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Molecular genetic fingerprints of 15 Curc//Illa spec ies were developed lIsing Inter Simple Sequcnce Repea ls (ISS R) and Random Amplifi ed 
Polymorphic DNA (RAPD) markers 10 elucidate the genelic d iversitylrclatcdness among the spec ies. Thirty-ninc RAPO primcrs yie lded 376 bands 
Ofwhich 352 wC re polymorphic and out of the 91 bands produced by the 8 ISS R marke rs. 87 were polymorphic. Dendrograms were constructed 
based on the un weighted pair group method lIsing arithmetic ave rages. Cluster nl1 alysis of dat a lIs ing UPGMA algorithm placed the 15 spec ies inlo 
seven groups tha i are somewhat congrue nt wilh classification based onlllorphologica l characters proposed by Ihe ea rl ie r works. However, the study 
4lsowarrants the limitations of the conve ntional taxonomic tools for resolving the taxonomic confusion prevai ling in the genus and suggcsts Ihe 

molecular markers in conjuncti on with morpho-taxonomic and cytologic stud ies while revising the genus. which is current ly in progress. 
maximuTll molecular sim ilari ty observed betwec n two of the C I/rcuma spec ies namely Ci fl"Cl/llla m k/(fkal//(f and ClIr Cl/llla Il lOlI f{// /(/ is 

of the need for re looking the separate status given to these two spec ies . Further. the s(n lus of C. 1II011 /{///(/ and C l/rClIllla p selltiollloll/alla. 

two spec ies mainly di scriminated based on the presence of sessil e tubers also need to be reassessed. 
2007 Elsevier B.Y. All rights reserved. 

Curcullla : DNA fi ngerprint ing: ISSR: RAPD: Species diversit y; Taxono my 

Over 80 s Jecies are reported in the genus ClI rcu1I/a 

from Indo Malayan region and about 40 of 
are indigenous to Indi a (Velayudhan et aI. , 1999). 

it is now believed that at least some of the species 
be synonyms and there may not be 80 true Cl/rcl/llla 

as reported earlier (Sasikumar, 2005). Taxonomic 
I has been reported for Chinese CIII"CIIII/(1 species as 

(Liu and Wu, 1999). A comprehensive global taxonomic 
of the genus has not yet been attempted. The maj or 
in the taxonomic studies of the genus are lack of type 

and illustt'ati ons of old species, lack of protologues 
details in the earlier literature, absence of importan t 
in the herbar ium specimens, incomplete descri ption 

.,,,,,,,,,"',, ... ISSR. inter simple sequence repeats: pe R. polymemsc 
RAPD. random amplified polymorphic DNA 
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of the rhi zome features in the herbarium sheets, fl eshy and 
pe rishable aeri al portions. e tc. (Sasikumar, 2005). 

Posifio n of spikes in Curct/l11{/ is e ither terminal or latera l 
and is one a ll the major d iscriminatory traits of the species 
along with presence of coma bract, brae I color. However, the 
position orthe spikes and the color characters has been a subjec t 
of controversy (Larsen and Smith, 1978). Roxburgh (1910) 
pointed a lit that thi s difference is seasonal, the early spikes 
being lateral and the latter ones central. San tap"u ( 1945, 1952) 
added that in Curcl/lII{/ p seUdOI1l0 1ll{/1l{/ at the beginning of the 
rainy seasol1the plant has a large spike coming out from the side 
of the leaves. Gradua ll y by beg inning of August, this latera l 
spike decays and the cent ra l one appears surrounded by leaves, 
resulting ill both centra l and latera l spikes in the same' plant. 
Santapau ( 1952) also reported that the color characters show 
many var iat ions within the species. Bract color variat ion is also 
noted in Curcul//{/ ec{/ /c{/rata (Sas ikumar, 2005 ; Sabll, 1991). 
Hence both these charac te rs are undependable fo r the 
delimitation of species in the genu s. Conventional taxonomic 
techn iques in conj uncti on with molecular biology tools may go 
a long way in resolv ing the taxonom ic confusion prevailing in 
the genus. Though a few studies 0 11 morphological and 
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anatomical characterization of C"rcullla species and cultivars 
have been attempted, not much has been done on molecular 
characteri zation (Sasikumar, 2005). 

