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Abstract 

An au.empt was made to assess the genetic diversity am(mg the eUte selections c0Uec1c:d from the na1Ural 
pOpulations in semj-arid pans of Gujarat. A toial of lO accessions of mahtia (Madlmca longifolin) were subjected to 
RAPO profiling using JO primers (OPF). The d.na from all primers wen: p00led and subjected LO analysis through Nc:i 
and Li's c.oefficien1. The results demons1rmed Lha1 a wide genetic "ariabil.ity exjs1s in the naiural population or rnahua 
growing in semi ;).rid pMtS of the Gujarn1. This needs to be con.$Cr\'cd })tul utitit.,cd for further improvcmenL or th.is species. 
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Introduction 

Mahua (Mmlhuca long({<,lia) of family 
sapotaec..ae is a multipurpose tree which is nanm:illy
growing ill tJ\e semi-arid p::u1s of Guj:.1rat. The Indian 
subcontjnent h:.1rbours two varietie.s of this species viz.. 
Matllmca longifoNa var. longifolia and Mad/mca 

tongijofia var. Jatifolia (Roxb.) Cheval. Of Lhe two 
varietic..-., var. longifolia is distribUled in Sri Lanka, 
Soutl\ern h\dia exteodiog no,·thwards to Maharashl.J•a aJ\d 
Gujrat; va1·. latifolia is found in some parts of cenu·al and 
north India aod Burma (Ramadao et al .. 2006; Akshatha 
et al .. 2013). All tl\e parL .. of the plaoL .. are of CC()Oomic 
value such as batk. flowers. seeds and leaves arc used for 
food. fodder and fuel (Jayasree d al.. l 99�). l11e 
hearrwood of the u·oo is used for COJl$U'UCtioo of house. 
tlowets an:: edible and ftuiL'- are valued for its se�ds. 
which :.1re the largest source of n:nural fat known as 
rnahua bunet (Yadav et al., 2011, Sasui, 1962; Bringi, 
1987: Singh and Singh. 1991). Ramadan et al .  (2016) 
have highJighled the 11uttitional value and industrial 
applkatioo or this crop. The cn,de oil exuactcd from the 
seeds is pale yellow and remains as a semi-solid in the 
1..1·opicaJ temperatures (Marikkar and Yancy. 2012). 
According to Ramadan e, al. (2006). about 46% of the 
fatly acids presem in M. lon�ifolio seed oil is saturated. 
37.4% mono uns.a.lurated. and 16.5% poly unsaturated. 
Despite its immense economical value it still remains to 
be fully utilized agriculturally since no srnudard vati�ties 
and agro-lechi\iqucs are availabk for cultivation of this 
species. 

Being confined to the forests. il has not been 
subjec,ed to aity geoclic improven1c111 dfol'ls. 1·11c na1Ural 
populatioit.� are seedling populatio11s. therefore they 
exhibit coJtSidernble anatomical. physiological. 
morphological and gcoetic variabiJity to sutvive under 

varying environmental conditions. As a result of thjs, 
wide variations have been obsc.rved in swee1..11css. acidity, 
size. shape and bearing habits in mahua under Uttar 
Pradesh and Gt\jarat conditions (Singh t>I al.. 1999; 
Anonymous. 2002; Singh and Singh, 2005). 

Assessment of genelic dh•ershy based on 
phenot)1,e has limitations. since mosl of the 
morphological characters are greatly influenced by 
environmental factors and the development stage of the 
plant. In contrast. molecular markers based on DNA 
SC;qul':nce polymorphism. are inde.pendent of 
environmental conditions and show a higher level of 
polymorphism. Several types of molecular markers such 
a-. rcsu·ict..ion fragment lenglh polymorphism (RFLP) 
(Botslein l'/ al. I 980). random amplified polymorphic 
DNA (RAPD) (Welsh and McClelland el t>/. 1990. 
William.$ et al. 1990). :.1rnplified fragment length 
pQlymorpbjsm (AFL,P) (Vos et al. 1995) and simple 
scqiu:.:ncc rcpctllS (SSRs) arc availab)c to l\SSCSS 1he 
gcnelic divcrsily and phylogenetic assessment of the crop 
Species. In rnahua. very limited work has been done to 
employ molecular markers in varietal characterization and 
assc.ssmcnt of phylogenetic kinship among gc rrnplasm
lines. Accordingly. 1h� objective of lh� present Sludy was 
to assess 1h� genetic diversi1y among the germplasm lines 
of mahua growing naturally in Gujarat. The; results thus 
obtained constituted the text of the present 
communication. 

