Physiol Mol Biol Plants (September—October 2019) 25(5):1235-1249

https://doi.org/10.1007/s12298-019-00698-w

Check for
updates

RESEARCH ARTICLE

Exploring of greater yam (Dioscorea alata L.) genotypes through
biochemical screening for better cultivation in south Gujarat zone

of India

Kajal S. Patel’ - Nilima Karmakar'
Gayacharan Chakravarty* - Manoj Kanti Debnath®

- Ketan D. Desai’ - Ajay V. Narwade® -

Received: 18 October 2018/Revised: 23 April 2019/ Accepted: 1 August 2019/Published online: 21 August 2019

© Prof. H.S. Srivastava Foundation for Science and Society 2019

Abstract Fifteen different genotypes of greater yam
(Dioscorea alata) NGY-1, NGY-2, NGY-3, NGY-4, NGY-
5, NGY-6, NGY-7, NGY-8, NGY-9, NGY-10, NGY-11,
NGY-12, NGY-13, NGY-14 and Da-199 were procured
from different places of south Gujarat, like Valsad, Navsari,
Surat and Anand. Among the biochemical parameters total
carbohydrate ranged between 51.87 and 87.85% from dif-
ferent genotypes, starch ranged from 47 to 80.67%, crude fat
ranged from 0.6 to 2.32%, crude fibre ranged between 1.10
and 4.09%, anthocyanin content of genotypes ranged from
1.01 to 3.25 mg/g, beta-carotene content ranged between
0.97 and 1.88 pg/g. The antinutrients namely Diosgenin and
Tannin ranged from 0.28 to 0.93% and 0.923 mg/100 g to
2.447 mg/100 g, respectively. RAPD analysis was also done
by the help of 18 RAPD markers: OPA1, OPA2, OPA3,
OPA13, OPB1, OPB6, OPB7, OPMI1, OPM2, OPM4,
OPM7, OPM11, OPMI12, OPMI13, OPMI15, OPMI6,
OPM17 and OPM19 from which an average of 9.7 loci were
detected with an average of 4.72 polymorphic loci which is
48.65% polymorphism per loci and 48.70% average poly-
morphism. From the overall study, it can be conferred that
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the study revealed highest carbohydrate content in NGY-3
(87.85%), fat (2.32%) and crude fiber content (4.09%) in
NGY-11, B-carotene in NGY-7 (1.88 pg/g), anthocyanin in
NGY-4(3.25 mg/g). Lowest tannin (0.923 mg/100 g) and
diosgenin (0.28%) was found in NGY-6, and NGY-7
respectively. For each of the biochemical parameters, the
varieties with the optimum values may be cultivated. As the
molecular studies revealed NGY-2 and NGY-3 have 96%
similarities, they may be the duplicate of the same genotypes
which can be studied further for better germplasm
conservation.

Keywords Greater yam - Biochemical parameters -
Antinutrients - RAPD

Introduction

Tuber crops are a major component of diet in Africa,
America and South-East Asia. Among the different tuber
crops, Dioscorea alata, commonly called greater yam or
water yam, is a tropical plant originated from South East
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Asia, probably in Burma (Martin 1974). In India, it is
extensively cultivated in Madhya Pradesh, North-eastern
states, West Bengal, Bihar, Odisha, Uttar Pradesh, Kerala,
Tamil Nadu and Maharashtra as a commercial crop. It is
also cultivated in the districts of south Gujarat however; the
present area under yam cultivation is small in Gujarat.
Though the soil in Navsari district is montmorillonite clay
type and suffers under water stagnant condition during
kharif season, most of south Gujarat has fertile loamy and
well drained soil and the sowing time of greater yam i.e.in
the month of May remains between 35 °C (Max) and 25 °C
(Min), an appropriate temperature for yam growing.
Assured water availability, better rail and road connectivity
to distant markets have further increased its scope of cul-
tivation in south Gujarat.