Cl/ rcl/lIla molecular biology studies, so far, are confi ned to 
few isozyme-based characteri zation of germplasll1 accessionsl 
species (Sham ina et aI. , 1998; Apavatjrut et aI. , 1999; 

Paisooksant ivatana eL al. , 200 1). 
Relying much on the morphological characters alone in 

species de limitation has its own limitations ill the genus. 
Molecular biology techniques li ke ISSRIRAPD markers thus 

assume significance. 
The present work is the first attempt ill molecular 

characteri zation of IS economicall y important Curclfma 

species and it adds re levance in the present ongoing context 
of the taxonomic revision of the genus. 

2, Materials and methods 

2.1 . Plaw material 

The study was conducted at the Genetic Resources and 
Molecular Breeding Laboratory, Crop Improvement and 
Biotechnology Division, Indian Institute of Spices Research, 
Calicut. The experimental materia l comprised of 15 Curcuma 

species, maintained in the field gene bank of Indian Institute of 

Spices Research, Calicut (Table I). 

2.2. DNA ex/m ction 

Fully opened fresh tender leaves of the CUrClII lIa species 
were used for the isolation of DNA. The genomic DNA was 
isolated by CTAB method (Doyle and Doyle, 1987). The 
extraction buffer contains 2% CTAB, 1.5 M NaCI, 100 mM 
Tris, 20 mM EDTA and 0. 1 % 13 mercaptoethanol. 

- 2. peR cOlldition--

RA PD reaction was carried out in 25 ~I reac tion volume 
containing 20 ng genomic DNA, I U Taq DNA polymerase 
(Biogene, USA), 200 .... M dNTPs, 2 mM MgCI, and 10 pmoles 
of random decamer primer accordi ng to Williams et al. (1 990). 
Amplification condition consisted of pre denaturation at 94 °C 
for 3 min, denaturation at 94 °C fo r 1 min, annealing at 37 °C 
for 1 min , extension at 72 °C for I min and final extension at 
72 °C for 10 min. Number of cycles was 35. 

For ISSR rea'clion, the primer concentration used was 
60 pmoies reac tion- 1 and the annealing temperature in PCR 
condition was ra ised to 55 °C and number of cycle repeats was 

32. 
The reaction was carried out in a programmable thermal 

controller, PTC- IOO (Ml Research Inc., USA). 

2.4. Electrophoresis of PCR prodllcts 

The amplified products were visualized in a 2% agarose gel 
contHining 0.5 ~g ml- ' of ethidiulll bromide and documented 
by a gel documentation system (Alpha Imager 2200, USA). The 

bands were scored based on the molecular weight marker ( I 
DNA ladder, New England Biolabs). 

2.5. Data scoring and allalysis 

The electrophoretic patterns were visually analysed 
DNA bands were scored as present ( I) or absent (0). The 
obtained was entered in to the NTSYS- pc programme 
1993) and Jaccard 's simi larity index (JSI) was calculated 
each pair of samples. A UPGMA dendrogram was cn'lSll"IIC"", 1 

based on JSI. 

3. Results 

A total of 39 random decamer primers were selected fu 
RAPD analys is from Operon Technologies, Inc. , Almed~ 
USA). Out of the 14 ISSR primers screened for polymorphisll\ 
8 were selected for the characteri zation of the 15 Curcflma 

species. The sequence of the RAPDII SSR primers used for tli< 
molecul ar genetic fi ngerprinting of the 15 Curcullla species and 
the total number of bands produced by each primer, numberof 
polymorphic bands and percentage of polymorphism produced 
by each primer are presented in Table 2. 

T hirty-nine random decamer primers produced a total of376 
sCOl'able bands in the 15 species studied out of which 352 W," 
polymorphic. The percentage of polymorphism ranged from. 
maximum of 100% showed by 22 random primers (i.e. 56.41 ~ 
of the total RAPD primers used) to a minimum of 75 % showed 
by OPA II (Table 2). Whereas in case of the e ight ISSR primm 
studied, six of them (75%) gave 100% polymorphic bands 
among the species and two primers namely (TCC), AG and 
(OACA), gave 70 and 90 .9 1 % polymorphism, respectivel) 
(Table 2). Pooled over the primers a total of 467 markers lI'erI 

obtained out of which 439 (94 .6 1 %) were polymorphic. 

