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Genetic Diversity of the Original Plant for Taraxaci Herba,
Taraxacum spp. by the Analysis of AFLP

Wook Jin Kim, Byeong Cheol Moon, Yunui Ji, Young Mi Lee and Ho Kyoung Kim T

Basic Herbal Medicine Research Group, Herbal Medicine Research Division,
Korea Institute of Oriental Medicine, Daejeon, 305-811, Korea.

ABSTRACT : Collected germplasms of five representative dandelion species (Taraxacum ohwianum, T. platycarpum, T.
platypecidum, T. officinale, and T. coreanum) were 104 lines from different habitates in Korea and China. Their genetic
diversity was analyzed by genomic fingerprinting method using amplified fragment length polymorphism (AFLP). AFLP
results of 6 primer combinations were revealed 1,176 total DNA fragments and 523 polymorphic bands with a 44.4% ratio
of polymorphism. On the basis of similarity coefficient analysis by unweight pair group method with arithmetic averages
(UPGMA), 104 dandelion germplasm lines were ranged from 0.64 to 0.99 and clustered distinct five group depending on the
species. Furthermore, a principal coordinate analysis (PCA) by the application of multi-variate analysis indicated signifi-
cantly greater differences among species than geographical origins.
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WEd= =3} (Compositae) WEHS (Taraxacum)®l <
e thdAl 22 2lEolt} (Herbology Editorial Committee
of Korean Medicine School, 2005). F15d% 2 &S 448
23} e o] B Thse MAE A =2 g Uk B
& B SollA A = de s AEEE AYL A
ofAlof, frE B WH § HHHE FAOE 2R G F
B SR Gel Ax FLlsA AAs A AAIA =R of
2,0009] Fo] EAlsl= A= U UTh (Richards, 1973).
ol WEH (T platycarpum), EVEA (T hallaisanense),
RS- (T ohwianum), NEZ (T coreanum) E A F
=Y (T officinale) 5 & 952 MSd7F A4 ske 2o
BIES] At (Lee, 1993).

‘gl e eF g e ht A R oM RIS, EYEd
(T mongolicum), MFNEH 18]a AREH Y AZXE 7ls)

7] AFR] w3 Al AYHE AFe X & AS ¥
o @in)olzt 493 (Herbology Editorial Committee
of Korean Medicine School, 2005; Korea Food and Drug
Administration, 2012), o|o.2 ZFx A WA Fspit
A, BE), gkeo] T o7 BTt (Chan and Kim, 2011).
FeJstell A X2 FLal S (HEEEE), ST (HIERK
), olxsH R, XSS (BRlER) 2 8 Gl
) 5 o7 Aol gk ABAR F-8&5HA ARSEl =
ekezER 2 4 12 (Herbology Editorial Committee
of Korean Medicine School, 2005), =2JollM+= H=, HIE,
31, ol g A Fo] kst dHe] AsAR ARsigith
= H3I7}F A (Kisiel and Barszcz, 2000; Leu et al.,
2005; Modaresi and Resalatpour, 2012; Zhang et al., 2012).
59 9] AZo|= taraxasterol, cholin, insulin 2 pectin
/& (Herbology Editorial Committee of Korean Medicine
School, 2005) ¢lelle= & HFA] FFHHow Fad &
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VE lysine?} leucine 52| Fepolr|aito] thg o] 9
on, HIEY Yele AleREY B2 HERl C7F SAls=
Aoz dHA A (Kang ef al, 2000; Ryu et al., 2012;
Shin, 1999). °JAE WEd= oAl E 2% - YIsHHoze
2 7HX7F Rak] Wil TR, AEA, SR A7HA
507 g &8o] 753t (Lee er al, 2010; Shin,

1999). 2ol %= B-313L Y15 F (species)e] ztolol] uwleh
Uehd & e o] AR 2 FHXE a3E vwd A+E
oku)