Yams are primarily consumed for its carbohydrates and
secondarily for protein, vitamins and other minerals (Baah
et al. 2009). Behera et al. (2009) had reported highest
82.51% starch in greater yam in their study. Bhandari et al.
(2003) evaluated nutritional compounds of wild yam and
found that dry matter ranged from 19.8 to 30.5% on fresh
weight basis and crude protein, ash, crude fat and crude
fibre contents ranged from 1.6-3.1, 0.5-1.2, 0.2-0.3 and
0.6-1.5% of fresh weight, respectively. The study of
antinutritional factors revealed that the water yam contains
tannins (Ezeocha and Ojimelukwe 2012) and alkaloids like
diosgenin have been identified as well (Contreras-Pacheco
et al. 2013). Besides these high nutritive value, it has
comparative advantage for sustainable production due to its
better agronomic characteristics such as ease of propaga-
tion and yields, and longer storage of the fresh tubers. It is a
sun loving plant and commercially propagated vegetatively
by tubers.

The experiments contained in this publication was
conducted at Navsari Agricultural University, situated in
south Gujarat. A total of 15 genotypes used in this exper-
iment were collected from different districts of south
Gujarat like Navsari, Surat, Dang and Valsad and middle
Gujarat i.e.; Anand. These genotypes were named as
Navsari Greater Yam (NGY). Da-199 (a better adopting
variety for this zone) was collected from Central Tuber
Crops Research Institute (CTCRI), Thiruvananthapuram,
India, and as check variety in this experiment. This col-
lection was established over the last 7 years. Screening for
quality parameters (nutritional and antinutritional factors)
for establishment as variety of the genotype/s maintained
by selection method was the prime objective of this project,
as this is a clonally propagated crop and cross pollination is
problematic. The different genotypes collected from dif-
ferent areas of south Gujarat may be similar due to its
extensive clonal propagation and may had been introduced
under different local name in different places. Hence, the
objective of present study was to chararcterize biochemical
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composition of starch, total soluble sugar (sweeter test after
cooking), crude fiber (better digestibility), crude oil
(smooth food texture), total carbohydrate (if lower then
antidiabetic), anthocyanin content, -carotene (antioxidant)
and antinutrients content (tannin, diosgenin) of 15 different
genotypes of Dioscorea alata. This data set was then used
for the hierarchical classification of the genotypes based on
biochemical as well as molecular parameters to screen the
best suited genotype in this region and to identify the
duplication of the clonal propagated material under dif-
ferent local names.

Materials and methods
Experimental site

The present study was conducted at the Department of Soil
Science and Agricultural Chemistry, N. M. College of
Agriculture, Navsari Agricultural University, Navsari. The
fresh tuber samples for experiment were collected from
Horticultural farm, Navsari Agricultural University. Nav-
sari, annual rainfall averages between 1000 and 1500 mm.
Deep black and coastal alluvial soil is predominant in this
region. Navsari is located at 20.95°N 72.93°E and it has an
average elevation of 9 m (29’) above sea level.

Experimental materials

The genotypes of D. Alata cultivated by Horticultural
Farm, Navsari Agricultural University Campus collected
from different districts of south Gujarat region like Valsad,
Navsari, Dang, Surat and the middle Gujarat region Anand
are as follows: NGY-1, NGY-2, NGY-3, NGY-4, NGY-5,
NGY-6, NGY-7, NGY-8, NGY-9, NGY-10, NGY-11,
NGY-12, NGY-13, NGY-14 and Da-199. Afterwards these
genotypes were procured by the Department of Soil Sci-
ence and Agricultural Chemistry, NAU, Navsari for further
investigation. The uninfected, healthy tubers were cured by
the method of Eshel (2011). The selected tubers were
cleaned with tissue paper without washing and the soils
were removed followed by storing at 35 °C temperature
with 90% relative humidity for 4 days. The tubers after
curing were kept under the shade in open air and all the
biochemical analyses were completed within 7 days after
harvest.

Biochemical parameters
Total carbohydrates

Total carbohydrates were analyzed by anthrone method as
described by Hedge and Hofreiter (1962). Dried tuber
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samples of 0.5 gm were mixed with 5 ml of 2.5 N HCl in a
test tube and boiled over water bath at 85-90 °C for 3 h
followed by extraction for 10 min. The extract was reacted
with 4 ml of 0.2% anthrone reagent and heated for 8 min in
boiling water bath. The intensity of the green color was
read at 630 nm using Spectrophotometer. The amount of
total carbohydrate was determined from the standard curve
of glucose and expressed as gm/100 gm (%) dry weight.