Mah;rials and Methods 
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A total of t�ll getmplasm lin\!S collecced from 
scmi-atid l'egion of Gujarat and rnai,Hain�d at CHES. 
V�ja.Jput. Godhra con..,;citulcd the material for prescm 
smdy. 
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Genomic DNA extraction, PCR amplification and 
diversity analysis 

Young leaves from different genotypes of mahua 
were collected separately and immediately fixed in ethyl 
alcohol for 24 hrs. Total gi;nomic; ONA WflS cxtractc-d 
frotn 100mg of Jc . .lf from each sample seperatdy by using 
the ONeasy® Plant Mini kit (QIAG6N, lmlia Pvt, J...td.) 
following with some modification. The Jysis was achieved 
by the addition of 400 pl warm (65° C) lysis solution 
modified by t.he addition of J0mg/ml PVP (polyvinyl 
polypyrrolidonc), I 0mg/ml SOS (Sodium Lauryl 
Sulphate) and 4 µ1 or Proteina.w K :ilock solution 
( I OOmg/ml) prior to grinding, After grinding the samples 
were c-ollected into the 1.5 ml eppendorf tube sepftrntely. 
The samples were centri l'uged for 30s at low speed 
(4-000g) and 4µ1 RNa.sc- A Stock solution (IOOmg/ml) was 
added to each rnbc. foUo,vcd by mixing until no ,issue 
clumps were visible-. Rcs1 or the proioc.ol fol lowe-d as per 
standard procedure. To femove RNA. genomic DNA was 
trcat-.;d with R.Nasc- and stor._:d at -200C. The. quaJity of 
DNA was chcckt-d by decrrophortsis io 0.8 % agarose 
gd. 

PCR conditions and DNA amplifk.ntion.,;,: 
Ki� F comprising 20 dccamcr random primers 

(Operon Technologies. Alameda. CA. USA) was screened 
out for the presem investigation. To optimize the PCR 
a.rnplific:uion conditions. experiments were curried out 
with varying concentrations ol' DNA template. primers. 
Taq polymerase. as well as <lNTPs. A total of IO primers 
were used for PCR-RAPD analysis (Table I). To 
detem1jne- the optimum ampliJicati()n condi1ions and &IS'.> 
10 ensure the repfoducibility of the results. the reaction 
condition.,; were Standardized using a Study and tested &l 
least twice. This study was carried out with two primers 
(OPF--01. and OPF--02) u$ing a range of ONA 
conccotrations ( J. J .5. 2 ::uld 2.5 �• I from the diluted DNA 
Stock of 200nsfµ IJ and three diffi;.:rent cycli:� (35. 40 and 
45 cycles). After asccrtainiog the optimum quamity of 
ONA, anneaJi.ng temperature and PCR cycles. all the PCR 
re.actions, with IO prin)l;'.rs(OPF I to OPF I 0). were 
carried out in 25 ,LI varying concentrations of template 
DNA. Ix TopTaq PCR buffer. Ix Q-Solutjon. 200 u.M of 
each dNTP, 1.25 U TopTaq ONA polymerase, 10 pmol or

primer (QIAGEN. India Pvr. Ltd.) and the re.action 
programmes were set at 94C)C lor 3 min foHowed by 40 
cycles or 94(1C for 30 Sec. 36° C for l min and I min 
elongation at 72°C. and a final exlension a1 72-.>C for 7 min 
in it thermal cycler Ocncmfllc Series (Analy1ica 8io1t::c::h. 
USA). After compl�tion of the amplification. 2.5 u.l 
CoralLoad dye was a<ldcd h) the :rnmplcs, and the: 
amplified DNA was analyzed on 1.2% agarose gel pre­
stajned with ethidium bn.nnide in IX TA£ buf

f

er at 65 -
90 V for 2.5 h. along wiLli O "Gene Ruler I 00 bp DNA 
ladder Ph.is (Thermo Scientific. Tndia PvL Ltct.) The gels 
we,� observed oo the gd documeotatioo system (Gen� 
Gen.ius 8ioimagjng System) and photographed. 

RAPD data analysis: 
All the amplified band.s were counted manually 

along with their si7,c. Computer analysis of R.APD 
pan,.,.rns w..-1·e pc.rfonned as dcsc1'ibc.d by Halmschlagc, ct 
al. (1994) in which the band pattern obtained from 
agarose gel electropho1•esis was digitalized by hand LO a 
two-discrcti:-charnctcr -matrix (0 and 1 for absence and 
pre&e.nce of RAPO-bands. respeccivdy) The darn of all 
primers were combined. 1··he analysis dala was based on 
the N�i and Li's co�ffici�m (Nci & Li, l 979). 
D.:ndrnsram$ were cons1ructed by the unweightcJ pnirctl 
group method of arithmetic average (UPGMA) based on 
.Jaccard·s similari1y c-0effic.ien1 by using NTSYSpc-2.02c 
versioo 2.0.1.5 software (Applied biostatistics. Inc). 

