1 1 1
4 1 2 2 1111 1|2 2 2 3
6 1 1 1
12 31 1 1 2 2 2
13 11 11 1
16 11 2 2 1 11 2
17 11 11 1
19 1
23 111 11 3[3 3 3 2
% 1 2
% 1
29 1 2/1 1 2 1]2 2 2 1
30 1 1
31 2 2 2 1 11 11 1 2
33 1 2 2 2 1]1 1 1
34 11 11 1]2 2 2 4
43 2 2 2 11 1 1 2[2 2 2 2
50 1 11 1 101 1 1 5 4 2

- o]d wE RAPD EXAZ3= A

% Similarity Index&

of

48 239l Cluster analysis B9

stol 3749 Fab 174e] melela MES] AR

S RuAg 23 A4 F1%sS 08169 SIE 7HA SAHAE THA



B FFAS 1034 SIRA AFES el Aol g sbpom AFFS v
Aahe Awe Wole] Aoz melowm 3k Pulo] folaArhFig. 7).

¥ (1993)2> RAPDE ©l-&3 ¢l4te] WE &4 3 MY S35 &+
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=
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=
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ol
ol
0
to
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4z
o

i

AAete] FFATS 27
drdss Tdaas aedate E S et Qlatel e RAPD

27154 S Bldeta Ao JAE3 primers AWstal o] o] &3te] 1
Hlzke]l WF 9 AR o= WFY {4 AolE Hugglon, ofn <l
Aol el = ALF(o, 1994) W (k) 1996), #AFH(EN 1996)5 2 £F +/HE 4

g RAPD markeri el A2 o] 9lthar B i13}3]

1.750 1.583 1.417 1.250 1.083 0.917 0.750

OOOO0000P gisoe CAVBer
oo (Jakyung-jong)
I
OO oo
0oa OOOO00O00O0OP gsae CAVea
T oy
oo OO
(| I O O 270 @2\
oo (China)
oo

1.750 1.583 1.417 1.250 1.083 0.917 0.750

Fig. 7. Phenogram of clustering pattern for 4 species and strain of
ginseng.

- ARHoE ¥ AT A3} Qi F L WERY f44 GEHS 4R
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FAHAT. 4] RAPDE Fadhel oA DNA®Z ] o] &5 = x4
©] Z}o]7F PCRe]¥ DNA band %ol oWt Faks vl AE A
A 2N AHer AFdta = ALTAM =H4ER A8E AHF
g% primerE AHE3ste] PCRES S dste] LB bande] ¥de e =
A A FLd3 bandE FAsATE 50709 A ZTE 10-mer random
primerE ©]&3to] band7t #4d3] WEtu= 18709 primers et 2
BE, 1%, T4, vl=4ke] DNAE AH§3te] PCR %5 3Flth 1
#13l PCR productZ 1.2%9 Agarose gelol| 7] %3} banding pattern
of whg} #4354t} o]edt RAPD Z 3= Cluster analysis ®H<S AM-&3)
o] similarity index(SDEA UABAE =AM A3 AAFFH F7]3<0]
SAWAE 7L TS AEFH e AolE b oew wg A4
, 5718w, A vl=aky) Bolo] xpolE uEilt

=

&1]

(¢

=
o

W) PCR-aided RFLP S §3 A4 viARFAR AL

oA H7EAl A AA QA AR 46%E FAltd fEveks 90 el

o] A2 Wb w=akat F=ae] eFe] 90d
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RFLP

~ 2

RFLP 4]0

o]

A

t}ok A& PCR-aided RFLP

J)

,66,



2] A=A DNAZ atpB gene % rpoB gene, trnlL gene® trnF gene,

i

O

psbA gene ¥ rbcl. genes FE3te] 1 5 psbA gened} rbcl geneS o

g Agagrz Adste] 1 FAS A tHTable 6). T3 A7) 3%
3t psbA gene¥ rbcl gene? FEA DNAZS o2 3o RAPDE A&

gomm 1 Pae zAsAT
2o AgHE ARt T AFARARATA(NDATEA LA)NA
Hom gsrol ABEAH KG 9ES faddon 25

o
Fure

Jo
2

B nE A (Panax ginseng C. A. Meyer)¥} w1 =4H Panax quinquefolium
C. A. Meyer), 18] a2 ZH 2 (Panax japonicum C. A. Meyer)& o|&7F &
Fol ARgstaion, s dEAA FF3e mRb(Panax ginseng
C. A. Meyer), #4491 F54H(Panax ginseng C. A. Meyer), 2~@4t
(Panax ginseng C. A. Meyer)¥} 1igjelate]l wWxol 3=z AAZE A7
T, 718559 d BYE AHstd F R WE Rl AFgs AT 9
T QAo ASo] 7 P 59 AT AR ] Wod o
ot el Ae 119 A5 6l HAS AF st AHEES
o Ao e AFH F AN 2= B2

FrE 93 g 199 75 AAG A total DNA #&e ]
L3 AY == HaA 7-A -80TC 9] deep freezerel W& Hd B3t

A

A el ARG F

pud

Table 6. Oligonucleotide primer used for chloropalst DNA analysis

No. Primer Locus Position” Length(mer) Sequence(5’'— 3')

1. psbA-N (S) psbA +1 23 ATGACTGCAATTTTAGAGAGACG
psbA-C (A) psbA +1008 23 CATTACGTTCATGCATAACTTCC
2. rbcL-N (S) rbcL +1 22 ATGTCACCACAAACAGAAACTA
PX -1 (A) rbcL +1336 22 CTAGTTCAGGACTCCATTTGCA
3. atpB-RV(S) atpB +232 20 CCATCTGTAGCACTCATAGC
RV -1 (A) rbcL +242 17 TTGTAACGATCAAGACT
4. atpB-NR(S) atpB +22 22 AAGTAGTAGGATTGGTTCTCAT
rbcL-NR(A) rbcL +22 22 TAGTTTCTGTTTGTGGTGACAT
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5. rpoB-1 (S) rpoB +2759 21 TCGGGTTCAAATACCCATGGA

rpoB-2 (A) rpoB +1473 23 TCAGGAAGAACAGGTTGTTCCAG
6. Uni'C (S) trnL(UAA) = 20 CCGAATCGGTAGACTCTACG
Uni'f (A) trnF(GAA) = 20 ATTTGAACTGGTGACACGAG

“Nucleotide position of a base at 5 end of the oligonucleotides in the

corresponding genes.

- Total DNA #2 % A 03g<2 <14YS 1.5mL Eppendorf tubeo] %31

6000 F& W3H (100mM Tris pH 75, 50mM EDTA pH 80 500mM
NaCl, 10mM Mercaptoethano)E ¥ 1 =& g o2 u3t t}3 12000rpm
o Al 3&t YAl RYEATh AN 500uE MEE FHE &7 phenol:
chloroform:isoamylalcohol (25:24:1) 500uE H7}abe] 30%3F vortexd *
7 12,000rpm e 2 A4 Eg sttt A H 300wE M2 tubeR &3]

S 200p09] isopropanold H7Fsla 2E-F<F A2 WA 3 5 4Tl A

10#37F 12,000rpme 2 PJA Rttt Al e & d5 9 HEa DNA
pelletS 70%9] ethanol& o= Az F HFsAct HWx7F € DNA

pellet2 10002 TE buffers ¥l £33kt

A=A DNA® PCR-aided RFLP#4&  <24te] 154 DNACA
potosystemIl 1 32kd protein(psbA) gene¥} rubisco large subunit(rbcl)
genes F=3l9] RFLPE 2 3d3sl7] 9lste] Al4¥ primeri= Table 63 2+
o] psbA-N, psbA-C, rbcL-N, PX-1& Zt7} AR&3kith PCRell ol3iA] <l
Mo zHY 4EA DNAE #Adst7] 9siA 4 DNA 50ng# primer
20pmolS Premix' Mol 23 total volum< 20plZ o] PCRYHS-S 2 A8}
t}. PCR WF&Z7AE 92T ¢ pre- denaturation 2XoA 28 w3 3 94T
denaturation =% 4 30%, 55C annealing =X°A] 30%, 72T extension
Lo A 2871 W28 45 cycle®E LAY S post extentions 72°C ol
A 1583 A2 ek aith Data basedll A S AHA fFH22] AFE A siteE
ZAbsle], AdE AFELE PCR productE Additt A4 & 1.2%

5

agarose geloll A A7) 53t FAHE bandg 4189
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[«

0] 4t genomic DNAZ R Y psbA, rbcl, atpB, rpoB, trn gened <% :
Atz o7 RAPD o] Al8¥ primers 10mer ©]7] wl&o] PCRA|
annealing temperature’} - YrolA &Aoo AV} U= AR LA
gt weba B AFoAE 10mere primer W4l 20mer ©]AFe] specific
primerE A}&3}lod annealing temperatureE oA U Aol =&
bandE &S5tk skith A WZEE d4tel o] MEA
FE A4 DNA
=4 DNA° coding
Ho] &= psbA Z rbcl gened FE3I] AFahAE Husle] o Ao
KG101-10971 % 9%F, vl=4t,

A%, AP, ARES BT 18

o2
o
o
=)
El
ol
o
fd
by
4>
o
ol
o

2
=
>
=
o
e
[-'O
aka
flo

Chloropalst DNA2] psbA, rbcl. gene(Fig. 8)¥ atpB, rpoB, trn gene(Fig.
9)o] PCREZA ZZ ¥t} Table 6 oA} 2] psbA genesS E&d7]
) A= psbA-N, psbA-C primerS 123l rbcl genes #u]dt7] 9siA =
rbcL-N, PX-1 Primers 7Z}7} AMg3t9lom, 1 9] Fdd WPO =R gene
FES 93 primerg 47 AF839 3, PCRS 3t A3 psbA genes A&
g KG101-10914+= 1,008bpell A 2+2} +AFgE 17§¢] band7} WHERREH
rbcl. genes AF83F KG101-1099 4= 1,336bpell Al +AFeE 171 2] band
7F A E A PsbA genes AFE3E & 2 wWEF7ho]= 1,008bpol A F-AFSH
1709 band’t SY&A ERom rbcl genes ALE3 F W WHEE
M7 GAER @ 4~d4 vupr & ALlst s 1,336bpol A A4S 171

e
A ] band7} @7 ¥ At
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MABCDE FGHI

Fig. 8. PCR product of Panax ginseng using primer for psbA gene and
rbcl gene. A: KG101, B: KG102, C: KG103, D: KG104, E: KG105,
F: KG106, G: KG107, H: KG108, I: KG109, 1: Panax quenquifolium.,
2. USSR, 3 : China, 4. Mimaki, 5 Panax japonicum, 6:
Hwangsukjong, 7: Chungkyungjong, 8. Sanyang 9: Jakyungjong ;
M, Molecular marker(1Kb DNA ladder).

- T3 Fig. 9914 atpB genes AF&38t A7 E, wl=r4t, S A 4ol = 1,336bp
92} 900bpoll Al Y3 band¥AE HPoew,  rpoB gened AHEF A
1,300bpll Al o] &7t FYLS band¥dS HAT ES frnl genes AFE3H
BF AAE, vi=ak, SEARTA R 1,008bpell Aok ZE FFS HYomA
Ake] FEAC codingH ol ASS & F AAJG oY A= 0] (1995)
7b M3te] =4 DNACIA psbA9t rbcl gened FE3to] Re|d nf 247}
A8 banding patterns Ho] B A3 {FARE AR E H S
Terachi 5 (1994)%= A= t& A EA 98F%F 59F A psbA product’} &
AL rbcl B5-oll= 5659 sY3 1AM rbel product”t F A E A
ta wastel # Ao Aotk fFAbslvh. ool Aol A psbA
gened AFg3 £ % WE7lo|= 1008bpel A #AFE 1709 band’t E Y&}
Al BRAoW rbcl genes AHEE T H WFZIrol= 1,336bpolA FAE 1

WA 2] band”t A = ST
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Fig. 9. PCR product of ginseng using primers for atpB gene, rpoB gene,
trnlL gene. A: Panax ginseng. B: Panax quenquifolium., C.: Panax

japonicum ; M, Molecular marker(1Kb DNA ladder).

- psbA gene 2 rbclL gene®] PCR-aided RFLP : SZ4 <4S A4
psbA gene E rbcl genes A EAZ HAu3dte] RFLP patterng H LA}t
Taql, Alul, Haelll & At 2A17F &< 37T A H-gA171 & 7|9
sto] band¥/dS AN A¥ Tagl Agtas A9 4 KG Line? & %
HME 25 ddo] H9low 800 bpolAl band7F ¢1A8tal A th(Fig. 10).
Alule]l Agta s A Fo|A = KG Lined 800bpolA 1719 &3¢ band&
HAou fFAAddAME AFairt @3] ddo] Ho| band7t KolA
oz Fo] folgrt.  AlgtaAr Haelldl A= KG Line® 7%
500bpe] Aol A B H]EtA bandE FAsHA Btk Ly FAAAd A
o] Haelll A3@ Aol band7F B2E A kol KG Line? +F¥o]
o] 3}, Mishio 52 PCR-aided RFLP W& AL&35to] oo AEZF

Foll olgsdgdoem, dEA DNAZFE PCRY FEAES 5319

PCR-aided RFLP®2A1¢l] 2]&t Rosaceae®] &3t 788 B3t ¢ o]

S HdEH DNAZ o] 839 Populus ¥ RAPDEXAS 3 Ay

He

ojf

primer rpoCl % rpoC2& o]&3te] 7zt =Fo 5o|g bandEs AT +
9t  Terachi 5(1994)%= 9%9] Filipendula®t 2Z¢ d#d =5&
rbcl. genes THS § AHITFY AdagLrE IS
ol YEtUA FEFE AT EFL marker’t 2 F USS ERYO,

PCR-aid RFLPYHol o3 %7+ & Fuje] 72o] 7158 Aow Aty

E=)
v
o2
rob
ru:
[

=



FaEAe dEge] de Ao dddnt mepA, o9 e ARE &
W 4-mer 14 AFEALERE ofyet AMEFS W 6-mer A AFEL
S AesFe ATELE AHESte] Addnd ME Aolrt yEhue A
e Ao AtRHM, o Agos M2 tE ddHo e

A e Aol 9/IAAE BAse] BRI PP Agdcr gow

e A R

L® ns 1 d BE_1 L I " Ll “A e 48 T M W

Fig. 10. Restriction fragment patterns of PCR products obtained from psbA
gene in chloroplast of Panax ginsengs using Taq 1, Alul and Hae
I restriction enzyme. A: KGI101, B: KG102, C: KG103, D: KG104,
E: KG105, F: KG106, Gi KG107, H: KG108, I: KG109, 1: Panax
quenquifolium., 2. USSR, 3 : Panax notoginseng, 4. Mimaki, 5:
Panax japonicum, 6. Hwangsukjong, 7: Chungkyungjong, &:
Sanyang, 9: Jakyungjong; M: Molecular marker(1Kb DNA ladder).

- AEAoE 2 A4 DNAFFAA 14t Tl 2 3 AAe] #f4
Z¢ W<l PCR-aided RFLPE A83te] £ %

Ao VxR R Hax AT A4 954 DNAF psbA genedt
rbcl.  genes A& gse] I band WS FAE A FAL

Chloroplast DNA% psbA gened rbcl. genes W@ldl7] st zthzt
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psbA-N, psbA-C primer ¥ rbcL-N, PX-1 primerE A}-&3 A3 HA
252 psbA gene 1,008bpol A, rbcl gene< 1,336bpol A band’} e}
Wtk T3 arpB gene, rpoB gene, trn genes H¢]3l7] 93 primerE Al
43 A3 Al A2 1,366bp, 900bp, 1,500bp, 1,008bpell A band”} }E}
Wt PCRel ¢oste] E2]3 psbA gene¥ rbcl genes SaulA, Tagl,
Alul, Haell 52| Adaire deste] RFLPYEE AR 23 BE <)
Aol Al Tagl AlgtaEs A2 FolA KG Line 7 & 3 WEF 25 Hdo]
e 800bpoll Al band’F #1383l Atk Alu I9] Agtash A FoA=
KG Line? frdz-dol4 800bpe] &Y% bandE R At A A4 Haell
o )= KG Line® 79 500bpe] #1#el A 37|35t A bands LA HA
o 2y AL 9ol Haelll A|gta > 2] F-ol A= band7} #2HH
A o} KG Lined}t #}o]Z Htl. REE chloroplast genes PCR 59|
ojatel MEE Ao AFdFEL AYF 24 AT e T A
o] golatA] oA F ¢ W2 AFEALE AFEFAY T

NADE wAste] wash go] el Hofol & Qo AmEh

t}) RAPDo| 93 QAN EF A

FAR A

of
A
!
—
(=)
Z
s
2
of
A
!
—
(e}
«
Lo
=
ik

ol E AR 9ste] AeE KGI01(H3)3, Abxde] ghako] W
KG103(dd&)¥ 8| & o 2sle] UBC primer & 2343 Adkst 91% 9]
primers 4 36%S dldo= 39 RAPDEAS sld vl 36%F9

T

primers oA 2%  bandE YEIH AL 28F o] (Fig. 11), ol% 69
(CCTGGGCCTA), 29" (CCGGCCTTAC), 33H(CCGGCTGGAA), 1059
(CTCGGGTGGG), 125 (GCGGTTGAGGR), 149 (AGCAGCGTGG), 157#
(CGTGGGCAGQR), 159 (GAGCCCGTAG), 1748 (AACGGGCAGC), 1774
(TCAGGCAGTC), 181 (ATGACGACGH) 1A KGI101 % KGI1034 %3t
zol & Btk ESE YERY bande] 54 Table 79 #th. 53] 64,
105%, 1499, 1599, 1749, 177H &= KG1012 §A T KG1039l 4 band&
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PAetg on, 29, 33¥, 1259, 15794, 1819 4= KG101ol A bandES &
gk e 221E 181 H-E 300 7kA] AWd 50F 9 primers A
b

© 2 bandE ZAE A 32Fo)A KG101 % KGI03E5F band’F dAHA
om, IOF 9FANA AZ YE FolE HAHTFg 12). 573
181(ATGACGACGG, o] FZA}), 218(CTCAGCCCAG),

220(GTCGATGTCG), 250 (CGACAGTCCC)H-& KGI101elA4 bandE @4
a9 aL, 211(GAAGCGC  GAT), 225(CGACTCACAG), 239(CTGAAG-
CGGA), 248(GAGTAAG CGG) oA KG103914  band7t A=
270(TGCGCGCGGG) WMol A= KG103el A wi¢- %% band7} 34 = St
(Table 7, Fig. 12).

Table 7. Characteristics of banding pattern on KG101 and KG103

according to selected primer

UBC Primer Band Shown M\)(\)]le.c%?r Number of
Number KG101 KG103 (Kb) Band

6 X 3 5
105 X 2.5 3
149 X 0.75 4
159 X 1 3
174 X 2.5 3
177 X 0.7 5
29 X 15 2
33 X 3 3
125 X 1 1
157 X 1.6 5
181 X 1.8 3
218 X 14 4
250 X 1 1
211 X 2.5 4
220 X 15 4
225 X 1.8 3
239 X 0.8 3
248 X 1.7 5
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Fig. 11. RAPD banding pattern of ginseng roots containing normal(KG101;
1") or high level(KG103; 3%) of ginsenoside according to different
primers. A UBC-1, 2, 3, 4, 6, B: UBC-12, 13, 17, 23, 25, C:
UBC-29, 30, 33, 34, 63, D: UBC-77, 82, 83, 89, 100, 102, E:
UBC-193, 105, 106, 125, 127, F: UBC-137, 147, 149, 150, 155, Gt
UBC-157, 159, 174, 177.

Fig. 12. RAPD banding pattern of ginseng roots containing normal(KG101;
1") or high level(KG103; 3%) of ginsenoside according to different
primers. A: UBC-181, 184, 190, 198, 199, 203, 204, 208, B: 211, 213,
218, 219, 220, 222, 225, 226, C: 228, 230, 231, 232, 234, 237, 239, D:
240, 241, 243, 244, 245, 246, 248, E: UBC-249, 250, 251, 253, 254,
262, 264, 266, F: UBC-270, 273, 275, 276, 280, 282, 283, 285.
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2}) A9 SNP primere A4& $3 PCRZAY /%

- Sequence alignment$} phylogenetic analysis : ITS region? <9<
7]&o W H sequence £ Hwde ZAAstH, ClustalV program,
Autoassembly, Sequencer & ©]&35to] Ao AUVIAMLEe AHZE9}
sequence alignments 2d % gl & FHFHo=R HFoto] osto] A
e HESAT.  AVIAEENEAR Ao {FHAAES #AS
PHYLIP(Phylogenetic Inference Package, ver. 3.5c)Wi¢ DNADIST
program® Kimura’s two parameter®] 2|3} genetic distance matrix=
Zk2d ek sl vt

- A4 A =4S SNP primerES Al 2Fste] @A &7 7] S A
SNPE o g 9ol HAd = AAH(Fig. 13)

3,85 LTS region
Alignment

Fig. 13. SNP of ginseng species.
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271 A3E o] &3lo] phylogenetic analysisZ 3 A3 mg st A
AELE JdENA FHNY AF FABAE AL e 3] v

A4l 33 E B2 Aol K Adv(Fig. 14).

= o dr prar i Tafie &

P e
T R R
M rifergpdeaf orary

F il L e
Iz inigy e e R
&7 oaraelrante
st il s
| —|— " frErelis

M el oprlerreray

i f C R

Fig. 14. Phenogram of clustering pattern for ginseng species.

71 AFRE ol &ste]l SNPE 2 A3 AL F, AE, 945, =
&, BAT)I =i FEE 5 %= SNPrE 2 H A tH(Fig. 15).
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specilic posilion in 5.85% LS region - panseng

Fig. 15. Confirm of SNP of inter- and intra—- species.

- SNP primer® A& : SNP primerd 70 @ B2 A~ 7)uke] 7] E
#] &= Amplification Refractory Mutation System (ARMS)<S o] &3kttt
o7 Taq ZEZ WA (polymerase)s AlE3td PCRTES & 4%
primer?] 3‘-nucleotide®] Al ¥ (template DNA)¥} mismatch®¥H PCRZ
2 dojpA] g ol AE o] 83kl primerg AFgith AAxPoR F
Zo] Alg¥E Tag kA= 3-exonucleolytic proofreading &4 7] %
o] gl AL AlgslodoF 3t} ARMS primers< G/T &5& A/C
(primer/template) mismatch® F%&3tAlE A 23t} Primer A2 54 o

2 sk Akl A7IME SellA

jule

o o7 A3 =79 1% control
primerE ZAA 33l 12} control primer SEAFE 2] ¢t&o] Eo| &9l primer
HoE AASIY 22 primers FA S 3'nucleotide F-9lolA EolZ <l
nucleotide®] H}=Z < nucleotide@ 715 929 nucleotide® X 3+8F 0 &2 A
EolHo® ZZHLE 3lu, olul WZA] primerite]l AFLS A7

z+ak At (Fig. 16).

it
Hu
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Control primer 1/reverse

—————— > Specific primer ----->@

@<-———- specific primer <------
Control primer 1/forward
d)) Specific PrimerES design® 7% (SNP)
G specific 5~ GCG TCT TTC TAA AAC ACA CAA CGA CTC TC(G@) G - 3’
v
5'- GCG TCT TTC TAA AAC ACA CAA CGA CTC TC(A) G - 3
Fig. 16. Design of specific SNP primer to distinguish Yunpoon of Panax

ginseng C.A. Meyer from other ginseng cultivar, variety and

species.

>

flo

- SNP primerd #% PCRZA +H : SNP ®A 27re] 7)
Wi SNPol| whel 1 kS5 Al Zol7k 9l7) wiel 7} primere] 5ol
Al PCRe  REE&ZZ(DNAS sk, SEH3F

]/\Eﬂ
-

, primertte] FEH|&

dNTPmix &%) M=ol AAsAth(Fig. 17-21).

PCH condition for 8NP marker

O = 2 mim 1cvele
30 awc

Hl mmc | M cyrle
1 min

15 min ¥ hinmdird primer

Ls wpeaifis
primor anly

All 1 piole
romr.

specific primer only

PR prodidcts wilth variois cofcentralions of SNP primer

Fig. 17. PCR products with various concentrations of SNP primer.
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==

Selection of various concentrations of SNP primer

Fig. 18. Selection of various concentrations of SNP primer.

PCH condilion = ITTSSF and ITS4R primes ase
B4 i Z min I evela

4 T 0 med |
[ LU M mex 5 eyrile
TE "0 1 mlin

T2 C 15 il I exchn

i " C ETiE1

aidbp —

SHESITS and r DN A amplified PCR in P ginserg

Fig. 19. 585 ITS rDNA amplified PCR in Panax. ginseng.
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PR condition lor SN marker

O] specifle Miagiieil

SO0l —

specife Nrsgrmasmi

Fig. 20. PCR condition for SNP marker of Panax ginseng and Panax

quinquefolius.

Hyvbarid selection usimneE 5P primers
. - I

Fig. 21. Application of SNP marker for distinguish of Hybride of ginseng

species.
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- SdAVIMGEA L] golaf el wel  ddAVIvH®Ad (Single
Nucleotide Polymorphism: SNPs)¥} 4F)/2+4] (insertion/deletion: indels) 2]
Aol Golafxlrt. oo wep Sko
AR o R FHEA] SNP 7]&E0] o] &2 FHolt},

- SNP 7/|&HEHe] sjaE HW, (1) Oligonucleotide hybridization, (2)

rie

AAN BantASH 4 AA

Nuclease cleavage of mismatches, (3) Oligonucleotide ligation, (4) Primer
extension, (5) Direct sequencing. X %WF SNP 7]l & o}z A uks}xof
UA &k webA 2 7)Eo] ¢ Wi FUMAVE =S Zle)th

- AEYe] Zatgog wAst Aoz AAE = A AHAA, A gstEol

o4 SNPY 53 5§ BAZL & oz AL vk weF BE §3

Anel 727t 9 SNPel tjate] S3l0] sl gAY, $2 vel 2ol

SNP 7]& A 2 XAz4E SRE Aoy Taatyte] A2 drd
T 8= T8 EAomR 97 Yy E o] Eokd £ HF4A F
A= E& SNP 4 % SNP primer 712 7]1€&S 2

o AAE A FH FRFAN o debe] sEFFe] o] Hopd $

L
>~
X
~
Dy
>
o
HI
)

T, 13T ZAA(EH, diA, dA F)9 SNPHEEO diste EAwA
(molecular marker) =4 2] &

/|
PCR 222 Bdto] /e AEZ7] BWARE AT 5 A230]

ofo
oX,
o
o
i
ol
2
i~
N
N
w
Z,
nv]
o)
=
8
D
]
it
e
oX,
<

2) D/BHEAE T3 U4 SNPO &4

7b) A4 ESTZ 5 & SNPY &4

- ZHJAHFCRZHE FFIF FEHE 9% SNP ©@4S 93814 cDNA library®ll

K



>

A RAYE WMo ESTs sequences<d HluME AAHtE 5709

cDNA library2Z%E ®A % EST dataS BioEdit ZT2I13HS& o] &34
Local Blast 415 AAg A3 A5 HFo EST FTolA SNPE F4 =
© AR dVIAEES v FEEAT. 2 TolA SNPY Thex
AoR Holy FHAAES v Adedrt. 7% DC03¥ DCOsolA &4
7] CoF TellM Aol whow 7[eF EFol Ak Aol uteh(Fig. 22, 23). DCO32]
A7 o] ofH fFHAfe| &3t AE & sh7] $15ke] NCBIOlA Blast
E & A oln & = Ve AEEH dEAe] Bol "Wollorg o
W FAA %] 18] Ay s T AuE Panax ginseng®t
o] FEAde]l vaA E=ATHFig. 24). Yol EAsE SNPY W34S &
olsl7] YaliA ols FES 5% 3 P A sequencing primerE ©] &3}

o] full sequenceE =H 3T}

I
rlo

DCO3 agyatatatatatatatactacttoticataga

1 1 4 1 0l
DC0S agyatatatatatatatactacttoticatags

cptagtatatatasnatasaageaty

tptagtatatatasnatasaagoaty

Fig. 22. Nucleotide sequence alignment for the SNP discovery between
Chunpoong(DC03) and Yunpoong(DC05). The red square is a SNP
(C/T).