Total soluble sugar

The soluble sugars were determined by anthrone method as
described by Timpa et al. (1985). Dried tuber samples of
0.5 gm were mixed with 15 ml of 80% ethanol in a test
tube and boiled over water bath at 85-90 °C for 30 min
followed by extraction. Supernatant were collected and
evaporated in a water bath at 85-90 °C, resulting residues
were used to determine the soluble sugar content. For
reaction mixture, 0.5 ml aliquot was taken in a test tube
and volume was made up to 1 ml with distilled water and
mixed with 4 ml of 0.2% anthrone followed by 8 min in
boiling and reading the colour intensity at 630 nm in
spectrophotometer. The amount of soluble sugar was
determined from the standard curve of glucose and
expressed as gm/100 gm (%) dry weight.

Starch content

For starch analysis (Hedge and Hofreiter 1962), the dried
tuber samples of 0.2 gm was added with hot 80% alcohol
followed by centrifuging at 3000 rpm for 10 min. The
supernatant was then decanted. And the process was
repeated 5—6 times to remove sugar contents. The residue
left behind was then cooled by placing it in ice water fol-
lowed by addition of 6.5 ml of 52% perchloric acid with
constant stirring using a glass rod, centrifuged and the
supernatant was collected. The step was repeated 4-5 times
and the supernatants were then pooled and the volume
made up to 100 ml with water. After that 0.5 ml aliquots
were reacted with 0.2% 10 ml of freshly prepared anthrone
reagent and placed in boiling water bath for 7.5 min. After
cooling, the absorbance of the mixture was noted at
630 nm in a spectrophotometer. Standard curve was pre-
pared using 0-100 pg of glucose and starch content was
expressed in % (gm/100 gm).

Crude fat

Total fat content of the sample was determined by the
procedure of AOAC (1984). Dried powdered tuber sample
of 5 gm was taken in cellulose thimble, held in extraction
tube for continuous extraction with petroleum ether (boil-
ing point 40 °C-60 °C) till solvent in the extractor became

colourless. After removal of ether by distillation, the flask
containing the residue was kept in an oven at 80 °C for
10 min, cooled in desiccators and weighed. The crude fat
content was expressed as % dry weight.

Crude fibre

Crude fibre estimation was carried out by Maynard (1970).
Two gm of sample was extracted with ether or petroleum
ether to remove fat followed by drying and then was boiled
with 200 ml of H,SO, for 30 min and then filtered through
muslin cloth and washed with boiling water until washing
are free of acid. The residue was boiled with 200 ml of
NaOH for 30 min followed by filtering through muslin
cloth again and washed with 25 ml of boiling H,SO,, three
50 ml portion of water and 25 ml alcohol. The difference
in the weight of the residue before and after of ashing at
600 £ 150 °C was recorded and fibre content in the tubers
was expressed as % dry matter.

Anthocyanin content

Anthocyanin content of the sample was determined using a
pH differential method described by Hosseinian et al. (2008).
Raw tissues (10 gm) were homogenized with 15 ml of 80%
methanol and centrifuged at 2000 rpm for 20 min. The
supernatant was collected and final volume made up to
100 ml with distilled water. For analysis, two separate
solutions of each samples were prepared, one for pH 1.0
using 0.025 M potassium chloride buffer, with hydrochloric
acid (HCI) slowly added to the mixture to adjust the pH to
1.0. The other for pH 4.5 using 0.4 M sodium acetate buffer,
using acetic acid to adjust the pH of the mixture to 4.5. The
pH of the mixture was read using a calibrated pH meter and
0.5 ml of the sample was added to 1.5 ml of each buffer
solution followed by adjustment to the suitable pH. The
absorbance of each mixture was measured at both 520 and
700 nm against distilled water as a blank. Anthocyanin
pigment concentration was calculated using molar extinction
coefficient (€ = 26 900) and expressed as cyanidine-3-glu-
coside equivalents and the units used was mg/gm.