Iz AVEH 7 ASUE 2ok & (Lee and Lee,
2008) 2 A= (Lee et al., 2010) 2Fgo] wHojun aks}
g4 (Lee and Lee, 2008) % "W &3 (Im and Lee,
2011)7F SHofuh ofg] 2 AgA o= S8IX7t wrhe Bl
oo A2 glty. A B0 EF WEA AxA} ¥l 5
o] gofst 37 27el gl AR FA=EE v FEd
Higol] 7st MdRIEert B TE ] MRS giAsi
ol BEF DS Al BE F4 2 FFSAS F
H} oAl A7 AlEE Aol (Lee er al., 2007).
2150 f24 gk, Atz 2 Ast fdAE
ge] Hrlehes A ST oM A AT &4
9 vk a2l waES oS 5o ARE AlFs] Wi
=3 @40t} (Bretting and Widrlechner, 1995; Kim et
al., 2012). 21&9] F e A7 FAIAE B8 U
oz AxEHe HJEsle 3 PAEY H7t 5ol
ol @ & o, F 7HA S} b ol
3280 o3 FFE wor
2 A3} o] A
o] EAL A AHn

o=
=

Y

3
©

filo

o] 7Kt
ol @77} 31

(Kim et al., 2010). F E° FAAYES ] dd= o]
FAEE B2EE 4 = amplified fragment length
polymorphism (AFLP), simple sequence repeat (SSR),

random amplified polymorphic DNA (RAPD), restriction
fragment length polymorphism (RFLP) 5] DNA £417|%
= &8sl FA3 TS Wrkeke Wel AQkE AL itk

(Vos and Kuiper, 1996). ©]E ®%W 3, AFLP DNA
fingerprinting 7'H-2 @971 Z71¢] t&A7EA] AsiAl 4
Zo| 7Fsst F3A4 AR glole tyfraAte] 545 B

sl i T e 540] o] ket At &8s
T} (Vos and Kuiper, 1996). AFLPE ©]-&-3F F7F = X]
4 FAREE A4S A2 w5 20iA1e] 7]
7F wdel oal AAE T e & T E o]E4
WA E ez o A tdE 7t (Kwon e al,
2007)2F =W - 9] ofe] AHolA FHE W AE, 4T
FAZAEA (Park er al, 2012) 5o 3
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et al., 2003; Ryu and Bae, 2012), = &lolx A4al=
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A% ved MNEs @