IEI a2 T A A A T A GTATATATAAAATAARLAGCATGCATEZATCA
Doz ATAGAAMTETAGTATATATAAALTAAMLAGCATGCATEZATCA
Dio0d ATAGAMTIEAGTATATATALSATA MMM GCATGCATZATCA
D05 ATAGAMTEETAGTATATATAAAATAAMAGCATECATEATCA

R H *EEFEF EEEE A EE IS

Fig. 23. Comparing a SNP with other new ginseng variety. In the result of
the SNP cleared up separate from other new ginseng variety. DC03

1s Chunpoong.
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Fig. 24. Comparing a SNP with other new ginseng variety. In the result of
the SNP cleared up separate from other new ginseng variety. DC03

is Chunpoong.
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Chunpoons TEAaTCT T TG T TG T TGACAGCAATGATCGAGACCSGTGTGGETCGAGGO TAGA
Wiano oo TEATET T TG T TG T TGACAGGAATGATCGAGACCG TG TGGTCGAGGC T AGA
S48 TH B SHE 142 B SR BB LA HHE B SHE K LA SHE S R B TR S S B R TH SH S S R K 3K T SH SR R SHE T S SR R BHE S 1 SR R OH SN B BH SR R
Chunp oo s GaTGaaC ToCACAGGAT G T TGAATGAGGATGAACTGAGAGATGCTGTACT
N unp oore e GaTGAaAaC TG EACAGGAT G T TGAATGAGGATGAACTGAGAGATGCTGTACT

S B H T T T TH HH BH R B HBE TR SH BB MR SR SH N HR SR ST B o T H 3H B R SEE TH BH M MBS SR SH MR SR OH S B o 1R B T

FTCTTCCAAATGECCATGAA TGO TGO TG
T T TCCAAATGCCATGAATGC TGO TG
S B B SR S T B T T T R R HHE B TR K BB MBS TR SH SR MR SR S MR R

N D O o T E CCTTGTGTTTGOAAADSA G0N
S B R T T T T R BH R B B2 BhE TR M B MR SH R

Chunpoons CCTTGTGTTTGC&&AC&&GC&

Chunpoons AGAT TACTGACAAGE T TGGC T TGEATTCTOC T TOCGACAACGACATTGGETAT
Y unp oo e AGAT TACTGACAAGE T TGGE T TGEAT T T T TOGACAACGACATTGGETAT

S B T T T TH HH BH H B HHE TR TR SH MR SR SR SR HH DR T T o HH H BH B R B2 TH BB BB MBS SR SH SR SR HH S B o HE T B
Tl e oo s AT TCAaGAaGEACA TGO G CACATC TEGAGAAGLETOC TATACGAGGGACT GG S

W unD oo E AT TCAaGAaGEACA TGO G CACA T TEGAGAAGHETOC TATACGAGGGACTGEGAS
B o HR R R R EH HH HE HE HE SR M SR SH B TR HH R T R R EH R R BH R SR S R R S R R R R

Fig. 25. Nucleotide sequence alignment for the SNP discovery between

Yunpoong and Chunpoong. Red square is a SNP (G/A).

,85,



o) nFE A AFFH A7t e FAAY A7IME Bl

- 1AM (Panax ginseng) chlorophyll a/b binding protein(CAB)
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FAGHY dEA-duld HA FHE =AY d5A-dud 55
A= photosystem I} photosystem = FAEH o] Ut Z+ LA g =
Ao = LHC(light-harvesting complex)® S&#4#o] Qom o] Eatx= &
o] CAB(chlorophyll a/b binding protein) -+ =tol] o8] W&}t & o

Tl WhEAA A=l Qldte] JaddE olsisty] sl Felv

4
)
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Fol 549 9¥e FAsHE A4 CAB genedl SAE wlm - 243
fox]

Atk ke WA AEEA ARG 5-10% Ao AFIeolA <A

A7 oFEAEQD 14 QoA wAEHE A TS A 9
A A (full length) cDNA libraryE A 2Hek & expressed sequencing
tags(ESTs) #41& HAISHATE 72915 300071 EST clones 413t
A7 EA S AAe A7 A4l cDNAZE 4bsiel <td 104719 clones
Aol gk 2896709 &3 A4k o FHA AVIAE ARE Ay At
ooz RE A H cDNA Library23E 13 42 5 NCBI(National

ok

Center for Biotechnology Information)9 blastx %2} A3} 259709 74 A}
E°] CAB F3A9t A54dS e CAB A= type 1(89.9%), type
1(6.2%), type I(3.9%)°] =& Wr=gE Bt 7Hg wo] wdo] € CABI
F A A= 201782 amino acidS 7FA+= open reading prime (ORF)Z el
W%l (Fig. 26). CAB I +#A A= Solanum tuberosum ©| 4] G+C content”}
51.0%=2 7174 =kth. E3 CAB 12 G+C content”} 489-51.0% = &3t9]
zko]7F &= UERHT (Table 8). S14te] AlEst4 91x= CAB 19 A&
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Fig. 26. The nucleotide and predicted amino acid
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FACTTTCAGD
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I H = ) 24
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[E Y u]
LACCTTGETCC
i) L OH
GCTCATGGGL
L M =
TEALGGACTT
E D L
TTEEGCTTEAT
L S *
TAAGALC GG
CAGGCCAT

ginseng C.A. Meyer CAB I gene.

CCTCAGCALT
=1 F:S I
CAGLATGAGT
[n] N E L
CATGAGGCGT
M E R
ACCGCCCALD
24 F ) 24
ACCGETELLT
T > E F
TEACCCAGLG
ju] F E
CATGEFECCAT
w4 I
AGGLATGGTG
E N = W
AATCTTCTCC
I F =5
ATGCCCAGAG
A Q a2
TITGTGEALG
F W E =
FACAAANTTT
T K F
FATCCTEALG

CEATTGGEGECA

Table 8. List of CAB I registered in other plants.

CCAanC=ETCT
u] R =
TGGTCAGGLD
v R K
ACCGTCAGHD
T W R ]
GTACTTGGGEC
w L =
TCCCTEFEALGH
F G D
ACAT T TECCH
T F N K
GCTTEETGCL
L G 4
TCARLTTCGE
K F =
GALGETGGCC
E = = L
CATCCTGGCT
I L o
GATLCLGMGT
T RV
ACCCCEEGEAG
T F = =
CATTTECT G

ATGTTITITCT

sequence of the Panax

Species G+C content GeneBank accession No.
Panax ginseng 51.0 %
Petunia x hybrida 49.0 % CAA28639
Prunus persica 50.0 % AAC34983
Nicotiana tabacum 48.9 % CAA41188
Solanum tuberosum 51.0 % 735160
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Fig. 27. Alignments of predicted amino acid sequence of ginseng CAB 1
with other selected plant chlorophyll a/b binding protein. Amino
acid were aligned with the aid of the CLUSTAL W program.
Petunia x hybrida (CAA28639); Prunus persica (AAC34983);
Nicotiana tabacum (CAA41183); Solanum tuberosum (Z35160).
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Nicotisns tebamum

Solenum tuberasum

Prunus persica

Denex ginseg

Petunie x bybrida

Fig. 28. Phylogenetic relationship of the CAB I to other plants CAB 1 .
Phylogenetic analysis is based on the deduced amino acid
sequences of CAB I from various species. The tree was generated
by Clustal W (version 1.4) and? phylogenetic tree (BioEdit version
5.0.9). The cDNA sequences used for amino acid translation was

retrieved from GenBank.

- 18 A (Panax ginseng) Ribulose-1,5-bisphosphate Carboxylase/
Oxygenase Small Subunit (rbcS) FAR} HA7IME ®vl:m: 312049

A5 A2 ATAAE 7 EFS ARTE 5 50t FE9n Jot A

ol A1 CO29l A} A#Ho & FHAR! ribulose-1,5-bisphosphate
carboxylase/oxygenase small Subunit (rbcS) gene?] ofv| Al AW E

Fo fAwA BAL sud @ nedid Foozyd A4
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cDNA® B A2k rbeSHAAe] @71 LDS &gk A3 rbeS #H2t
o] ZAoli= 552bpe Nucleotide”} EA138FH, 184702 amino acidS 7}A &=
Ao = YEETE (Fig. 29). Adet
heS FAAE 522 bpY nucleotideE 7132 Flaveria pringlei’} 713
Qo7 eyt olE BF57¢9 G+C contentE rbeSolAE 51.0% % LHEF
t}(Table 9). Spinacia oleracea®l|A? G+C content’} 52.0% % 7F& =k
. ES theSE G+C content’} 49.0-51.0%= F3te] ztol7F dSS e
AE rbeSel AFFAlA Lactuca

71

R

open reading prime (ORF)Z 7}%

[e)

2L

=

=

>,\1

Hir

R

1A=

comimunis,

R

at

W9, ;e ABYA

R

sativa, Malus domestica x Pyrus Flaveria pringlei,

Arabidopsis thaliana, Brassica napus, Helianthus annuus, Glycine max,
Spinacia oleracea X3 & EX|7o EgE = Aoz e U(Fig.

30).. ol= aellste]l & F9 rbeSH SLABATE Aol7t Aes HAAE

t}H(Fig. 31).
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v E E
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F P 5 A
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Fig. 29. The nucleic acid and predicted protein sequence

ginseng C.A. Meyer rbcS gene.
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Fig. 30. Alignments of predicted amino acid sequence of rbcS along with

other selected plant ribulose-1, 5-bisphosphate carboxylase/
oxygenase small Subunit . Sequences were aligned with the aid of
the CLUSTAL W program. Lactuca sativa(BAA03103) rbcS; Malus
domestica x  Pyrus communis(AAA33866) rbcS; Flaveria
pringlei(AAB67847) 1bcS; Arabidopsis thaliana(RKMUAL) rbcS;
Brassica napus(CAA39402) rbcS; Helianthus annuus(CAA63490)
rbeS; Glycine max(AAA81328) rbeS; Spinacia oleracea(CAA66201)
rbeS.

Table 9. List of rbcS registered in other plants

Species G+C Aminp acid Geanank
content residue accession No.

\P. ginseng 51 % 184
L. sativa 49 % 182 BAA03103
M. domestica x P. communis 50 % 180 AAA338566
\F. pringlei 49 % 174 AAB67847
A. thaliana 50 % 181 RKMUAI1
\B. napus 50 % 182 CAA39402
\H. annuus 50 % 179 CAA68490
G. max 50 % 179 AAAB1328
\S. oleracea 52 % 181 CAA66201
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Fig. 31. Phylogenetic relationship of the rbcS to other plants rbcS.
Phylogenetic analysis is based on the deduced amino acid
sequences of rbecS from various specied. The tree was generated
by Clustal W (version 1.4) and phylogenetic tree(BioEdit version
5.0.9). The cDNA sequences used for amino acid translation was

retrieved from GenBank. The respective accesion number is

described next to plant name.

- 28 A4 (Panax ginseng)®l EST databasel 4] Energy ## A%
F7IAE 4 @ FFAAL AEA oUAE FFEE ¥4 mechanism
o2 FgAdol et ol FEH 1A oo AIAY F JE Y
AR U 5 2 7HATE Wi
oA gkvh. 538 FHTdde AFEAVE A A BAA 7HA
7 4 FodAa glom, Asst 9 FAAES Fo Aol Wt
of wel FEAdel #g A7 UL EdeiAa ok A

olake] QoA expressed sequence tags(ESTs)E E3l
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Hojgle A7IAE vl A ste] Q14be] oA o] He oyA
a4 fFAAE st B4S AAskn date domRy AR
cDNA® FH sk 29 d7ids gds 23 dA 2896719
AAE 349(12.1%) 78] oy =] #A A7 Aol HA, o= #-
FAAEL  Arabidopsis thaliona FAA 7S EF33 MIPS
(http://mips.gsf.de/proj/ thal/db/index.html) databaseZ ©]-&3to] F 2=}

7S B4 AF(Fig. 32), oA #&d F129] MHE dEHS=Z aerobic

respiration (48.49%), accessory proteins of electron transport and
membrane associated energy conservation (17.2%), glycolysis and
gluconeogenesis (3.4%), electron transport and membrane associated
energy conservation (2.9%), respiration (2.0%), glycolysis methylglyoxal
bypass (1.7%), metabolism of energy reserves (0.6%), alcohol
fermentation (0.3%), other (235%) o & ®F7F AU (Table 10).

Chlorophyll A/B-binding protein, photosystem II oxygen-evolving

complex proteins aerobic respirationd] ##EFP FHA7F e FH T ¢S

S RAFA(Table 11).

W Crfher

O AkzDfiod Teamnidi IR

H Halsholizm al energy reMzamwes

B G DAy Wl L b F ool D il

W Hezprwlion

O Bl iro Dreespor] ard wenbisne a5 i ialid

BT o aa ivion

Odycolyzic snd JhlicarsE G enExiE

W AL 0Ty prokens O eleCios e Epie] ard
A b e e e b gy on iyl on

@ fsrabic razpralan

Fig. 32. Functional classification of Panax ginseng C.A. Meyer ESTs. The

ESTs that had sequence similarity to known genes were classified

based on energy related functions.
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Table 10. Categorization of 349 Energy related genes

Energy Number %
IAerobic respiration 169 48.4
IAccessory proteins of electron transport and membrane associated 60 172
energy conservation ’
Glycolysis and gluconeogenesis 12 34
[Electron transport and membrane associated energy conservation 10 2.9
Respiration 7 2.0
Glycolysis methylglyoxal bypass 6 1.7
Metabolism of energy reserves 2 0.6
IAlcohol fermentation 1 0.3
Other 32 235
Table 11. Most abundant mRNA in energy-related cDNA library
Putative identification Source Acc. No. chi(;;1 E-value
Chlorophyll a/b binding protein of lhcii type iP. ginseng AF034631 128 2E-76
Chlorophyll a/b-binding protein D. carota AF207690 26 4E-77
E hotosysiem 11 oxygen-evolving - COMPIEXg o eracea $00008 23 5E-66
Chlorophyll a/b-binding protein type ii (cab-7)L. esculentum S07408 16 E-68
Photosystem 1 chain II C. sativus A60695 13 E-53
Chlorophyll a/b-binding protein (cab-11) L. esculentum S14305 11 2E-89
Chlorophyll a/b-binding protein type i (cab-6a)L. esculentum S00443 10 E-123
rl:il;)t:;flysltem ii  oxygen-evolving complex N tabacum T02066 8 E-162
[Early light inducible protein M. sativa AF383622 6 TE-57
Chlorophyll a/b-binding protein cp26 A. thaliana T04049 6 E-124
Photosystem I chain II L. esculentum S00449 5 4E-48
[Early light-inducible protein Soybean JC5876 5 8E-38
Chlorophyll a/b binding protein A.graveolens AGCHLABBP 4 4E-84
CHLOROPHYLL A-B BINDING PROTEIN 4 Mus musculus BC002118 4 E-125
Latex plastidic aldolase protein H. brasiliensis AF467803 3 E-83
Glyceraldehyde-3-phosphate dehydrogenase S. chloroplast T09012 3 3E-63
Photosystem ii protein w protein Oryza sativa AP003269 3 3E-15
Glyceraldehyde 3-phosphate dehydrogenase N.tabacum G3PA 3 E-134
I.;;f:letin harvesting chlorophyll a /b binding H helix HHLHC 3 5E-46
iquinol- h - 14K
ghl;li‘lllumo cytochrome-c - reductase Stuberosum  T07368 2 SE-46
Glycolate oxidase L.esculentum LEGLYCOX 2 1E-55
Fructose-bisphosphate aldolase M3E9.40 A. thaliana T05051 2 E-101
Cytochrome p450 A. thaliana ABO18112 2 E-29
Photosystem i chain psi-e isoform b N.tabacum T16963 2 8E-41
Glycolate oxidase M.crystallinum MCU80071 2  E-124
Hypothetical protein A. thaliana T47672 2 8E-50
Oxygen-evolving enhancer protein 1 S. tuberosum PSBO 2 8E-73
Chlorophyll a/b-binding protein cabl0b  L.esculentum S11878 2 3E-90
Chlorophyll a/b-binding protein A. thaliana A86423 2  2E-82
hl hyll -bindi i 111
(C;aborlo ?f)) vl a/b-binding - protein type L.esculentum CDTO33 2 5SE-34
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4) 138 A4+e SNP D/BY +5

Table 12. Arrangement ESTs by gene function

Function| Function | vy3 | ooy | poo2 | DCo4 | DCO5 | DCOG
of Gene ID
aluimum
induced | AF363286 1 DC°32°21B1 m% 1B
protein
AcOBOH5
dc03018¢10 AcOA014e02
22971 Ac0501207| 000501
dc03027b01 04014004 dc0B012g11
TVURT6.1 0200408
calmodulin| AYO70232. 1 dc04001a03
dc03010a10
HAUMTOL| 4 03081007
MDCAMG 1 Ac04014a02
dc03015b02
dc03015£03 AcOA004H08 Ac0B002A12
Cw/Zn | AFBAGHL | iaasno7 dOOITZ 3 ommnon| CORA2) G ogoghi2
superoxide
dismutase
AF356460 1 | dc03082f01
dehydratio
n-induced| o199 1 | de08015¢01 ORISR
protein
ERDI5
farnesylat
od protein| TOBA%6 | dc03034c01 AcO2080h09 | dc04019605
ATFP6
dc03041£03
ABOBIEL 4 13010g12 dc02025h05
glycine-ri OOEE
ch protein
2123 dc0BO0903
CS5356 | 30301409 | dc01019f09 | dc0R018f07 dc05012410
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F84469 de01032f08
LEPT53 1 dc01025h09
GTP-bind AF495716_1 | dc03015a05 |dc01029c09
ng |~ ARII064.1 DC03042D1
protein 0
Ta0814 DAO06014A10
DAO06003C07
heat DO06006CM
shock TO7602 DC03032A1 DO02026C DA06007B09
protein 2 03 DA06008GO1
176 DO060Z23B10
DO06023E1L
% G DO06001A02
DCOA00MH DA06001B01
DO06010G06
01 DO0S003H DO0BOIADA
metallothi DC03040D0 | DCO1008G | DO02010A | DOMO09G o7
. Jo2128 DO0B020A10
onein 5 05} 01 12 DCO0B011A B0
DOMO17D 01 DO EOSE:E
o7
DAO06025GO1
Do 10300 El DCOSIICOL
NOI
protein | ABO1S
nitrate—ind | 120 3 dc03039h05 | dc01014e4 | dc02015g02
uced
qucleoside
diphosphat | 4105 D03018B10| DC01024G10 | DCOR0CSDX2 DCOB0IRR06
kinase.txt
DO06001B11
pathogenes DC03020G02 DCOI005G01 DC02009A02 DC06011A0L
is—related |S12368 | DC03030D02 DC01012601 DAO02019B01 DO06013HO2
protein 2 DC03046H04 DO02022F06 DO0B024A12
DO06025E07
. DA0604D10
peroxiredo | AF483 [DC03014H09 DCO2020G03
. DAO01032E11 DOM031D11 DCO0B010A12
Xin 263 1 |DC03029B01 DCO2010E4 DO0GOI7HOR
proline-ric
h protein DC03007B11 | DO01009GO1 | DA02014C02
14K |54 peogoazron [ DColo21H [Deoppisaas | PEAOAE07
embryonic
protease DC03018B06 DOMO20A07
inhibitor 11|00 | poogo4sC02| PEP1029B08 DCOA0B2H0B
DO02018C01 DOMOIIE DO06001HM
RIBONUC |RNSI1_ [DC03030F10 | DC01017C02 | DC02021D06 DOMOECIO DA0B003GO7 | DCO6006GO3
LEASE 1 |PANG|DC03042G04 | DCO1016E12 | DC02022B06 DOMO33D0 DA05031BM | DCO600IET 1
DO02022005 DO06022F03
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RIBONUC
LEASE 2

RNSZ_
PANGI

DC0O3007F01
DC03014F08
DC03018B09
DO03025B07

DC03032A03
DC03045D11

DC01021E09
DC01017A01
DCO1008A03

DC02023H10

DCO2001A12
DCO2001F03
DCO2001F07
DCO2003A06

DC02014004
DA02015C10
DO02022F11

DA02030D11

DAG06009D07
DC06014E02
DCOE017G11

wound
induced
protein

21

DC03020F09
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5 A4 AEFEF oz HAE SNPY primere AZ & 3ol

- SNP9 AFQL: 4l AFFF SNPE 27l wig oz slovt 14k

EST 20,0001 7= bioinformaticsoll ¢]&te] SNPE 2Hels 24

I
5,

of
2

k%

&
I A

aF, APFE, T A7t v AVIMEE &

= -

ol
O{Ll

specific SNPE  &<Q13tth(Table  13). gy xo]7F Y= ESTH

unknown Aol WA AFe] A= Y FFH Zol7t Y=

AF

1l

Table

o3
AA
ADP-ribosylation factor gene®. & 32l % ¢t}

specific primer= 3ol 5l =) (Table 14), o] & A A} =

13. Analysis of Yunpoong specific SNP compared with various ginseng
cultivar based on ADP-ribosylation factor gene

2
oltl

CCTTGTGTTTGCAAACAAGCAAGATCTTCCAAATGCCATGAATGCTGCTG

e
ox o ol
of\

>

o
A
of\

CCTTGTGTTTGCAAACAAGCAAAATCTTCCAAATGCCATGAATGCTGCTG
CCTTGTGTTTGCAAACAAGCAAAATCTTCCAAATGCCATGAATGCTGCTG
CCTTGTGTTTGCAAACAAGCAAAATCTTCCAAATGCCATGAATGCTGCTG
CCTTGTGTTTGCAAACAAGCAAAATCTTCCAAATGCCATGAATGCTGCTG

koskoskoskosk sk sk oskoskoskoskoskokoskoskosk sk sk ok sk skosk skoskoskosko sk skoskoskoskoskosk kR skoskosk sk kR oskoskoskosk ok ok ok sk

Table

14. Analysis of Chunpoong specific SNP compared with various ginseng
cultivar

2
ofd

ATAGAACGTAGTATATATAAAATAAAAGCATGCATGATCATTCAATATA

P
ox ol of
o\

otk
)
o\

ATAGAATGTAGTATATATAAAATAAAAGCATGCATGATCATTCAATATA
ATAGAATGTAGTATATATAAAATAAAAGCATGCATGATCATTCAATATA
ATAGAATGTAGTATATATAAAATAAAAGCATGCATGATCATTCAATATA
ATAGAATGTAGTATATATAAAATAAAAGCATGCATGATCATTCAATATA

skoskosk sk sk sk skoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskosk sk sk sk ok
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- Sequence alignment®} phylogenetic analysis : ITS region® %<&

7]1Eo R E sequence EI Huste ZAS M, ClustalV program,
Autoassembly, Sequencer T ©]&3to] d AVIALe AHIE}
sequence alignmentE A& % &3 T
IdE HESIHY. @A EAAI Ao FAAES] EXHE
PHYLIP(Phylogenetic Inference Package, ver. 3.5c¢)W¢] DNADIST
program® Kimura’'s two parameter®] 2] 3} genetic distance matrix=
2424 ek

- SNP primer®] A& : SNP primerd 70 @ 22X A ~8 7)juke] 7|2
?]&= Amplification Refractory Mutation System (ARMS)S o]&3ith o
Wk o 2 Taq Zd 9 2kA(polymerase)E Al-&3le] PCRE%S & Z¢$
primer®] 3‘-nucleotide®l| 4] F=¥ (template DNA)¥} mismatch® ¥ PCRZ 2
2 dojupx] k=t o)A S o] &3t primergs AlASTE AA AR F
Zo| A} EE = Tag Z A= 3'-exonucleolytic proofreading &4 7] %
o] gl AL Alg&Fof s}, ARMS primersS /T 5& A/C
(primer/template) mismatchE 23} A 2Fgc}, Primer A|2F2 52 0
2 o= FAAe A7IMYE FolA doE AEe =719 12 control
primerE ZA A3} 1%} control primer SEAFE 9] ¢F&o] Eo0] %<l primer
95 Z2Ase] 23 primer® ¥A 3L 3'nucleotide F-9lolA Eolx 9l
nucleotide®] WF= ¢t nucleotide@ 715 ¥4 9 nucleotide® *] 33+ 0 2 A
EolHo g FEHHEE 3o oju] ¥r=A] primer?tol] ATS AT =S A
zhsh Sl vt

- SNP primer®] PCR %39 HAZA5H : £ SNP BAA =6 7h7te]
M= SNPol| whey 2 wkgSA el AFeol7b A7) wfZell 2t primer®] 573
of BtAl PCRS WHgZZ(DNA® w%, F%3], primertte] s%EH|&,

ANTPmix ¥%)& A 2o] AAsYtHFig. 33).
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only

Standard primer

A o ol o o

[

N wN =
[L=R N R

AIT T pmole ‘

conc. ‘A specific prim er only ‘

Fig. 33. PCR products with various concentration of SNP primer and

reaction time for PCR.

- &% SNP primerg o] &3 £F 9
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>
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o

o
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o,
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fo
>
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o
@)
=
i
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iin)
_ﬂ
o)
o
>
1o,
%
oft
o
off
e,
_0|L
X
s
o,
o
2
rir
&3
[
N

tH(Fig. 34).

Fig. 34. PCR product of Yunpoon and jakyungchong by concentration of

G>A Yunpoon specific primer.
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3) AFFT AWMU 724 AAL &

7}) Sequence alignment$} phylogenetic analysis

A7 gdEdo] FPE F=A DNA trnl-F regionz W% DNA
ITS region, ETS region? 9L 7]&E] ¥ ¥ ¥ sequence £} H| 13}
of AAEP e ClustalX program, Autoassembly, Sequencer < ©]

L3t Ak A7 EY AT E 9 sequence alignmentE A3 W FelE

T, HETHow Hotdd 9t AxnE AEIH(Appendices 1, 2, 3).
wal zZt BEHate gk MAH DNA trnl-F region® 3 gl H < DNA

ITS region, ETS region® FHAHE QeFsto] A|AI8E 27 (Table
15), 710l 2 x¥ U3 EF9 sequencet Hl T F JYEE A A
st tH(Table 16). @A7IAdE4 43 Ao FHAAES  #42
PHYLIP(Phylogenetic Inference Package, ver. 3.5c)W¢ DNADIST
program® Kimura's two parametero] ¢]3%F genetic distance matrixs
AAeart. 3% PAUP (Phylogenetic Analysis Using Parsimony)
program= ©]&3}9 molecular phylogenetic treeE 2}A3sti, AlEE9
Mz AHEAHS FEH317] Y89, Jackknife analysis® bootstrap

analysisE < 3 8} 1 th(Fig. 35, 36, 37).

) €14t A EZ7F phylogenetic analysis

4R

B

g}) <l

B AT FAEY vuTFdoR AE 23BFF(F k) <l
Abo]l thg M4 DNA trnl-F regiond gl ® %& DNA ITS region
2]3l ETS region?] @7IAEEAS s 23 F 1490719 L4 <

71 gx57F &R (Table 16; Appendices 1, 2, 3), =L oA 37019

2

A7gke] F=pal Ql4ke] 1970 strainsg TREE - dE FE3 AESH

ARE 2= Aoz Fonui(Table 17). A7 EXAF pairwise
[e2]
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TAE gt o fFAAE 2 AFAHARE o]&d HdEAT AFE
(Maximum Parsimonious Tree)’} =&3 A tH(Figs. 35, 36, 37). A A
DNA ¢rnlL-F region¥ &2 2% DNA ITS region 2223 ETS region
o A7IAE 7Ix% HAAYA-SE(Fig. 35l oetd, HluTl P
quinquifolius, P. japonicum, P. pseudoginseng 2 P. notoginseng® =%
B A5 P. ginseng group®| 94%2] =< bootstrap value® Holm™ ™
g3 FEEe Zdo®2 YEyth ol 3 AA4A DNAGS d7AEEH
S 53 o]de A4 AF}E(Wen and Zimmer, 1996; Lee and Wen, 2003;
Ngan et al, 19993 =351 2™, GeneBank %t EMBL= frxi#d 4
BE &3] AQg & = Aot 28, P ginseng groupdl XE$HEE
THFTE AloollE %2, AE3, 532, AFS AL BE groupitl

z
Bde UGS e oz gAHYoL, Y g7 e

td

=y
=
W 4 H(AF2, 1E3, 582, AF) A= 778 FFWAE dA%

o},
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Table 15. Materials and collection data

Taxa Localities & Collection date Abb.

Korea(Kyunghee Univ.), Cultivation(Jagyeong), 22 July

Panax ginseng 2003 PGCJ
(A B 14 Korea(Kyunghee Univ.), Cultivation(Hwangsuk), 22 July PGCH
2003 PGCC
Jilin, China, Cultivation, 22 July 2003 PGCR
Ussurisk, Russia, Cultivation, 22 July 2003
Yeonpung, Korea(KT&G), 22 July 2003 PGCY1
Yeonpung, Korea(KT&G), 22 July 2003 PGCY2
Panax ginseng Yeonpung, Korea(KyungHee Univ.), 22 July 2003 PGCY3
(A1ZFZ<24)  Cheonpung, Korea(KT&G), 22 July 2003 PGCCl
Cheonpung, Korea(KT&G), 22 July 2003 PGCC2
Cheonpung, Korea(Kyunghee Univ.), 22 July 2003 PGCC3
Cheonpung, Korea(Kyunghee Univ.), 22 July 2003 PGCC4
Geumpung, Korea(KT&G), 22 July 2003 PGCG1
Geumpung, Korea(KT&G), 22 July 2003 PGCG2
Gopung, Korea(KT&G), 22 July 2003 PGCG
Seonpung, Korea(KT&G), 22 July 2003 PGCS

Mt. Baekdu, Korea(KT&G), 24 Sep. 2003

P ] . PGSB
andx gisens Pyeongchang-gun, Gangwon-do, Korea(Kyunghee Univ.), 9 GS
(kA ¥ A 4- PGSK
243 Oct. 2003 PGSS
=" Mt. Sobaek, Korea, 20 Oct. 2003 PGl

Cheolwon, Gangwon-do, Korea, 25 Sep. 2003

P w_n”ue}: h,a” * Ontario, Canada(KT&G), 22 July 2003 PQC
quing Wisconsin, United State(KT&G), 22 July 2003 PQU
Pra moa xy andong, Japan (KT&G), 1 Sep. 2003 PJJ
Jjaponicum

poa n “ xGhorapani, Himalaya, Nepal, 25 Aug. 2002 PPG
pseudoginseng

Pra moa x, vm919 PNG

notoginseng
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Table 16. Sequence characteristics of plastid DNA ¢nlL-F region and
nrDNA ITS region, ETS region for taxa

trnL-F ITS ETS
Taxa
Length G+C In,Del Info.|Length G+C In,Del Info.|Length G+C In,Del Info.