Rl"sults and Discussion 

Optimj�afion of the concenfraf.ion of ONA for PCR 
reaction st-t-up: 

Genomic DNA was succc-s.sfully exlJ·Ut:tc-d from 
�thanol dried young leaf of mahua (Madlwca lougifolia>, 
using a m(>ditications from the commcrci.-ll the DNcasy® 
Plant Mini kit procedure. The approximate ONA 
concentration in the extn)cts wltS 1000 ng/µI. The originol 
concentration of the ONA extracts was too high for 
reliable amplificu1ion, showing p(>t)r amplification with 
fa.int. smeared products. The optimal DNA concentration 
for amplification of Mfulhll(:(1 longifolia ONA was found 
to be 4.0 µI of I :3 dilutioos (approximately 200 ng). 
whiJ$1 the optimum nnni:aljng: Le.mper:uure was �6° C and 

lhc optimum no. ol' PCR cycles was 40. 

Polym<,rphisrn and Marker Efficfoncy: 
Thi: largest frngmcnt amplified wns in the range 

or 250 to 3000 bp while the snlallest but easily 
recognizable frngmenl was approxhnaicly of 250 bp. Mosl 
bands were concentrated between 500 LO 2000 �p. An 
example of RAPD pattern. obtained with different primers 
(OPF-0 J l0 OPF-10). is shown in Fig. I. The number of 
bands scored for each primer varied from 6 to 17. The 
highest numb..:1· of bands (17) was g..:nc.ratcd with Opcn)n 
primers OPF 2. OPf 6. and OPF 10. while the lowest 
numt)(!r (6) was obtained with Operon primer$ OPP 3 and 
OJ->f: 8. The 10 primers yielded a total of 129 fragments, 
or which 79 arnplic<:ms (61.24%) were- poly1norphic, the 
number of polymorphic bands per primer ranged from 2 
to 14 (Tnbk l). It wns obsc-rved that 1be- scored 50 RAPD­
PCR fragrnents were inonomorphic (38.75%) The primer 
OPF-6 is the highly polylnorphic primer as 82.35% and 
gel image or RAPD proliling of this pdmer is giveo io 
F'igurc t. Hc,wcvcr Lbc tivc primers such as OPF'-1. OPF-
2, OPF-05. OPF-7. and OPF-10. were also infonnative 
primers as 60% or mon; of the nmplicons were 
polymorphic. TI1e results or the RAPD-PCR analysis 
indicated tha1 some polymorphic RAPD bands a.re prescnl 
were found h) be shal'ed among mol'e thao one genotype . 

Our results arc in agreement with those reported 
eal'lier on other taxa. fl has been demonstrated by Dang.i e1 

at. (2004) that Trigonella foem,m-greacum shows 70.12% 
polymorphism. Ra<> et t1l. (2006) reported 77.8% 
polymorphism in chick pea by using 10 decamcr primers. 
Ttmmas er ell. (2006) re.ported 78.8% in whef1l by using 50 
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dccamcr pdrnt:rs, Patra and Chawla (2010) recorded 
76.5% in rice by using 12 decarner prillle.t'S and Skaria e1

al. (20ll) rcponcd 72.27% polymorphism in rice 
genmypes. This high leveJ of polymorphisn, in mahua is 
indicative of fact that during 1he course of evoh.nfon a 
lafge numbc::r ,,f gc::ncLiC- manipulation$ have taken place 
such as single nucleotide change or insertion or dele,ion 
of nuclt.::otid"' or complete loss of complimcntnry sites. A II 
tl\ese have generated genetic variability and gOl fixed in 
natural pop\1lation since the species is a perennial l,rec and 
can be:. propagJ1h�d by vc:.gc:.tative mean.,;. 

Gcnotyp(' tdcntiflcation using RAP]) proflh.-s 
The dal.a generated on IO germplasm Lines of 

1no.hua sho .. ,1ed Lho.t lhe RAPD profiles developed by using 
primers OPF I to OPF IO can be employed for cultivar 
idcnt..ification. This ii:. illustrated by 1hc fact tha1 lhe line 
MH 5 can be identified by using OPF 2 profile. The line 
has typical band combination bdng repn:scnti;d by 350, 
2000 and 2200 hp. SimjJal'ly, line MH 6 can be identified 
by using profile developed by OPF 4 having band 
combination of 780 and 1900bp. Amt)ng other lines, MH 
I can be identified using band combination of 500 and 
1700 bp in OPF 4, 1150 and 2000bp in OPF 6, 
combination of 550 and I OOObp with OPF IO and sole 
band at 530bp with OPP 9. Linc MH 2 cnn also be 
identified using combination of bands at 400. 680. 7650. 
1()00, 1100 and ISOObp with OPF 10. 

