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Genetic Diversity of Curcuma Genus Collected Germplasm using Analysis of AFLP
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ABSTRACT : Collected germplasms of five representative species belonging to Curcuma genus (C. longa, C. aromatica, C.
zedoaria, C. phaeocaulis and C. kwangsiensis) were 52 samples from different farmhouse in Korea and China. To elucidate
the genetic diversity among the species, 52 samples were analyzed by genomic fingerprinting method using amplified frag-
ment length polymorphism (AFLP). AFLP results of 6 primer combinations were revealed 643 total DNA fragments and
349 polymorphic bands with the 54.3% ratio of polymorphism. In the analysis of coefficient similarity using unweight pair
group method with arithmetic averages (UPGMA), 52 Curcuma germplasm lines were ranged from 0.60 to 0.99 and clus-
tered distinct five groups according to the species and collected geographical levels. However, the result of principal coordi-
nate analysis (PCA) by multi-variate analysis was shown significantly greater differences among species than geographical

origins based on AFLP profiling data of these samples.
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o= oF 8001 Fo] AEo] &apH, dof H ofAthR|Y<l <l
T, T, 48 SA 2 #xstal k. ol& FvkAE
T2 7% (C longa), &7 (C. aromatica), °}& (C.
zedoaria), B-°V%& (C. phaeocaulisy 133 FAot& (C
kwangsiensis) 5= Auiste] tggt AEE o83 3L Aok
(Al-Reza et al., 2010; Komatsu et al., 2008; Sigrist et al.,
2011; Wilson et al., 2005). Agotrlol B % SAAM =
LHTE A (C longays 7HAISF 22 AEAES A
HEE o]gs) & APHo7 FQ3 2Eo|n (Sigrist ef al.,
2010), &5 (C. aromaticay> 9FA% 4 P& X85h= 5
ke R X EA9} sHE Y8R o]8skal o™ (Al-Reza
et al., 2010), °}& (C. zedoariayS T-FA|, 4344 28]l

A7) ABAZ o]g3] 23 Utk (Wilson ef al., 2005). Y&
AF st = BolE (C phaeocaulis)Z FAot&E (C
kwangsiensisys We, YA 59| XEA|Z o]g3lal Tt
(Komatsu et al., 2008). <& 9] ZF54 oW, 2,
ksl 2= gt ol Hold ofeld a3t e Bl
&#H 7 curcumin ZAo] 23 (C longa)ys W E3H
Curcumass A& HejE7]d] v SAsks Zles d#A
HA MAH SR FEIA ATE (Sigrist ef al., 2010; Sigrist
et al., 2011).
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ANEtAe 749, curcumin®] k] EEHeo] x| ¢ro} okA)

2 ARESPIol FAge ALY BelEr]e] Aileko
o FAZE HAE F Jorg S AuE S 11-5 2
o] ek HEET|E thEeE AN & 7 e 3
gk A7 H 8 s
Az=g NFshkedl oM g9 Faad A= §44
g, btz 2 AlTAdAlE BEs] Hrkekes 2 §-
TEA] ATE HF - AL o5 1M wHRFE S
o g e ARE AFsh] Wl S35t (Bretting and
Widrlechner 1995' Klm et al 2012) ol& v‘i—é}]“&}{‘ o

UIL AEo] AlFsh= T‘éEHX# PHe] AR F3] AgHHe]7]
ol sl ATt (Kim et al., 2010). < FAAYE5]
Hgg Q7MY BHe] tiEst 2 Akssit 7hsslidlel wet
amplified fragment length polymorphism (AFLP), simple
sequence repeat (SSR), random amplified polymorphic DNA
(RAPD) 9] %@ FAPHES o w3 7 71 4%
He] BARS Bk lolA ot 2HEe] Y 24
o o]&¢¥Hx Ytk (Kim e al, 2013; Moon et al., 2011;
Vos and Kuiper, 1996; Wang and Park, 2013). t}st 55
3 H/\mnﬁ zo]]/q_\;_ AFLP= x%;‘q] AR glo|x ;H%}%zq
7ol 548 WesHll 2 & 7 ds ‘i’ oflz}, T 7]
a71e] A7 AEsHl A8 + Ue Aol oA
2E0] FH Aol o)=L Stk (Klm et al., 2013; Vos
and Kuiper, 1996). Curcumass 21&2] +3 tddS Hrish
AxAME FolA 2 2 AR (Komatsu ef al.,
2008; Sigrist et al., 2011), -Fﬁﬂoﬂ/\ = F2 AE = Aok
g7 o]& W ARAlEEA|e §5L Ao 2dl ALy} 213)
w5 Qlom, SfjollA] AulE AL ElL Curcuma®s 2 EAME
ZHOE & F B9 AAe] we AMET AR} f

=2 -
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A o 24 5o AAIAR] A K8 mEE} (An er
al., 2006; Kim et al., 2011; Oh et al., 2010).
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Table 1. Curcuma 52 germplasm lines used in this study for AFLP analysis.