3.1. Cluster analysis 

The UPOMA dendrogram (Fig. I) showed two maio 
cluste rs. The first one included C. ecalcarata Mangalay & 
Sabu of the sub genus Paracurcullla Val. along with CurclintO 
decipiells DaIz. of the sub genus Ellcllrellllla . Valeton (19181 
was the fi rst to classify the genus Curcul11a into EllCUrCl(mo and 

ParaCUrClII lIa mainly based on the presence or absence of 
anther spurs. The two clusters split at a laccards Similaril) 
Index (lSI) 0.570. 'The two nodes in the cluster one (C. 
eealcarllta and C. deeipiells ) showed 0.668 lSI between tlr<'" 
Curcuma /writ/w , Curcullla aroll1atica

a and Curcullla o~ 
l i cllb formed the first group in cluster two. C. Iwrit/Ill sho~ 
0.800 l SI with the C. al"Omllf icd l and C. al"Omatica

b 
in the grouP 

while the two C. al"011Iat ica entities showed 0.856 l SI bel~" ec: 
them. Curcuma IOllga syn. Curcl/II.w dOl1lestica forl11e~ a ~ln~ 
group and the node gave 0.642 JS I with the other specIes In tbI 
cluste r I I. Four species formed the third group in the clustet,~ 
biggest group in cluster II. In this group, Curcuma sy/vo

llca ~ 
0.708 JSI with C. pselldolllO/ ltalla of the same group and, 
later one had 0.730 l SI with Cllrcllllla lIIalaharica and ellre ,r) 
zedoaria of the same group. T he node of the C. l1la/aba fl

ca 
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Table 2 
Sequence of RA PD/ISSR pril1lcr~ , Ilumber of b;mds generated by each primer. number of polymorphic bands and percent polymorphism 

S. no. Primer Sequence 
(5'-3') 

RAPD 
QPA 05 AGGGGTCTrG 

2 OPA 07 GAAACGGGTG 

3 OPA 08 GTG ACGTAGG 

4 OPA 10 GTG ATCGCAG 

5 OPA 11 CAATCGCCGT 

6 QPA 12 TCGGCGATAG 

7 OPA 14 TCTGTGCTGG 

8 QPA 15 TTCCGAACCC 

9 OPA 17 GACCGCTrGT 

10 OPA 18 AGGTGACCGT 

II OPA 19 CAAACGTCGG 

12 01'13 09 TGGGGGACTC 

13 OPB 12 CCTrGACGCA 

14 OPB 16 l TIGCCCGGA 

15 OPC 07 GTCCCGACGA 

16 OPC 08 TGGACCGGTG 

17 OPC 09 CTCACCGTCC 

18 ope 10 TGTCTGGGTG 

19 ope 11 AAAGCTGCGG 
20 OPC 12 TGTCATCCCC 

21 OPC 13 AAGCCTCGTC 

22 ope 14 TGCGTGCTrG 

23 OPC 16 CACACTCCAG 

24 OPC 18 TGAGTGGGTG 

25 ope 20 ACTrCGCCAC 

26 O»DOI ACCGCGAAGG 

27 OPO 03 GTCGCCGTCA 

28 OPO 04 TCTGGTGAGG 

29 OPD 05 TGAGCGGACA 

30 OPO 07 TrGGCACGGG 

31 OPD 08 GTGTGCCCCA 

32 OPD 13 GGGGTGACGA 

33 OPD 14 CTrCCCCAAG 

34 OPD 15 CATCCGTGCT 

35 OPO 16 AGGGCGTAAG 

36 OPJ 10 AAGCCCGAGG 

7 OPJ 16_ CfGCTTAGGG 

38 OP] 17 ACGCCAG11'C 

39 OP] 18 TGGTCGCAGA 

Tot:l ] 