Our resuhs are in line with lhose reported in 
Mulberry (Bhattacharya and Ranade. 2001 ). Gy,m,emo 
sylvestre (Balamuralj Krishna e, al., 2012), ,\1culluu,·f1 

lo11gifolia (Gavankar and Chcmburkar. 2016 and 
Trlgm,ella (Raja el al .. 2015). 

Table I: List of l)rimcrs and dc@:rcc descrin1,ion of the nolvmor 
S. No. Primer Sequence 5 · to 3 · Sizes (bp) 

code mi.o-mnx

I OPF-1 ACGGATCCTG 330-1800
2 OPF-2 GAGGATCCCT 290-2200
3 OPP-3 CCTGATCACC 600- l300
4 Ol'f-4 GGTGATCAGG 450-2500
5 OPF-5 CCGAATTCCC 400-1800
6 OPF•6 GGGAATICGG 280-2800
7 OPF-7 CCGATATCCC 600-2000
8 OPF-8 GGGATATCGG 500-1500
9 OPP-9 CCAAGCTTCC 550-3000
10 OPf-10 GGAAGCnGG 440-2500

Genetic relatiooships among accessions and cluster 
analysis 

Cluster analysis based on similarity values 
(Table 2) classified genotypes inlo two diiaincl clusters (I 
& Jl, Figure 2). The first cluster (l) included only four 
genolype:; M.H-l4, MH-2. MH-6 and MH-l. whereas 1he 
second cluster (II) included six genotypes (MH-10. MH-3. 

MH-15. MH-8, MH-5 nnd MH-4) and wras fur1hcr divided 
imo three sub-clusters (Figure 2). Both of 1he cluster I and 
U were fo,ther divided into l wo sob-clusters labeled (1-A. 
1-8) and (II-A, 11-B) r�spec:Livdy. Th� sub-du.Sler 1-B and
11 A are monophyletic branches including MH .. J and MH-
10 genotypes re;.Speclively. The sub cluSh:r U-8 was
ful'thc1· grouped into two sub-sub clusters 11-81 (MH-3.

MH-8 ond MH-15) ond 11·8,(MH-5 and MH-4)Similarity
coefficiencs berween Madhuca longifolia ranged from
0.619 to 0.900 (l":c1blc 2). Among the similarity
cocfficicnlS of the gcnOlypc-S, 1hc similnrity (.·odficicnl
MH-2 and MH--6 was highest (0.900). which indicates
closer rcli'ltionslup l'lmoog 1bese acccssions, whih; the
similal'ity coefticienl of MH-1 and Mli-4 was observed
lowest (0.6 I 9) (Tobie 2).

Similal' work has been carried out on 0lhel' plam 
species also, A wide genetic variabili1y has been reported 
hy Rom and Das (2002) in Plumbtlgo. Gilani e, M. (2009) 
in Wathania sonm{fcra, Smita and Kcshv:'lchnndrnn 
(2015) in Trlgouella cultivars. Gavankal' and Chernburkar 
(20 I 6) also made an attempt to assess the genetic 
variat,iljty in some oc.cc.sSi(ms of Mahua. Our results 
highlight that a wide genetic variabilily exits in Lhe namral 
population of Mahun in Panchmnha.1 region of Gujnrnt. 
This calls for' a systematic collection. evaluatioo and 
conservation of this species so 1ha1 lrait based breeding 
programme can be initia1ed to develop an elite forms for 
commercial cultivation. 

hism obtained amon@: IO mahua P:Cnotvncs. 
Total Polymorphfo Polymorphism PIC 

band bands ra1io (%) 

No. 
15 11 73.33 0.391 
17 11 64.71 0.378 
6 3 50.00 0.406 
IS 6 40.00 0.343 
15 10 66.67 0.260 
17 14 82.35 0.467 
10 6 6(1.00 0.241 
6 2 33.33 0.153 
11 5 45.45 0.388 
17 11 64.71 0.389 

Table 2: Dice Jaccan1's similaritv co--cfficienl macl'ix of 10 different �enotvpes of mahua. 
G�notvn,.o:,:_ MH-14 MH-10 MH-2 MH-1 MH-3 MH-5 MH-4 MH-6 MH-8 MH-15 

MH-14 **** 

MH-10 0.622 ...... 

MH-2 0.820 0.661 ........ 

MH•I 0,741 0,687 0.678 "'*•"' 

MH-3 0.636 0.670 0.6R9 0.630 **** 

MH-5 0.678 0.684 0.718 0.644 0.730 **** 
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MM-4 0.652 0.643 0.692 0.6 l 9 0.766 0.817 **** 

MH-6 0.763 0.681 0.900 0.669 0.681 0.754 0.669 "'�'** 

MH-8 0.681 0.734 0.650 0.675 0.783 0.750 0.691 0.669 u.:t·41 

MH-15 0.670 0.645 0.624 0.634 0.740 0.(,45 0.664 0.643 0.780 **** 
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