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Biochemical variation in turmeric (Curcuma longa 
Linn.) accessions based on isozyme polymorphism 
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SUMMARY 
Fifteen accessions of Curclima longa L. collected from different geographical area·s in India, along with a few seedling 
progenies, were studied for variation based on isozyme polymorphism. A high degree of variability (63.8-96% 
similarity) was seen in the population studied. Phenetic analyses revealed several groups with interesting features. 
Two seedling progenies. which showed maximum similarity, stood distinctly from the.clonally propagated material. 
Other pairs of accessions showing high similarity (above 90%), were from the same geographical area, indicating that 
accessions collel'lcd based on vernacular names and those collected from adjoining areas, need not be genetically 
dislinct. 

T urmeric (Curcuma tonga syn. C. domestica, 
Zingibcraceae) is an ancient ane! sacred rhizo

matous spiel: of Inuia which is considered to have 
originated in South-East Asia. At present India is 
the major produecr and exporter of turmeric in the 
world, Although more than 50 cultivars of turmeric 
are known in the country, it is difticult to discrimi
nate thcse varieties solely on rhizomc morphology. 
The Indian Institute of Spices Research (IJSR), 
Calieut, has a mandate for ·collection and conserva
tion of turmeric germplasm. At present, the National 
Repository of Turmeric Germplasm at IISR main
tains more than 70() accessions of turmeric, including 
land races, improvcd varieties, opcn pollinated 
progcnies (01'), related species and taxa. Collection 
of these acccssions, cspecially the land raccs and 
cultivars an.: done mainly based 011 the vernacular 
names. Thcre is evcry possibility that a particular 
cultivm or race is known by different vernacular 
names in different pluces. This fact coupled with a 
lack of elear-eut distinguishable morphological fea
tures, could have resultecl in the accumulation of 
duplicatcs in the collection. The aim of the present 
study is to cletermine variability in isozymes for 15 
accessions (Aces) of turmeric, with a view,to using 
this technique to climinate duplicate entries. 

Isozyme proilies arc useful in identifying variation 
existing in plant populations. This technique of 
isozyme electrophoresis, developed some 30 years 
ago, has since been widely used to study genotypic 
variation in living organisms, and still remains a 
popular method as evidenced by its extensive use. 
The use of isozyme markers in germ plasm charac
terization has hL'l'll demonstrated for several crops, 
such as harley (ZI"'ng ('I ai" 1994): BrIIssica spp. 

*'1'0 whom L'orn.'spondt:!lce should be addressed. 

(Simonsen and Heneen, 1995): common bean 
(Ac4L1"ah ('I al" 1994: Paredes and Gepts, 1995); 
cotton (Wendel elal" 1994); eucalyptus (Prober and 
Brown, 1994); maize (Ordas et al., 1994); pearl millet 
(Tostain. 1994); pineapple (Aradhya et aI., 1994); 
rubber (Paiva el al., 1994); silver fir (Giannini et al., 
1994); soybean (Griffin and Pillmer, 1995) and sweet 
potato (Zheng and Cheng, 1,993). Isozymes, being 
multiple forms of enzyme proteins are primary gene 
products; variation in their structure should give 
reliable information about the variability in the 
genome and be less susceptible to environmental 
influence than the so-called secondary metabolites. 
Isozymes me theoretically well suited to identify 
closely related individuals or clones, simply by 
comparing phenotypic banding patterns. The main 
restriction is the degrce of polymorphism in the 
available enzymc systems in the population of 
interest, in reiation to the number of genotypes 
which have to he differentiated and the highly biased 
sampling (Forrest, 1994). 

MATERIALS AND METHODS 
Plant /1/ater;al 

Fifteen accessions of turmeric, obtained from the 
germplasm collection of I1SR, were planted in pots 
(30 cm diameter), and grown in uniform conditions. 
Details of the accessions are given in Table I. These 
accessions were chosen (as part of a project to screen 
the entire germplasm) to represent a reasonable 
spectrum of morphological and geographical varia
bility. 

Eleclropfl()resis assay 
From a preliminary study using rhizomes, pseu

dostems and leaves of different maturity, the first 
fully unfurled leaf was found to be most suitable for 
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Ace. No. 