el s8e AAH 2

<> Taraxacum ohwianum

A Taraxacum platycarpum
[> Taraxacum platypecidum
o Taraxacum coreanum

O Taraxacum officinale

Fig. 1. Population and locations of 104 Taraxacum accessions
used in this study.
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Table 1. Accessions of 104 Taraxacum germplasm lines used for AFLP analysis.
No Sample Species Collected region No Sample Species Collected region
name name
1 Inje_1 Sangnamri, Sangnam, Inje, Gangwon 27 Jeju_2 Samyangilng, Jeju, Jeju
2 Inje_2 Sangnamri, Sangnam, Inje, Gangwon 28 Jeju_3 T Jungmunng, Seogwipo, Jeju
3 Inje 3 Sangnamri, Sangnam, Inje, Gangwon 29 Jeju 4 platycarpum Jungmunng, Seogwipo, Jeju
4 Inje_4 Sangnamri, Sangnam, Inje, Gangwon 30 Jeju_s Yeraeng, Seogwipo, Jeju
5 Inje 5 . Sangnamri, Sangnam, Inje, Gangwon 31 China_T1 Tieli, Heilongjiang, China
6 Inje 6 ohwiénum Misanri, Sangnam, Inje, Gangwon 32 China_2 Tieli, Heilongjiang, China
7 Inje_7 Misanri, Sangnam, Inje, Gangwon 33 China_3 . Tieli, Heilongjiang, China
8 Inje_8 Misanri, Sangnam, Inje, Gangwon 34 China_4 latvearpum Tieli, Heilongjiang, China
9 Inje 9 Misanri, Sangnam, Inje, Gangwon 35 China_5 pratycarp Tieli, Heilongjiang, China
10 Inje 10 Misanri, Sangnam, Inje, Gangwon 36 China_6 Tieli, Heilongjiang, China
11 Inje_11 Hyeonri, Girin, Inje, Gangwon 37 China_7 Tieli, Heilongjiang, China
12 Geoje_1 Sodongri, Irun, Geoje, Gyeongsangnam |38 Yanggu 1 Gongri, Yanggu, Yanggu, Gangwon
. Dagongri, Yeoncho, Geoje, .
13 Geoje_2 Gyeongsangnam 39 Yanggu 2 Gongri, Yanggu, Yanggu, Gangwon
14 Geoje_3 Oepori, Jangmok, Ceoje, Gyeongsangnam|40 Yanggu_3 Gongri, Yanggu, Yanggu, Gangwon
15 Geoje_4 Okpong, Ceoje, Gyeongsangnam 41 Yanggu_4 Gongri, Yanggu, Yanggu, Gangwon
Songjeongri, Mijo, Namhae, .
16 Namhae 1 Gyeongsangnam 42 Yanggu 5 Gongri, Yanggu, Yanggu, Gangwon
Yuldori, Changseon, Namhae, .
17 Namhae 2 Gyeongsangnam 43 Yanggu 6 Suinri, Yanggu, Yanggu, Gangwon
Yuldori, Changseon, Namhae, .
18 Namhae_3 Gyeongsangnam 44 Yanggu_7 Iri, Yanggu, Yanggu, Gangwon
T Yuldori, Changseon, Namhae, T .
19 Namhaejpla tycarpum Gyeongsangnam 45 Yanggu_8 coreanum Ungjinri, Yanggu, Yanggu, Gangwon
Yuldori, Changseon, Namhae, .
20 Namhae 5 Gyeongsangnam 46 Yanggu 9 Jukri, Nammyeon, Yanggu, Gangwon
Yuldori, Changseon, Namhae, .
21 Namhae 6 Gyeongsangnam 47 Yanggu_10 Jukri, Nammyeon, Yanggu, Gangwon
Daegokri, Gohyeon, Namhae, .
22 Namhae 7 Gyeongsangnam 48 Yanggu 11 Jukri, Nammyeon, Yanggu, Gangwon
23 Namhae_8 Daegokri, Gohyeon, Namhae, 49 Inje_1 Misanri, Sangnam, Inje, Gangwon
- Gyeongsangnam -
24 Sacheon_1 Namyang, Sacheon, Gyeongsangnam 50 Inje_2 Hyeonri, Girin, Inje, Gangwon
25 Sacheon 2 Namyang, Sacheon, Gyeongsangnam 51 Inje_3 Hyeonri, Girin, Inje, Gangwon
26 Jeju_T1 Jocheon, Jeju, Jeju 52 Inje_4 Hyeonri, Girin, Inje, Gangwon

g 2EAe] A 7] o] A FYAA 80T =
A& WEaolA Basisle
o]-&-Frt.

0]E<& genomic DNA FZ9j

2. DNA & 9 M

-80CoA HAst A8 A AL} AR 0] 85}
E3351992 M, DNeasy Plant Mini Kit (Qiagen, Germany)2
o]83lo] genomic DNAZS FZ&1313L, ©]Z 0.8% agarose
geloll A H719 53] F=59 genomic DNAS| %zt 2 F9
AEE ERIEIS ™ F%=Z NanoDrop 1000 spectrophotometer
(NanoDrop, USAYE ©]-8-3}¢] 260 nm oA & &5}
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(continued).

3. AFLP &M

AFLP #22 AFLP Analysis System I} AFLP Pre-Amp
Primer Mix I kit (Invitrogen, USA)S ARE-ste] ARER} X]3]9]|
ukel &Y 250nge] genomic DNAC] A& 4~ EcoRl
I Msele #2Jslal 37CellA A7 Bt wHeAIHTh Aldkas
12] & genomic DNA®Y 7] So]dH wetel] adaptersS 23
AZ]1AL °]E 1/102 84319 pre-selective amplifications 713Y
3T} (Table 2). PCR 5% %718 94TollA 30%, 56CollA]
12, 72ColA 128 F 203] WHE3l=s WA H, 1.5%
agarose geldllA] 719502 AaE RIS