ISSR 
I ISSR I (CT ) 8 TG 

2 ISS R 2 (CT) 8 AC 

3 ISSR 3 (TCC) 5 AG 

4 ISSR 4 (AGC) 4 GT 

5 ISSR 5 (CAC) 3 GC 

6 ISSR 6 (CTC) 3 GC 

7 IS5R 7 (GACA) 3 
8 ISSR 8 (GACA) 3 GC 

Total 

C. zet/oaria showed 0.772 JSI between them. C. sylvatica of the 
group three showed 0.669 l SI with CurcI/ilia cacsia and 
CUrCllII/a ncm gillos(I , which formed the fourth group in cluster 
II. The Iwo nodes in Ihe founh group showed 0.720 lSI 
between them. Goi ng up ill the dcndogram the two species of 
Eifel/reI/ilia , CllrCl/llla mktakallfa and CurcI/ilia montal/a , 

showed max imulll simiimity between them (0.9 1 JSI) forming 

Total no. or No. of pol ymorphic Polymorphi;-

bands bnnds (%) 

10 10 100.00 

12 10 83.33 

13 II 84.62 

II 10 90.91 

12 9 75.00 

II 10 90.91 

9 8 88.89 

9 9 100.00 

9 9 100.00 

II 10 90.9 1 

II II 100.00 

8 7 87.50 

8 8 100.00 

6 6 100.00 

9 9 100.00 

13 13 100.00 

II 10 90.9 1 

9 9 100.00 

6 6 100.00 

4 4 100.00 

9 9 100.00 

5 5 100.00 

13 12 92.31 

8 8 100.00 

8 8 100.00 

II II 100.00 

10 10 100.00 

9 9 100.00 

9 9 100.00 

13 10 76.92 

12 II 9 1.67 

9 8 88.89 

10 9 90.00 

14 12 85.7 1 

II II 100.00 

7 7 100.00 

9 9 100.00 

8 7 87.50 

9 8 88.89 

376 352 93.62 

17 17 100.00 

5 5 100.00 

10 7 70.00 

12 12 100.00 

14 14 100.00 

13 13 100.00 

II 10 90.9 1 

9 9 100.00 

91 87 

the fi fth group in cluSler II . CurculI/a cOlI/osa had 0.856 lSI 
with C. lIIonlt/no and C. raktakal//(l . Whereas the lone 
species CurculI/a amado having JSI 0.72 1 with C. CO/1l0~ . . lusl., 
C. roktakal/fa and C. 111011/(/1/(1 form ed the Sixth group \11 C P 
II. Thi s group in lurn had 0.660 lSI wilh C. sylvnt ica of groU. 

. OStll1l
three and the two nodes of the C. caesio and C. aeragl1l 

Ihe group four. 
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Fig. I . Dendrogram of 15 CurcI/ilia species from India resulti ng from a UPGMA clu ster analysis oblaincd from 8 ISSR and 39 RAPD primers. 

4. Discussion 

It is interesting to note that the two species fall ing in cluster 
I, viz, C. decipiel1s and C. ecalcarata, belonged to the two 
separate sub genera, viz, E UCltfCltl1la and ParaClirClIl1Ia , 

respectively, of Valeton, In the genus Pnracurcul1In, Valeton 
had included onl y two species, viz. C. ecn/carata and Curcuma 
allrallti(lca both lacki ng anther spur or wi th a very short spu r. In 

the presence/absence of anther spur was considered by 
" ,1/alolon as major criteri a in class ifying the genus into two 

~blirOlJPS based on hi s observation of Malaysian and Javan 
species. However San lapau (1945, 1952) had 
about the wisdom of solely relying fl oral or 
traits for di scriminat ing the Cllrcl/II/n species . 

and Smith (1978) also funher stressed Ihe limitalions 
relying fl oral or vegetati ve feat ures in discriminat ing 
species. C. decipiel1s and C. (I/lrall tiaca (the other 
of Pamcl/rcl/llla) are cohabiting species having much 
in fl oral, vegetati ve and rhi zome characters, though 

spur length va riation is there in these two species. 
form s related to C. decipiens that set seeds have also 

noticed in central Kerala, India. The infra specific 
noticed in both of these species is so high that some 

speci fi c Iypes may appear 10 be morphologically quile 
, Both seed setting and non seed setting types are also 
in these species. These two spec ies are evolutionarily 

act ive and turbulent species and hence they may be 
as very primitive ones (KC Velayudhall . Unpub