] ) ] ) No. of Morphological character
Species Collected region Latitude Longitude
sample  Color of main vein  Color of Rhizome

Aewol, Jeju, Korea 33°27'43"N  126°19'46"E 8 - Orange

C. longa Jindo, Jindo, Korea 34°28'50”N 126°15'46"'E 7 - Orange

Chengdu, Sichuan, China ~ 30°34'20”N 104°3’59"E 8 - Orange

C aromatica Aewol, Jeju, Korea 33°27'43"N 126°19'46"'E 6 - Yellow

Jindo, Jindo, Korea 22°49'2"”"N 108°21'58"'E 7 - Yellow

C. zedoaria Aewol, Jeju, Korea 33°27'43"N  126°19'46"E 7 Purple Emerald

C. phaeocaulis  Chengdu, Sichuan, China  30°34'20”N 104°3'59"E 7 Purple Yellow
C. kwangsiensis Nanning, Guangxi, China ~ 22°49'2”N 108°21'58"E 2 - Gray green




Curcuma= L&t

Table 2. List of pre-selective and selective primer sequences used
in this study for AFLP analysis.

Step :r;:ﬁr Sequence (5' —» 3

Pre-selective Msel-C TGC GAC CAT GAC TCC TGA GTA AC
PCR EcoRI-A CTC GTA GAC TGC GTA CCA ATT CA
M-CAA  GAC GAT GAG TCC TGA GTAACA A

E-ACG  CGT AGA CTG CGT ACC AAT TCA CG

E-ACC  CGT AGA CTG CGT ACC AAT TCA CC

Seleclve  EAGC  CGT AGA CTG CGT ACC AT TCA GC
E-ACT  CGT AGA CTG CGT ACC AAT TCACT
E-AGG CGT AGA CTG CGT ACC AAT TCA GG

E-AAG  CGT AGA CTG CGT ACC AAT TCA AG

ethidium bromide (EtBr)Z HA3le] UV light oA F=
g genomic DNA®| &3 2 T HHE gl on
NanoDrop 1000 spectrophotometer (NanoDrop, U.S.A.)E ©]
#3510 260 nm oM HFSIAc

3. AFLP &4

AFLP %212 AFLP Analysis System I (Invitrogen,
U.S.A)Z AFLP Pre-Amp Primer Mix 1 kit (Invitrogen,
US.A)S olgste] Az}t AE3E protocololl wheh Fa)s)
O™, pre-selective amplification Z¥<= 1.5% agarose gel
oAlA H7195S B3l A3 Selective PCR 532 pre-
selective amplifications A A ¢+ W3- H S Tris-EDTA (pH
8.0) &=gdo=Z 108) 3|4t Ao 2 uE T DNAZ At
L3592, 25 uM Msel primer, 1 #M EcoRl primer,
10 xbuffer, 8mM dNTP 2|3 065U TaKaRa Ex Taq
(TaKaRa, Japan)o] XZ3E F 10 140 2] REgA A HA|s}
Atk PCR FF =7 94ColM 30%, 65CellM 30%
(=0.7C/1 cycle) 23l 72T 28-S WkSE=E 12 cycleS
touch down PCR 3}3132, o] Folli= 94TCellA 30%, 561CellA]
30% 283l 72Tl 289 ZHCZ 30 cycle WHAIZ
F 62T Msel (+3)3 EcoRl (+3) primer7} selective
PCR ZZd]| AFE2™, EcoRl (+3) primerd= 6-FAM HE=
VIC 8% dye’t 289 A& ARSI (Table 2). Selective
PCRE A EEL 36cm capillary’t 28 ABI3130 XL
(Applied Biosystems, U.S.A. )& o|-&35l] 27|95 st
4. Data &4

Capillary electrophoresis system2 ©]-&3}o] 1} AFLP
DNA X2 E= Gene Mapper (Applied Biosystems, U.S.A.)
ZRIHE o] &ste] AT ZF Al Eel gk DNA 23
o] ZZojR= AA| AF52] PCR FZ AHE0)|A noise peakS
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SEH peakET 4

3314 PCR S5¢ I Ao o]
#2008 71O peake] HE 1 ()
TE Fofsiien, f44 fFAdASt =
2 Z}Z} NTSYSpe version 2.2 (Exeter Software,
US.A) ZE2I9] 87542+ (UPGMA, Unweighted
Pair Group Method with Arithmetic Mean)3} Mini tab 16
(Minitab Inc., U.S.A.) ZZ739] thHz} A8 EAHS 7+
2} ol-g-ste] gt

ox tH op
Meorronet to

i=]
4

T
1. Ol &M
St oA AL A= Curcumass 55 SVNAIE

o2 AFLP 245 ¢ A3, 6289] primer Z2&olA 643
N9 total peak7} BRIEIRAIL 2 FollA 3497)7} polymorphic
peak$ith. Primer 2313 4t total peak 7N 10771921,
polymorphic peak= H+t 58717 ZRI=|Jtt. Fig. 164 K
= Hk9} o] M-CAA/E-AAG primer 252 AFLP A&
A HEE A% Ay, F2 peak’t EXES HYE
100 ~ 220 bptt. AA| 632] primer 3 7Fe-8 M-CAA/E-
AAGONA 7FE 2 85719] polymorphic peak®E 81.7%2]
polymorphismeS X&) Curcuma?s THFAALES 57