Beta (f3) carotene

Total beta carotene content was determined by a slight mod-
ification of the method of Karnjanawipagul et al. (2010).
Standard B-carotene for identification was prepared in hex-
ane to obtain 4 pg/mL. Five grams of fresh tubers was blen-
ded with a pinch of sodium carbonate and mixed with a
mechanical blender. Then the sample mixture was transferred
into a centrifuge tube, added with 10 ml Tetrahydrofuran and
mixed for 2 min under cold water. The mixture was cen-
trifuged at 5000 g for 5 min and the supernatant was
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collected. Extraction was performed by adding 15 mL
dichloromethane and 15 mL of 10% w/v NaCl into the
supernatant and shaken for 2 min. The extraction was repe-
ated twice, organic layer was collected and evaporated under
nitrogen steam and the residue dissolved in 25 ml hexane
followed by spectrophotometric observation at 450 nm and
comparing with the standard curve of beta carotene for dif-
ferent concentrations and was expressed as (pg/gm).

Anti-nutritional factors
Diosgenin

The quantity of Diosgenin in samples was determined as
described by Baccou et al. (1977) and Umetsu et al. (2000).
The dried flakes of tuber were oven dried at 70 °C for 72 h.,
1 g of the pulverized material was placed in a plastic tube
(50 ml capacity, centrifugable grade) and 30 ml methanol
was added to the tubes and left on the shaker overnight. The
extract was centrifuged at 3500 rpm for 18 min and the
supernatant collected. Two subsequent extractions were car-
ried out and the supernatants collected. The final volume was
adjusted to 100 ml. For analysis, two colour developing
reagent solutions were prepared. Solution A consisted of
0.5 ml p-anisaldehyde in 99.5 ml ethyl acetate. Solution B
was made by mixing 50 ml concentrated sulphuric acid with
50 ml ethyl acetate. 100 pl of the methanol extract was taken
in a tube and the methanol was evaporated under reduced
pressure. The residue left behind was dissolved in 2 ml of
ethyl acetate and 1 ml each of reagents A and reagent B and
stirred well. The test tube was placed in a water bath main-
tained at 60 °C for 10 min to develop colour. It was then
allowed to cool for 10 min in 25 °C water bath. The absor-
bance of the coloured solution was measured in a spec-
trophotometer at 430 nm. As a reagent blank, 2 ml ethyl
acetate was placed in tube and assayed in similar manner. For
calibration curve, 2-70 pg standard diosgenin in 2 ml ethyl
acetate was used. Each sample was repeated thrice and the
average was taken. The diosgenin content was expressed as %
in dry matter.

Tannin content

Tannin content was determined by slight modification of
the method of Trupti P. Durgawale et al. (2016) by HPLC.
Dry powdered sample (2 gm) was homogenized in 20 ml
of distilled water and then was boiled in water bath (1000
C) for 30 min. After that, the sample was centrifuged in
2000 rpm for 20 min and the supernatant was collected in
a volumetric flask and made the volume up to 100 ml
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with distilled water. The resulting extract was subjected
for HPLC analysis.

HPLC condition

Standard of tannin (1gm enclosed in vial) was obtained
from Sigma. Stock solution of tannin was prepared by
taking 2 mg in 100 ml milipore water. The concentration
of stock solution was equal to 20 ppm. The standard
solution was injected into Knauer (Germany) HPLC system
and chromatographic condition was set with LC-1000
pump (Isocratic), having C18 column and connected with
LC PDA detector. Peak identification and quantification
was made by “Clarity chrome software” for HPLC system.
HPLC was calibrated by running mobile phase (Methanol
and water by the ratio of 50:50, respectively) at the rate of
1 ml per minute. Wave length was fixed at 270 nm. The
pressure of the column was kept at 1800-2000 PSI. Tannic
acid standard solution of 20 ppm was injected when the
injector was in load mode. The standard tannin peak was
achieved at the retention time of 2.350 min (Rt = 2.350).
Sample chromatogram was compared to pure standard of
tannin (20 ppm) obtained from Sigma. Tannin content was
expressed as mg/100gm.

Molecular studies
DNA isolation

DNA were isolated from younger leaves of the plants by
CTAB method proposed by Doyle and Doyle (1990) with
slight modification. DNA was isolated from 250 mg of
young leaves by using DNeasy Plant Mini Kit (QIAGEN).
The RAPD primer amplification was done by the protocol
of Williams et al. (1990).