PGCJ 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCH 371  36.1 0 0 619  60.42 0 1 499  50.50 0 0
PGCC 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCR 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCY1 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCY2 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCY3 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCC1 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCC2 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCC3 371  36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCC4 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCG1 371 36.1 0 0 619  60.42 0 1 499  50.50 0 0
PGCG2 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGCG 371 36.1 0 0 619  60.42 0 1 499  50.50 0 0
PGCS 371 36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGSB 371  36.1 0 0 619  60.30 0 0 499  50.50 0 0
PGSK 371 36.1 0 0 619  60.42 0 1 499  50.50 0 0
PGSS 371 358 0 0 619  60.30 0 0 499  50.50 0 0
PGJ 371 36.1 0 0 619  60.42 0 1 498  50.40 0 0
PQC 371 364 0 2 619  60.58 0 4 500  50.60 1/ 0
PQU 371 364 0 2 619  60.58 0 4 501  50.69 2/ 0
PJJ 371 358 0 0 619  60.58 0 4 499  50.50 0 0
PPG 371 36.1 0 0 619  60.58 0 6 500 49.80 2/ 0
PNG 619  60.42 0 7
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Table 17. Sequence comparison with previous nrDNA ITS region data from

GeneBank
ITS
This Study Previous Study
Taxa
Lengt In/De Lengt
Info G/C Info
h 1 h
Panax ginseng (purple) 619 6030 O 0 | 619 60.26 0
Panax ginseng (yellow) 619 6042 0 1 | 619 6042 1
Panax ginseng
619 6030 O 0 | 619 60.26 0
(cheonpung)
Panax japonicum 619 6058 0 4 618 59.39 4
Panax quinquefolia 619 6058 0 4 619 60.60 4
Panax pseudoginseng 619 6058 0 6 617 59.58 7
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Panax ginseng (purple)

0 Panax ginseng {China)
LU Panax ginseng {Russia)
L Panax ginseng (yeonpung 1)
1 Panax ginseng {yeonpung 2}
o Panax ginseng (yeanpung 3)
. 2 Panax ginseng {cheonpung 1)
61 o Panax ginseng (cheanpung 2)
. O panax ginseng (cheanpung 3)
1 % panax ginseng (geumpung 2)
1 Panax ginseng (seonpung)
0 Panax ginseng (cheonpung 4]
3 2 Panax ginseng (sansam, Backdusan)
“ L Panax ginseng (sansam, Sobaaksan )
a Panax ginseng (yellow)
a Panax ginseng (geumpung 1)
_ Panax ginseng (gopung)
0 Panax ginseng (sansam, KHU)
L Panax ginseng {jangnos)
. P Panax guinguefolia 1
1 95 0 panax quinquefolia 2
o 1 Panax japonicum
1k Panax pseudaginseng

Fig. 35. One of the most parsimonious tree of genus Panax based on the
combined plastid DNA ¢rnl gene, nuclear ribosomal DNA ITS
region, and ETS region(CI=0.968, RI=0.957, tree lengh=31). The
numbers above the line indicate bootstrap values from 1000
replicates.
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2 8 4 % & 7 OB & W11 12 13 14 15 16 17 M

Fig. 36. Electrophoresis photograph of extracted DNA of Panax ginseng
and investigated taxa. M : Molecular Marker (100bp ladder).

M1 203 45 6 78 90111213 U1 1?M

Fig. 37. Electrophoresis photograph of amplified chloroplast DNA 3’'-end
half trnL-F region of Panax ginseng and investigated taxaM :
Molecular Marker (100bp ladder).
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2) 914 A1 E%7 SNP D/BY &

A7 gdEA o] FalE J=A DNA trnL-F region?d gL 7]&Eo

>

¥ ¥ sequence &3 ®|u3te] ZAAS M, ClustalX program, Autoassembly,
Sequencer 5% °]&3dly] Ao HrLE HIF X9 sequence alignmentE
A gl g ) HFAHowm Setd oste] AdE HESI JtH(Table
18). F71EEAZY dojA FHAREE HAe PHYLIP(Phylogenetic
Inference Package, ver. 3.5c)W 2] DNADIST program® Kimura's two
o ES

o

parameter ol 9]  genetic distance matrix® « #A
PAUP (Phylogenetic Analysis Using Parsimony) program< ©]-§3d}o]
molecular phylogenetic treeE Z}A3sta, AlFE9 A xe HEAHS F5

3}7] 918+, Jackknife analysis™@ bootstrap analysisE <=3 3t}

Table 18. Materials and collection data for investigated taxa.

Taxa Localities (voucher specimens) 156;]1((;1
P anax Korea(Kyunghee Univ.), Cultivation(Jagyeong), 2003.07.22 P01
‘ff;}? iﬁe Z‘]gﬂ) Korea(Kyunghee Univ.), Cultivation(Hwangsuk), 2003.07.22 P02
= Jilin, China, Cultivation, 2003.07.22 P03
Russia, Cultivation, 2003.07.22 P04
Panax

ginseng Korea(KT&G), Yeonpung, 2003.07.22 P05
(Al 3% % 9l| Korea(KT&G), Cheonpung, 2003.07.22 P06
2h) Korea(Kyunghee Univ.), Cheonpung, 2003.07.22 P07
Korea(KT&G), Geumpung, 2003.07.22 P08
Korea(KT&G), Geumpung, 2003.07.22 P09
Korea(KT&G), Gopung, 2003.07.22 P10
Korea(KT&G), Seonpung, 2003.07.22 P11
Panax\i Backdu, Korea, 2003.09.24 P12
g(ms/\e}ngﬂ Pyeongchang-gun, Gangwon-do, Korea(KHU), 2003.10.09 P13
=7l Mt. Sobaek, Korea, 2003.10.20 P14

wild type)
P a n a x| Alberta, Canada, unknown data P15
quinquefolia | West, United States of America, unknown data P16
.P a .n ax Kwantong, Japan, 2003.09.01 P17

japonicum
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Table 19. Alligned sequence data matrix of chloroplast DNA 3'-end half

trnL-F region of Panax ginseng and investigated taxa.

P10 SR e 3 A A A L M o TR R SR Bt ht T
Taon Mo 1 EEAEE TEEN 2 OHSET SN 25455 TN 2 S ETE 2055 00N 2 05T 2OAGE R0 2

Samey gingerg | EaAATTAAT AR AT EGECA A TCCTRAGCTA R AT COTGT TT TOD, Al CAS ACK AAGET T CAGRA GEDGAA
Pagiy  pinseng 3 e e e e e
Pamgx  Fingsng S e e e e e e e e
Pagiy  pinseng T e e e
Sarmk gingsag 10

Bavney  pingansg 11

Pamey  pginseng 12

Parmy  pinsarn 13

Pamr  menaste e |

Pamery  uinouaioiie 2

Pamey el o

T an e e

Taoanh e EEEE.EIHEH-E:T:"BEI]IE‘EIEE'EEJI oo TN 3 0a TR 3 50T | =54ah e 23

Pargst  pingsng 1 AR A T AT LCAGAGA CTCRA T GGA AGCTIET TCT SACARA T CLAGT LGART GTETTECAT TIETAGAL
Pamy  gingeng &
Pamey  gingeng 3
Pamgk  Fingang S e e e e e e e e
Pamgx  Fingsng T e
Pagiy  pinssng 8 e
Marmey  gingsny 12
Py pingarny 13
Pamy  Jpmaloum
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Table 2. (Continued)

Tzsson Ao

'IIII'II'II'II'II'II'II'|'I|II'I|'|I'II'|I|I'|'I|II'I|'II'II'I'I|II'I|'II'II'IIEE'.|'."EEEEEEEEEE'EEEE

OO0 11111

EE"l'EB‘:HEH'iEEI EHEE?EH]IESEE‘E]E&EE’TBH]IE]&'ME&E’HE%E

oy

#inseng |
oinssng 2
ingsng 3
ingang 4
Hingang &
pinsang B
[inganag T
pinsany B
ginsayg
oingaye 10
giosang 11
#insemg 12
gimseng 13
ginseng 14
guingusiosie |
guinmso e 2
Jamioum

A TOCTTCCAT TG ARCTT CEA A A TG A TALALGT ATAGACAT A CET ATA DGT ACT GASATACT

. .
PR PNE

Tavaon MMace

E:_'?.-".-m.-'.-'.-f.-v.-' ;@;;;f;f@;ﬁ;#@;ﬁp s
10| A TR B A0 A 5
T 234557590 S3456TEA0| 23RS ZSYaETER0N 355 TR /A 5ETaE0 1 24568

ingsng |
oinsangy £
Finsayg 3
insayy 4
ginseng &
#inseng B
pinsang T
#inseng B
pingsag 9
gseng 10
Finseng 11
Fingeng 12
Hhosang 13
Fingang 14
guiagualfo e |
oo e 2
Jamai s

CTATLALAT AT TAA TOALTRSLCIA A TCTCTATT TT0 TAT AT [RA SACTLA ALAATT T TITGAL TULATT

PO ST
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Table 2. (Continued)

SRR EEODOOOI0 | P | 222 i 3 S T L A SR R Enh
TazeonHode 00 Z3AGETEA0N Z3:50TEE01 22 S5 THR0N 23456 IR0 25 5EEN0N 23450 TR0 23S0 e

Py giesang 1 I TAT T DA RAGA TOGART ATTCAT TEL TCA AT AAT TCACC DA TACATAGTC TGA TRG TTCTTTTG
Perstr  gineang 2 L e e e e e
B e =
Frrmr pisgang 13 e e e e e e e e e e e e e
L T T e
iy Sl pus FU N BN T I TR A R U R R IR T IR R IR A R AR iR

Tawon,Kode 1 ZE545ETEE 00 3458 T | 25450 7| 2 34807 5450 TEa0] E‘EIEE"IBEJIEE!E'EEHE

Fargs  gineang | AALAACTA TTAATCOGALGAGA A TA AR TAGAGTICCAT TOTACA TG TCA ATALLGLLA ALRAT GAA ATT

Persy  pincang S e e e e e e e e e e
Perdr giseany 11 L e e e e e
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Table 2. (Continued)

MMWMMWMMMMMWH&E&S
JEEEEE AL
TazeonHode WMMIMIMHWMH

Aarsr g iegang | TTTAGT AAGAGTARAT CORTOGACT TTA AR TORTEAGERT TICAA GTCCCT CTATOCCCA AAWGTTCATT
Perstr  gineang 2 L e e e e e
B e =
B e T
B e =
L L
L T
L T T e

OODOD 1110 1 22 e R R T

Tawon,Kode SETHE0 23450 TR0 23450 Ta00 | 2540 TR0 2345 E TR0 | 23058 TR0 | 2 3EET A0 | 25456

Fargs  gineang | TEACTOCLTCATTTR TTATCCTA TUSTTT T TCCHT TAGCAGT TASAAAT TULTTATCT TRCTLATTCALLTA
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Table 2. (Continued)

Tzsson Mdoce

OODOIOI00NT 1101111 2R I aga T aaadq 40

T 238557930 23455700 E050TE50) Z355THR0 SMEETEAN 2T 2345Em

Samer
PRy
Py

Samer

Pamey
PRy

pinseng |
pingssng &
Hingsng 3
ringsng 4
pingang b
pingang B
[insgnag T
pingang B
pinseng 9
pingag 10
pingang 11
ginseng 12
Finsang 13
pinsang 14
guingusio e |
guiagus e 2
Jamnicum

CRCTTT TACAANCTEAT CT DR ART ATTTTT TCTCT TAT DA TET TET GATATATCA TACATTA

Taoaon Mo

] oz
501 5500 Z545ETEE 234 5T | 2500 R0 E345ETEE0| 23450 ) 254567

Py
Bavy
Pamey
Parmy
oy
Paey
Pamey
Pangy
PRy
Paney
Py
Tt
By
Py
Bamy
ey

pinssng |
oingang 2
ginseng 3
oinsany 4
pinzeng &
#inseng B
ginsang T
pinseng B
Fingeng 9
insang 10
rinseng 11
pingsng 12
pimseng 13
ingany 14
guiagualfo e |
oo e 2
Jamovi s

CRAATGAALA TOTTT LA CCA ARGALT LELUA T TTGAAT CAGTCACTATCGA T A TCATTATTCAT ACTLA AR
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Table 2. (Continued)

Tzsson Mdoce

WWWWWWFWW
S R R R RN B S B e =
123&‘?&3]23!5E'HI S TN 23EE T30 EhEE'HEEI.'I CEETEE0 25 2

Samer

Pamey
PRy

pinseng |
pingssng &
Hingsng 3
ringsng 4
pingang b
pingang B
[insgnag T
pingang B
pinseng 9
pingag 10
pingang 11
ginseng 12
Finsang 13
pinsang 14
guingusio e |
guiagus e 2
Jamnicum

TTACARAGET CTTCOCTTTTT GARGAT CCASGAART TCT AGACTITGAT AMGACT TTETAATACICTTTCM

e
............................................................... L.

Taoaon Mo

SO COOOODCO 11110 01 2t et SR A AL
SERETE A0 Z5ETER0N Z3ARE TR0 250 ST | 25456 253

Py
Bavy
Pamey
Parmy
oy
Paey
Pamey
Pangy
PRy
Paney
Py
Tt
By
Py
Bamy
ey

pinssng |
oingang 2
ginseng 3
oinsany 4
pinzeng &
#inseng B
ginsayg T
pinseng B
Fingeng 9
insang 10
rinseng 11
pingsng 12
pimseng 13
ingany 14

guiagualfo e |
oo e 2 .

Jamaios

TRGGALA TATAAT T0A LA TALALUCAA LT TTCTALGASAA T G LG TLOGAL
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g

AEF A4 2 Z-A 2] SNP primerd &7/

1) FUHA AN ANEF AFo)A SNP primerd] &§

7}) E EST Hm 2 318 $AA &4

v} = 32 T FHo AS A agst
otk @Al A= Q= A FFEY TEE oF FHAJ EHoE
T B ol5S AFs FEHT & e FAWA (molecular marker) 7t
sl Aotk e TAE A7) fsiA= FHA 3d o] AmiTIte]l A&
857 "o wujE B3 MR FEHAHole HA 60 o]de] 28H
o webA 1A FESETS S I 9GS BEate] Aol #F
TS Wegs FEsy] A% FEE EAbAY] o] dAE aqE I Q)

>

o 2 AFedA = olyg At FF FEE 9 vhANE (marker
development) & HA o2 <itelA FE2ld EST 4 As5E o] 8313

AR Aol M= A E] & ENEAIY TS gene poololl  29,1177H ¢
EST7} #A15o] ol=d (http://genepool.kribb.re.kr/new/), & <oA=
T JEFES A TS 9% EAA Y S RA0RE 49 AF
walol 143 AR BAE 649 EST A5E #4359 vt
7 RS A FE FAA AReels HF AP T oA o

v FAAE 77 dAdete] vl 1 A A F el A= major latex

st

protein homolog”} 417§ ¢} major latex-like protein®] 1270 = 7} ©o] %
=53 ribonuclease 27} 3670, metallothionein 27} 35, ribonuclease 19]
2171 So FAAIE #AFJ (Table 20). 28y 1493 A4 FolA &=
ribonuclease 2°¢] 872 7F4 o] wAE AL, ribonuclease 17} 6771,
protein WSI7247} 2571, praline-rich protein 14Krk 167] 59 o= @o]
HH s = Aow FAHAHAY (Table 21).
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Table 20. Most abundant ESTs expressed in 4-year root of Panax ginseng

new cultuvar Chunpoong

Putative identification Source Ace. No, No- of
child
Major latex protein homolog Common ice T12249 41
Ribonuclease 2 Panax ginseng RNS2Z_PA 36
NGI
Metallothionein—2 Oenanthe javanica AFO017787 35
Ribonuclease 1 Panax ginseng RNSI_PA 21
NGI

Protein WSI724 Rice T07613 18
Fungal elicitor-induced

Parsley T15043 17
protein
Hypothetical protein Arabidopsis thaliana E86255 16
Hydroxyproline-rich glycoprotein .
DZ-HRGP Volvox carteri VCA242540 15
Pherophorin—dz1 protein Volvox carteri f. VCA429230 13
Major latex-like protein Prunus persica AF239177 12
Glyceraldehyde-3-phosphate Garden snapdragon DESKG 11
dehydrogenase
Chromosome 2L section Drosophil 4 AE003588 11

melanogaster
Dcarg-1 Daucus carota AB027501 10
Extensin homolog T9ER.80 Arabidopsis thaliana T06291 10
Ribosomal protein S26 Garden pea TH50822 9
Acidic ribosomal protein pla Maize T02039 9
Agl3 protein A.glutinosa AGAGI13 9
Specific tissue protein 2 Cicer arietinum ESNS’I?P 9
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Table 21. Most abundant ESTs expressed in 14-year root of Panax
ginseng Jakyung cDNA library

Acession No. of

Putative identification Source o, child
RIBONUCLEASE 1 Panax ginseng 2?51_PAN 67
RIBONUCLEASE 2 Panax ginseng EFSZ_PAN 65
protein WSI724 rice TO07613 25
Proline-rich protein 14K carrot S35714 16
AG13 protein A. glutinosa AGAGI13_1 13
RIBONUCLEASE 2 Panax ginseng EFSZ_PAN 11
RIBONUCLEASE 2 Panax ginseng E?ISZ_PAN 11
Beta—amylase Castanea crenata AF353207_1 11
pEARLI 1 protein Arabidopsis thaliana T07640 10
Catalase upland cotton S17493 10
Fungal elicitor-induced

parsley T15043 9
protein
Embryogenic potential marker carrot A61044 9
Dc3
Peroxidase upland cotton T10790 8
Cytochrome P450 82C1 soybean T05942 8
Sucrose synthase carrot S37560 8
Hypothetical protein carrot S10911 8
ADP-ribosylation factor rice T52341 7
Starch phosphorylase Potato I?ITISTARC 7

T 4dtol] WlaEa Bol¥orw wHHE fHAdAzes dAkE S #dEd
catalase (107])¢} peroxidase (870)7F Qlth. o]l Hisle] 4d HFT B

A= major latex protein A A7F 53702 7FY Zo] wAESEH, 1492
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o] A f-ol& 5719 EST cloneo] @A E NS #olt}. olmajor latex protein
2 YFsHAAE (multifamily gene)oll &

w2 A A= 4d T AFOA Aoz wol B major latex
protein FH2AE o R AFES FEHYT F Ae HAF 5o]4 SNPE ¥

A 5 ol Aol Brha muHel o fAAE Aus

flo
N
it
i
e
N
2
ok
o
filo

ok & A B Major latex protein o} aEFe A<

wkokS w] Bt A 9 shuoltd (Ruperti et al., 2002). Latex:
AEo A7 WS W {FAEH] ZF A e FAERAN B

defense-related proteine &#3t2 A +=4dl, chitinase, B-1,3-glucanase,
hevamines, hevein, glucosidase 52 F#AARE0o] th4 Ed 5 o] g}t (Kim
et al.,2003). Major latex proteine & &7/ FHA] 3lA code™ =
U AAS (multifamily) &2 &34 9th (Nessler, 1994). Major latex
protein homolog EST clone® genomic DNAX | A 9] z}po]S dolr 7] ¢
3t majorFor (5'-ATA TTA ATG GGT TTA ACT GGT AAG T-3')
¢} majorRev(5'-ATG ATG AGC CTC AAT ATC TCT-3) /¢
primerg A|Zgk ¥ PCRS o] &3to] SZ3 & F29=2 107 clones A
Wato] sequencing? § AV ES Wl e BT 1 A G Aol
A EST clone¥} genomic DNA cloneol| A+ =}ol7 wWo] x| gk
MEGA 3°l4] phylogeny tree® Neighbor Joining W% (Saitou and Nei,
1987, Saitou, 1991)°o & ZA}gE A3 =ZA 7] Aoz &7 &= AT

(Fig. 38).
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CHUNO1- - AACCATAGACGAGGAGGATAAGTCGGTGACT TTCAAGGTGGTTGAAGGACATTTGCTTGAG
CHUNOZ- - AACCATAGACGAGGAGGATAAGTCGGTGACT TTCAAGGTGGTTGAAGGACATTTGCTTGAG
CHUNO3- - AACCATAGACGAGGAGGATAAGTCGGTGACTTTCAAGGTGGTTGAAGGACATTTGCTTGAG
CHUNO4- - AACCATAGACGAGGAGGATAAGTTGGTGACTTTCAAGG TGCTTGAAGGACGTTTGCTTGAG
CHUNOS- - AGCCATAGACGAGGAGGATAAGTCLGTGACT TTCAAGGTGLTTGAAGGACATTTGCTTGAG
CHUNO7- - AGCCATAGACGAGGAGGATAAGTTGGTGACTTTCAAGGTGCTTGAAGGACGTTTGCTTGAG
CHUNO8- - AGCCATAGACGAGGAGGATAAGTTGGTGACTTTCAAGGTGCTTGAAGGACGTTTGCTTGAG
CHUNO9- - AGCCATAGACGAGGAGGATAAGTTGGTGACTTTCAAGGTGCTTGAAGGACGTTTGCTTGAG

36| CHUN10

100 \CHUN01

CHUNO2

|CHUNO3

100 |cHUNO5

CHUNO9
100 lﬁog

31} CHUNO7

31 CHUNO4

Fig. 38. Sequence alignment (A) and phylogenetic analysis (B) of the

S EE—
0.01

major latex protein homolog gene in Panax ginseng new

cultuvar Chunpoong.

- NCBI°lA blastx ZZ1388 A}-83}o] GenBankol S50l e e 2
EE5Y AeAdAE Hustn AFAAE RUES Wl major latex protein
homolog, major latex-like protein homolog®} major latex-like protein ©l
st =2 A4S BAT (Fig. 39). :3F<] 5ol#<l SNP A= 4d
< AF 1433 AAF, 282 AT genomic DNAZY-H FZ3F major

latex protein homolog clone 55 H|n3to] ¥WAZ A (Fig. 40).
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A

gl | A EA0i e gl AACIE17E, 8] ®wior isces procsin horolog [ FSesanboysnehbssmos ocyeosb D8 moms]
LERgn R~ is

Booew = 138 Rite (¥P30.  Expmct = §g=07
[daprictiaw = TE/i&E (S04 . Fostcowves = iDXfial (6@, Gepe = /348 |ws)
Fodesd = #1

Cumcy 7 RCLTEEL TCOTG L EA DGOV T L S FFHHYEN L TF AL e e < DT -Gy TUMY 1 a8
RaaTGEL  +  THA GO=FEELF <+FHIN BITE+ +0 EGETS  Glas HaY
;anjET 1 ASITOELEVEVD [RECO0EF EEL FEEEFINGEI L TPEE CHOC OVEE OEP SR s 1 IMunY. &

Cumcy 8% SIPGEASTANEE INTIFEEREIETFESWEGHLLEEFHOVYFEVEYSTEGIMHSTTUTIDY  3df
++B3K +AEE I +DE+ = ¥ FE++Ed LL EFHI+ +iy = O+
LT TLEIEECVARE L [EELGEEERTYENrE]l IEODLLHEF EAL TU T IR INESAT TONEMTIAEF 120

Cumcy 4% EFLMESVEDFTSTLDFFLEVTERIEAHHL &35
EH+ -+ PT LDF ssTsbIELNiL
ALjEL  §31 EEIACGAPTPTELLOFCTAETESIELHHL 198

ol lgg | g4 5p4a1 ) ignips CRCAIZSE ;L] m=jor Ilwmte= like proteis bowclog [Beos vulgecis]
Lengzlk= 320

Biinige = (98 Wits (3475, Espeod = Q=11
[dapratoay = S0SLED [(QdF), Fostzoves = STSLEE (285, Gapmw = B7I4G jda)
Foass = #1

iy 7 RILTOKL ICETO I KR RO T EE L SN F Y EM TTE SHL -~~~ - IETGYV-GETETET  jAR

A +TZEL & L Go=FEEsFS4+FEFH ¥ +4F H&H SE 3 De4eed WHY
Sbjce ] RITTEELEVEVD THOHGD IFECIFETRFUISASTHSFENTHOCDVERFECGKPEATIFEY &0
Cumey 1% EITFTEAEIAREE TVTIREEHEETTrEEEEIHLLEEFERVYTFAVEVE TEGEIMSSTETINTY 5490

++0K  +AKE + 40EE K ¥ FE+:BC LL+EFES yv K W OUT a4
dbjer  #@= TLEO KV ARELVE AVDEE R R M1 IO DLLHEFESF TL AN LR I TR RUT AEF LE0
Cueey  14% FELMESVELPTEYLOFFLEVTREIEAHHL 438

Ei s FT #DF &e¥TaPIEL+ +
dbjer 3231 EFNHPESHYPTHELIDFCIAVTWITEAYOI LT

94 AACI4179 MLFH
CACA3292 MLLAH
AF239177 MLLP
100 clone DNA

Fig. 39. Putatively identified major latex protein homolog using blastx
program in NCBI database (A) and phylogenetic analysis (B)
of the major latex protein homolog gene of in Panax ginseng
new cultuvar Chunpoong’s EST and genomic clone (clone
DNA) with GenBank’s Data of Mesembryanthemum
crystallinum (AAC14179), Beta vulgaris (CAC43292), Prunus
persica (AF239177).
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P=
II
|

|

EST 7z 4PD004001GTT — | BTGACATORACCTTCGACTATGAGRAGCTCAATEAGA]
¥ PoCo5020005 — GGmmmeemmm&crm&amacmw GAG

A PD003009G09 — | GGTAACATAGACCATCAACTATGAGAAGCT GAG
| PDC0G011B07 — | GGTGACATBGACCATOGACTATGAGAAGCTCAACIHAGAR
' POCOG00TA — | GETGACATAGACCATCGACTATGAGAAGCTCAACRAGAG
| PDC0B13B02 — | GRTGACATGRACCATCGACTATGAGARGCTCARCHAGA
| POC03011D08 — | GRTGACATGGACCATCRACTATGAGAAGC TCAACRAGAG

' POCOGO24ENG — | GRTGACATGGACCATCACTATGAGAAGC TCARCHAGAG
| PDCOGO4GENS — | GGTGACATAGACCATOGACTATGAGARGCT GAG
| PDCOGOTIHIO — | GETGACATAGACCATCGACTATGAGAAGCTCAACBAGAG
¥ PDCOG0A6F 10— | GGTGACATGGACCATCRACTATGAGARGCT (CRAGAG

PChun-H — | GATGACATAGACCATOGACTATGAGAAGC TCAACRAGAA
PChund-il — | GATGACATAGTCCCTOGACTATGAGANGC TCAACKAGAT
abDNA DCHUN2-H — | GRTGACATGRACCATOGACTATGAGAAGC TCAACKAGAS
PCHUNA-H <— | GGTGACATGTCCOTCRACTATGAGAAGCT AT
PCHUNG -1 — | GGTGACATGATCCCTORACTATGAGAAGC TCARCRAGAT
PChunt0- ¢ | GGTGACATGRACCATCRACTATGAGAAGC TCAACRAGAS
DCHUNB-H caammnmemcmmmmmmmm;aﬁﬁm
BChuni =i < | GGTGACATGRACCATCAACTATGAGAAGCTCAAC

P Chun2-H GGTGACATGGH:‘CATCGACTATGAGMGET%

DCHUNA-H < | GGTRACATGRACCATCRACTATGAGAAGCT gmm
PCHUNG-H < | GGTGACATGRACCATCRACTATGAGARGC TCAACRAG

PCHUNT-M GarepmmemcmoeﬁmremmchpMna

|
L_I

[
HH

Fig. 40. Sequence alignment of major latex proteim homolog between
Chunpoong and Jakyung ESTs for the detection of Panax

ginseng new cultuvar Chunpoong specific SNP.
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- Multiplex PCR : @A e FF £ T 7425 9% SNP= 4
ol weEtA s & se] d|AtelE o] gste] sl st AR 3
o] SNP primere X% Al&3= primers+= ©E2A o=
mismaching@ ¥ & AR&3te] tIxp1stth. Hayashi & (2004%)0] A&

A A o8t sense Zol| A 3'-end¥-°o| mismachingS st A-G
}.