)2 
37 
38 
42 
64 
88 
98 

109 
II\) 
\43 
21(l 
35g 
363 
3M 
366 

T/'IlII.L I . 
[)('{oi/., II)' IIl1"1l1eric IlcCt'ssioll.l' used for scre(,/lIl1g 

Locatiuo* 
popular m.lnlCS 

Manllnlhouy 
Sll~<tnuh1l11l 
SLl~<lndharn 
WV~lad Loc<li 
E~\ap(llnYi\m 

K,v\rangll 
Maran 

P,I\,lppally 
Singhihal 

CLS No, 5A 
!)nho\;.ll 

Sc..:d\ing progeny SC 
Seedling progeny 
Sco.:dling progeny 
Seedling, progeny 

Kcru\a 
Andhra Pradesh 

Orissa 
Kerala 
Kcral a 
Assam 
Assam 
Kcra\a 

Mallipur 
Andhra Pradesh 

Assml1 
Unknown 

Moovatl upuzha, -Kerala 
Shlllong, MeghaJaya 

Alllal apuram, Andhra Pradesh 

*Rcfer \0 Fig,Ul\! 2 

,,' ' extracts were prepared by 
the study. Enl.) me ., 3-35 of the tissue m 
thoroughly homogenlzmg . . g . the 

5 m
l of prechilled extractIOn buffer

M
, UTSI~gHCl 

I (1992) 005 ns- , 
method of Bhat el a. . - H' Cl 0 10;' ascor-

H 7 4 ' nl'lining 01% cysteme. " ° 
p ., co' 0: . The homogenate after 
bic acid and 17 Yo sucrose. was centrifuged at 
filtcring through ." mu~lm c~th, 'natant was kept 
15,930 g for 20 mm at 4 C. T e super 

frozen until use. " (PAGE) was 

stacking was achieved and t en a I 
. d h d the end of the ge . 

trackmg ye reac e re those of Harris and 
The staining procedures w

I
:

se 
(EC 1.11.1.6) and 

Hopkinson (1976) for cata. dranath and Fridovich 
esterase (EC 3.1.1.2), of Ravm (SOD) (EC 

.. '... 'de dismutase 
(1975) for superoxl . (1988) for 

) f Shimoni and Reuvem 
I.lS.L1, 0 C 1.11.1.7), of Mahadevan 
peroXIdase (PRX) (E I henol oxidase (PPO) 
and Sridhar (1986) tor

f 
P~a~~sivam and Manikam 

(EC 1.14.18.1) and 0 (EC 3132). After 
(1992) for acid phosphatads~ 70;' CH COOH and 

.' the gels were fixe m ° 3 . 
stammg, h Em (electrophoresis mobl-
bands were marked, tel t d for each band and 
lity) values were cal~ ;':0 replications of each 
zymograms constructe . ( 

accessions were done. f the isozyme profiles, the I 
From co,:,pa:ls~ns o(PAI) for the 15 accessions "I' 

paired affinity m Ices t' 0 between the number of ;, 
were calculated from the ra I .. sl'ons and the total '" 

I .. b teen two acces ' shllred bane sew . k 1990) The per 
.. \ l' (p. yan and DIC son" 1 number 01 lant s d ( 'based on all the: 

. .. . b t en the accesSIOns , 
cent slmllanty ewe d f m the per cent of the l 
six isozyme~, was cal~;a~alu~~. Using the per cent! 
sum 01 II1dlvldual Pl' was done using the l 
similarity values, cluster ana YSI~ L Kovach, Depart-j 
MVSP package (Ver \.3, Warre. '. USA) The 1 

B' I Indiana University, . ;' 
ment of 10 ogy, d' the form of dendrograms. ,j 
clusters were deplcte m 1 

polyacrylllmide gel elec_~~~lh~~~~1 of the Genei 
performed uSIng Ihe mml 1 '., ,', system (Genei, 
vertical slab gel electrop 101 OSIS 80 X 70 X 

India) The dimensions 01 the gel were
d 

. 2' 50;' 
. . re performe on a . 0 

1 cm. The separatIOnS we .. . HCl pH 6.8 
. I .' ·ting of 0.5 M Tns- , stackll1g gc conslS .' f 3 M Tris- RESULTS AND DISCUSSI?N . hos hatase' 

buffer and 7.5% resolving gel con.sls~~f1e~ contained 
HCl H 88 buffer. The reserVOir . 

Of the six isozymes studied, aClbd p fP bands, 
d h aximum num er 0 I 

demonstrate t em) esterase (3-6)'1 
(3-10), followed by SOD (2-7, 

I 
,p T;is and 0.19 M Gly, pH 8.3, accordmg to 

0,025 M . H (1994) Twenty-five to fifty f11 
the method of ames . 