Based on the past cytological literature, one can furt her 
the origin of genus CurculIIa and cultiva ted species 

as C. longa 10 amphidiploidy (allolelraploidy) and the 
(Raghavan and Venkatasubban. 1943; Sato, 

Chakravorli , 1948; Ramachandran, 196 1). Thu s Ihe 
Curcuma as a whole is amphidiploid. More varia tion 
in seed selling diploid (a llolelraploid) species with 

Thus the inclusion of two morphologica lly distant 
species in main cluster I irrespecti ve of their 

morphological di ffe rence is possible. Likewi se, all Ihe 15 
species studied also bifurcated into two major clusters at 0.57 
lSI irrespective of the morphology indicaling al leasl a 50% 
general simi lari ty between the species fa ll ing in the two clusters 
based on the amphidipl oid concept contain ing two genomes. 
The highl y polymorphic nature of bands in essence tallies with 
the hi gh polymorhism noticed in the entire genus, which 
accounts for the species diversity. Further, the grouping of two 
di stan t species together may also be atlributed to the limitat ion 
of relyi ng 011 a single or few key characters in species identi ty 
and taxonomic classification. Alternately one can argue that the 
deviation of marker based divergence from an observed 
morphological divergence will depend on the degree of 
association between the markers and expressed traits (Gupta 
and Varshney, 1999). 

The two species in the cluster I, i.e. C. decipiells and C. 
ecalcarata share many common vegetative, rhi zome, fl oral and 
traits. They also cohabitat at high alti tudes in rocky patches 
(Sabu, 199 1). Of course, wide di striblllion has been not iced in 
case of C. eca/carma which occur from plains to hills as high as 
700 m elevation. 

The 13 other spec ies included in the cluster II also revealed 
some interest ing pattern . In the group one of cluster II , two 
spec ies are included namely C. Iwrilha, C. arol1lmicd' and C. 
arol11aticab. In thi s group, the two C. n/'OlIIatica entiti es, 
collected from separate places in Kerala showed 85.6% 
similarity between them and morphologica ll y also they 
resembled closely. Both spec ies of this group also share 
similar ecological niches in the midlands and base of Western 
Ghats of India. C. arolllatica is a seed setting species (George, 
198 1) and true seed ling va ri ation may be the reason for the 
observed varia tion in the two entities of C. arol11atica. Both the 
species occur throughout Kernla in semi ~shnded forests, grass 
lands and even in pl antations and are reported to have a somatic 
chromosome number 211 ;;;; 42 (Raghavan and Venkatasubban, 
1943; l oseph et ai. , 1999). Rhi zomes ofbolh Ihe species are rich 
ill camphor, camphene. ar-turmerone, etc. (Bordoloi et aI. , 
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1999; Dnn et aI. , 2002). Between the two species they showed 
79% similarity based on the molecular da ta . The second group 
of cluster II is represented by a lone species C. 101lga, a triploid 
(2 11 ;::: 63) species, which is distinct from all other spec ies in its 
morphologic<l l and biochemica l characters and is the pre· 
dominan tly c ult iva ted spec ies throughollt the world. Four 