52 C-TZ 3}l anti-senseZ oA+ mismachingdh#] ¢F¢kth shARE 2
Ao A= multiplex PCRER S AHESH7] flste] 919 WS ta ¥§A
3Fo]  anti-senseZ oA = mismachingg Al&3e] AdAS  AAFIT

(Table 1). Multiplex PCR W< 17] =+ 1 o] 42 marker 7ZFde] de
AbgE 9 W (Kapley et al., 20000224  multiplex nested PCR
(Brestovac, 2005), multiplex RT-PCR (Rohayem, 2004)3} o] 7]&9]
nested PCR¥} RT-PCR & WH¥} ZFs|A % AFE-gkt}. Multiplex PCR]
Vg 2 AHE Marker® AFgHEE o8 1Y primerE 3o AR &3
skl AREst7] ARt AR 7EA AL Yk (Chen, 1998). 8FA|RF primer?]
s Hl&3 PCRxEZ 93-S Bel e dilo] do] PCR wh&x19]
A 3lo] thak o]E €] 9t} (Henegariu et al., 1997). =3 AA=1, A4
%20 sl  primerl:primer2:primer3:primerdS 443  H|E&Z o]
multiplex PCRE Al =& H94tl. I % universal 3tA] Y2 += band® size
= 525 bpelal specificdt Al HZF A9 9= band size®= 107 bpoH
A& 475 bpH Al primergE U1 AT Multiplex PCRe] A 342
2 HE 1AEF)ANA 525 bpet 107 bpel band7h vreRvar 2W 7 31
A= 525 bpgt 475bpell A band’}t WERE Ao® =8 (Fig4l).
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Fig. 41. Schematic representation of PCR-amplification for distinction of
Panax ginseng new cultuvar Chunpoong from other clutivars
of Korean ginseng. A: Standard primers, B: C specific primer

(Chunpoong), C: T specific primer (others).

- 7} Primerd &% H&% 5
band+= YWERYA eF%kal, 5
multiplex PCR+ primer %2 gk w7sA ¥kS-3itlsE AL HoF
A

v (Fig. 42A). 3HAIRE 7 A3tel A 107 bpH e XA FFH)

M5 M:15 M:10 MZ 39S w universal3t
M:5 M5 M5 M2 39S w Jehgowng

475 bpoll = F=ZH R e A5 Hol annealing temperature Fkoll x|
AE Ao ALrHAT o] EF #1st7] fl8lA primery =5 10 M:10 M:2
M:10 MZ 2g]3}al annealing temperature < 55CHE 66C 74 W& st
o

Age FAAAT F Aol Holx @kt (Fig. 42D).
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[
L

Fig. 42. PCR amplification in Panax ginsengChunpoong(l), Jakyungl(2),
Jakyung?2(3), using SNP primers to be designed for the
distinction according to PCR conditions. [A] a (primerl: primer2:
primer3: primerd- 5 M: 5 M: 15 M: 10 M) and b (primerl:
primer2: primer3: primerd- 5 M: 5 M: 5 M: 5 M) using PCR
program A; [B] a (primerl: primer2: primer5: primer6- 5 M: 5
M: 20 M: 15 M); using PCR program C; [C] a (primerl: primer2:
primerb: primer6- 10 M: 10 M: 5 M: 5 M); using PCR program
C; [D] a, b,c, d, e (primerl: primer2: primer3: primerd- 10 M: 10
M: 2 M: 10 M) using PCR program B; AT- a) 55C/b) 58C/c)
60C/d) 62C/e) 66°C Appropriate 05 U DNA polymerase
(SolGent Co., LTD.). PCR products were electrophresis by 2 %
gel electrophoresis. Size marker(M) was used with 2 ul of 100 bp

DNA ladder (Bioneer Co., LTD).
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- olgld Axm & u HHow s DNA ©¥lo] FIEA &ge AL
multiplex PCRe] ©g o2 AAEH 1 & PCR HESolAe] w27 A
o oEwS AAlsta Aokl B 4 vk SNP primero| 4] mismatching S
AlA B AFsr]E ofHoh olHdle HFQ  specificdt primer?)
3-end 2HA 21X} 3HA 9 Ao mismatchings FUL ALETE TLT
WS ALESIA o] A4S FEHEE 9 Fig. 42BCY 22 AdE o
o), B E Yste 2= ofY AR primere] HlE&W B AS w5 M5 M5
M5 M2 sh3ls we] daprh 7hg & A2 Yehylth

32
re o

- HAFH AAFT FEEs fF ZAAE JEer] flelA Toni (2003) &
o] A& AdS HuE slo] Taq polymeraseE 2 UR FEE A5
Al esf Bkt 107 bpollA bands WEAINE A FERE ofy e A Fol A e
UEb sl SoletAl gl 900 bp¥= XA A4 EFW band7b WERSTH
(Fig. 43A). S 9oyt Ao a2 s A%d 7Hsde] ol w3
= ol AL A3 Bt (Fig. 43B).

Fig. 43. Reproducibility confirmation of 900 bp band from using primer 5 and
primer 8 with PCR program C in Panax ginseng Chunpoong(l),
Jakyungl(2), Jakyung2(3). [A] First test. [B] Try 5 times to show
reproducibility.
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- AAFTAAT HEH 900 bpel DNA band: AdEA A HEFH A=
annealing temperature #< 55C¢F 58CE 235t PCR W8S thE4
sts Aol JA AdAE e 2HE 4 F AT (Fig. 44). o5
annealing temperature (AT) 58TColAl 7} A3t Wi=E PAsto] o

DNA W =% gel purification 3t ¥ direct sequencing= 3} th.

Fig. 44. PCR amplification of 900 bp band from using primer 5 and primer
8 with PCR program D in Panax ginseng Chunpoong(l), Jakyungl(2),
Jakyung2(3). Annealing temperature (a) -55C, and (b)- 58TC.

- AAFAA FEHH DNA clone? total sizee= WE 780 bpH L ¥ primers]
X Huly o] EAEAUEH, sense:=  reverse A A el
anti-senset forward XA e (Fig. 45). old EAl= olrl:=
Fig. 46 oA R+ vle} o] A Fdd 39 specificst primeret A&

& 9 dgo] 2o e 900 bpAE FZH Ao Hlt),
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77l

R e T AT T A AT T T T T TA T T AT CAC A A AT AT TR T CAT CAT AT CCARACTANTT

R R R R R Y

AATT AAT T TR CAACACCCACGT GEATGEAT CC AT RO AT RO T G TALETACGT ACG T RAGERT T GA

TCRAT AR T TAATAC T ACT T T CACT IR oG AAG T GG TTANTIGET ITEET TATGARTATTGTGIGT

AT T T T T T T AR T T AT AAT AR T R TCAAT ACATCTAC T CT OCCTARICTT TARATARANCTAT &

TG I T IO CTAT T AT AT ATEGT TATT GAT TT DA T AT ACACACACT RAGCAGAT DOCT AR

TIRAT ARG T ARARACAC AR RARTTIGITI O I TET I TCCTAT T TCTGATC CTATI TIGACCATICT

AT RN T AT AT T T C AR T T A AR T T T AR R T AT TTTICTATCTAT TTI TALCATTACANAS

AT R AT T A A A T AT T O T A AR T TAT AAT T AN CAGAT AT AT T ARG GER T TTAT AR

GAGATTACTT TAAMADGROEANCRET T A C ARG T GAAGT AT AGCCAT RGN DGAT GAG AT ARGTTGET &

AT T ARG T T T AR AT AT GO T T A GGAR T T CAAGARCCT TEOTTTTACTGT TCATGTTGACA

CLAA A T R AR DT T T T AT AU AT AL T AT GHLAMUT O T AT G TUARRLATUL

A o ol G I R e Rt
R e e N L AR R R R R L

GACETOGATC TE0

W

140

210

Fig. 45. Nucleotide sequence of amplified DNA fragment

predicted with 900 bp band. The sequences of Jakyung 1
and 2 were all the same in 780bp, and position of sense
and antisense were exchanged.

780 0 —

Schematic diagram of primer positions. A was designed
primer position, B was field of sequencing result, C
was field of supposition. Primer F was primerb5 , and R
was primer8.
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- °] DNA9| 755 <otr7] 98lA NCBI blastxs &dte] HA3 2}
major latex protein homolog®l <& J&A4&S el o] MLPHe| 43+
FAAE AdHdY. QPSS FAE7] fstolsense (5'- AGA GAT
ATT GAG GCT CAT CAT-3")¢} anti-sense (5'-GAG GAG CTT CTC
ATA GTC GAT GGT CCA T-3') primerg A&3te] PCR T%& 3%
o} Fig. 479 A°lA AZF<e 4% e 900 bpoll A bande= HE©] <HeE &
A B F doen, olf3 A= Fig. 119 BelA H= npeh o] QA
J= 235 Yrele] o] DNA ©¥H2 HZAT SZ 57 %= negative

marker2A4 8% Aoz ¥ug

A B

o

Fig. 47. Check out the negative marker by twenty samples of 1-year-old
ginseng. [A] PCR result that the primer(primer9+primerl0)
designed from 780 bp sequences. Using PCR program D and
AT was 58C. M-1kb DNA ladder. [B] Using PCR program E,
primer9 and primerl0. a-Chunpoong, b-Jakyungl, c-Jakyung?2.
Taq concentration 1 unit, M-100bp DNA ladder.

- ©] negative marker® Al&3le HFS FEHEY o FFAAME FFHEHA
A3t7] oyt wElA PCR HEgo] AUz HA=AE FAs7] 93
control primerZ A}&3F mutiplex PCR Wi o] 23t} 3FA] Wkmultiplex

PCRE #H4A& 4719] primers AM838l1 Fx9 H|&E dFojof 3h= w9l

7] Wl AE7F B HEY A5 PCR Whgo] AR HA=AE &

Aol AFNA = primer 2712 A= BT} SenseZ primer 19 # o]

- 128 -



Z =9l primer 32 Ag&3la2 PCRZHS program cE W7Zsto] AA sy
o} 500 bpoll Al dF 3 A F2 E5FolA DNA band’b 3= %1°] control
primer Z&S5 & 4 AU hF 900 bpolldE AHF EFolA DNAZ

sHHRCBR HAFS TS 542 ofFAn (Fig. 49).

200 Bo

Fig. 49. Finding the best PCR condition of Chunpoong negative marker.
PCR program E in Panax ginseng Chunpoong(l), Jakyungl(2),
Jakyung2(3). Taq concentration 1 unit. a-primerll and primerS,
AT-50C b- primerl2 and primer8, AT-55C.

o
ot

uh) o]F WA g% AFA4 #E S 9 DNAFE H PCR
- A7 AED FF specific primerE o] &3t HF 9 AL KT&G 5
FATL(A FFAAAxATA)TH FFTLE HFTEARE FoAF)
o A4 T&GAA ez HAFo] &€ NEF A 208 ¢ ¢
delA Fo AFS Fol e LAY, Z3AHE Ao A =2
e P& I FA.
- oA F ATELE AEFF, FE5FTH 2L HMFTE A9 d& AL
2 ¢ A=AE FUdd7] Ao 2006 4¥] KT&G

U

T R ¢

e
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AAEFTHAAN 6d2U AEFT T, 94F, 535, 282 dHEFF A
%, 539 < total 20ME = o2 d3¥s AN
At Wang(1993) 59 #yedd mekx DNAE F23% F PCR £4
= AAFE A3 = 900 bp AAA 4, 8 11, 14H2 band7t & H
A %&9ki negative ¥HEE T HF FFTLE FAAT olF BAH
Hoz= HAFE AXNFAY] WEAN AFASY Jrrt wiAld ARz o] A
T2 T3 & A¥dAM A2 EAvAE ASAHH AT Ao FF
FAE 93 negative marker£4¢ &8Ao] 1A} (Fig. 50).

ojft

Fig. 50. Result of double blind test using the negative marker in
Panax ginseng cultivars. The PCR reaction was conducted
with primer 11 andprimer 8 using PCR program E under
the annealing temperature at 50C. Chunpoong (4, 8, 11,
14), Yunpoong (1, 5, 16, 18), Gumpoong (3, 7, 10, 17),
Jakyung (2, 12, 19, 20), HwangSook (6, 9, 13, 15).
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o] &9 primers F 30709 HFH AAFT AEZol AFHEU%S o =2
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2) AEF ZAN A SNP primer?] ZHE71%54

HEAE A9 FF FHH 54 2ARAAEE)

4 F9 g o® UPOVY 545

B el e HH2AE AN ST

o 2]Ast4q

NEASA
ARy wa | oen | TRUT | asan)
V-4 1 2 3 1 3
V-8 3 2 7 1 3
V-13 5 2 5 1 5
V-42 3 2 7 7 5
v-47 5 1 5 5 3
ASY | AA2F| w0 | mAAnAS ®HAZ £ |75
V-4 2 5 3 1 1 2
V-8 2 5 3 1 1 2
V-13 2 5 3 1 1 3
V-42 2 5 3 3 3 7
V-47 3 5 3 1 1 4

S AmA A - AT L AT 3 245 AT 7, oA o

= AEA  Fy - U 1, T3 2, 29Uk 3

= AmA w4 - A9 3 WA 5 A T

= F7] FEAT Ar - gAY AT 1, Attt 3, T2 5 stk 7, v

$25 9

S Q%A - MSWE 1 st 3, F4 5, %T 7, 9% 9

= ARG - 528 1, @&2ATE 2 AHY 3, AAHE 4, 18 5

= wZHol - w1 &k 3, T35 Aotk 7, vie-dT 9

= xdvnelF - Wyget 3, F3F 5 AAG T

oAz - A 1, A4 2, A8, A 4 SRR 5

= oA - AL A 2, A 3

oA A% - WAL U 2 BB 3 e 4 5B 5 24 6 A4 7
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ARAFEE sk em 1999-2001d el AAEAHA G B2 A

Aol AurEl F2A o714 4§ EFolrh
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0

Be 71 ) FF 2o vtk v o FAAl ) (1.066) o vl
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HalF R A FA A N AFA Aol T Aol A Feoll wetA
- 2R o F A A Q] APl = Fr Bros SAT i AR
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ol FAn 2HAGH AL fzoMe Frje vz AAEE Ho
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AAsko] Addrd g FFolnh
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Mo 2AFIY. AskE GolEv]e BEE FH2 Adgeln FA FIRA
AL o)ty gol&v] o] HFAL fFujdolan FH WlaA whe}
A 271Fe g Jhseith. 2 AgoR ANTHAA T AL AuA
A7zkol w9 Hojuty 7] Agdhe-A 2VIAME FFol AYa gl=
A WEAAR 0 w3 wv)e] Aol vk delyet 2

FH (1.066) Btk =& 1.076 oItk FAufel %= 1.053 = w1 (1.052)
Boh =9t ALst29 JFSAME v (1.071/1.054) o H]d|A 3}
A= 1.068, 7 A Hl=1.065 = FAFA
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AL TN, S, g, e
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=]

21730%, 9: A Aol wig- v 30% o) o vprolA Hrhakdnh Hg

Fig. 51. Tubers and flowers of Atlantic and Superior.

(1) v-1

- uj 23t Shepody x A8312-3 o|®, A4 A EA FeH= FHoA= W
Z71902 FYoME Vg Yegon 4% £=
719] etEAjobde] AL Fhgmola X golEr)e e &
Aol e 21 ATE, FHAAME 71 JoRA YEY ZdlxZEelgory:
Hed AR At goE/ (AN A)e 54 FWF 3l Shepody
S gobd obF wjitam Zu guAle HAola Feie] g},

- 2 FFol AEem JpEHAT N vyl Hgd FF Fr(SP)ol,
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2EFFI} vjas we $4 wPh e Hhe wAs mgyel rE
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w53 el sha, FHol Fulrt oM Aol Fdth

FAd2 3,713(kg/10a) 2 57](2,988kg/10a) Rt} =9kal, H]F2 1.067= &
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v (1.066)2F & AFolE& R =X g vh(Table 22).
- fdo]¥(Common Scab)oll Wdt A& Aol wor F4l-F%5(Hollow heart)
W B2 A ukd (Internal brown spot) ¥ #2-& e A 43 dAbo] 79 wA

A gorth. A7 (Dehiscence) BHABEE w-$- 2oth(Fig. 52).
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Table 22. Comparison of agronomic characteristics,

disease response of V-1 and controls

tuber quality and

. . Plant Plant Plant Plant
Location | Variety ] . Flower color . .
! height : type : growth habit : time of maturity]
Chuncheon Ve medium | intermediate type erect red-violet medium
Jangpyung short stemtype erect red-violet medium
Control Superior tall intermediate type semi—erect red-violet early
Atlantic | very tall | intermediate type erect red-violet medium
. . Tuber Tuber Tuber Tuber Tuber
Location Variety . .
: shape : depth of eyes : smoothness of skin : color of skin : color of flesh
Chuncheon V- long-oval medium smooth red cream
Jangpyung long medium smooth red cream
Control Superi.or short-oval deép medium yellow cream
Atlantic] round medium rough yellow cream
Variety Total Yield the naked eye Colormeter Specific gravity
kg/10a of chip color of chip color
V- 3,713 2 66.08 1067
Superior 3,186 2 5792 1.066
Atlantic 3,723 1 6807 1078
Variety | Dehiscence® = Common Scab* Hollow heart* Internal brown spot*
V- 1 1 1 1
Superior 1 1 1 1
Atlantic 3 1 5 5

*Degree of occurrence :

1=resistance, 5=medium, 9=susceptible

Fig. 52. Tubers and flowers of V-1.
(2) V-2
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Table 23. Comparison of agronomic characteristics,

disease response of V-2 and controls

tuber quality and

. . Plant Plant Plant Plant
Location | Variety K . Flower color |, .
! height : type : growth habit : time of maturity]
Chuncheon V2 medium stemrtype erect red-violet medium
Jangpyung short stemtype erect red-violet medium
Control Superior tall intermediate type semi-erect red-violet early
Atlantic | very tall | intermediate type erect red-violet medium
Location Variety Tuber Tuber Tuber . . Tuber
: shape : depth of eyes : smoothness of skin : color of skin : color of flesh
Chuncheon V2 short-oval shallow smooth light yellow
Jangpyung short-oval medium smooth cream
Control Superi.or short-oval deép medium cream
Atlantic] round medium rough cream
Variety Total Yield the naked eye Colormeter Specific gravity
kg/10a of chip color of chip color
V-2 4,942 2 6431 1065
Superior 3,186 2 5792 1.066
Atlantic 3,723 1 6807 1078
Variety Dehiscence® = Common Scabx* Hollow heart* Internal brown spot*
V-2 3 1 1 1
Superior 1 1 1 1
Atlantic 3 1 5 5

*Degree of occurrence :

1=resistance, 5=medium, 9=susceptible

Fig. 53. Tubers and flowers of V-2.
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(3) V-5

&
olA w9 FETh Ago JAEAA Y HFo] w$ =
A 7Z % F % tH(Table 24).

- oyl st mFo] wdstal A o] Wl Hojuth a2 3808
(kg/10a)= 7] 3,186(kg/10a)°l wlaiA w9 =keh. gk 7] A o] Ay
o] Aol gl #UAS Hol Fom, HFd 10712 4
o =k 2 FF BIE Fueh fARERAR FEu vl loiA s
A eF w9 FAS a2y S7E AgAA giAR @4 weia 3
AgoF s ¥ FFS S AWMAl EAVE Hi= gdowd
ek Aol wa FEFAAY HF, sl A FHojur] wite] o] 72 F
o7 7hEsh,
A2 g7t Al BAEA % keh(Fig. 54).

o

o
r

4>
g
=
o
(o))
SH
=

52
'

of\

£ SATE, W2, A, 718 E T AACAA A

Table 24. Comparison of agronomic characteristics, tuber quality and

disease response of V-5 and controls.

. . Plant Plant Plant Plant
Location | Variety] . . . . . . Flower color |, . .
: height ! type : growth habit ! time of maturity]
Chuncheon V-5 short intermediate type spreading white medium
Jangpyung short intermediate type spreading white early
Control Superior tall intermediate type semi—erect red-violet early
Atlantic | very tall | intermediate type erect red-violet medium
. . Tuber Tuber Tuber Tuber Tuber
Location Variety . .
: shape ': depth of eyes|: smoothness of skin : color of skin/ : color of flesh
Chuncheon V-5 round medium smooth yellow cream
Jangpyung short—oval medium smooth yellow cream
Superior| short-oval dee medium ellow cream
Control pe . _D Y
Atlantic round medium rough yellow cream
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Variety Total Yield the naked eye Colormeter Specific gravity
kg/10a of chip color of chip color

V-5 3,898 2 6011 1071

Superior 3,186 2 5792 1066

Atlantic 3,723 1 6807 1078

Variety Dehiscence® = Common Scab* Hollow heart* Internal brown spot*
V-5 1 1 1 1

Superior 1 1 1 1

Atlantic 3 1 5 5

*Degree of occurrence : 1=resistance, 5=medium, 9=susceptible

Fig. 54. Tubers and flowers of V-5.

(4) V-9

- WHlEF:WST0 x A88431-1 ofm, A A
ZAFo|n AFF YolZv|o e TaPozA AgH LA Holu
A -5t kel A AETE ofF EES W ool H]Fo] EolM b
gor AR Froleti vk FolEv)e wu A Faoln vt
KL zFAke] HF

itk gidol 8o sl moko] HAstn AA Lo wl& Egrom Haz
o] #olytth(Table 25).

- ulFe] L08R WS Bi 43 AFU AeAR F A AFA YAl u)

G Fedh & FTL LWqA AF AA EAVE He sAEs s W
Ao i Aol iAol mlsiA vie- & ¥ obyzZt Yol
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Table 25. Comparison of agronomic characteristics, tuber quality and

disease response of V-9 and controls.

. . Plant Plant Plant Plant
Location | Variety ] . Flower color . .
: height : type : growth habit : time of maturity]
Chuncheon V-9 medium | intermediate type semi-erect blue-violet early
Jangpyung medium | intermediate type semi-erect blue-violet early
Control Superior tall intermediate type semi-erect red-violet early
Atlantic | very tall | intermediate type erect red-violet medium
. . Tuber Tuber Tuber Tuber Tuber
Location Variety . .
: shape : depth of eyes : smoothness of skin : color of skin : color of flesh
Chuncheon V-9 round medium smooth yellow light yellow
Jangpyung round medium smooth yellow light yellow
Control Superi.or short-oval deép medium yellow cream
Atlantic|] round medium rough yellow cream
Variety Total Yield the naked eye Colormeter Specific gravity
kg/10a of chip color of chip color
V-9 4,122 1 6852 1085
Superior 3,186 2 5792 1.066
Atlantic 3,723 1 6807 1078
Variety Dehiscence® @ Common Scabx* Hollow heart* Internal brown spot*
V-9 1 1 1 1
Superior 1 1 1 1
Atlantic 3 1 5 5

*Degree of occurrence : 1=resistance, 5=medium, 9=susceptible
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Fig. 55. Tubers and flowers of V-9.

(5) V-16

- wHj =3} : ChipetaxA90359-7 o]w, =4+

= A

718 R &

Qol=

1=}
T

5

NEBoerr sAFlL, A

& vehit

CER EX

El
B

B ohyel oy

Kol
=

[e]
5 =

i vl

Jo] thAijel] H]3F

A4

z:,—l_

HE ol o

24

=]
H

A Bk A 3 tH(Table 26).

i

S A9

3

ol el of

ron] 7)8A

=
= 2

Pl £3

= =
o ©°

v, ARG 4

FAaL =717 o

fi%e)

b4 gksket o

/\g 5

%7 =3 oA wrh ga u

Al A A% e gt A

N, 718A 5
il

7+ A
A Hol FArHFig. 56).

ez}
=

A4
Lkl

o 11 e

- e)
R

Elai

al

it

el

=
=

- 148 -



Table 26. Comparison of agronomic characteristics,

disease response of V-16 and controls.

tuber quality and

. . Plant Plant Plant Plant
Location | Variety K . Flower color . .
! height : type : growth habit : time of maturity]
Chuncheon V16 short intermediate type spreading blue-violet medium
Jangpyung short intermediate type spreading blue-violet medium
Control Superior tall intermediate type semi—erect red-violet early
Atlantic | very tall | intermediate type erect red-violet medium
. . Tuber Tuber Tuber Tuber Tuber
Location Variety . .
: shape : depth of eyes : smoothness of skin : color of skin : color of flesh
Chuncheon V16 short-oval medium smooth cream
Jangpyung short-oval deep smooth cream
Control Superi.or short-oval deép medium cream
Atlantic] round medium rough cream
Variety Total Yield the naked eye Colormeter Specific gravity
kg/10a of chip color of chip color
V-16 3,569 2 6685 1064
Superior 3,186 2 5792 1066
Atlantic 3,723 1 6807 1078
Variety Dehiscence® @ Common Scabx* Hollow heart* Internal brown spot*
V-16 1 1 1 1
Superior 1 1 1 1
Atlantic 3 1 5 5

*Degree of occurrence :

1=resistance, 5=medium, 9=susceptible

Fig. 56. Tubers and flowers of V-16.
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t}) 7ZA DNA 3= ¥ PCR

- 7 DNA 3% @ A 3% V-4, V-8 V-13, V-42, V479 2= AEA 7} 7)) 4

E4 ooz AFste], Nucleo Spin Plant kit 9+ 2X CTAB extraction buffer’,

‘Rapid

salt extractionof plant genomic DNA'S th&Fsh WS d-8-351e 7HHs 1 $-23 DNA

e

=
=

ITS primerE ©]&39 ITS regions <% TH

WS Hal - AEEte] genomic DNAS F3319ith
- 72 £ ITS 99 PCR : 724 % V-4, V-8 V-13, V-42, V-47¢] genomic DNA
o}

rlo

PCR(polymerase chain reaction) ®¥+3& o] &3Fo] A%t} PCR ®

7]

i

10mM Tris-HCl, pH 8.3, 50 mM KCI,
0.5-1.0uM primer % 200uM<e] Z+ dATP, dCTP, dGTP, dTTP % °]
5 of

ATt 4 ITS regiond FES $3tdd& ITS4 primeret

dlo

ES-2
A 100l ¥ = 335, 10-50ng DNA, 1.5unit Tag DNA Polymerase,
1.5mM MgCly, 0.001% gelatin,

3L 3

-

ITS5

primerS ©]£3}o], @ 94°Coll A 3% 7t pre-denaturation, @ 94°Coll A 1%

ZF, 52°Col A 287, T2°Col A 4802
Xk o 2 Q) 72°CoAl A 7EE<te] final extensiono = TAE 3¢-A

o] PCR##3& AA dsDNA templateE wEo] dit},

E% 714 DNA A A2 Hi 84 2 SNP 99 &4

A2 #5555 ITS PCR Fol A4 45 SaA SNP FH 995 B4 85It

v-47
SP
v-8
v-42
v-13
v—4

ACCTGCAGAGCAGAACGACCCGCGAACACGTTTTAAACACTTGGGGGCGCTTGCGCCCTC
ACCTGCAGAGCAGAACGACCCGCGAACACGTTTTAAACACTTGGGGGCGCTTGCGCCCTC
ACCTGCAGAGCAGAACGACCCGCGAACACGTTTTAAACACTTGGGGGCGCTTGCGCCCTC
ACCTGCAGAGCAGAACGACCCGTGAACACGTTTTAAACACTTGGGGGGGGTTG-GCCTTC
ACCTGCAAAGCAGAACGACCCGCGAACACGTTTTAAACACTTGGGGGCGCTTGCGCCCTC
ACCTGCAAAGCAGAACGACCCGCGAACACGTTTTAAACACTTGGGGGCGCTTGCGCCCTC

hhkkhkkkk khkkkhkkhkkhkkhkhkhkhkhkhkkkx khkkkhkkhkkhkkhkkhhkhkhkhkkkhkhkhkkhkkhkkhkkhkkhkk * *kkx *kkx *%
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v-47
SP
v-8
v-42
v-13
v—4

v-47
SP
v-8
v-42
v-13
v—4

v-47
SP
v-8
v-42
v-13
v—4

v-47
SP
v-8
v-42
v-13
v—4

CCGTCCCCGAC-GACTTGCGCGCTTGCGCGCTCGTTTTTGGGGGCCAACGAACGAAACCC 179
CCGTCCCCGAC-NACTTGCGCGCTTGCGCGCTCGTTTTTGGGGGCCAACGAACGAA-CCC 178
CCGTCCCCGAC-GACTTGCGCGCTTGCGCGCTCGTTTTTGGGGGCCAACGAACGAA-CCC 178
CCTTCCCCCGA-GACTTGCGCGCTTGCGCGCTCGTTTTTGGGGGCCAACGAACGAA-CCC 176
CCGTCCCCCGACGACTTGCGCGCTTGCGCGCTCGTTTT-TGGGGCCAACCAACGAA-CCC 177
CCGTCCCC-GACGACTTGCGCGCTTGCGCGCTCGTTTT-GGGGGCC————AACGAA-CCC 173

*k kkkkk khkkhkkkkkkhkkkkhkkkhkhkkkkkkkkx *kkkkk *khkkkkk kkk

CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGGCAGCCCTCCCCTCGCGCCCCGTTCGE 239
CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGGCAGCCCTCCCCTCGCGCCCCGTTCGE 238
CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGGCAGCCCTCCCCTCGCGCCCCGTTCGC 238
CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGGCAGCCCTCCCCTCGCGCCCCGTTCGE 236
CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGACAGCCCTCCCCTCGCGCCCCGTTCGC 237
CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGGCAGCCCTCCCCTCGCGCCCCGTTCGE 233

Khkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhhkhkkhkhhkhkhkhkkx khkkkhkkhkkhkhkhkhkhkhkkkkhkhhkhkkhkhkhkkhkkkx

GGATCGCCCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 299
GGATCGCCCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 298
GGATCGCCCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 298
GGATCGCCCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 296
GGATCGTGCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 297
GGATCGTGCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 293