Selective PCR 5-%-2 pre-selective amplifications AA] S
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Table 1. Accessions of 104 Taraxacum germplasm lines used for AFLP analysis.
No Sample Species Collected region No Sample Species Collected region
name name
53  Geoje_1 Sanbangri, Dundeok, Geoje, 79 Geoje_1 Gujorari, Irun, Geoje, Gyeongsangnam
- Gyeongsangnam -
54 Geoje_2 Gujorari, Irun, Geoje, Gyeongsangnam | 80 Geoje_2 Okpong, Geoje, Gyeongsangnam
55 Geoje_3 Okpong, Geoje, Gyeongsangnam 81 Geoje_3 Sodongri, Irun, Geoje, Gyeongsangnam
56 Geoje_4 Sodongri, Irun, Geoje, Gyeongsangnam | 82  Geoje_4 Silieonri, Hacheong, Geoje,
- - Gyeongsangnam
57 Geoje 5 gaegokrl, Hacheong, Geoje, 83 Geoje 5 Sanbangri, Dundeok, Geoje,
yeongsangnam Gyeongsangnam
58 Namhae 1 Dongdaeri, Changseon, Namhae, 84 Geoje 6 Sanbangri, Dundeok, Geoje,
Gyeongsangnam Gyeongsangnam
59 Namhae 2 Seokgyori, Nammyeon, Namhae, 85 Namhae 1 Dongdaeri, Changseon, Namhae,
= Gyeongsangnam - Gyeongsangnam
: Yeongjiri, Samdong, Namhae, Songjeongri, Mijo, Namhae,
60 Namhae_3 coreanum Gyeongsangnam 86 Namhae_2 Gyeongsangnam
Seosangri, Seomyeon, Namhae, Songjeongri, Mijo, Namhae,
61 Namhae_4 87 Namhae_3
- Gyeongsangnam - Gyeongsangnam
62 Namhae 5 Songjeongri, Mijo, Namhae, 88 Namhae 4 Jijokri, Samdong, Namhae,
- Gyeongsangnam - Gyeongsangnam
63 Namhae 6 Yuldori, Changseon, Namhae, 89 Namhae 5 T Yuldori, Changseon, Namhae,
- Gyeongsangnam = officinale Gyeongsangnam
64 Namhae 7 Hwagyeri, Idong, Namhae, 90 Namhae 6 Yuldori, Changseon, Namhae,
- Gyeongsangnam - Gyeongsangnam
65 Namhae 8 Sinjeonri, Idong, Namhae, 91 Sacheon 1 Jumunri, Yonghyeon, Sacheon,
Gyeongsangnam Gyeongsangnam
66 Sacheon 1 Jumunri, Yonghyeon, Sacheon, 92 Jeju_T1 Gyoraeri, Jocheon, Jeju, Jeju
- Gyeongsangnam -
67 Yanggu 1 Gongri, Yanggu, Yanggu, Gangwon 93  Jeju 2 Hadori, Gujwa, Jeju, Jeju
68 Yanggu 2 Gongri, Yanggu, Yanggu, Gangwon 94 Jeju_3 Myeongwolri, Hallim, Jeju, Jeju
69 Yanggu 3 Gongri, Yanggu, Yanggu, Gangwon 95 Jeju 4 Myeongwolri, Hallim, Jeju, Jeju
70 Yanggu_4 Gongri, Yanggu, Yanggu, Gangwon 96  Jeju_5 Myeongwolri, Hallim, Jeju, Jeju
71 Yanggu 5 Gongri, Yanggu, Yanggu, Gangwon 97 Jeju_b Myeongwolri, Hallim, Jeju, Jeju
72 Yanggu_6 T Ungjinri, Yanggu, Yanggu, Gangwon 98  Jeju_7 Arailng, Jeju, Jeju
73 Yanggu 7 officinale Ungjinri, Yanggu, Yanggu, Gangwon 99  Jeju_8 Pyoseonri, Pyoseon, Seogwipo, Jeju
74 Yanggu_8 Iri, Yanggu, Yanggu, Gangwon 100  Jeju_9 Namwonri, Namwon, Seogwipo, Jeju
75 Yanggu 9 Iri, Yanggu, Yanggu, Gangwon 101 Jeju_10 Namwonri, Namwon, Seogwipo, Jeju
76 Inje_1 Hyeonri, Girin, Inje, Gangwon 102 Jeju_11 Namwonri, Namwon, Seogwipo, Jeju
77 Inje_2 Hyeonri, Girin, Inje, Gangwon 103 Jeju_12 Yeraeng, Seogwipo, Jeju
78 Inje_3 Sangnamri, Sangnam, Inje, Gangwon 104 Jeju_13 Hwasunri, Andeok, Seogwipo, Jeju
AH3olS /102 3|48l 245 5% DNAR ARSI PCR S$Z-&
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M| Msel primer,