species namely C. sy/varic(I , C. pseUdOIl101ltOIl(f , C. zedoaria 
and C. lIlo/abarica formed the third group in cluster II. In th is 
group C. zedoaria and C. 11Io/a barica having almost similar 
fl oral, underground and aerial charac ters showed 77% 
sim ilarity between them. Both are triploid (211 ;::: 63) too 
(Rnmachnndran, 196 1; Joseph et nl. , 1999). C. sy/varicn is a 
lateral spike producing species as C. l ee/oaria and C. 
l1lalabarica , but it is having distinct Horal and rhi zome 
characters as compared to the three other species in the group. 
The ent ity C. sy/vatica , earl ier reported by Valeton (1 9 18) as a 
separate species, due to mango Havour of the rhi zome is now 
considered as a variant of C. alllada (Ke Velayudhan, personal 
communication) based 0 11 midri b color of the j uvenile leaves. 
Howeve r, the DNA profi ling of this enti ty does not agree with 
this view as the true C. all/ada grouped distinc tly from th is 
e nti ty in the dendrogram (cluster H, group six) . C. caesia and C. 
aerug i llosa formed the fo urth group in cluster 11. T he pairing of 
C. caesia, popularly known as 'black turmeric ' , possessing 
deep blue colored rhizome having camphoraceous aroma and 
bitter taste wi th C. aerug illosa which is also havi ng the similar 
morphological and rhizome characters is very interesti ng. 
Between them they shared 72% simi lari ty. Rhi zomes of both 
the species are also ri ch in camphor (S irat el aI. , 1998; Behura , 
2000) and their lenf midrib is hnving purple color. Pifth group of 
cluster II consisted of th ree species namely C. rak/aknllta , C. 
mol1fclIla and C. COlllosa . The two species, C. raktakallta , and C. 
mOIl/nlln in this group showed maximum similarity between 
them among the 15 species in the delldrogam (9 1% simil ari ty) . 
Characteri zed by dwarf slature, these two species share many 
common Horal , vege tative and rhizome features (Velayudhan 
et nl. , f99 , f999) . However, they do differ in the posit ion of the 
spike nnd color of coroll a (Velnyudhnn et aI. , 1999) which nre of 
course characters of conlroversy. Considering the very high 
degree of molecular similarity obtained in conjunction with the 
morphological si milarity of the two species, it would be prudent 
to examine the existing separate status of the two spec ies. Most 
probably they can also be synonyms like C. zee/oaria-Curcuma 

x{lII/liorrhiza (Ind ian spec ies); Curcuma Cl lbicol11C1- Cll rCIIJll CI 

sichuanensis; Cil rClIllla c!l/WII Yllj i ll - Curcuma klV(Jng siensi s; 

Curcllma wenyug i ll- C. aroma/ica and C. zet/oaria- Curclima 

p/weocc/II /is (Chinese species) (Liu nnd Wu, 1999). 
C. al11ada (Mango ginger) distinct form all other species, 

maintained a distinct ident ity be ing Ihe lone species in the sixth 
group of cluster 11. C. all/ada characterized by mango plus 
ginger Havoured rhizome is next importan t Curcullla species 
under cultivation, afte r C. longa . The rhi zome of C. amae/a is 
rich in camphor, ar-curcumene, ('( pinene, zingiberene, 
curzerellene, 13 e lemene, isoborneol, etc. (Srivastava et aL, 
2001). 

The group three in cluster 11 accommodates C. p seudo-

1110l/ fCllla of section NOli Tuberosn along with enti ties such as C. 

malabar ica, C. l edoaria and C. sylv{lfica o f the section 
TlIberosa . The inclusion o f C. pseudolllontm/{/ of section NOli 

Tuberosa a long with entit ies of Tuberosa of Vale ton can be 
attr ibuled to some extent the amphidiploid origin of Ihe genus. 
C. pseudol1lolltalla , originn lly descri ed from Weslern Ghats 
India had a confused taxonomy as it closely resembles c: 
1II001ltll1a except for the s ide corms. C. pseudol1l oll/{lu(l and C. 
mOI//(IHa sh'lre many common Horal and vegetati ve characters 
and occur in simi lnr habitat (Sabu, 199 1; Velnyudhnn et al., 
1999). C. pseudol1lolltalla is stated to have both ce ntra l and 
Internl spike (Snntapau. 1945) . Thus n close relook in to the 
morpho-taxonomic tra its of C. II/OI/tm /{/ and C. pselltiolllOIl/(l1Ia 

in the light of lhe earlier stud ies and present fi ndi ng is warranted 
before accord ing a permanent separate species status to them, 

T he molecul ar profi li ng of the 15 Cllrcfllll n species shared 
some simi larity with the conventional taxo llOinic studies 
reported though there were dialectical situation of species of 
unidentica l morphology fa ll ing in the same group or vice versa, 
The present study wnrrnnts that relying solely the fl oral. 
vegetat ive, rhi zome features for taxonomic characteri zation of 
Curcuma may be ambiguous as there is lack of type specimens, 
pro tologues, mi ss ing Horal parts in the herbarium specimens, 
etc. As taxonomic revision of the genus is now under way, it 
would be prudent to use ISSRJRAPD markers nlongwith the 
morpho-taxonomic/qualitative, cy tologica l parameters to 
resolve the identity of closely resembling Curcu/1/a species 
when there is confusion with respecl to their unequivocal 
identity. 
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