*kkkkk Khkhkhkhkhkhkhkhkkkhkkhkhkhkhkhkhkhkhkhkkkhkhkhkkhkkkhkhkhkhkhkkhkhkkkhkkhkhkhkkkkkkkx

CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 359
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 358
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 358
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 356
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 357
CTCGGCTCTCGCATCGATGAAGAACGTAACGAAATGCGATACTTGGTGTGAATTGCAGAA 353

Khkhkhkkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhhkkhkkhkhkhkkhk hhkkkhkhkhkhhhkkhkhhkhkhkhkkkkhkkhkkhkhkhkkhkkkx
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v-47
SP
v-8
v-42
v-13
v—4

v-47
SP
v-8
v-42
v-13
v—4

v-47
SP
v-8
v-42
v-13
v—4

v-47
SP
v-8
v-42
v-13
v—4

TCCCGTGAACCATCGAGTCTTTGAACGCAA-GTTGCGCCCGAAGCCATTA-GGCCGAGGG 417
TCCCGTGAACCATCGAGTCTTTGAACGCAA-GTTGCGCCCGAAGCCATTA-GGCCGAGGG 416
TCCCGTGAACCATCGAGTCTTTGAACGCAA-GTTGCGCCCGAAGCCATTA-GGCCGAGGG 416
TCCCGTGAACCATCGAGTCTTTGAACGCAA-GTTGCGCCCGAAGCCATTA-GGCCGAGGG 414
TCCCGTGAACCATCGAGTCTTTGAACGCAA-GTTGCGCCCGAAGCCATTA-GGCCGAGGG 415
TCCCGTGAACCATCGAGTCTTTGAACGCAAAGTTGCGCCCGAAGCCATTAAGGCCGAGGG 413

hhkhkhkkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkkhkhk khkkhkhkkhkkhkkhkkhkkhhkhkhkhkkkhkhkkx *kkkkkhkkkx

CAC-GTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCGCACCTTGCGCGGGGGCGGA 476
CAC-GTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCGCACCTTGCGCGGGGGCGGA 475
CAC-GTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCGCACCTTGCGCGGGGGCGGA 475
CAC-GTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCGCACCTTGCGCGGGGGCGGA 473
CAC-GTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCACCT-TTGCGCGGGGGCGGA 473
CACAGTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCACAT-T-GCGCGGGGGCGGA 471

khkk kkkkkkkkhkkhkkhkhkhkhkhkkkhkhkhkhkkkhkhkkkkkkhkkkkkkx * * kkhkkkkkkkkkkkk

AGCTGGCCTCCCGTGCGCCCCCGAGCGCGCGGCTGGNCCTAAATGCGAGTCCACGTCGAC 536
AGCTGGCCTCCCGTGCGCCCC-GAGCGCGCGGCTGGCC-TAAATGCGAGTCCACGTCGAC 533
AGCTGGCCTCCCGTGCGCCCC-GAGCGCGCGGCTGGCC-TAAATGCGAGTCCACGTCGAC 533
AGCTGGCCTCCCGTGCGCCCC-GAGCGCGCGGCTGGCC-TAAATGCGAGTCCACGTCGAC 531
AGCTGGCCTCCCGTGCGCCCC-GAGCGCGCGGCTGGCC-TAAATGCGAGTCCACGTCGAC 531
AGCTGGCCTCCCGTGCGCCCCCGAGCGCGCGGCTGGCC-TAAATGCGAGTCCACGTCGAC 530

hhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkkx khkkhkkhkkhkhkhkhkhkhkkhkhkkx *x khkhkkkhkhhkkkkkhkhkkhkkhkkkhkkkkx

GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTCGTTGTCGCGGCTACAGCCC 596
GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTCGTTGTCGCGGCTACAGCCC 593
GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTCGTTGTCGCGGCTACAGCCC 593
GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTTGTTGTCGCGGCTACAGCCC 591
GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTCGTTGTCGCGGCTACAGCCC 591
GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTCGTTGTCGCGGCTACAGCCC 590

KhhkhkAARAAhhkhkhhhhhkhkhkhkhkhhkkhkhkhkkhhkhkhkhkhkhkhhkhkhkkhkk khkkhkkkkhkkhkkhkkhkkkhkkkx
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Ao, NCBI®| BLAST programs ©]&3le] fdx &8 S50 =

71 AR FEEY ITSE9Y A7IAES vust 23 AFF(V-4, VI13)
W 71E A FES EY e oe] 29 SNP(single nuc

polymorphism)& Ztopdl &= U%al, o5 SNP F-Zo tiste] ZAbvuiA

(molecular marker)241¢] 84L& A&

Sp
v—=2
v-5
v-9
v-16

ACCTGCAGAGCAGAACGACCCGCGAACACGTTTTAAACACTTGGGGGCGCTTGCGCCCTC
ACCTGCAGAGCAGAACGACCCGCGAACACGTTTTAAACACTTGGGGGCGCTTGCGCCCTC
ACCTGCAGAGCAGAACGACCCGCGAACACGTTTTAAACACTTGGGGGCGCTTGCGCCCTC
ACCTGCAGAGCAGAACGACCCGTGAACACGTTTTAAACACTTGGGGGGGGTTG-GCCTTC
ACCTGCAAAGCAGAACGACCCGCGAACACGTTTTAAACACTTGGGGGCGCTTGCGCCCTC
ACCTGCAAAGCAGAACGACCCGCGAACACGTTTTAAACACT TGGGGGCGCTTGCGCCCTC

Khkkhkhkkhkk K hkhkkhkhkhkkhkkhkhkhkkhkhkkhkk hkhkkhkkhkhkkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkkkk, * *kx*%x **%x *%

CCGTCCCCGAC-GACTTGCGCGCTTGCGCGCTCGTTTTTGGGGGCCAACGAACGAAACCC
CCGTCCCCGAC-NACTTGCGCGCTTGCGCGCTCGTTTTTGGGGGCCAACGAACGAA-CCC
CCGTCCCCGAC-GACTTGCGCGCTTGCGCGCTCGTTTTTGGGGGCCAACGAACGAA-CCC
CCTTCCCCCGA-GACTTGCGCGCTTGCGCGCTCGTTTTTGGGGGCCAACGAACGAA-CCC
CCGTCCCCCGACGACTTGCGCGCTTGCGCGCTCGTTTT-TGGGGCCAACCAACGAA-CCC
CCGTCCCC-GACGACTTGCGCGCTTGCGCGCTCGTTTT-GGGGGCC———AACGAA-CCC

*k kkhkkkk khkkkkhkkhkkhkkhkkkhkkhkhkkhkkhkkhkhkhkkkkk*k *kkkkk kkkkkk kkk

CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGGCAGCCCTCCCCTCGCGCCCCGTTCGC
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120
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120
118
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179
178
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176
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SP
V-2
v-5
v-9
v-16

v-1
SP
V-2
v-5
v-9
v-16

v-1
SP
V-2
v-5
v-9
v-16

SP
V-2
v-5
v-9
v-16

CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGGCAGCCCTCCCCTCGCGCCCCGTTCGC 238
CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGGCAGCCCTCCCCTCGCGCCCCGTTCGC 238
CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGGCAGCCCTCCCCTCGCGCCCCGTTCGC 236
CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGACAGCCCTCCCCTCGCGCCCCGTTCGC 237
CGGCGCGGAAAGCGCCAAGGAATACTAAAATCGGCAGCCCTCCCCTCGCGCCCCGTTCGC 233

KhkhkhkkAkkhhkhkhkhkhkhhkhhkhkhkhkhkhhkkhhkhkkhkhhkhkhkhkkx khkkhkkhkkhkhkhkhkhkkhkkhkxhkkhkhkhkkhkkkx

GGATCGCCCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 299
GGATCGCCCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 298
GGATCGCCCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 298
GGATCGCCCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 296
GGATCGTGCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 297
GGATCGTGCGGGGGGACGCGCGCTGCTCTTTAAACACAAACGACTCTCGGCAACGGATAT 293

*kkkkk Khkhkhkhkhkhkhkkkhkhkkkhkhkhkhhkhkhkhkkkhhkhkkhkhkhkhhkhkkkkkhkhkkhkkhkkhkhkhkhkkkkkkx

CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 359
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 358
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 358
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 356
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 357
CTCGGCTCTCGCATCGATGAAGAACGTAACGAAATGCGATACTTGGTGTGAATTGCAGAA 353

Khkhkhkkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkkhhkkhkkhkkhkkhkkhk hhkkhkkhkhkhhhkkhkhkhkhkhkkkkhkhhkkhkkkkkhkkkkx

TCCCGTGAACCATCGAGTCTTTGAACGCAA-GTTGCGCCCGAAGCCATTA-GGCCGAGGG 417
TCCCGTGAACCATCGAGTCTTTGAACGCAA-GTTGCGCCCGAAGCCATTA-GGCCGAGGG 416
TCCCGTGAACCATCGAGTCTTTGAACGCAA-GTTGCGCCCGAAGCCATTA-GGCCGAGGG 416
TCCCGTGAACCATCGAGTCTTTGAACGCAA-GTTGCGCCCGAAGCCATTA-GGCCGAGGG 414
TCCCGTGAACCATCGAGTCTTTGAACGCAA-GTTGCGCCCGAAGCCATTA-GGCCGAGGG 415
TCCCGTGAACCATCGAGTCTTTGAACGCAAAGTTGCGCCCGAAGCCATTAAGGCCGAGGG 413

Khkhkhkkhkkhkhkhkkhkhkhkhkhkhkhkhkhkkhkhkkhkkhkkhkkhkkhkhk khkkhkkkhkkhkkhkhhkhkhkhkkhkhkhkkx kkkkkkkkx
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v—1 CAC-GTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCGCACCTTGCGCGGGGGCGGA 476

SP CAC-GTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCGCACCTTGCGCGGGGGCGGA 475
v—2 CAC-GTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCGCACCTTGCGCGGGGGCGGA 475
v—5 CAC-GTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCGCACCTTGCGCGGGGGCGGA 473
v-9 CAC-GTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCACCT-TTGCGCGGGGGCGGA 473
v—16 CACAGTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCGCACAT-T-GCGCGGGGGCGGA 471
L R R L T
v—1 AGCTGGCCTCCCGTGCGCCCCCGAGCGCGCGGCTGGNCCTAAATGCGAGTCCACGTCGAC 536
SP AGCTGGCCTCCCGTGCGCCCC-GAGCGCGCGGCTGGCC-TAAATGCGAGTCCACGTCGAC 533
v—2 AGCTGGCCTCCCGTGCGCCCC-GAGCGCGCGGCTGGCC-TAAATGCGAGTCCACGTCGAC 533
v—5 AGCTGGCCTCCCGTGCGCCCC-GAGCGCGCGGCTGGCC-TAAATGCGAGTCCACGTCGAC 531
v-9 AGCTGGCCTCCCGTGCGCCCC-GAGCGCGCGGCTGGCC-TAAATGCGAGTCCACGTCGAC 531
v—16 AGCTGGCCTCCCGTGCGCCCCCGAGCGCGCGGCTGGCC-TAAATGCGAGTCCACGTCGAC 530
R T T
v—1 GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTCGTTGTCGCGGCTACAGCCC 596
SP GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTCGTTGTCGCGGCTACAGCCC 593
v—2 GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTCGTTGTCGCGGCTACAGCCC 593
v—5 GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTTGTTGTCGCGGCTACAGCCC 591
v-9 GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTCGTTGTCGCGGCTACAGCCC 591
v—16 GGACGTCGCGGCAAGTGGTGGTTGAAACTCAACTCTCTCTCGTTGTCGCGGCTACAGCCC 590

KhhkhkAkAKkAkAhhkhkhkhhkhhkhkhkhkhkhhkhhkhkkhhkhkhkhkkhkhhkhkkhkkhkk khkkhkkkkhkkhkkhkhkkkhkkkx

Fig. 57. Alligned sequence data matrix of nuclear DNA ITS region of

various potatoes.
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Appendix 1. Alligned sequence data matrix of chloroplast DNA 3’-end half

trnL-F region of Panax ginseng and investigated taxa.
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G TT AT A AT GEGTAR TOC T BAGICA AR TICCTGET TTCTIGA AR CAL ACA RRGET T C8 AL EETEAY
GEAK TTAAT ASAAT GEGCAL TCCTEAGICARKTICTED T TTICTGA ASA CRARCA RLEDT T CABALEEDEAL
GG T AAT AR AT GEGCAR TOC T GRGOCA AR TOCTGE T TRCLIGA ARA CAA ACA ASGET T CAlGb GECGAY
(G TT AAT A AT GEGCAR TOCT BAGICA AR TCCTET T TTCOGA LA CAL ACA RRGET T CA AL GECEAL
GELATT AAT AAAAT GEGCAL TOCTERGICARK TCCTED T TICCGA Al CAA ACA RLEET TCABRAELTEAS
GG TT AT A AT GG TOC T GAGOCA AR TCCT I T TRCLIG AR CA, A AR GET T Ot GEC G,
G TT AT AR AT GEGTAR TOCT BRGICA AR TCCTET T TTCTIA AR CAL ACA RREET T CoU L ERTEAN
GEAK TTAAT ARAAT GEGCAL TCCTEAGICARKTICTEL T TTICCGA ASA CRARCA RLEDT T CABALELDEAL
(GG TT AT A AT GEGCAR TOC T GRGOCA AR TECTGE T TR ARACA ACA AR GGT T Co b GECTA,
GO TT AAT AWAAATGEGEAR TOCTEUGICA AR TOCTGIT TTCGA ALA CAK ACARRGET T C8 AL GETEAY
GEAA TTAAT AR AAT GEGCAL TCCTEAGICA RS TOCTED T TTICTGA Al CAA MCA RLEGT T CAGALBLDEAS
GG TT AT A AT GGG TOC T GAGOCA AR TOCTGE T TTCLIGA AR Co A ARGET T Co b GECGA,
GEALTT AAT AR AT GEGCAR TOCT BGICA AR TOCTEI T TTCTGA ALA CAL ACA RLGET T C8 AL EETEAL
GEAK TTAAT ARAAT GEGCAL TCCTEAGICARKTICTED T TTICIGA AL CAARCA RLEDT T CABALELDEAL
GO TT AT AAAAATGEGCAL TOCTGAGOCA AR TCCTGET TTCEGA ARLACRA ACARRGGT T CoUGAd GECGAY
GO TT AAT ARAAAT GEGEAM TOCTRUGICA AR TCGT GIT TTCEGA ALA CAK ACARLGET T 8 EALGETEAY
GEAK TTAAT ASAAT GEGCAL TCCTEAGICARKTICTED T TTICTGA ASA CRARCA RLEDT T CABALEEDEAL
GG TT AT AR AT GEGCAR TOCTGAGOCA AR TCCTGE T TTCGA ARA CAA ACA ASGET T ColGbd GECGAY,
GE TT AAT AR AT GEGCAR TOCT GG AR TCCTET T TTCIGA ARA CAA ACA RRGET T CA AL EETEAL
GELATT AAT AAAAT GEGCAL TOCTERGICARK TCCTED T TICCGA Al CAA ACA RLEET TCABRAELTEAS
(OA TT AAT AAAAATGEECAL TOCTGAGOCA AR TCCTGET TTCEGA ALACRLA ACARAGET T CoUGAAGECGAY
G TT AT A AT GEGTAR TOC T BAGICA AR TICCTGET TTCTIGA AR CAL ACA RRGET T C8 AL EETEAY
GEAK TTAAT ARAAT GEGCAL TCCTEAGICARKTICTEL T TTICTGA ASA CAARCA RLEDT T CABALELDEAL
GO TTAAT AL AT GEGCAR TOCT RGO AR TCCTGE TTRCOGA ARACAA ACA RSGET T CA A GECGAY
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AR GEGAT AR TECABAGACTCAS TGEARGLT GTT CTALCAA AT GEAGTGEAR TR GTTECA T TGETAEAG
A TTAGA T AL TECA GRGAC TS, TOGARGLT G T G 1AL LA AT GLA G TGEAR T T GTTGECR T TGRTAGAG
A AEEGAT AR TECABAGACTCAK TGEARGCT GTT CTALCAA AT EEAGTGEAL TETETTECA T TGETARAG
LA GEGGAT AR TECABAGACTOAS TREARGIT GTT CTALCAA ATEEA G TGEAR TETETTECA T TGETARAG
A LG T AL TECAGAGAC TR TGGARGLT GITT 1AL CRAAT GLA G TGEAR T T GTTGECA T TGRTAGAG
A AEGGAT AR TECABAGACTCAR TGEARGCT GTT CTAACAART EEAGTGERL TETETTECA T TGETABAG
AR GEEGAT AR TECAGAGACTOAS TGEARGLT GTT CTALCAA AT GEAGTGEAR TR GTTECA T TGETAEAG
AR RTTGA T AL TECA GRGACTLAS, TOGARGLT G T G 1AL LA AT GLA G TGEAR T LT G TIECR T TERTARAG
A AEGGAT AR TECABAGACTCAL TGEARGLT GTT CTALCAAATEEAGTGEAL TETETTECA T TGETARAG
AARAEGGAT AR TECAGAGACTCAT TGEANGET GTT CTAACAAATGEAGTIGEAR TGIGTTECA T TGETAGAG
A GA T AL TECAGAGACTCAS TGGARGLT GITT G 1AL CRAAT GLA G TGGAR T 1 GTTIE0A T TGGRTAGAG
A UEEGAT AR TECABUGACTCAR TGEARGCT GTT CTALCAARTEEAETGERL TETETTECA T TGETAEAG
AR GEEGAT AHTECABAGACTCAT TGGARGLT GTT CTALCAA AT GEAGTGEAR TR GTTECA T TGETAEAG
AR TTGA T AL TECA GAGACT LA TOGARGLT GTT 1AL LA AT GLA G TGEAR TR GTTGCR T TGRTAGAG
AR AEGGAT AR TECABAGAC T CAY TGEARGLT GTT CTAACAA AT EEAGTGEAL TETETTECA T TGETAGAG
AARAEGGAT AES TECABAGACTCAS TGEANGLET GTT CTAACAAAT GEAGTGEAR TGIGTTGCA T TGETAGAG
AT T A TECA GRGAC T, TGGARGLT G T G 1A LA AT Gl G TGGAR T 1 G 10 T TGG6TAEAG
A UEEGAT AR TECABAGACTCAR TGEARGET GTT CTALCAARTEEAGTGEAL TRTETTECA T TGETAEAG
AR GELGAT AR TECABAGACTOAS TREARGIT GTT CTALCAA ATEEA G TGEAR TRTGTTECA T TGETARAG
A TAGAT AL TECA GAGACT LA TGGARGLT GTT CTAL CRA AT GLAGTGA RS TR GTTGLA T TGRTAGAG
A AEGEGAT AR TECABUGACTCAR TGEARGCT GTT CTAACAARTEEAGTGA KA TETETTECA T TGETABAG
AR GEGAT AR TECABAGACTCAS TGEARGLT GTT CTALCAA AT GEAGTGEAR TR GTTECA T TGETAEAG
A TTAGA T AL TECA GRGAC TS, TOGARGLT G T LA LA AT Gl G TGGAR T TG T TIECR T TERTAEAG
A AEGGAT AR TECABAGACTOAL TGEARGTT GTT CTALCAARTEEAETGEAL TRTETTECA T TGETARAG
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Appendix 1. (Continued)

Taxon/Hode
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GAATCCTTCCATTGA AACT TCTRA & RGGRT GhA GEA T A AT AT AGH CAT LCGT AT ACGT ACT 8 AAT SCT
GAATCCTTCCATTGARALT TCTRA A AGGRT Gl A T RA ACTST AT AGH CAT LCGT AT ACIT ACT G4 AAT SCT
(A TECT TECAT TGARACT TCCAKAAGIEAT [2hA GG T ARACTT AT AIGACAT AT ATACTET ACTGAAAT ACT
GAATCCTTCCATT A AACT TCTRA & RGGRT G GEA T A ACTET AT AGH CAT SCGT AT AT AT 2 AAT SCT
GAATCCTTCCATTGARACT TCTRA A LGGEAT GhA GEA T RAACET AT AGA CAT LCGT AT ACGT ACTIGARAT ACT
(A TECT TCCAT TGARACT TCCAKAAGIAT (GhA GG T ARACTET AT AIGACAT AT ATACTET ACTGAAAT ACT
GAATCCTTCCATT A AACT TCTRA & RGGRT G GEA T A ACTET AT AGH CAT SCGT AT AT AT 2 AAT SCT
GAATCCTTCCATTGARACT TCTRA A LGGEAT GhA GEA T RAACET AT AGA CAT LCGT AT ACGT ACTIGARAT ACT
(A TECT TCCAT TGARACT TCCAKAAGIAT (GhA GG T ARACTET AT AIGACAT AT ATACTET ACTGAAAT ACT
GAATCCTTCCATT A AACT TCTRA & RGGRT G GEA T A ACTET AT AGH CAT SCGT AT AT AT 2 AAT SCT
GAATCCTTCCATTGARACT TCTRA A LGGEAT GhA GEA T RAACET AT AGA CAT LCGT AT ACGT ACTIGARAT ACT
[GAA TECT TCCAT TGARACT TCCAAAAGIEAT [GAA GG T ARACTT AT AIGACAT AT ATACTET ACTGAAAT ACT
A TELT TCCAT TGARACT TCTAK A AGTIAT kA 3 T Ak AT AT AISA AT ALTST AT ATT ACTGAAKT ACT
GAATCCTTCCATTGARACT TCTRA A LGGERT GhA GEA T RAACTST AT AGA CAT LCGT AT AT ACT G4 RAT ACT
[GAA TECT TECAT TGARACT TCCAKAAGIAT [GAA GG T ARACTT AT AIGACAT AT ATACTT ACTGAAAT ACT
GAATCCTTCCATTGA AACT TCTRA & RGGRT Gl (A T A ACTAT AT AGH CAT SCGT AT ACIT ALT 4 04T SCT
GAATCCTTCCATTGARACT TCTRA A LGGERT GhA GEA T RAACTST AT AGA CAT LCGT AT AT ACT G4 RAT ACT
[GAA TECT TECAT TGARACT TCCAKAAGIAT [GAA GG T ARACTT AT AIGACAT AT ATACTT ACTGAAAT ACT
GAATCCTTCCATTGA AACT TCTRA & RGGRT Gl (A T A ACTAT AT AGH CAT SCGT AT ACIT ALT 4 04T SCT
GAATCCTTCCATTGARACT TCTRA A LGGERT GhA GEA T RAACTST AT AGA CAT LCGT AT AT ACT 4 RAT ACT
GTLCTTCCATTGAACTTCEARANCENT GAA DA TAMNCHTATCRCATACHT ATACGTACTGAATACT
GAATOCTTCCATTGARALT (A A T AR ACTST AT MIGA CRT ALTT,

MTEI‘TT[‘E“JTTEH.*LE“TTEEHH.EEH.TEMIIHTMJ[ETJ.TMHE&TJUSTATETJETEHMTAET
GiAA TECT TECAT TGARALT TCCARAAGIAT [GAA (53 T ARACTT AT AIGACAT AT ATACTT ACTGAAAT ACT
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CTATCARATGATTAAT GACGA CCCGAA TCT CTATTTTTTATAT GAAAA DA AGAAT TET TGT GAATOGATT
CTATCARATGATTAATGALGA CCCGAA TCTCTATTTTTTATATGAAAA CEEAAGART TGT TGT GRATOEATT
CTATCARATEEATTAATGACTE CUCGRATCT CTATTTTTTATATGAAMA IR AT TIET TET GRATCGEATT
CTATCARATGATTAAT GACGA CCCGAA TCT CTATTTTTTATAT GAAAA DA AGAAT TET TGT GAATOGATT
CTATCARATGATTAATGALGA CCCGAA TCTCTATTTTTTATATGAAAA CEEAAGAAT TGT TGT GARATOEATT
CTATCARATEEATTAAT GA LT CUCGMA TCT CTATTTTTT ATATGAAMA CIAZLAGAAT TIZT TET GAATOGEATT
CTATCARATGATTAATGACGA CLCGRA TCT CTATTTTTTATATGAAAA DI AGAAT TIET TGT GAATOEATT
CTATCARATGATTAATGALGA CCCGAA TCTCTATTTTTTATATGAAAA CEEAAGAAT TGT TGT GARATOEATT
CTATCARATEEATTAAT GA LT CUCGMA TCT CTATTTTTT ATATGAAMA CIAZLAGAAT TIZT TET GAATOGEATT
CTATCARATGATTAATGACGA CLCGRA TCT CTATTTTTTATATGAAAA DI AGAAT TIET TGT GAATOEATT
CTATCARATGATTAATGALGA CCCGAA TCTCTATTTTTTATATGAAAA CEEAAGAAT TGT TGT GARATOEATT
CTATCARATEEATTAAT GA LT CUCGMA TCT CTATTTTTT ATATGAAMA CIAZLAGAAT TIZT TET GAATOGEATT
CTATCARATGATTAATGA LA CLCGAA TCT CTATTTTTTATAT GAAAA DI AGAAT TIET TGT GAATOEATT
CTATCARATGATTAATGACGA CCCGRA TCT CTATTTTTTATATGAASA DA AGAAT TGT TGT GRATCRATT
CTATCARATEATTAATGA LT CUCGMA TCT CTATTTTTTATATGAAACTIAAAGAAT 15T TIET GAATOGATT
CTATCARATGATTAAT GACGA CLCGAA TCT CTRATTTTTTATAT GAAAA DI AGA AT TIET TGT GAATCEATT
CTATCARATGATTAAT GACGA CCCGRA TCT CTATTTTTTATATGAASA DA AGAAT TGT TET GRATCRATT
CTATCARATGATTAATGA LT CUCGMATCT CTATTTTTTATATGAAMA CIAGAAGAAT TIGT TET GAATOGATT
CTATCARATGATTAAT GACGA CLCGAA TCT CTRATTTTTTATAT GAAAA DI AGA AT TIET TGT GAATCEATT
CTATCARATGATTAAT GACGA CCCGRA TCT CTATTTTTTATATGAASA DA AGAAT TGT TET GRATCRATT
CTATCARATGATTAATGA LT CUCGMATCT CTATTTTTTATATGAAMA CIAGAAGAAT TIGT TET GAATOGATT
CTATCARATIEATTAAT G CIGA CCCGAA TCT CTATTTTTTATAT GAAAA DS AGAAT TIET TGT GAATOEATT
CTATCARATGATTAATGACGA CCLGRA TCT CTATTTTTTATATGAASA DA ALAAT TET TET GRATCRATT
CTATCARATEATTAATGA LG COGMA TCT CTATTTTTTATATGAASA CIAAAGAAT TIET TET GAATOGEATT
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Appendix 1. (Continued)