§mMe] dNTP 223
Japan)o] Z&E 10 02] 1t
AL 94TColM 30%, 65 Coﬂ/ﬂ 30% 8|3 72T 28-S

128] WhEse=

HESAIA S, annealing

1 #M®] EcoRl primer, 10 x buffer,

065 U-°4 TaKaRa Ex Taq (TaKaRa,

Jol AN PCR FE 2

EeR=h )

s By
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SESAIH . &

6232 EcoRl (+3) 3} Msel (+3) primerS ©]-8-3}q selective

3R ™, EcoRl primers 6-FAM3} VIC &

& dye’t AEE A AFESIIT) (Table 2). Selective PCRE
A|2EELS 36cm cap111ary7} A2 ABI3130 XL (Applied
Biosystems, USA)S- ©

4. Data 244
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Table 2. List of preselective and selective primer sequences used
for AFLP analysis.
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Table 3. Summary of results for PCR amplicons generated by
AFLP analysis using six combinations of selective primer
pairs in 104 Taraxacum germplasm lines.

sep Sequence (57— 3) Primer pair TP MP? PP PRT

Pre-selective  Msel-C_ TGC GAC GAT GAG TCC TGA GTA AC M-CAAEACG 208 123 85 409

PCR EcoRI-A CTC GTA GAC TGC GTA CCA ATT CA M-CAA/E-ACC 174 124 50 28.7

M-CAA  GAC CAT GAG TCC TGA GTAACA A M-CAA/E-AGC 173 106 67 38.7

E-ACG  CGT AGA CTG CGT ACC AAT TCA CG M-CAA/E-ACT 204 105 99 48.5

Selective E-ACC  CGT AGA CTG CGT ACC AAT TCA CC M-CAA/E-AGG 194 92 102 52.6

PCR E-AGC  CGT AGA CTG CGT ACC AAT TCA GC M-CAA/E-AAG 223 103 120 53.8

E-ACT  CGT AGA CTG CGT ACC AAT TCACT Total 1,176 653 523 -

E-AGG  CGT AGA CTG CGT ACC AAT TCA GG Mean 196 109 87 44.4
E-AAG  CGT AGA CTG CGT ACC AAT TCA AG TTP; Number of total peaks, *MP; Number of monomorphic peaks,
$ PP; Number of polymorphic peaks, ¥ PR; Polymorphism rate (%).

Amplicon size (bp)
1?0 120 140 160 180 200

pos 10492 o= AFLP B4< 3 A3}, ¢3¢ primer
oo ol 1,17670] total peak’} BOIEQT 1 FolA 5237
so0| B 7} polymorphic peak%it}. Primer 2% B+ total peak
oo NE= 19671921, polymorphic peak= H 877171 &<l
ol Atk Fig. 2014 H= wie} 2] M-CAA/E-AAG primer
X Z3e] AFLP AFEA A6l 248 A3}, F2 peakrt &
3 F3H W= 100200 bpelth. AA 6242] primerzd 7H-g-H]
000 D M-CAA/E-AAGOIA 78 B2 223719] total peake} 12071
o0 9] polymorphic peak’} B1%%1, M-CAA/E-AGCOA
. 7P AL 173709 total peak®t 67712 polymorphic peak
] 7} 3elE It (Table 3). Polymorphisme M-CAA/E-AAG
po oA 538%F HUZhS BAL, 2 ThEOF M-CAAE-
AAAAA AA  AA AAAA A AMAAM A A AGGAIA 52.6%2] &2 #S Ho ol F XFo] W&y

Fig. 2. AFLP patterns of 5 r:Kresentative Taraxacum species
analyzed M-CAA/E-AAG primer combination and
capillary electrophoresis system. (A); T ohwianum
(Inje_6), (B); T. platycarpum (Jeju_3), (O); T. platypecidum
(China_3), (D); T. coreanum (Geoje_3), (E); T. officinale
(Jeju_4). The black triangles indicate polymorphic peak.