TABLE n . d . 'sozyme profiles 
364 366 i 

-l 
13137 17146 i 
35% 37% ~ 

. " . . between 15 (lccessions of turmeriC /Jase on sLX I 

flu ired affi"ilY imilce.~ (per cenl SImilarity) ~_~\I~9-~1~43~--;2~1~0;_~3~58;;___;3;6;;;331:iiYi-~~ 88 98 109 

~A~CC~ .. ~N~O:.... __ )~:2~--;~);7:;-~328~__;~42~-1_6~446--;(,i401<~-1 13142 17147 11142 12143 

37 

42 

88 

98 

lOt) 

II\) 

143 

210 

364 

17/47 Hi/51 
)()'Y., 35'}I, 

29/62 
47'\{, 

17/43 
40% 
20154 
37'X, 
21/5X 
36°/., 

16140 14/41 17/46 
37% 40% 34% 

19152 21153 22157 
40% ]9% 37% 

21155 24157 24/61 
42% 39% 38% 

21147 20149 24153 
45% 41% 45% 
22150 23152 
44% 44% 

21146 
46% 

31 'X, 
\9153 
36'Y., 
22157 
39% 
18149 
37% 
18152 
35% 
18146 
39% 
19148 
40°/.., 
22150 

16144 12139 
]6'V" 31 'lI, 
21155 l,l'lI 
3R% 30'1., 

19154 25/59 
42'% 35% 

16146 1915l 
351'/" 37% 

22154 16149 
41% 33% 
20148 17143 
42% 40% 
22!50 17145 
44%, 38'\{, 

19147 
40°/c, 44% 

20145 
44'1., 

36'1\. 
21158 
36% 
21162 
34% 
19154 
35% 
19157 
33% 
16151 
31% 
17153 
32% 
19155 
35% 
14150 
28% 
18153 
34% 

26% 28% 
16153 18154 
30% 33% 
ISI57 19158 
32% 33% 
16149 16150 
33% 32% 
17152 18153 
33% 34% 
14146 14147 
30% 30% 
14148 15149 
29% 31% 
18150 16151 
36% 31% 
14145 15146 
31 % 33% 
16148 17149 
33% 35% 
18153 19154 
34% 35% 

24150 
48% 

16150 21157 I 
32% 37% I 
18154 24161 I 
33% 39% j 

15146 20153\ 
33% 38%1 
19149 22156 

39% 39%r 
17143 19150, 
40% 38%i' 

17145 2215~ 
38% 42%\ 

13147 21154 
28% 39%~ 

15142 2014~ 

36% 41% 

17145 19151 
38% 37°4 

15150 191

1 30% 33" 
15145 161 

33% 31' 
15146 171 
33'\\1 32 

181 
37 

A. SHAMINA. T. 1. ZACHARIAH, B. SASIKUMAR and 1. K. GEORGE 481 

358 

363 
--" .. _-_. __ .. _-----------, 

:: I-----:}--------. 
88f----~ 

98f----
:: ~---- f--

366 . ___ .... _ .. _. __ ._ .... ___ ..J 

119 -- -",_._. ----"- ---I 

143 

109 

----... -1 -ll---_............J 
I 

36, 

32f-----.-----------'~ 
210'------·~··---~ ______ ...J 

_____ .. __ . ______ ...J 

FrG.l 
Cluster analysis JCllurog,rillTI of turmeric accessions based on six 

isozyme profiles. 

PPO (3-6), PRX (2-5) and catalase (1-2). PPO and 
PRX isozymes were the most consistent and 
reproducible wilhin replicates. 

The PAl itnd per cent similarity values for the 
,Icccssions me presented in Table II. The per cent 
similarity fanged hctvyecn a maximum of 96% 
belween Aces :15K and 363, to a minimum of 
52.4%, belween Aces 32 and 35H. 

The groups derived from cluster analysis and Iheir 
average similarity are presented in Table III. The 
pairs of Aces 35K and 363, 37 and 38, 88 and 98. and 
42 and 64 had a high per cent of average similarity, 
above 90%. Nocies Ii and 7 had an average similarity 
between H4 anci87%. The remaining nodes were less 
similar. 64-79%. Figure 1 represents the dendro
gram constructed from the above data. 

In general. lhere was'a high degree of variability 
among the turmeric accessions screened, as shown in 
Figure I. Aces 358 and 363, both seedling progenies, 
were closesl in similarity, but the other two seedling 
progenies, Aces 364 and 366 showed a similarity of 
only 74%. This behaviour of seedling progenies 
could not he resolved in the absence of clear 
information about their parentage, However, seed~ 
ling progenies are expected to have more variability 
than the elonally propagated material on account of 
sexual reproduction and sexual recombination. Accs 