Taxon/Hode
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COATATTGACTA R AEAATCGAATATTCATT AT CRAATAATT CALTECATACAT AGTCTGATAGT TCTTTTG
COATATTGACGARAEAATCGAATATTCATT GAT CRAATAATT CALCCCA TACAT AGTCTGATAGT TCTTTTG
COATATTGA CIAASGAATCIANTATTCATTGATCAAATAATT CACTICA TACAT AGT CTGATAGTTCITT TG
COATATTGACTA A AEAATCGAATATTCATT AT CRAATRATT CACTECA TACAT AGTCTGATAGT TCTTTTG
COATATTGACA RABAATCGRATATTCATT GAT CRAATAATT CACCCCA TACAT AGT CTGATAGTTCTTTIG
DlTﬂTTB.DlMEMTDlHTHTTEﬂTTElTMHHnlTTE.U:J]]ZIHE.I.T.!-ETHEIMWTDT”E
COATATTGACTA A AEAATCGAATATTCATT AT CRAATRATT CACTECA TACAT AGTCTGATAGT TCTTTTG
COATATTGACA RABAATCGRATATTCATT GAT CRAATAATT CACCCCA TACAT AGT CTGATAGTTCTTTIG
COATATTGA CIASGAATCTAATATTCATTGATCAAATAATT CACTICA TACAT AGT CTGATAGTTCITT TG
COATATTGACTA A AEAATCGAATATTCATT AT CRAATRATT CACTECA TACAT AGTCTGATAGT TCTTTTG
COATATTGACA RABAATCGRATATTCATT GAT CRAATAATT CACCCCA TACAT AGT CTGATAGTTCTTTIG
COATATTGACTAASGAATCIAATATTCATTGATCAAATAATT CACTICA TACAT AGT CTGA TAGTTCITT TG
COATATTGACTA AAEAATCGATATTCATT GAT CRAATHATT CACTECA TACAT AGTCTGATAGTTCITTTG
COATATTGACTARABAATCGAATATTCATT GAT CRAATAATT CALCCCA TACAT AGT CTGATAGT TCTTTIG
D}.TﬂT?&DlﬁMJTDIHTHTTEﬂTTElTMHHnlTTIZ‘.'-D]IHHIZI.T.'LETUEHHWTDT”E
COATATTGACTA AAEAATCGATATTCATT GAT CRAATHATT CACTECA TACAT AGTCTGATAGTTCITTTG
COATATTGACTA RAEAATCGAATATTCATT GAT CRAATRATT CALCCCA TACAT AGT CTGATAGT TCTTTIG
COATATTGACTAASGAATCIAATATTCATTGATCAAATAATT CACTICA TACAT AGT CTGA TAGTTCITT TG
COATATTGACTA AAEAATCGATATTCATT GAT CRAATHATT CACTECA TACAT AGTCTGATAGTTCITTTG
COATATTGACTA RAEARTCGAATATTCATT GAT CRAATAATT CALCCCA TACAT AGT CTGATAGTTCTTTIG
DlTﬂTTB.DIi'.MEﬁ.lTD:MTHTTEﬂTTEleaHnlTTE.UmfﬂE.I.T.lﬁTtllillﬂmeT”G
CTATATTGALCTHA CTAATATTCATTGAT CRAATRATTCACTCA TACAT AGT CTGRTAGTTCTT
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COATATT GACTAAAGAATCGAATATTCATT GTCAAATRATT CACTICATRCAT AGTCTGR AGTTCITTTG
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RACKACTGATTAA TG COA GRA T M AGH T AGAGT CCCA TTCTACAT GTCAAT ACCGECRACRAT GAALTT
KAGRACTGAT TAA TCGGEA CGA GAA T AR AGA TAGAGT CCCA TTCTACAT GICAAT ACCECEACAAT GAALTT
RAGAACT GATTAATCIGACTHA GAA TARAGA T AGAGT COCATT CTACAT GTCAAT ACCCAACAAT GAARTT
RACKACTGATTAA TG COA GRA T M AGH T AGAGT CCCA TTCTACAT GTCAAT ACCGECRACRAT GAALTT
KAGRACTGAT TAA TCGGEA CGA GAA T AAAGA TAGAGT CCCATTCTACAT GICAAT ACCGECE ACAAT GAA L TT
RAEAACT GATTAAT TG CT5A G TAR A T AGAGT COCATT CTACAT GTCAAT ACCIHECAACAAT GAARTT
RAGKRACTGATTAA TGS CIA GGRA T MAA G T AGAGT CCCA TT CTACAT GICAAT ACTTECRACRAT AR LTT
KAGRACTGAT TAA TCGGEA CGA GAA T AAAGA TAGAGT CCCATTCTACAT GICAAT ACCGECE ACAAT GAA L TT
RAEAACT GATTAAT TG CT5A G TAR A T AGAGT COCATT CTACAT GTCAAT ACCIHECAACAAT GAARTT
RAGKRACTGATTAA TGS CIA GGRA T MAA G T AGAGT CCCA TT CTACAT GICAAT ACTTECRACRAT AR LTT
KAGRACTGAT TAA TCGGEA CGA GAA T AAAGA TAGAGT CCCATTCTACAT GICAAT ACCGECE ACAAT GAA L TT
RAEAACT GATTAAT TG CT5A G TAR A T AGAGT COCATT CTACAT GTCAAT ACCIHECAACAAT GAARTT
RAGKACTGAT TAA TS CIoA GGRA T M A G T AGAGT CCCA TTCTACAT GICAAT ACCTECRACRAT AL TT
RAGAACTGATTAA TEGEA LA GRA T A AGA T AGA GT CCCA TTCTACAT GICAAT ACCGECEACRAT GAA LTT
RACAACT GATTAATCTGA CT5A G TAR A T AGAGT COCATT CTACAT GTCAAT ACCIECAACAAT GAARTT
RAGKRACTGATTAA TG CIGA GGRA T MAA G T AGAGT CCCA TT CTACAT GICAAT ACCTECRACRAT AL TT
RAGAACTGATTAA TEGEA LA GRA T A AGA T AGA GT CCCA TTCTACAT GICAAT ACCGECEACRAT GAA LTT
RACAACT GATTAATCTGA CT5A G TAR A T AGAGT COCATT CTACAT GTCAAT ACCIECAACAAT GAARTT
RAGKRACTGATTAA TG CIGA GGRA T MAA G T AGAGT CCCA TT CTACAT GICAAT ACCTECRACRAT AL TT
RAGAACTGATTAA TEGEA LA GRA T A AGA T AGA GT CCCA TTCTACAT GICAAT ACCGECEACRAT GAA LTT
RACAACT GATTAATCTGA CT5A G TAR A T AGAGT COCATT CTACAT GTCAAT ACCIECAACAAT GAARTT
RAGKRACTGAT TAA TGS CIGA GGRA T MAA G T AGAGT CCCA TT CTACAT GICAAT ACCISECRACRAT AL TT
RAGAACTGATTAA TCGEA LA GRA T SAAGA T AGA GT CCCA TTCTACAT GICAAT ACCECEACRAT AL LTT
RAGAACT GATTAATCTGN CT5A GAA T AR ACGH TAGAGT COCATT CTACAT GTCAAT ACCIECAACAAT GAARTT
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Appendix 1. (Continued)
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T AT AAGRGG R R TUCGT CRACTT T A AT CET GAGGEET T CARET COCTET AT A LAGCICATT
TTTAGT ARGAGERAAA TCOGT CEACTT TAAKAT CET GAGGET TCARGT COCTICT A TOOICAAAAAGCICATT
T T AUGT R GIRA A A TCCGT CEACTT AN AT OO GAGGET TCARGT COCTCT & TCOCTA S AGCICA T
T AT AAGRGG R R TUCGT CRACTT T A AT CET GAGGEET T CARET COCTET AT A LAGCICATT

TTTAGT ARGAGERAAA TCOGT CEACTT TAAKAT CET GAGGET TCARGT COCTICT A TOOICAAAAAGCICATT
T T AUGT GRS TCCGT CEACTT AN AT OO GAGGET TCARGT COCTCT & TCOITA S LAGCICA T
T AGT AAGRGERA K TECIET QEACTT T AN AT CET GAGEET TICAMET COGT CT A TCRTCALA AGLICATT
TTT AGT ARGAGEALA A TCOET CEACTT TALLAT ST GAGEET TCARET COCTICT A TCOCC A AAGCOCATT
T T AUGT GRS TCCGT CEACTT T AA AT COT GAGGET TCARGT CCCTCT & TCOITA LA AGCICA T
T AGT AAGRGERA K TECIET QEACTT T AN AT CET GAGEET TICAMET COGT CT A TCRTCALA AGLICATT
TTT AGT ARGAGEALA A TCOET CEACTT TALLAT ST GAGEET TCARET COCTICT A TCOCC A AAGCOCATT
T T AUGT GRS TCCGT CEACTT T AA AT COT GAGGET TCARGT CCCTCT & TCOITA LA AGCICA T
T AGT AAGRGERA K TECIET QEACTT T AN AT CET GAGEET TICAMET COGT CT A TCRTCALA AGLICATT

TTT AGT ARGAGEALA A TCOET CEACTT TALLAT ST GAGEET TCARET COCTICT A TCOCC A AAGCOCATT
T T AUGT GRS TCCGT CEACTT T AA AT COT GAGGET TCARGT CCCTCT & TCOITA LA AGCICA T
T AGT AAGRGERA K TECIET QEACTT T AN AT CET GAGEET TICAMET COGT CT A TCRTCALA AGLICATT
TTTAGT ARGAEGEALA R TCOGET CEACTT TALLAT BT GAGEET TCARET COCTICT A TCOCT A AALCICATT
f'|T.'LGT.'-'.I3.'J:13UJ.'L'|DI-TD3'IE1TTMMTD:-TE'EI-TFGH.IGTDIFETMDEUJHE}IMT
TTTAGT AAGRGERS R TECIET CEACTT T A AT CIET GAIGEET TICAMET COT CT A TCRIC LA AAGCICA T

TAT AGT ARGAEGALA A TCOGT CEACTT TALLAT BT GAGEET TCARET COCTICT A TCOCT A ALCICATT
TAT AT A AGLRCHA A & TETGT COCTT T Ak ST COT GAGGET TICARGT COCTCT A TCCOCA A L AGiCe 1T
TATAGT AAGRGERA R TECIET CEACTT T A AT CET GAIGEET TICARET COT CT A TCRIC LA AAGACCA T

TAT AGT ARGREGEALA A TCOGT CEACTT TALLAT BT GAGEET TCARET COCTICT A TCOCC A AALCICATT
T AT AU A 8 TEGT GO TT T Ak ST T GAGGET TICARGT COCTCT A DT i G 1T

TzoonNode

Oooool 11 En | 2 e T T T s
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TEACTCCCTCAT TTTT TATCCTATCCT TTT TCCGETT AGCRGT T Ak AN T TOGETT ATCT TTCTCATT CACTTA
TEACTCCCTCAT TITT TATCCTATCCT TTT TCCGTT AGCRGT TAASAA T TOGITATCT TTCTCATTCALTTA
TEACTCCCTCATTITT TATCCT AT COT TT TECETT MECRET Tk s TTCGTT A TCT TTCTCATT CACTTA
TEACTCCCTCAT TTTT TATCCTATCCT TTT TCCGETT AGCRGT T Ak AN T TOGETT ATCT TTCTCATT CACTTA
TEACTCCCTCATTITT TATCCTATCCT TTT TCCGTT AECRGT TAASAA T TOGITATCT TTCTCATTCALLTA
TEACTCCCTCAT TTTT TATCCTATCOT TT TCCITT MECRIGT Tk sdA T TCGETT ATCT TTCTCATT CACETA
TEACTCCCTCATTTTT TATCETATCCT TT TCCETT AECRET T Ak AL T TOGETT ATCT TTCTCATT CACCTA
TEACTCCCTCATTITT TATCCTATCCT TTT TCCGTT AGCRGT TALSAA T TOGITATCT TTCTCATTCALTTA
TEACTCCCTCAT TTTT TATCCTATCOT TT TCCITT MECRIGT Tk sdA T TCGETT ATCT TTCTCATT CACETA
TEACTCCCTCATTTTT TATCETATCCT TT TCCETT AECRET T Ak AL T TOGETT ATCT TTCTCATT CACCTA
TEACTCCCTCATTITT TATCCTATCCT TTT TCCGTT AGCRGT TALSAA T TOGITATCT TTCTCATTCALTTA
TEACTCCCTCAT TTTT TATCCTATCOT TT TCCITT MECRIGT Tk sdA T TCGETT ATCT TTCTCATT CACETA
TEACTCCCTCATTTTT TATCETATCCT TT TCCETT AECRET T Ak AL T TOGETT ATCT TTCTCATT CACCTA
TEACTCCCTCATTITT TATCCTATCCT TTT TCCGTT AGCRGT TALSAA T TOGITATCT TTCTCATTCALTTA
TEACTCCCTCAT TTTT TATCCTATCOT TT TCCITT MECRIGT Tk sdA T TCGETT ATCT TTCTCATT CACETA
TEACTCCCTCAT TTTT TATCETATCCT TT TCCGTT AECRGT TAh AL T TCGTT ATCT TTCTCATT CACTTA
TEACTCCCTCATTITT TATCETATCOT TTT TCCGTT AGCRGT TALSAA T TOGITATCT TTCTCATTCACTTA
TEACTCCCTCAT TTTT TATCCTATCOT T TCCIETT MGCRIGT Tk s T TCGETT ATCT TTCTCATT CACETA
TEACTCCCTCAT TTTT TATCETATCCT TT TCCGTT AECRGT TAh AL T TCGTT ATCT TTCTCATT CACTTA
TEACTCCCTCATTITT TATCETATCOT TTT TCCGTT AGCRGT TALSAA T TOGITATCT TTCTCATTCACTTA
TEACTCCCTCAT TTTT TATCCTATCOT T TCCIETT MGCRIGT Tk s T TCGETT ATCT TTCTCATT CACETA
TEACTCCCTCAT TTTT TATCETATCCT TT TCCGTT AECRGT TAh AL T TCGTT ATCT TTCTCATT CACTTA
TEACTCCCTCATTITT TATCETATCOT TTT TCCGTT AGCRGT TALSAA T TOGITATCT TTCTCATTCACTTA
TRACTCCCTCAT TTT T TATCCTATCOT TUT TOCIETT RECRIGT Tk adA T TCGETTATCT TTCTCATT CACETA
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CTCT TR TACRAR CLEaA LT GA GG A TATT T TTLTLT TA TR TCT TETGR TATA TGA TALRT 5T A
CTCTTETACA A CLEGAT CTGAGCGGAA TATTE TTTCTCT TATCGCAGGTCT TRTGATATATGATACATGTA
CTET T TACAAA COEA TCT GA GGG A TATTT T TTCTCT TA TOCAGGTCT TRTEATATATEATACATGTA
CTCT TH TACAMA CLGA TCT GAGGGAAA TATTI T TTCTCT TA TOGCAGETCT TRTEA TATATGA TACATGTA
CTCTTETACAAS ClEA TCT GAGCLGAAA TATTI T TTCTCT TA TUCREATCT TRTGR TATATGA TACATGTA
CTCTTHTACAAA CTGA TCT GAGLE A TATTT T TTCTCT TA TCICAGGTCT TGTEATATATEA TACAT GTA
CTET T TACARA COEA TCT GA GG A TATTT TTTCTCT TA TOCAGGTCT TRTEATATATEA TACATGTA
CTCT TH TACAAA CLGA TCT GAGCGGAAA TATTT T TTCTCT TA TEGCAGETCT TRTEATATATGATACATGTA
CTCTTTTACAAL CIGAT CTGA GOGGAS TAT T TTTCTCT TA TOGLAGGTCT THTGATATATGATACATGTA
CTCT TR TACAA CTGA TCT GAGLEG AR TATTU TTTCTCT TA TCCAGGTCT TGTEATATATRATACAT GTA
CTCT TH TACAAA LA TCT GGG A TATTT T TTCTCT TA TCCAGGTCT TRTEATATATEA TACAT GTA
CTCTTETHCA A CLIEATCTGAGEGGEARA TATTT TTTCTCT TATCOCAGGTCT TRTGATATATGATACATGTA
CTCTTUTACA Aok CIGA T CTGA GGG TA T T TTTCTCT TATCRCAGGTCT THTGATATATGATACATGTA
CTCTTTTHCA AL CLEEA T CT GA GGG A TAT T TTTCTCT TATCRCABGTCT THTGATATATGATACATGTA
I:TETTITHHMD]HTETGHDELHTATTITTTETETTMDE'ETETTE!'I.'-“P.TM'!.TIHTF.E.HTEH
CTOTTE T ACHAR CLELA TCTGALCLGAAA TATT T TTLTCT TA T TCT TETGA TATA TGA TACAT LT A
CTCTTHTACA A CLGA T CTGAGCGEARA TATTETTTCTCT TATCGCAGGTCT TATGATATATGATACATGTA
CTET TH TACAAA CLEA TCT GA GG A TATTI T TTCTCT TA TECAGGTCT TRTEATATATEATACATGTA
CTCTTH TACAAA COEA TCT GAGILGAAA TATTT T TTCTCT TA TORCAGGTCT TRTEA TATATGATACATGTA
CTCTTETACAA DA TCT GGG A TATTT TTTCTCT TA TG TCT TRT LA TATATGATACKTGTA
CTCTTH TACAAA CTGA TCT GAGLIEG A TATTT T TTCTCT TA TCCAGGTCT TGTEATATATEATACATGTA
CTCT TH TACAAA CIEA TCT GA GG A TATTI TTTCTCT TA TEGCAGSTCT TETEATATATEATACAT GTA
CTCT TH TACAAA CLEA TCT GA GG AAA TATTI TTTCTCT TA TOCAGGTCT TRTBA TATATEATACATGTA
CTCTTUTACA A LA TCT GA GGG TAT TR TTTCTCT TA TORCAGGTCT TRTGATATATGATACATGTA
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CARA TEAKCA TCT TTGACCARAGACTOCOCA TT TG A TCAIGT CALTIAT COATATCAT TATTCATACT GRAAL
(oA, T ACA TCT TTIGACTAA AGACTOCOCA T T G A TCAIGT CALCTIET DG TATCAT TATTCATACT G4 A AL
CARA TRARCATCT TTRACTAA AGACTCCICA T TEAA TCAGT CACIGT CEATATCAT TATTCATACT GAASL
CARA TEARCATCT TTRACCEA LGACTCCICA T TEAA TCAGT CACHGET CGATATCAT TAT TCATACT GAASL
oAl TGARCH TLT TTIRSLIAASGAC TOCILA TT TAR TEALT CALYIGT CGATATCAT TATTCA TALT GAAAL
CARA TEARCATCT TTGACCAAAGACTOCICA TT T AR TCAGT CACTIET CEATAT CAT TATTCATACT A A AL
CoAR A TRARCATCT TTRACTAA MGACTOCICA T TEAA TCAGT CACIGT CEATATCAT TATTCATACT GhAAL
CARA TEARCATCT TTRACCAA MGACTCCICA T TEAA TCAGT CACET CEATATCAT TATTCATACT GAASL
oA, TG WCA TCT TTGACTAA AGACTOCOCA T T G A TCRIGT CACTIET oA TAT CAT TATTCATACT G4 AAL
G TEARCATCT TTGACTAAAGACTOCICA TT TG K TCAIGT CACTIET CEATAT CATTATTCATACT (A A AL
Colld TEARCATCT TTRALTAAMGACTOCICA T T AR TCAGT CACIET DA TATCAT TRTTCATACT GRAAL
(oA, T ACA TET TT G S AT TCCCCA TR T G TEAGT CACTIGT COA T ATCAT TAT TEATACTGAALL
AR, TEACA TCT TTIGACTAA AGACTOCOCA T T G A TCAIGT CACTIET oA TAT CAT TATTCATACT GAAAL
Cod, TG RCA TCT TTGACTAA AGACTOCICA T TG A TCAIGT CACTIAT CEATAT CAT TATTCATACT 4 A AL
AR TEARCATCT TTRACTEA SGACTOCICA TH T AR TCAGT CALIGT DA TATCAT TATTCA TALT GAASL
oA, TEARCA TET TTRACCAA AGAC TOCOCA TH TG4 A TCAGT CALGT DG TATCAT TATTCATACT GA AL
(AR, TAACA TCT TTIGACTAA AGACTOCCCA T TG A TCAIGT CALTIET CEATATCAT TATTCATACT A AAL
CARA TEARCATCT TTRACTAA AGACTCCICA T TEAA TCAGT CACTSET CGATATCAT TATTCATACT GAASL
CARH TEARCATCT TTRACTEA LGACTCCICA TH TEAA TCAGT CACTIGT DA TATCAT TATTCA TACT GAASL
AR TEARCATCT TTRALTSA MGACTCCIA TH 1A A TEALGT CALGT DA TATGAT TATTCA TALT GAASL
CARA TGARCATCT TTGACCAA AGACTOCICA T TG K TCAGT CACTIET CEATAT GAT TATTCATACT GAAAL
CoAR A TEARCATCT TTRACTAA MGACTCCICA T T AR TCAGT CACIHET CEATATCAT TATTCATACT GhAAL
CARK TRARCATCT TTGACTAA AGACTCCICA T TEAR TCAGT CACIGT CGATATCAT TATTCATACT GAASL
oA TEARCATCT TTIGACCAA A CTCCOCA T TG A TCAIGT CALTIGT LA TATCAT TATTCATACT GA A AL
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TTACAAET CTTCOET TTTTGARGA TOCARGARA TTIC TAGEACTDGEA TALGACT TTGTAR TACTCTTTCAY
TTACARAET CTTCLCT TT T TGAAGA TOCARGARA TT CTAGEACTOEEA TARGACT TTETAK TACTCT TTICAA

CETTT T TGAAGH TOCARGARA TTCTAGGACTCGER TARGACT TTGTAA TACLCTTTCAY
TTACAR G CTTCCET TT T TGAAGA TOCARGARA TTC TAGEACTDGEA TARGAC T TTGTAA TACTCTTTCAL
TTACARAET CTTCLCT TT T TGAAGA TOCARGARA TT CTAGCACTOEEA TAREACT TTETAL TACTCTTTCAA
T TR R GT CTTCCC T TT T TIGA G TOC ARG TTCTAGGACTIGEA T ARGAC T TIGTAA TACICTTTCAY

CETTT T TGAAGH TOCARGASA TTCTAGEACTOGER TARERCT TTETAL TACTCTTTCAY

CCTTT T TGAAGA TOCARGARA TT CTAGEACTOEEA TRRGACT TTETAL TACICTTTCAA
T TACb RGT CTTICCC T TT T TIGA G TOCARGARA TTCTAGGACTCGEAR T ARGAC T TIGTAA TACICTTTCAL
TTACAET CTTOOET TT T TGARGA TORARGARA TTIC TAGEACTDGEA TARGACT TTGTAR TACTCTTTCAY
TTRCARAET CTTCLCT TT T TGAAGA TOCARGARA TT CTAGEACTOEEA TARGACT TTETAK TACTCT TTCAA

T TACAMAGTCTTICN

EEE

T TACARRGT CTTCCCT TT T TGAAGE TOCARGARS TTCTAGERCTDGHA TARGAC T TTGTAA TACTCTTTCAY
TTACARET CTTCCETTT T TGAAGE TOCARGARA TTC TAGEACTDGEA TARGAC T TTGTAR TACTCTTTCAL
TTACARAET CTTCLCT TT T TGAAGA TOCARGARA TT CTAGEACTOEEA TAREACT TTETAL TACTCT TTCAA
T TACAMGT CTTCOCT TT T TGARAGA TOCARGARA TTCTAGGRCCOGER TARGACT TTGTAA TACTCTTTCAY
TTACAAET CTTCOET TTTTGARGA TOCARGARA TTIC TAGEACTDGEA TALGACT TTGTAR TACTCTTTCAY
TTACARRET CTTCLCT TT T TEAAGA TOCARGARA TT CTAGEACTOEEA TAREACT TTETAL TACTICT TTCAA

T TACARRGT CTTCCCT TT T TGAAGE TOCARGARA TTCTAGGRCIDGEA TARGAC T TTGTAA TACTCTTTCAY
TTACAh G CTTCCCT TT T TGRAAGA TOCARGARA TTC TAGEACTDGEA TARGAC T TTETAA TACTCTTTCAL
TTACARRET CTTCICT TTT TGAAGA TORARGARA TTCTABEACTCEEA TRAGACT TIETAA TACICT TCCAA
T TACARRGT CTTCCCT TT T TGAAGA TOCARGARA TTCTAGERCTDGHA TARGACT TTGTAA TACTCT TCCA

CTTTT T AGE TOCARGAR TTCTAGEACTOEER TRAGACT TTETAA TALTCTTTCAL
T TT T TGAAGA TOCARGARA TT CTAGEACTCGEA TRAGACT TTETAA TACICT TTCAR,

T TACARRGT CTTCOCTTT T TGAAGA TOCARGARA TR TAGERCOCGGA TARGAC T TIGTAA TACTCTTTCAY
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TTRRCATAT AAT TEACAT ABACTCAAGT TT TCT AR A kLA TGALGA TGECACATCEGEAL T ORT CGEGA TA
TTGECATAT AAT TEACAT AGACICAAGT TT TCTA R AALA TGADRA TGCLACATCOGEAR TOGT OGEEA TA
TTGACATAT AAT TEACAT AGACTCAAGT TTTCT AT A AR TEACGA TGCCACKT CRGEART (T OGEEA TA
TTRRCATAT ART TEACAT AEACTCAAGT TT TCT AR ARLA TRACGA TGCEACATCHSEAR T BET OGEGA TA
TTGECATAT AAT TEACAT AGACICAAGT TT TCT AL AALA TGA DA TGCLACATCESEAR T ORT OGEEA TA
TTGACATAT AAT TEACAT AGACTCAAGT TTTCT A RaA AR TGA CGA TECGACAT CRHGEART (T IGEEA TA
TTGRCATAT AAT TEACAT AEAUCTCARGT TT TCTAGT ARLA TGALGA TGCEACATCHEEAS T EGT CGEEA TA
TTGRCATAT AAT TRACAT AGUCIGAAGT TT TCTA G AASH TGADGA TGCGACATCOSEAR T OGT OGEEA TA
TTGRCATAT AAT TEACAT AEACTTAAGT TTTCT AT A AL TGA G4 TGCCACKT CRGEART (T OGEEA TA
TTRRCATAT AAT TEACAT AEACTCAAGT TT TCT AR A kLA TGALGA TGCCACATCHSEARL T CET CGERA TA
TTGRCATAT AAT TEACAT AGACICAAGT TT TCTA LT AALA TRA DA TGCLACATCEGEAR TORT OGEEA TA
TTGRCATAT ART TEACAT AGACTCARAGT TTTCTAGT AR TGAGGA TGCGACKTCEGEART (T OGEEA T
TTGRCATAT ART TEACAT REAUCTCARGT TT TCT AGT A kA TGACGA TGCEACATCHSEAR T OGT OGEGA TA
TTGECATAT AAT TEACAT AELCICAAGT T TCT AR AALA TEAHEA TGCEACATCESEAR T OGT OGEEA. TA
TTGACATAT AAT TEACAT AGACTCAAGT TTTCTAGT AR TGA G4 TGECACKT CHGEART (T OGEEA TA
TTRRCATAT AAT TEACAT ABACTCAAGT TT T AR A kLA TGALGA TGECACATCOGEAL T CRT CGEGA TA
TTGRCATAT AAT TEGACAT AGUCICAAGT TT TCTA G AASA TGACEA TGCGRCATCESEAR T OGT OGEEA TA
TTGACATAT AAT TEACAT AGACTCAAGT TTTCT AT A AR TEACGA TGCCACKT CRGEART (T OGEEA TA
TTGRCATAT ART TEACAT AEACTCAAGT TT TCTAGT ARLA TRALGA TGCCACATCHSEAR T CET OGERA TA
TTGRCATAT AAT TEACAT AEACICAAGT TT TCT AL AALA TGA DA TGCLACATCHSEAR T ORT OGEEA TA
TTGACATAT AAT TRACAT AGACTCAAGT T TLTAGT A ALA TG BGA TECGACATCEGEAR TEGTOGEGATA
TTGRCATAT AAT TEACAT AEAUCTCARGT TT TCTAGT ARLA TGALGA TGCEACATCHEEAS T EGT CGEEA TA
TTGRCATAT AAT TRACAT AGUCIGAAGT TT TCTA G AASH TGADGA TGCGACATCOSEAR T OGT OGEEA TA
TTGACATAT ART TEACAT AGACTCAAGT TTTCTAGT AR, TGA CGA TGCCACKT CRGEART (G TOGEGA TA
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Appendix 2. Alligned sequence data matrix of nuclear ribosomal DNA 3’-end ITS region of

Panax ginseng and investigated taxa.