=S R
bl ol&do] =& Zolg}t A=, M-CAA/E-AGGAA 717
22 33719] polymorphic peak®Z 32.4%2] polymorphism
o] ZRI=IJTt (Table 3). AHZ 22 6%4] primer 23 A
°] polymorphisme 54.3%A=Hl, °l& Q=olA AAsH=
Curcuma®s 1552 F74 thdd 2404 Random Amplified
Polymorphic DNA (RAPD)= 93.6%2] polymorphism= X
ol ZAy}9} Inter Simple Sequence Repeats (ISSR} 95.6%
] polymorphisme H<l A¥}el= ztol7}F Ut} (Syamkumar
and Sasikumar, 2007). 3+ QIEoA XgEz £33 718
(C. longa) FAA 5585 AlEE 58 5 607152 S
2 3 f3 g EAolA RAPDE 91.4%2] polymorphism
< 221 A7} ISSRS 95.4%2] polymorphisms 21 A3}

= zto)7} E=Hl (Singh er al, 2012), °]& 3+ ZolE
AHA FAel o83 EAA SR} AFAEE o83 )
F AEFL] Apold mE 1% 54 wiolZtal AlsET)
2. 7oIEH| ¥ FHREM

AFLP ¥42 53] doJ7 349712] polymorphic peakS-&
NTSYSpc program®] HI7}g Ak&dd E4 (UPGMA)S ©|
435t FAHE (similarity coefficient)S Q18 Az} 1 H 9
= 060914 0.999] AA HEPtor FALE 0.68 7IEo®
Curcumass 5%°] Ygd< FAsAY (Fig. 2). 43 (C
longa) group®ll &%k MAEL FALE 0.70S 7|02 AT,
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Fig. 1. AFLP patterns of 5 representative Curcuma species
representative groups on capillary electrophoresis
system using M-CAA/E-AAG primer combination. (A);
#2 atJeju in C. longa, (B); #51 at Jindo in C. aromatica,
(O); #35 at Jeju in C. zedoaria, (D); #81 at China in C.
phaeocaulis, (B); #91 at China in C. kwangsiensis. The

arrow indicate polymorphic peak.

Table 3. Summary of results for PCR amplicons generated by
AFLP analysis using six combinations of selective primer
pairs in 52 Curcuma germplasm lines.

Primer pair TP MP* pps PR!
M-CAA/E-ACG 123 77 46 37.4
M-CAA/E-ACC 128 58 70 54.7
M-CAA/E-AGC 79 38 41 51.9
M-CAA/E-ACT 107 33 74 69.2
M-CAA/E-AGG 102 69 33 32.4
M-CAAJE-AAG 104 19 85 81.7

Total 643 294 349 -
Mean 107 49 58 54.3
"TP; Number of total peaks.
*MP; Number of monomorphic peaks.
$PP; Number of polymorphic peaks.
IPR; Polymorphism rate (%).
e 23 F=o] AgHE FEEHY EXxsi3it =5 (C
aromatica) group®l| &3 A= AT M= 7+ FHAS
HE fol #& #ERlsla, AlFolx 33 o= (C
zedoaria) = A 0.68914 FHo] olFAHA &F (C

aromatica)®} °V& (C. zedoaria)lt ¥4 A=} =52 &
oI5l g T=tollA] 3 BolE (C. phaeocaulis)?}
FAolE (C. kwangsiensis) 252 738 (C. longa), == (C.
aromatica) 1213 ©}& (C. zedoaria) 3%3+= H|wA v
T A=l 22 0.659 0602 Btk oleje Axk=
Syamkumar®} Sasikumar (2007)7F E323F Qo] zMAsH=
Curcumass 1552 573 td < inter simple sequence
repeats (ISSR)Z RAPDE o|&3le B4 A3 g (C
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Fig. 2. Dendrogram of Curcuma 52 germplasm lines by
unweighted pair grouping method of averages (UPGMA)
cluster analysis using polymorphic peak profiling
generated from the AFLP analysis.
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Fig. 3. The scatter plot of principal coordinate analysis (PCA)
based on genomic fingerprinting using the AFLP in
Curcuma 52 germplasm lines.
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Curcumas TRIEZL |REE Ll 24
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