SHAH= AA| 2159 PCR 5Z AHE9A noise peakE Al

9stal eS|l PCR 55 peakERF 40 ©]&3a}7] <l3)
FF 3L 1508 7S = band®] - FE 1 () == 0 ()

o HeE Fosidlen, 47 fFARASt FEE B4
NTSYSpc version 2.2 (Exeter Software, USA) ZZ 17 9]
v7I5AkE e (UPGMA, Unweighted Pair Group Method
with Arithmetic Mean)¥} Mini tab 16 (Minitab Inc., USA)
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FARIES EFRshet] o]8/d0] Zlolgt A=, M-
CAA/E-ACC7} 28.7%2A1 7F¢ 22 polymorphismS 181
ot 62 primer 2% ZA2] polymorphisme 44.4%%3 =
l, °]= AFLPE o|&slo] WIEd A2 33telM A3
18971 A 2H-E] 83%2] polymorphisme A2 A3} (Van Der
Hulst et al, 2000)2} Inter Simple Sequence Repeats
(ISSRy& ©l&8 =] MAsk= Arlsder Mgu=sd 2%
o] AR 308904 96%2] polymorphisme HATH=
o][¢ HI (Ryu and Bae, 2011) 222 A (Nelumbo
nucifera Gaertn.) 32415 tdo= 10709 primers AR
39S W 91.2%9] polymorphism ®31 A (Ryu et al.,
2010)7= zolE Bt W vis 20%55S Wdo= g
AFLP primer 3Z%olA 43%<] polymorphism 2 3}-<}
(Morales et al., 2013) ¥} F57F FATA] EA A w5

T o T Al

I A=

w0

3z

oF =FIF 7.8%, vlet F7F 22.9%2] W2 polymorphism
< Hole ZA¥x BAEJ=d (Kwon er al, 2007), ©18
g zfol= frABAl EA A o] &g mAZR AEF Aol
o W& Fx4 54 wjiolgta AlsH
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Fig. 3. Dendrogram of 104 Taraxacum accessions based on AFLP
genome fingerprinting and UPGMA clustering analysis.

2. 7Y ¥ FUREAM

AFLP #2418 B3 dojzl 523709 A peakE 2
NTSYSpc program®] B7}s AR+ 4] (UPGMA)S ©]
£3lo] FARS (similarity coefficientyS &H2138F Az}, 7 ¥
= 0.64914 0.990 AA JERSTE (Fig. 3). FARE 0.645 7]
o= YRS & groupe] WHIS=H AIER, IERIEH], A
FRIEH7E group 1o &35 FIE S SRS} group 11
of &3ttt MIEH T oA fAkEE RIS 0.82
HoR 7Y wokom o tgo g RIS 081, VIS
0.77, A5 0.75 22 MYTUEH 074 £02 {14

FdS Bk
2E219] ek 5717} e 3elA AR 57430] e A
S8 (Lee, 1993)= 9= QUAITE dujola] 33k A&

AR EE S0l A2lehs ddviEd, 1 Yate=z =
el sl Exf - A2 P~ AMFRIE e A group 101
4319tk Ahn 5 (2003) TIEES 652 AR 94
< o]&3t T+ FeH 5L B A FxH =
717} e 9 SRS oA UrEMl R A gREe e
AHIEE oM YERA] 43S BUEEd), o|5le At
UNEY 7} FHEYE B8l UEEM s B
= gd 9 fAgHoR Aot S HAFE IAYVE
e = S5 FEA dulelA e 24 o]
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@ Taraxacum ohwianum
A Taraxacum platycarpum
1 5 | Taraxacum platypecidum

® Taraxacum coreanum

® Taraxacum officinale
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Second principal component

-5 1

-10 -

First principal component

Fig. 4. The scatter plot of 104 Taraxacum accessions based on
AFLP genome fingerprinting and PCA analysis.
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