Taxon/Hode
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GTCEAARCET GLA TA A Gt CUA COCTCISA ACA CIST T CRA T AL (b AL AT GOGC G
GATICTaboh A OCTGEOA T A GaC2A G 358 CTIATTa LA CTRT T A T A LTG0 Gob GGR LT AGOIGT (GLGGCA AGT
GTCGAAKOCT GUATA GO Gl (154 COLTCTSA RCACTT TA Cb T LTI (b A CGAGSET GIGECA AGE
GTCEAARCET GLA TA A Gt CUA COCTCTSA ACA CIST T CRA T AL (b AL AREERT GOGC G
GGTICTA AT (A T A GICA oA 54 CICTAC8 ACA CIRT T o T R CT0GT Gl GGACTANGGT GCI0A MET
GTCGAAKOCT GEATA GLA G CI5A COLTLTSA ACACIT TA G T LTI (b GGACTGAGEET GLECA AGE
GTCEAARCET GA TA A Gt CL3f COCTCISA ACA CIST T CRAT ALDIEEGT b AL AT G0 AEE
GGTICTA AT (A T A GICA oA 54 CICTAC8 ACA CIRT T o T R CT0GT Gl GGACTANGGT GCI0A MET
WW*MMHE}MU}UMWWHMTWNWWE
GTCEAARCET GA TA A Gt CL3f COCTCISA ACA CIST T CRAT ALDIEEGT b AL AT G0 AEE
GGTICTA AT (A T A GICA oA 54 CICTAC8 ACA CIRT T o T R CT0GT Gl GGACTANGGT GCI0A MET
ETCTEAA N QT GAT A GLA G G154 COLTCTEA ACACIT TR CAN T ACT YT (i GACTAA GG GIT0A MG
GTCEAARCET GLA TAGOA Gk O COCTCTSA ACA CIGT T CRA T AL G GEGACTEAGGEGT GLGCA G
GGTICTRA AT AT A GICA oA D54 CYACTe8 ACACTRT TA C T AT G GOIGATANGGT GCI0A MGL
GTCTSAA A OCT GOATA GLA G C158 CITT0A ACACIET T CA T ALY b HGA L GAGGERT LG A
GTCEAARCET GLA TAGOA Gk O COCTCTSA ACA CIGT T CRA T AL G GEGACTEAGGEGT GLGCA G
mmmttrmummmummwmmrmrammrmm:

GGTICTRA AT (A T A GICA oA D54 CITYACT8 ACA CIRT T o T AL G GGATANGGT GCT0A MEL
GTCEAA A OCT GUAT A GLA Gl 154 COCTT3 ACACTT TA Ch T AT Tk GGACAGSET G0 RGE
GTCGEAARCET GLA TA GOA Gk ClA COCTISA ACA TIT TACKAT AT DT Gh GEEACTEAGGEEGT GLGCAAGE
GRTIC Tk A CECT A oA GOCoA oA 34 COCCACh ACCA AT T - T A5 T oA GGA T CRANGLGT LIS TAGED

II'III'II|II|II|II|II|II|II|II|II|II'|II'|I|'|I|'|I
E CODOCDOC 1111 1 1 | | 22t 3R TR IR A
E-EE'FEBJ'I EﬂﬂEE."E‘III o ST | 3R] M EETTE] ﬂmlﬁlﬁz_ﬂgm E-]-!I-

e RRBRE A

FHE

TOCCCARGT TIE0A A CCCA TEGET CEEEEACCACTET TEEETHEAT CTCGTCITA A CA AT CUCITDEECES
TCCCCAAGT TGCA A CCCA TELT CEEEEACTACTCT TG T HEAT OO T CIGA A CA A CCITCEECED
TW*WTWMWTWWWTWWTUWWWW
TCCCCARGT TGEA A CCCA TEIST CIESEEACCACTET TESETEEAT CTCETECE
Tm#mTEHMM“TmTMEEMTGETEMHEETD]Hmm
TOCCOA AGT TECA A COTA TEGT CIGEGACLACTIY TGGEETERAT CTCGTCLTA ACh AT CTTTCCEECE
TOCCCARGT TIGC0A A CCCA T GIET CEEEEACCACTET TEEET HEAT CTOGTCI3A A CA AT CUCITDEECE
TCCCCAAGT TGEA A CCCA TELET CEEEEACTACTCT TG T HEAT CTCLT CIGA ACA A CCITCEECED
TmmrmumTwmmmmﬂmrmwm}mm
TOCCCARGT TGCA A COCA TEET CEEEEACCALTET TEEETEGAT CTOETCCEA ACK
TMﬁmTEHMMHTETMEEMT@TEATHETmHmm
TmmrmumTwmmmmﬂmrmwm}mm
TOCCCARGT TGCA A COCA TEET CEEEEACCALTET TEEETEGAT CTOETCCEA ACK
TMﬁmTMMMTHMTmﬂTmmmmm
TOCTIA AT TECAAA CTDA TRIET CEEGEACTACTICT TUEET GEAT CTCIET A ALK AR CTDCTOERE0ED
TCCCCARGT TGCA A CCCA TGGET CEEEEACCACTET TEEET HEAT CTOGT CIGEA ACA A S CCCTDEECE
TCCCCAAGT TIE0A A CCCA TRET CEEEEACCACTET TEEET HEAT CTCGT CIGA ACA A CCCTOEECED
TOCTIA AT TECAAA CTDA TRIET CEEGEACTACTICT TUEET GEAT CTCIET A ALK AR CTDCTOERE0ED
TOCCCARGT TGCA A CCCA TGGET CEEEEACCACTET TEEET HEAT CTOGT CIGEA ACA AT CUCTDEECE
TCCCCAAGT TIE0A A CCCA TRET CEEEEACCACTCT TEEET HECT CTCGTCIGA ACA A CCCTCEECED
TOCTIAAGT TECAAA CDA TGIET CEEGEACTACTIT TIGEET GECT CTCIGT A ACA AR T DCTOEG0ED
TCECCARGT TEEA A CCCA T EET CEEEEACCACTET TEEET HECT CTCGT CIEA A CH A TS CCCITOEECE
TCCCCAAGT TE0AAA COCA T T COEERACTECTCT T EGEET HECT CTCGT CUGA A CA AT CCCCCERECE
TOCTOA AGT TECAAA CUDA TRIET CEEGEA T TUEET GEICCTOIET O, ACA AR COCOER0ED
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Appendix 2. (Continued)

g
H
B

'IH]’IHIHIHIHIH [ARARNRRNRRRRNRR]
mﬂd|m Eﬂﬂﬂdm|m ETMERTESD 235

sseeR e AR e

[0 A TSI AR [ AR T DA A CT b, CTGLALTC T CLCULLUT 1T UL A LT LT TTCTA
Gl A TECECCAA G AR T CAL A CT A CTECACEDET CCCOCCOET TT BEERGCEACERA A GCLTET TTETA
LA A TGCGCCAA GIA AR TCAA A CT G CTECACGOET CCCOCCOGRT 1T GOGGECGECEEA AGCGTCT TTCTA
(S04 A TGLLCC AR [ AR T DA A CT b, CTGLALTC T CLCULLUT 1T GG A LT LT TTCTA

CCCOCLOGTTT
[0 A TGLLCC AR [ AR T DA A CT [t CTGLACTC T CLCULLUT 1T UL A LT LT TTCTA
G A TECGECAA GIA AR TCAA A CT Gh CTECACENET CCCOCCOET TT BUEEECELCEEA A GCGTCT TTETA
LA A TGLEECAR GIA AR TCAL A CT G, CTECACEDET CCCOCCOET TT GUEGECELC A A GCLTCT TTETA
[0 A TGLLEC AR [ AR T A A CT b, CTGLACTCE T CLCULLUGT T GG A LT LT TTCTA
G A TIECECCAA G AR T CAA A CT Gho CTECACEOET CCCOCCOET TT BIEERCEACEEA A GCGTCT TTETA
GLA A TELEECAR GIA AR TCAL A CT A CTECACEDET CCCOCCOET TT GUERECELCEEA A GCLTCT TTETA
[0, A, TIGLLICCAA G AR T DA A CT L, LTG0 T CLCUCLUGT 1T UGG A LT LT TTCTA
G K TIECCCAR G AR TCAL A CT Bh CTECACEDET CCCOCCOET TT BEEERCEACEA A GCETCT TTETA
GLA A TGLLECAR G4 AR TCAL A CT A, CTECACEDET CCCOCCORT TT GEERECELC A AGCLTCT TTETA
[0, A, TIGLLICCAA G AR T DA A CT L, LTG0 T CLCUCLUGT 1T UGG A LT LT TTCTA
G A TECEECAR GIA AR T CAA A CT Bhd CTECACEDET CCCOCCOET TT BEEEEC AR GCLTET TTETA
G A TELEECAA G4 AR TCAL A CT A, CTECACEDE T CCCOCCORT TT GOERECEAC A AGCGTE T TTETA
[0, A TIGLLCCAA [ AR T DA A CT e, LTG0 T CLCULLUT 1T UGG A LT LT TTCTA
G A TECEECAR GIA AR T CAA A CT Bhd CTECACEDET CCCOCCOET TT BEEEEC AR GCLTET TTETA
ELA A TGCLECAA G & A TCAL A CT GAL CTECACEIET CCCOCCRT TT BB GEC GG AGCLTCTTTCTA
[l A TGLLCC AR [ AR T AL A CT b, CTGLACTC T CLCULLUT 1T UL L A LT LT TTCTA
G A TECTECAA G AR TCAA A CT Bhl CTECACEDA TLCCOCCOET TT REERECECEA A GCLTET TTETA
G A TGCGECAA GRA AR TCAAA TT A CTECACEOET CCCOCCOET TT BUGEECEHCEEA A GCGTCT TTCTA

111 i
TEBOI Z345E 750 EE!WIMTEH]IE‘EEE’M E‘EIEFEE:II E‘-!E'Tﬂ:ll E‘EI-EE"E

= o BN = LGP ==

SACERCE g HHEaHERHS0EERYE

A, CACHA A CTA CTICT OGA CAL A DA T A TCT OGIGET CTICTCA T CA TIEA MG ACTT A (GA AL TGETAT AT
i.MDH:ﬁH.m.ETETEHIi'.ﬁEEHTﬁTETEEITET(E?.TEEHTH#H&EET!.EHMTEEHHET
A CACA A LI LT T A D4 A CGA T A TET CRGCT (L4 Ak TLLIRATACT
EMEH:&MDIETETEMD.HEB[HTHTETMETW}.TE&TRMﬁDETﬂIH]hMTI]]“aITﬁET
H.MD'IHH.[E'.BTETEHUJEEHTHETEEITBT(E?.TEHTH#H&[ET!.EHMTEEHHET
AL CACA A LTA LT T CGA LA A CLAT & TET CRGCT CTCGCA ALAACTTA DA A TELATACT
ﬂMEﬂMDlETETEﬁaD.HEﬁHTHTﬂTMETmTEﬁTﬁm.\DETMH]NMTI]]}NHET
KAACACAM CGACTCT CGA CAA OGEAT A TCT CGIRET CTCGEA T OGA TEA AGK ACGT A GUGA A TGCGATACT
AL CACA R LTA LT CGA LA A CLAT & TLT CLGT CTCECA UGS TiA ALK ALLT A ULA A TELIATACT
o, CACA A A CTICT (3G o A CGAT A TICT CEGIGT CTCTGA T00A T AL ACTIT A (b At TCGAT AT
i.MDH:ﬁM[ﬂ.ETETEHD.ﬁEEHTﬁTETEEITET(IH.TEHTHAHEET!.EHMTEE&HET
A CACA A LTA LT T DL A CLA T A TET CRGCT ALAALTTA LA A TELIATALT
M-'.MMDIETETMD.HEEHTHTETEﬂ?ﬁETm}.TEﬂTﬂﬂRﬂEETHIH]MMTGIﬂTﬁET
KAACACA A CTACTCT DGECA A CEEAT A TCT CEECT CTCGECA TOGA TEA AGA ACGTA IEA A TEEGATACT
AAACACA A CTACTCT CGA LA A CRLAT A TCT CRGT CTCGCA TG TEA AGA ALLT A UGA A TELIATACT
# A, CACH A CTRA CTICT OGA CAR DGEAT A TCT OGIGET CTICICA T CFA TIEA AGA ACTT A (CGA AR TGEGAT AT
i.MDH:ﬁM[ﬂ'.ETETEHIMEEHTﬁTETEEITET(M.TEHTHAHEET!.EEMTEE&HET
A A CACA R LA LT O DA A CGLAT & TCT CRGCT LTG0 G A% TELGATACT
mcn:mmmmmmmmmmmnmmmmmmmmnm
i.MDHIﬁM[ﬂ'.BTETEHIﬂ.ﬁEHHTﬁTETEEITBT(M.TEHTH#HIEHEEMTEEHHET
# A DA A, LT LTS D0 A DA T A T CRCT LTG0 il LT A LA A TELGATALT
ﬁMEﬂMDlETETEﬁHlHEﬁHTHTETMETﬂHITEﬁTﬂm.IDET'.IH]IHMTIIJ}IHET
A AACACA A CTACTCT CGECA, A CEEAT A TCT CEECT CTCGCA TOGA TEA AGA ACGTA CEA AL TREGATACT
# A DAL A A, LI LT A A CGGAT A T CLECT CTICCECA U T AGA AL A UGA A TELGATALCT
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Appendix 2. (Continued)

TaxonHode

o o o et L o o e e e L L L L T LT LT LT LT LT T AT L

EESRERENOODCOnOOD | 11111 1] | S A IR R TR AL
S 3 SR TR 2550 THE0] E3A5E TR ﬂmlﬂmlﬁﬁmmﬂﬁiﬁm

PLL

SRR

FEE

TGET GT AR T TECAEAAT CODGET A ACTAT COA GTCT TT GAA CECAAGT TECECCEAAGTCA T TAGEIDG
TGGT T (A T TECAGA AT COCIAT GASCTAT CGAGTCT T T Gl CICARGT THOACCI Rk AGCCA T TAGECCG
TGET GT GAA TTECAGAAT CUCGT GASLTAT [GAGTCT TT Gl LA RGT THOGEICIGAAGICA T TAGEICG
TGET GT AR T TECAEAAT CODGET A ACTAT COA GTCT TT GAA CECAAGT TECECCEAAGTCA T TAGEIDG
TGGT T (A T TECAGA AT COCIAT GASCTAT CGAGTCT T T Gl CICARGT THOACCI Rk AGCCA T TAGECCG
TGET GT GAA TTECAGAAT CUCGT GASLTAT [GAGTCT TT Gl LA RGT THOGEICIGAAGICA T TAGEICG
TGET GT AR T TECAEAAT CODGET A ACTAT COA GTCT TT GAA CECAAGT TECECCEAAGTCA T TAGEIDG
TGGT T (A T TECAGA AT COCIAT GASCTAT CGAGTCT T T Gl CICARGT THOACCI Rk AGCCA T TAGECCG
TGET GT GAA TTECAGAAT CUCGT GASLTAT [GAGTCT TT Gl LA RGT THOGEICIGAAGICA T TAGEICG
TGET GT AR T TECAEAAT CODGET A ACTAT COA GTCT TT GAA CECAAGT TECECCEAAGTCA T TAGEIDG
TGGT T (A T TECAGA AT COCIAT GASCTAT CGAGTCT T T Gl CICARGT THOACCI Rk AGCCA T TAGECCG
TGET GT GAA TTECAGAAT CUCGT GASLTAT [GAGTCT TT Gl LA RGT THOGEICIGAAGICA T TAGEICG
TGET GT AR T TECAEAAT CODGET A ACTAT COA GTCT TT GAA CECAAGT TECECCEAAGTCA T TAGEIDG
TGIGT T (Ao, T TEECAGA AT COCTAT GACTAT COAGTCT T T Gl CICARGT THCRCCI ek AGCCA T TAGECC G
TGET GT GAA TTECAGAAT CUCGT GASCTAT [GAGTCTTT G LA AGT TR TIGRAGITA T TAGEITGH
TGET GT Ak T TECAEA AT CITIT G WCTAT COA GTCT TT A CECAAGT TEEECCITAAGCCA T TAGEIDE,
TGIGT T (Ao, T TEECAGA AT COCTAT GACTAT COAGTCT T T Gl CICARGT THCRCCI ek AGCCA T TAGECC G
TGET GT GAA TTECAGAAT CUCGT GASCTAT [GAGTCTTT G LA AGT TR TIGRAGITA T TAGEITGH
TGET GT Ak T TECAEA AT CITIT G WCTAT COA GTCT TT A CECAAGT TEEECCITAAGCCA T TAGEIDE,
TGIGT T (Ao, T TEECAGA AT COCTAT GACTAT COAGTCT T T Gl CICARGT THCRCCI ek AGCCA T TAGECC G
TGET GT GAA TTECAGAAT CUCGT GASCTAT [GAGTCTTT G LA AGT TR TIGRAGITA T TAGEITGH
TGET GT Ak T TECAEA AT CITIT G WCTAT COA GTCT TT A CECAAGT TEEECCITAAGCCA T TAGEIDE,
TGIGT T (Ao, T TGECAGA AT COCTAT G CTAT COAGTCT T T Gk COCARGT 1RO ek AGCICA T TAGECC G
TGETGT GAA TTECAGAATCUDGT GAATCAT CGAGTCTTT G DDA AGT THOETIGRAGICA T TAGEITG

TaxonHode

B EEEEEE T T 11 (oo e 0T |||||||||I
T 2345 THEC M e M TEEA) 23456 1o | 24k T M TR 23k 112

Pl == b L P = Lad o) =

B8 ceRERLRREEHEEHEEEEER

GEECACGICT GLCTERGLGT A CRCAT CSCGT CCCOCCCAA COCA TCACT COCT TRCEERAGT TRAGECES
WUWMHWTWWWTHHWWW

GLECACGTCT GLCT ERECTET T CEA T CECGT CECCICTCAA COCA TCALT CICT TEDEEAGT THARECE
GLECACGTCT GLCT BECT CA CRCAT DT CICCICCCAA CCCA TCALT CICT TRDEEEAGT TRAGECER
GHECACRTCT BT EGEECTRT CACEEAT DT CRCLCT A LA TCACT CUCT TECEGAGT TRk
GLECACGTCT GLCT ERECTET T CEA T CECGT CECCICTCAA COCA TCALT CICT TEDEEAGT THARECE
GLECACGTCT GLCT BECT CA CRCAT DT CICCICCCAA CCCA TCALT CICT TRDEEEAGT TRAGECER
WUWWHWTWWWTDHWWW

GLECACGTCT GLCT ERECTET T CEA T CECGT CECCICTCAA COCA TCALT CICT TEDEEAGT THARECE
GLECACGTCT GECT BECAT CA CEEAT DT CICCICCCAA CCCA TCALT CICT TRDEEEAGT TRAGECES
EGECACTTCT GLCT GEGCTT CACECAT CICTET CRCITC s COCA TCACT COLT TROGEEEAGT TRRGE0G:
GLECACGTCT GLCT BEEECTET CA A T CECGT CECCICTCAA COTA TCALT COCT TEDEFEAGT TRAGECES

GLECACGTCT GECT EEECET CA CRCAT CECGT CIRCCICCCAA CCCA TCALT CICT THEOESEAGT TRAEEC0ES
MUMMHMTWWWTHHMTWW

GLECACGTCT GLCT BEECTET CA CEA T DECGT CECCICTCAA COCA TCA TT CICT CLaDEGEAGT (I TEOES
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Appendix 2. (Continued)

TasonHode

mlﬂmlmmmmmammm

il = B (] P — Ll P —

#3cERtgggnanEnaesdedaegs

TG T Ak TIEOCT CODGTGT CT CACCEGIGEG TT GECCCAR AT GLGA R COT THGCGA THEALGTCA
AT T A T GHCCT CCCTG TGN CT CACDACGCRGTT GOODCAAT GOGA (LT THGCGA T OGADGT O,
AN T AA T ECCT QOGN CT CACDEGIRG TT GECDCALAT GOGAETCLT TEGCGA T RGEA DT C
AT T Ak TIECCT COTG T CT CACOEGIEG TT GECCCA A AT GLGA BT COT THECEA THEALGTCA
aamaqmrmm:smrmmmmnmnrmnwm TOGCTR T CGACGT CH

AATGECCT CECETRTCT T GG TEGADGTEA

AT T AA T GCT QOO TGET CT CACDECNGIGGTT GECTCAAT GOGA ETCLT TEGEGA T CGA DT
TG T Ak TIEOCT CODGTGT CT CACCEGIGEG TT GECCCAR AT GLGA R COT THGCGA THEALGTCA
AT T A T GHCCT CCCTG TGN CT CACDACGCRGTT GOODCAAT GOGA (LT THGCGA T OGADGT O,
AN T AA T ECCT QOGN CT CACDEGIRG TT GECDCALAT GOGAETCLT TEGCGA T RGEA DT C
AT T Ak TISCCT COTG T CT CACOEGIEG TT GECCCA A AT GLGA BT COT THECEA THEALGTCA
AIGGAGCTAA T A TGGCCT OO TG CT CACOGOGOGGTT GROCCAA AT GOGA G COT TG TOGADGTCA,
AT T AA T GCT QOO TGET CT CACDECNGIGGTT GECTCAAT GOGA ETCLT TEGEGA T CGA DT
AIGEEGECIGA T A TIECCT CODGTGET CT CACCEGIGEG TT GECCCAS AT GLGA BT COT THECGA THEALGTCA
AT T A T GHCCT CCCT TGN CT CACDACGCRGTT GOODCAAAT GO (LT TG, T OGADGT O,
AT T A T GCCT COCT TGN CT CACDEGCRGTT GECTCALAT GOGA ETCLT TEGCEA T CGA DT C
AT T Ak TISCCT COTG T CT CACOEGIEG TT GECCCA A AT GLGA BT COT THECEA THEALGTCA
AIGGAGCTAA T A TGGCCT OO TG CT CACOGOGOGGTT GROCCAA AT GOGA G COT TG TOGADGTCA,
AT T A TGGCT CCCTG TGN CT CACDENGIGG TT GECDCAAAT GOGA LT TEGCRA TRGA DR T,

TaxonHoda

o o L i
O | 1] 00 22 2 2 T3 3 3 e A A A A A SRS TS S ERa b EReE T T T
BETEA 23R TR0 3050 10A01 2 M5ETAA01 23455 7800123455 710500 2205678901 2345

R

FIECT: 4
FEEG |
FELG 2

33CEERRRREE

LA CRAGT GGG T GIAALARECCCT CTT CTCA TGN DT E0GE GACCIG T OGCCAGCRA ALECTCTCA TG
LA CAAGTIEGTGETT AL AGECCT CTT CTEA TETCGT BT GACCOG T DGCTAGTAA RAGCTCTCATG
CiaA CRAGTEETEETT GTA AL AECCCT CTT CTCA TET DG EDGE GACCIGTOGCCAGCAA AUECT CTCA TG
CIGA CRAGTGET GG T GTAALAAECCCT CTT CTCA TGN DG T E0GE GACCIG T OGCCAGCAA ALECT CTCA TG
CIACRAGTIEGTEETT GTA LA AGECET CTT CTEA TETCGT BT GACCOG T DGCTAGTAA RECTCTCA TG
CIGA CRAGTEGTEENT GEAARARGCDCT CTT CTCA TET OGN E0GE GRACCCGT OGCCAGCRA RUECTCTCA TG
LA CRAGT GGG T GIAALARECCCT CTT CTCA TGN DT E0GE GACCIG T OGCCAGCRA ALECTCTCA TG
LA CAAGTIEGTGETT AL AGECCT CTT CTEA TETCGT BT GACCOG T DGCTAGTAA RAGCTCTCATG
CiaA CRAGTEETEETT GTA AL AECCCT CTT CTCA TET DG EDGE GACCIGTOGCCAGCAA AUECT CTCA TG
CIGA CRAGTGET GG T GTAALAAECCCT CTT CTCA TGN DG T E0GE GACCIG T OGCCAGCAA ALECT CTCA TG
CIACRAGTIEGTEETT GTA LA AGECET CTT CTEA TETCGT BT GACCOG T DGCTAGTAA RECTCTCA TG
CIGA CRAGTEGTEENT GEAARARGCDCT CTT CTCA TET OGN E0GE GRACCCGT OGCCAGCRA RUECTCTCA TG
LG4 CRAGT AT EE T GEAALARECCCT CTT CTCA TET ST E0GE GACCOG T OGCCAGCRA ALECTCTCA TG
A CAAGTIEGTEETT AL AGECCT CTT CTEA TR CGT BOGET GACCOG T DGCCAGTRA RECTCTCATG
CIaA CRAGTET LT GEA AL RECDCT CTT CTCA TET DS EDEE GACCIG T OGCCAECAA RUECTCTCA TG
CIGA CRAGTGET GG T GTAALAAECCCT CTT CTCA TGN DG T E0GE GACCIG T OGCCAGCAA ALECT CTCA TG
CIACRAGTIEGTEETT GTA LA AGECET CTT CTEA TETCGT BT GACCOG T DGCTAGTAA RECTCTCA TG
CIGA CRAGTEGTEENT GEAARARGCDCT CTT CTCA TET OGN E0GE GRACCCGT OGCCAGCRA RUECTCTCA TG
LG4 CRAGT AT EE T GEAALARECCCT CTT CTCA TET ST E0GE GACCOG T OGCCAGCRA ALECTCTCA TG
A CAAGTIEGTEETT AL AGECCT CTT CTEA TR CGT BOGET GACCOG T DGCCAGTRA RECTCTCATG
CIaA CRAGTET LT GEA AL RECDCT CTT CTCA TN DS EDEE GACCIG T OGCCAECAA RUECTCTCA TG
LA CRAGTGETGL T GIAALARECCCT CTT CTCA TGN DG T E0GE GACCIG T OGCCAGCAA ALECT CTCA TG
(A CAAGTETEETT A LA AGECET CTT CTEA TETCGT RN GACCOG T DGCTAGTRA RGCTCTCA TG
LA CAAGTEGTEE T GIT ARARGCDCT CTT CTCA TGN DG T E0GE GACCCG T OGCCAGCAA RUECTCTCA TG
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Appendix 2. (Continued)

Taxon/Mode

L L
T EnEEE0E635299 959953 00000000001 111111111
TEE01 2345677550 2545678901 23455770501 254567754

P
PGECH
PECC
PR
PECY 1
PECY 2
PECY 3
PLLC 1
PECC 2
PECC 3
PLLC 4
PECG |
PECG 2
PG
PLECS
PGESE
REE
PG5S
PG
P
Pl
P
PG
PN

ALCCCTHT TGCGECCET CET Clab T GEGCTCCE CLHCRA COCC
ACCCTIRT THEGCEGT CCT CGLCGT GLECTCCG COLCE CCEE
ACCCTIET THEGCERT CCT CGCGT GLACTCCRE COLCHE CCEC
ACCCTGT TGCGECCGET CET CGACHT GEGCTCCG, COECGRA COCC
ACCCTGT TREGCCGT CCT CGCGT GLECTCCR COLCEA CCEC
ACCCTIET THEGCERT CCT CGCGT GLACTCCRE COLCHE CCEC
ACCCTGT TGCGECCGET CET CGACHT GEGCTCCG, COECGRA COCC
ACCCTGT TRCGCCET CET Clab AT GEGCT L COHCRA CCEC
ACCCTIRT THEGCEGT CCT CGLCGT GLECTCCG COLCE CCEE
ACCCTGT TREGCCGT COT CGRACGT GOGETCCGA COLCGEA CCEE
ACCCTGT TRCGCCET CET Clab AT GEGCT L COHCRA CCEC
ACCCTIRT THEGCEGT CCT CGLCGT GLECTCCG COLCE CCEE
ACCCTGT TREGCCGT COT CGRACGT GOGETCCGA COLCGEA CCEE
ACCCTGT TRCGCCET CET Clah T GEGCTCCG COECA CCEC
ACCCTIRT THEGCEGT CCT CGLCGT GLECTCCG COLCE CCEE
ACCCTGET TREGCCGT COT CGLCGT GOGCTCEG COLCGL CCCE
ACCCTGT TGCGECCET CET CGACHT GEGCTCCG CORCGEA COCC
ACCCTIRT THEGCEGT CCT CGLCGT GLECTCCG COLCE CCEE
ACCCTGET TREGCCGT COT CGLCGT GOGCTCEG COLCGL CCCE
ACCCTGT TGCGECCET CET CGACAT GEGCTCCG, COECGEA COEC
ACCCTGT TREGCCGT CCT CGCGT GLECTCCR COLCEA CCEC
ACCCTIET THEGCCGT COT CGLCGT GLECTCCG COLCE CCCE
ACCCTGT TREGCCGT CCT TG4 CRCGOGETEEGA COGCGA CCEE
ACCCTGT TREGCT GT CCT CGE CRCGIEETCCRE COLCE CCCC
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Appendix 3. Alligned sequence data matrix of nuclear ribosomal DNA 3’-end ETS region of

Panax ginseng and investigated taxa.