37 and 38, 'Sugandham' from Andhra Pradesh (AP) 
and 'S_ugandham' from Orissa were the next most 
similar pairs of accessions. Accs 88 and 98, 'Kazir
anga' and 'Maran', both from Assam, were the third 
most similar group, followed by Accs 42 and 64, 
'Wynad Local' and 'Edapalayam' respectively, both 
trom Kerala. The last two pairs of Accs (Nodes 3 and 
4) were found 10 have an average similarity of 
86.8%. Accs 119 and 143, 'Singhihat' from Manipur 
and CLS No. SA from AP, respectively, were the 
next most similar group with an average similarity of 
88.8%. Accs 119 and 143, released as 'Suguna' and 
'Sudarsana', respectively, have fallen under the same 
cluster, separate from accession 98, released as 
'Suvama' (NRCS Annual Report 1989-90, 
1991-92). Cultivars Suguna and Sudarsana resemble 
eaeh other very closely not only in the morphology 
of the rhizome (plump and long) but also in agro
morphological characters (plant stature, high fresh 
yield per bed. low dry matter recovery (12%) and 
low curcumin content (5%)). It is quite possible that 
the cvs Suguna and Sudarsana were released as two 
separate varieties inadvertently in the absence of 
clear information about their origin or pedigree. 
However,. 'Suvarna' is distinct from these two 
varieties in morphological and agronomical features. 
These difl'erences are reflected in the isozyme profile 
as well. The remaining groups of Aces were much 
more dissimilar as can be seen from Table Ill. 

The pattern of clustering of the accession thus 
reinforce the belief that Accs collected from the 
same geographical area (refer to Figure 2 for an 
impression of the relative geographical distances), 
although in some cases having different local names, 
may not be genetically distinct, e.g., Accs 88 and 98, 
as well as Aces 42 and 64. Accs 88 and 98 were 
collected as two separate Accs, 'Kaziranga' and 
'Maran', respectively, from Assam, whereas Accs 42 
and 64 were collected under the names 'Wynad 
Local' anci 'Edapalayam' from Kerala. Similarly, the 
Accs collected from distant areas, for example Accs 
No. 210 from Assam and Accs No. 32 from Kerala 
showed only 72.4% similarity, indicating that they 
are genetically distant. Further, based on their 
isozyme profiles, these two Accs stood out separately 

TABl.E III 

Node 

2 
..1 
4 
5 
(, 

7 
H 
9 

III 
II 
12 
13 
14 

C/Ilsler analysis of 'he 15 accessions of turmeric hased on six is(Jzome profile~' 

Group I Group" Average similarity (0,1,1) No. of objects in fused group 

1\(.:(.:, No. 35H 
I\c(.:. No. ..17 
Ae(.:. No. H" 
Acc. No. 42 
Acc. No. 119 

Node 4 
Ace. No. \09 

Noue 6 
Nou!.! 2 
Node t) 

/\Cl'. No. 32 
Null!.! ]{) 
N{)(k II 
Nllde 13 

A(.:c. No. 363 
Ace. No. 3H 
Ace. No. 98 
Ace. No. 64 
Ace. No. -143 

Node 3 
Node 5 

Acc. No. 366 
Node 8 
Node 7 

Ace. No. 210 
Ace. No. 364 

Nolie 12 
NmIL' I 

1)6.0 
n.() 
91.4 
90.6 
88.8 
86.S 
84.4 
78.6 
76.7 
7:'i.H 
72.4 
7(),<I 
(lloUl 

(d.H 

2 
2 
2 
2 
2 
4 
3 
5 
7 

10 
2 

II 
13 
15 
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Is()zYI7II.! pulymorphism of lIIrm,eric 

.. Flf' 2 t" St t sf· m whcre turmeric germ plasm was collected are Mal) 01" Indi,l, lndkating. relative gcograplm:ul dlst,mces .bet.ween oca Ions. d [1 e 10 
ll1dlcated and name . , 

[rom most of the other Accs such as 37, 38, 88, 98, 42, 
64,366,110,14:1, 100 and 364, That the Accs 37 and 
38, both 'Sugandham', fell under the same cluster 
gave further credihility \0 the clustenng method 
based on iSl)ZYllII.:S, i1~ both the Ac~s arc ~he same. 
'SugUl1<.Ihalll' is iI trad~ti()n~\1 clIltlvar. 01 A.ndhra 
Pradesh. Thl.: same clIltlvar IS also avaIlable IJ1 the 
neighbouring state of Orissa. from where it was 
collected again, Studies by Prober and Brown (1994) 
on the populalion genetics and fragmentatlOn of 
Ellcalyptlis alhells have similarly rev~aled t~at 
patterns or gC\1\..:lic variation were consistent with 
geographical rel11tiol1ship. '. 

Considerable variahility wus noticed lor po~y

morphit isozyme loci in the, pre.sent matenal 
studied, This is inleresting consldenng the clonal 
propagation of the crop, It implies that natural 

selection and conscious selection by man over years 
have helped to evolve locally adapted cultlva~s 
(genotypes), However, in Aces collect~d from wlthm 
or nearby geographical areas, there. IS eve~y .pOSSl~ 
bility that such Aces will not be genetically dlstmct as 
exempli lied by the Accs 88 and 98 and Accs 42 ~nd 
64 Funher it would be prudent to aVOId collectmg 
th~ same c~ltivar (identified by traditional names) 
even from different regions because it could lead t~ 
duplication as is seen with the"Sugandhams 
collected from Andhra Pradesh and Orissa, 
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