LT | et e e A A AR A L AL L A SRS ol T
1 23456 THE0N 2R 23 ERTE0 | Z2EETAE0N E34EETEA01 23553901 2345enaa012

Pl — B P — Ly —

TGEEGET GOA T T GAT GECIGT TGECA TAGTGT ACGTA T GECFG0GT GAGT GLT GT TTEGTT TET T TGE6ET GEG
TGLAAGT UK TTA AT GECNET T GE0A TAIGT T ACTETA TR0 TE0GT AT 6T GT T TEGETT TGTT 166E] GES
T GEIET GOA T TH AT GECIET TG0 TRISTIT ACTTA TEEC 0T GAGT AT GT T TEETT TET T TE5EET GEG
TGEIET GOA T TA GRT GECIT TGE0A TRGTGT ACTTA TGEC 05T GRGT GLT GT TTEETT TET T TGE6ET GEG
TGLEEGT GOATTA (GRT GELTET TG0 TAGT T ALTETA TEEC 00T GRGT T G T TEGETTTGETT 10E66T GES
TGEIET GOA T T GAT GECIGT TGECA TRGTRT ACGTA TEECPE0GT GAGT GRT GT T TEETT TET T TE6ET GEG
T GELGET GOA T TA GAT GECIGT TGE0A TRGTGT ACGT A TGRS FE0GT GAGT GGT GT T TEGETT 16T T T6E6ET GEG
TGLEAGET GOA T TA (R T (FECYET TE0A TA T T ALTTA TR0 Ta0GT GRIT T GT T TEGETT 16T T 1066E] GEE
TGEIET GOAT T AT GECIT TG0 TRGTIT ACTTA TGEEC 0T GAGT LT G TTEETT TET T TE5EET GG
TGEEGET GOA T T GRT GECIGT T GECA TAGTGT ACGTA T GEC FR0GT GAGT GLT GT TTEGTT TET T TGE5ET GEG
TLEEGET GOA T TA AT ECYET TG0 TAIGT Ll ALTETA T Ta0GT GALT T GT T TGETT 11T 106E5] s
T GEIET GOA T T GAT GECIGT TG0 TRIGTET ACGT A TEEETE0GT GAGT GET GT T TEETT TGT T TGE5EET GEG
TGEET GOA T TA GRT GECIGT TGECA TRGTGT ACGTA TGEC 05T GRGT GLT G TTEETT TET T TGE6ET GEG
TGLESGET GOA T TA (R T (ECTAT TS TAIST LT ALTTA T Ta0GT GRRIT T GT T TGETT 1T T 106ET GBS
TGEIEET GOAT T GAT GECIGT T GG TRGTRT ACGTA TEEEHE0GT GAGT GAT GT TTEETT TET T TE6ET GEG
T GEEGET GOA T TA GAT GECIGT TGEE0A TRGTGT ACGTA TGRS EE0GT GAGT GGT GT TTEGETT TET T 1655 GEG
TGLEAGET GOA T TA (R T (FECYET TE0A TA T T ALTTA TR0 Ta0GT GRIT T GT T TEGETT 16T T 1066E] GEE
TGEIET GOA T TH GAT GECIT TG0 TRGTRT ACTTA TGEEE 05T GAGT LT GT T TEETT TET T TE5EET GEG
TGEETTEOAT TA GRT GECIT TGECA TAGTGT ACTTA T GEC 05T GAGT GLT GT TTEETT TET T 1656 GEG
TG OA T TA GRT GECTET TIECA TAGT T ALTETA TEECCI0GT GRGT AT GT T TEGETT TGTT 10E66T GES
T GEIET GOA T T GAT GECIGT TGE0A TRGTIGT ACGT A TEECCE0GET GAGT GIET GT T TEETT TET T TGE6EET GEG
T GEGET GOA T TA GRT GECIT TGECA TRGTGT ACGTA TEECFE0GT GAGT GLT GT TTEETT TET T 1656 GEG
TEESETGOATTA AT GECYET TEECA AT T ALTET A AECRLGT GRIGT AT GT T TEGENT TGETT 166! T1EE
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TTLEAT COCT GET TIRT GLAGCLALACTIET CT TTCATTCCT THTCAT TCT TGAT CLRAGRGCAET AAGCECT
TTLERAT DT LT TIRT GLAGLTAALTRRLTTCT CT T TCA TTOCT THTICAT TIT TGA T CLRAGRRERGT AAGCCT
T T GGA T COCTIGCT T (GCeA GG LAY CT TTCATT COT THTICAT TIET T GeA T Atk GEAGT fAGCCT
TTEEAT COCTIGCT TRT GLAGCGACGACTGET CT TTCATTCCT TTTICAT TICT TGA T CRAAGAGCAGET AAGCCT
TTLEEAT LT LT TIAT (GLAGLIAALTRRLTTRCT CTTTCA TTCCT THTICAT TIT TGA T CLRARRGRIGT AAGICT
T TG T COCC T IGCET T 0T (AR LR CTGCT CT TTCATTCICT THTICAT TICT TG T O R AGAGCRIGT A AGCCT
TTH]hT[IETE:TTETII.HIIEhEEl[ﬂITETTTEHHDZTTITE'.TTETTGHTEUEUE&GTMEJ:T
TTOATTOCT TRTCAT TCT TG T LS ALSGLAGT
TTI.'ﬁlTD]:TIIT TETB}'IB]E'-DE'D]ITETT TCATTCCTT ITE'.TTETTIHTD?.'.'E'-B}-ET.UEIT
TTIE.\.T[IETIITTETII.HIIEN.EENIEITETTTE.HTD:TTITE'.TTETTGHTIIUEUEEGTMEIT
CTTTCATTOCT TTCAT TCT TIGA T CLRALRRGLRIGT
TTIHE.'LTD]:TH:T TETB:.HIIE'-DEUIJITETT TCATTCCTT ITE.'.TTETTHTD?.'.'.E'-B}-GTHEIT
TTEGEAT CCCTIGET TET GRAGCGALGALTGEET CT TTCATTCCT TTTICAT TICT TGAT CRAAGREEAET AAGCCT
TTLEEAT LT LT TIAT (GLAGLIAALTRRLTTRCT CTTTCA TTCCT THTICAT TIT TGA T CLRARRGRIGT AAGICT
T TG T COCCTIGCT TGT GCAIGCTR LR CTGCT CT TTCATTCCT THTCAT TICT TiGA T O A AGAGCRIGT AAGCCT
TTEEATCOCTGET TRT GLAGCGACGACTGET CT TTCATTCCT TTTCAT TCT TGAT CLRAGRECAET AAGCCT
T TR T DT LT TIRT GLAGLIAALTRALTCT CT T TCATTOCT THTICAT TIT TGA T CLRAGRRERGT AAGCCT
T TG T COCCTIGCET TG GCAGCTA LT GC T CT T A TTCICT THTICAT TICT TG T O AAGMGCRGT AAGCCT
TTEEAT COCTIGCT TIRT GLAGCEALZACCET CT TTCATTCCT THTCAT TICT TGAT CLRAGRECAET AAGCCT
TR T LD LT TIAT GLAGLIAALTRRLTTCT CTT TR TTCCT TRTICAT TIT TGA T CLRARRERGT LAGCCT
T TG T COCCTIGCT TGT GCA G LR GC T CT T A TTCCT THTCAT TICT TiGA T O R ARAGCRIGT A AGDCT
TTEGEAT COCTIGCT TET GLAGCGALGALTGEET CT TTCATTCCT TTTICAT TICT TGA T CRAAGREEAET AAGCCT
T T CUDT T TEA GLAGLTAALRALTGCT CT T TCATTOCT THTICAT TIT AGA T CLAAGAGRIGT AAGCT
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Appendix 3. (Continued)
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TEGEACA TCTOEGTTGECTENGTT T TATACCTATE TEATEGART TCGT TRETCCAA T TGCICCTAA TTCAA
TR ACA TN CGGTTGCCTGTGTT T TATACCTATGE T6A TOGAAT TOGT TRGTCCAR T TGCOCCTAATTCAY
TEEAACA TN GG TTGOCTET GTTTTATACCTATET TEATEGART TOGT TTGTOCAAT TGLLOCTAA TTCAA
TEGAACA TCTOGGTTGECTENGTT T TATACCTATE TEATEGART TCGT TRGTCCAA T TGCICCTAATTICAA
|ﬂi'JJZlTC|ﬂ33]TH:E1IH'EiT”TMHITA1IH'T[?.TE3M|TDETT|BTEI:MTTHIEI,TMT1M
TEEAACA TN GG TTGCCTET GTT T TATACCTATET TEA TERART TOGT TTGTCCART TGCICCTAA TTCAL
TEAACA TCTOEE TTGICTENGTT T TATACCTATE TEATEGAAT TOGT TTETCCAR T TGLLCCTAA TTCAA
TGEAACA TCTCGGTTGCC TG GTT T TATACCTA TG 1A TOGART TOGT TRGTCCAL T TGCOCCTAA TTCAY
TR ACA T GG TTGCCTET GTT T TATACCTATE TEA TEEART TOGT TTETOCART TGCTOCTAA TTCAL
TEGEACA TCTOEETTGECTENGTT T TATACCTATE TEATEGART TCGT TRETCCAA T TGCICCTAA TTCAL
|ﬂ3.'.lJ2'.TC|ﬂ33]TH:C1IH'EiT”T.l'|I'.IIT.'.'IIH'TE'.T[EM'TE:TT'BTEE&'.TTHIEETMT1M

TEEAACA TN GG TTGOCTET GTTTTATACCTATET TEATEGART TOGT TTGTOCAAT TGLLOCTAA TTCAA
'I'HEIJ.E'.I.TE'I'I:IE'ITIIE.'TEIE'ITTTJ.Ti.IITATIITB.TESJ.“TE:TTIETEEMTTIIHI‘TMTTM
DA ACA TCETCGGTTGCC TG GTT T TATACCTA TGN T6R TOGART TOGT TRGTCCAR T TGCOCCTAATTCAY
TEEAACA TN GG TTGCCTET GTT T TATACCTATET TEA TERART TOGT TTGTCCART TGCICCTAA TTCAL
TEAACA TCTOEE TTGICTENGTT T TATACCTATE TEATEGAAT TOGT TTETCCAR T TGLLCCTAA TTCAA
TGEAACA TCTCGGTTGCC TG GTT T TATACCTA TG 1A TOGART TOGT TRGTCCAL T TGCOCCTAA TTCAY
TR ACA T GG TTGCCTET GTT T TATACCTATE TEA TEEART TOGT TTETOCART TGCTOCTAA TTCAL
TEGEACA TCTOEETTGECTENGTT T TATACCTATE TEATEGART TCGT TRETCCAA T TGCICCTAA TTCAL
TR A, T OGG T GOCT BT GTT T TATACCTA TG TEA TGRAAT TOGT TTGTCCAR T TGLICCTALTICAY
TEEAACA TN GG TTGOCTET GTTTTATACCTATET TEATEGART TOGT TTGTOCAAT TGLLOCTAA TTCAA
TEGAACA TCTOEETTGCCTENGTT T TATACCTATE TEATEGART TLGT TRETCCAAT TSCICCTAATTCAA
TR ACA TN CGGTTGCC TG GTT T TATACCTATGT TOR TCGART TOGT TRGTCCALT TGCOCCTAATTCAY

Tzoon, Mo
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CTTGTEETT CTCA DGO T ECRAGA TRAARCCAT GTAETGTOC T TIETTETCCET TOT TRDCTTEIGETTELG
CTTGTGECTTCTCAMGCEE T EDGAGA TRAACCAT G TAGTGTIC TTTIGTTGTCCT TOT TECC TTEOGCTTEG
CITETGEETT CTCACGCEG T ECGAGA TG ACCAT GTAGTGT O T TIRTTETCCTY TET TRCCTTEIGCTTECE
CTTETECTT CTCA DGO T ECRAGA TRARCCAT GTAETGTOC T TIETTETCCCY TON TRCCTTEOGETTELG
CTTGTECTT CTCA GO TEDGAGA TRAACCAT BTG TG TIC T TIGTTGTCCEY TO TICC TTEOGETTELG
T G T C TR LR T RCGAGA TR S AT B TAG TR T CC T TTRTTETCCCY TN T ACCTTEOGETTEG
CTTGTECTT CTCACGOEE T ECGAGA TGARCCAT GTAGTGTOC T TIETTETCCCY TOY TRCCTIEIGETTELG
CTTETECTT CTCA DGO TEDGAGH TRAACCAT GTAGTGTIC T TIGTT&TCCCY TO TECC TTEOGETTELG
CITGTGEETT CTCADGCEG T EOGAGA T ACCAT G TG TG T C T TTRTTETOCTY TET TRCCTTRIGCTTEG
CTTGTECTT CTCACGOE T ECGAGA TRARCCAT G TAETGTCC TTTETTETCCCT TOT TRCCTTEIGETTEDG
CTTETECTT CTCAGCEE TEDGAGH TGAACCAT GTAGTGTIC T TIGTTGTCCCY TON TECC TIGOGET TELG
CITETGEETT CTCACGCEG T ECGAGA TG ACCAT GTAGTGT O T TIRTTETCCTY TET TRCCTTEIGCTTECE
CTTETECTT CTCA DGO T ECRAGA TRARCCAT GTAETGTOC T TIETTETCCCY TON TRCCTTEOGETTELG
CTTGTECTT CTCA GO TEDGAGA TRAACCAT BTG TG TIC T TIGTTGTCCEY TO TICC TTEOGETTELG
T G T C TR LR T RCGAGA TR S AT B TAG TR T CC T TTRTTETCCCY TN T ACCTTEOGETTEG
CTTGTECTT CTCACGOEE T ECGAGA TGARCCAT GTAGTGTOC T TIETTETCCCY TOY TRCCTIEIGETTELG
CTTETECTT CTCA DGO TEDGAGH TRAACCAT GTAGTGTIC T TIGTT&TCCCY TO TECC TTEOGETTELG
CITGTGEETT CTCADGCEG T EOGAGA T ACCAT G TG TG T C T TTRTTETOCTY TET TRCCTTRIGCTTEG
CTTGTECTT CTCACGOE T ECGAGA TRARCCAT G TAETGTCC TTTETTETCCCT TOT TRCCTTEIGETTEDG
CTTETECTT CTCAGCEE TEDGAGH TGAACCAT GTAGTGTIC T TIGTTGTCCCY TON TECC TIGOGET TELG
ETTGTIITTCTHDHZEBTE]H&TEMIJTGTAGTGTDZTTTETTBTMJT[ITBIWHHZTTEIG
CTTGTGECETT CTCACGOE T ECGAGA TRAARCCAT GTAGTGTOC T TIETTETCCCY TOY TRCCTTEIGETTELG
ETI'GTDIHETUMTMTGEMTGMGTGTETHEHETIIHTHTMHETTE
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Appendix 3. (Continued)
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CIGT CULTAT (A A TRLCLAAT 6T T G0IA LA CTCIRSA CTCT LGS T ACTEAAA CUT T A8 GLEEAAA GEET ST
CTaT CICTAT G A TECTAAT G T GCACK CTCGRA CTCT CIEAT AT RA CUT T 84 LA A GESTCT
CGTCGETATGAA A TERCCAAT GT T GOACA CTCGRA CTCT CIEEAT ACTGEAA COT T 84 GIRGECALA GEETICT
CIGT CULTAT (A A TRLCLAAT 6T T G0IA LA CTCIRSA CTCT LGS T ACTEAAA CUT T A8 GLEEAAA GEET ST
CTaT CICTAT G A TECTAAT G T GCACK CTCGRA CTCT CIEAT AT RA CUT T 84 LA A GESTCT
CGTCGETATGAA A TERCCAAT GT T GOACA CTCGRA CTCT CIEEAT ACTGEAA COT T 84 GIRGECALA GEETICT
CIGT CULTAT (A A TRLCLAAT 6T T G0IA LA CTCIRSA CTCT LGS T ACTEAAA CUT T A8 GLEEAAA GEET ST
CTaT CICTAT G A TECTAAT G T GCACK CTCGRA CTCT CIEAT AT RA CUT T 84 LA A GESTCT
CGTCGETATGAA A TERCCAAT GT T GOACA CTCGRA CTCT CIEEAT ACTGEAA COT T 84 GIRGECALA GEETICT
CIGT CULTAT (A A TRLCLAAT 6T T G0IA LA CTCIRSA CTCT LGS T ACTEAAA CUT T A8 GLEEAAA GEET ST
CTaT CICTAT G A TECTAAT G T GCACK CTCGRA CTCT CIEAT AT RA CUT T 84 LA A GESTCT
CGTCGETATGAA A TERCCAAT GT T GOACA CTCGRA CTCT CIEEAT ACTGEAA COT T 84 GIRGECALA GEETICT
CIGT CULTAT (A A TRLCLAAT 6T T G0IA LA CTCIRSA CTCT LGS T ACTEAAA CUT T A8 GLEEAAA GEET ST
CTaT CICTAT G A TECTAAT G T GCACK CTCGRA CTCT CIEAT AT RA CUT T 84 LA A GESTCT
CGTCGETATGAA A TERCCAAT GT T GOACA CTCGRA CTCT CIEEAT ACTGEAA COT T 84 GIRGECALA GEETICT
CTGT CUCTAT GaAA A TRLCUAAT T T GOISA L CTCTASA CTCT LA T ACTEAAA CUT T A8 LLEECAAA GEET LT
CIoT CICTAT GhA A TEGCTAAT T T GOEACK CTCGRA CTCT CISEAT ACTSRA CUT T 84 GLEEECR LA GESTCT
CLGTCGETAT A A TELCCAAT T TGOACA CTCGRA CTCT CEAT ACTRA CUT T 84 GLEEECALA GEETCT
CTGT CUCTAT GaAA A TRLCUAAT T T GOISA L CTCTASA CTCT LA T ACTEAAA CUT T A8 LLEECAAA GEET LT
CIaT CCTAT GhA A TEGCCAAT T T GOIACK CTCGRA CTCT CISEAT ACTSRA CUT T 84 GLEEECR LA GESTCT
LT CGECAT A A TELCCAAT T TGOLACA CTCGRA CTCT CIEAT ACTRA CUT T 84 GIEEECALA GEETCT
LCI3T CUCTAT LA A TRLCUAAT T T GOISA L CTCTASA CTCT LA T ACTEAAA CUT T A4 LLEECA A GEET T
CATCGCTATTAAA TEECCAAT T T GCIACK CTCGRA CTCTCISEAT ACTSRA CUT T 84 GIEEECR LA GESTCT
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TTGECLT CIATT TGELTAAALT AR GCIT TCTCICT TCT T ALTS SLIRALT T CT GE? YLLTSTT T TRRCLT A
TTGGOCT CGATT TGCCTARACT Ak GOIT TETCTCTTCTT ACTRA RCTRRCT GT C5T 7 FUCIS T T TGACET G
TTGECCT CEATTTGECT AAALT AR GOGT TCTCGETTCTT ACGAACGACT GT CGT GE? FICGTTT TRACET G
T TG T CIATT TGELTAAALT AR GCIT TCTCICT TCTT ALTaS SLIRACT T CET GE? YLLTSTT T TRRCLT A
TTGGICT CGATT TGLCTARALT A& GIIT TCTCTLTTCTT ACTaA RCTRRCT (GT CI5T 7 FCLCI T T TGACET G
TTEECCT CEATTTGECTAAALT A GOGT TCTCGET TCTT ALGAACGACT GT CGT GE? FICGETTT TRACCT G
T TG T CIsA TT TEELTAAALT A OIS T TCTCICT TCTT ALTaS SLIAACT T CET GEF YLLTSNT T TRRCLT A
TTGGICT CGATT TGLCTARALT A& GIIT TCTCTLTTCTT ACTaA RCTRRCT (GT CI5T 7 FCLCI T T TGACET G
TTEII:TDHTTTII:ETMETMEETTDTDITTETTM]EHEENETGTDETB?’IIEITTTEUITGH
TTGECT O TT TELLTAAALT AR OIS T TCTCICTTLTT ALTaA 6T LT G2 FLLIET T
TT[HHITEII&TTTI]ITH.IETME]ITTETEEHTETTADH.IDEIETETDETBI‘?’.‘U]BITT 1I3.'-D:rtil
TTEECCT CEATTTGECTAAALT A GOGT TCTCGET TCTT ALGAACGACT GT CGT GE? FICGETTT TRACCT G
T TG T CIsA TT TEELTAAALT A OIS T TCTCICT TCTT ALTaS SLIAACT T CET GEF YLLTSNT T TRRCLT A
TTGGICT CGATT TGLCTARALT A& GIIT TCTCTLTTCTT ACTaA RCTRRCT (GT CI5T 7 FCLCI T T TGACET G
TTEECCT CEATTTGECTAAALT A GOGT TCTCGET TCTT ALGAACGACT GT CGT GE? FICGETTT TRACCT G
T TG T CIsA TT TEELTAAALT A OIS T TCTCICT TCTT ALTaS SLIAACT T CET GEF YLLTSNT T TRRCLT A
TTGGICT CGATT TGLCTARALT A& GIIT TCTCTLTTCTT ACTaA RCTRRCT (GT CI5T 7 FCLCI T T TGACET G
TTEII:TDHTTTII:ETMETMEETTDTDITTETTM]EHEENETGTDETB?’IIEITTTEUITGH
TTGECT O TT TELLTAAALT AR OIS T TCTCICTTLTT ALTaA 6T LT G2 FLLIET T
TT[HHITEII&TTTI]ITH.IETME]ITTETEEHTETTADH.IDEIETETDETBI‘?’.‘U]BITT 1I3.'-D:rtil
TTEII:TDHTTTII:ETMETMEETTDTDITTETTM]EHEENETGTDETB?’IIEITTTEUITGH
TGO TTTGLCTAARLT oA LCTIaT TLTCIECT TCT T ALTA SLIRACT GT CET GEY FLLISTT T TRRCLT GA
TT['I:JITT[HTTTIIETHAD?ME]ITTETEQHTEHADH#DE'ETETDHB‘J.IU]BITT1I3.'-D:ml
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Appendix 3. (Continued)

444414
TaconModa M PR 2 5A5E VRSN 2340500 23456 S0 £ BETEA0N 2SR TEa01 2 356 TEA0 T3

(A TACT TT TS T CCISALT (GRCT Ch TGN AT CLA LT LA A A BG4 A TRC TACCT GIE TIA T CLT LA
(54 TACT TT THSTOCEACT GECT CA TEOEET AT CEACET CIAK G BG4 A TECTACCT GET TEAT CCT GETA
GEATACT TT THSTOCEACT GECT T THOGEET AT CEACET CRA A GA LG4 A TRETACTT GGT TEA T CCTGETA
(A TACT TT TS T CCISAET GRCT G TCGET A TSGR LT D A G L A TR0 TACLT GLaT T0A T CLT LA
(A TACT TT THSTOCEACT GECT CA TEOEET AT CEACET CIAK G A A TEETACCT GET TEAT CCT GETA
GGA TALCT TT TES T OCGACT GRCT CA THOGET AT CEACET CGAA GA BG4 A TRC TACTT GG TRAT CCT GETA
(A T AT TT TG T CCIRALT (IR L TGN AT LR DA A A A A TC TACLT GBI TEA T CLT LA
GGA TACT TTTESTOCGACT GECT CA TEOEET AT CEACET CEA A G GGA A TEETACCT GET TRATCCT GETA
GEATACT TT THSTOCEACT GECT CA THOGET AT CEACET CRA A GA LA A TRETACTT GGT TEA T CCT GETA
GOATACT TT T T CCGACT GLCT Ca TGRS AT CLALLT CUA AGA LGAA TLCTACCT GIF 1A T CETGELC,
(354 TACT TT THI T OCEACT GECT CATEOET AT CEACET CIA K G A A TECTACCT GET TEAT CCT GETA
GEATALT TT TESTOCGACT GELT CA THOGEET ATCEACET CIA A GA LA A TRETACCT GGT TEA T CCTGETA
(334 TACT TT TS T CCIRALT (CT L TGN A TSGR LT D A A a4 A TC TACLT GLaT T0A T CLT LA
(A TACT TT THSTOCEACT GECT CA TEOEET AT CEACET CIAK G A A TECTACCT GET TEAT CCT GETA
GGA TALCT TT TES T OCGACT GRCT CA THOGET AT CEACET CGAA GA BG4 A TRC TACTT GG TRAT CCT GETA
(4 T AT TT TGS T CCISALT (IR L TGN AT LR LA DA A A Lt A TC TACLT GLST TIA T CLT LA
(54 TACT TT TESTOCGACT GECT ChA TEEEET AT CEACET CA K G G54 A TECTACCT GG TRATOCT GETA
GEATALT TT THSTOCEACT GECT CA THOGEET AT CEACET CRA A GA LA A TRETACCT GGT TEA T CCTGETA
(64 TACT TT TGS T CCIRACT GIRCT i TGN A TSGR LT DA A G L A TLC TACCT GLET T0A T CLTGLTA
(A TACT TT THS T OCEACT GECT CA TIOEET AT CEACET CIAR GA A A TEETACCT GET TEAT CCT GETA
GEATACT TT TR T OCGACT GECTCA TEOGEST AT CLACET LA AGA GEA A TLGCTACCT GET TEA TCCT GG
(334 T AT TT TS T CCISALT (T L TOCGEET A T IR e D A A L A TLC TACLT GLaT T T CLT GLTA
GEATACT TTTESTOCEACT GEAT CA TG AT CEACET CIA K GA GGA A TRETACCT GET TEAT CCTGECA

SRR
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Appendix 4. EST comparison of Chun-poong and Jakyung cultivars

aluminium induced protein

dc03021d12
DC04001B05

dc03021d12
DC04001B05

dc03021d12
DC04001B05

dc03021d12

DC04001B05

dc03021d12

DC04001B05

dc03021d12

DC04001B05

dc03021d12

DC04001B05

dc03021d12
DC04001B05

10 20 30 40 5l g0 0 Bl
T ) B Bl ) ) FE ) K R EEEE) FEEr) Pl EE) ) ) P
ATGTTGGGTGTTTTTAGTAGC TCAATTGTGTCACCGCCAGACGAGCTGRTTGCCGCCGGCAGCCAGACACCATCOCCGRL
........... G G L L A O G G Y G R

90 100 110 120 130 140 150 160
T TS R P TR R PETPS FEPEY EEEE PEPES PR PR PP PR PR R
GATCACCTCTGCAGAGCTTGTGAAGAGGTTCCTGGAAAGRARACCCTCGGCGRTGTCCATGCAGATTGOCAMCGACGCTC
R G R e R G Gl TG G e e T TG

170 180 130 200 210 220 230 240
T B R T T R PETTS PP REEE PEPRS EPET) FETE PEPE) PR PR R
ARTTGGCCTATACCCACCATARCCAGTCAGCTTTACATCCCAGATCATTCGCGGTTARGGACGAGATATTCTGCCTGTTT
............. TlinGuninGimmmnnsbmanTiuGoem T

250 260 270 280 290 300 Il 324
S ) Y Y PP PP P PR PR PP PP P O PP PP
GAGGGTGCACTTGACAATTTAGGCAGC TTGAAGC ALCAATACGGGCTAGC TAAGTCTGCALACCAGGTGGTTTTGGTGAT
............................................... AL e e el R

330 340 350 360 370 380 390 400
T B e B B B B B e ) ) I P ) I P
TGAGGCTTACAAGGCTCTCCGTGACCGRGCACCTTATCCTCCALACCATGTTGTTGGCCATCTTGATGGALATTTCGCCT
GG GG L G D B e G T

410 420 430 440 450 460 470 430
e T B B B B Y ) R PP Pl P P R P
TCGTAGTCTTTGACAAGTCALAATCCACATTGTTT-GTGGCTGC TEATC AATC TGO TALGGTTCCTTTGTATTGNGGALT
TG CannnnlGamCaCCmanmmrir STaniTRnmr,

430 £00 £10 520 £30 £40 560 £E0

S ) Y R PEPR PR PR PR EEPE PP PP PR ) PEP PP
CACTGCCGATGRATGTGTTGCATTTGC TGATGATGC TGATTTGC TTAAGGTGCCTGTGGC ARGTCCCTTGUTTCTCTCCE

570 540 550

e Y ) R P e
TCAAGGGTGTTTCTTCTCOACCGAAGATGGACAACTGL
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Appendix 4. Continued

glycine rich protein_C85356

dc03014409
dc01019£09
dc02018£07
dc05012a10

dc03014409
dc01019£09
dc02018£07
idc05012a10

dc03014409
dc01019£09
dc02018£07
dc05012a10

dc03014409
dc01019£09
dc02018£07
dc05012a10

dc03014409
dc01019£09
dc02018£07
dc05012a10

ATGGCTGC TTTAC AR TC TCTAGC T TCC TG TT TGCTTATTTCAGCCATTTCCACTATC TCTGAAAGCCGCCTAGCALG

80 100 110 120 130 140 130 160

) Y TR TP FRPEY PEPEY FETrY PTES PErS P PR PYPT FEre) PP P
LTGCTGGGTCOGGATCAGETGRARATC

170 180 180 200 210 2zl 230 240

T e B T Y S s Y Y P P PR PN
LAGGRGG--Co-GATCGGCCALAGGCCGTGG-—-GC AACAAGGCTC MGG TC ACGG---GTCTGRATCOGGACETGG----

250 260 270 a0 290 300 310 30
I e B T e S s T Y RS P PR P
--TGARGGGTCCOGTCAGGGATCCGEATCTRGAR ARG TGAAGGTGGTGOGTCAGGATC AGGGTATGOTAGCG-GACATG
e T s CoTonnnnnn, ConuCo
T — Lo, T T
TC..GGL T, .G, CTCC. . TG Ao o0 AV AVGCG, . TCLTAC. GOV NL L CATGL THL L GTC, L GL T - GGTG,

330 340 150 160 370 380 390
S R Y FTERY PEPE) FRPRY PEPRY PTEY PR PP PP PR PYPR PEPR PP
GCAA-ATGAACAATTARTTGOGCTATCTATCCTAGGCAACCARGRATAL
B SO LG.Go, CCATCAGGGTACACCARCCTAATTAR--—-

AL TCL A, G.GGGCGG. L C G B AGGGC. 6. Gy vy L B GL CTC, GOTCACGGGTCTGGATCGGGACGTGETGL
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Appendix 4. Continued

dehydration induced protein ERD15

DECFOLECOL
DECEQLEFDE

DCRPrRECDE
DEErLEFDE

DCRPrRECDE
DEE R LEFDE

DEoRORECOL
DCCELEFDE

DECRORECSOL
DCCELEFDE

DCRrRECDE
DCErLEFDE

LERrRECDE
DCErLEFDE

BE0d 0 &S0
BCOE 02 EFOF

1 a0 a0 q0 =1t] (2]
savalasaslvavalanaalasasloavalasas]onsaloasalavasloanalasaal

e ATGHCACTRAITCTC AGCAFGARNGGTCTRACGTTGAATCCRARTGCT
ATGHCGATCRAACETA .« TT G GTAL . ATTTC.TC  GCA, s K s TC o va e o Cialau e

T =] 50 fhele] 110 120
savalasaslsvavalanaalasasloavalasas]onsaloasalavaslvanalasaal

T T T T TATTCCAGC T T T I A CAAG TOFAFGACTIC TT R CAGAN TR TGO MG
wa BT s DG T G e s TR s GTRCG. s a o wa Ta v o COGACC L Fa v 2 0 2o BEC

pEl 140 130 160 1w 1m0
wanalasaslvavalanaalasasloavalasas]onaaloasalavasloanalasaal

TG TALC LACATCARCATGOTTIC ATGACTATTGHRC TCARC CAGT RACAGICTEATGAT
Cawa o TERFT C o aCC . Towuwa waBa s aTa sCoa ey o T GF: WTETTICTC. . TE

190 z00 210 2z0 230 240
cavalavacloasalassalananloasalosan]onssloanalavanlvanalasaal

GOTTTCTATGCETAATAATGRAGATGAC TTEOARFATATTACT OO TOCTRC CGRAT-AC
CAAR. T, Ca o CC  GTCCTCOC G, o AL Ca 5. G0—, o OT . Cu Lo B34 o o o FACG, OTA
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famesylated protein ATFP6
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profine rich protein 14K embryonic
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GTP-binding protein_AF495716 1
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glycine rich protein_ABOOTE18_1

nucleoside diphosphate kinase
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calmodulin
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