PCR amplification

Amplification was done in 25 pl PCR tube containing
template DNA (25-30 ng), 2.5 U Taq polymerase (Qiagen,
USA), 0.4 uM each dNTP (Qiagen, USA), 2.5 mM MgCl,
(Qiagen, USA), 1X Taq buffer containing 15 mM MgCl,
(Qiagen, USA) and 0.4 uM decamer primer. The PCR
reaction was done by using applied biosystemsVeriti
Thermal Cycler and the cycle followed for the same was as
follows: (a) premelting for 5 min in 94 °C, (b). 35 cycles of
1 min denaturation at 94 °C, (c). 1.20 min annealing at
38 °C followed by 10 min extension at 72 °C and a final
extension of 10 min at 72 °C. Amplified product was run
under agarose gel (0.8%) and gel picture was captured by
gel documentation unit.
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Details of RAPD markers are as follows

S. no. RAPD primer Primer sequence Melting
temperature (°C)
1 OPAl CAGGCCCTTC 38
2 OPA2 TGCCGAGCTG 38
3 OPA3 AGTCAGCCAC 38
4 OPA13 CAGCACCCAC 38
5 OPB1 GTTTCGCTCC 38
6 OPB6 TGCTCTGCCC 38
7 OPB7 GGTGACGCAG 38
8 OPM1 GTTGGTGGCT 38
9 OPM2 ACAACGCCTC 38
10 OPM4 GGCGGTTGTC 38
11 OPM7 CCGTGACTCA 38
12 OPM11 GTCCACTGTG 38
13 OPM12 GGGACGTTGG 38
14 OPM13 GGTGGTCAAG 38
15 OPM15 GACCTACCAC 38
16 OPM16 GTAACCAGCC 38
17 OPM17 TCAGTCCGGG 38
18 OPM19 CCTTCAGGCA 38

Statistical analysis

Statistical analysis was carried out by using Statistical
Software R 3.5.3. Hierarchical cluster analysis (de
Amorim 2015) using Ward’s minimum variance metho-
d and square Euclidian distance was performed to prepare
the dendogram. In the gel picture, each individual band
was considered as different alleles of the particular RAPD
markers used. After recording the allele frequency, data
was exported in the binary format using the AlphaEaseFC
software where presence of the allele was recorded as 1
and absent as 0 respectively. The dendrogram was raised
form Jaccards coefficient similarity matrix by the exper-
imental data collected from RAPD analysis done by
NTsysPC version 2.11 software using SHAN function
following the UPGMA method to estimate similarity
indices and genetic relatedness among and within the
different yam genotypes.

Results

The highest total carbohydrate content (Table 1) was found
in NGY-3 (87.85%), followed by NGY-2 (83.61%) which
is at par with Da-199 (85.34%) while lowest total

Table 1 Different nutritional (carbohydrate, starch, total soluble sugar, crude fat, crude fiber), antioxidant (anthocyanin, beta carotene) and
antinutritional factors (diosgenin and tannin content) of fifteen genotypes of greater yam

Varieties Carbohydrate Starch Total soluble Crude Crude Anthocyanin  Beta Diosgenin Tanin
(%) (%) sugar fat fiber (mg/g) carotene (powder) (mg/100
(%) (%) (%) (ng/g) (%) gm)
NGY-1 75.10 (f) 67.33(ef) 7.52 (a) 1.45 (c) 3.96(ab)  1.98 (de) 1.02 (h) 0.91 (ab) 1.470 (ef)
NGY-2  83.61 (b) 75.00(bc)  6.90 (c) 083 (1) 227(g) 246() 1.02 (h) 0.57 (e) 0.933 ()
NGY-3 87.85 (a) 80.67 (a) 5.81 (e) 2.00 (b) 3.14(de)  2.05 (de) 1.25 (d) 0.42 (g) 2.447 (a)
NGY-4  77.71 (e) 75.00(bc) 2.16 (1) 0.80 1) 3.91 (b) 3.25 (a) 0.97 (1) 0.36 (h) 1.550 (d)
NGY-5 80.37 (cd) 73.33(cd) 6.93 (c) 0.97(gh) 4.08 (a) 2.82 (b) 1.16 (ef) 0.52 (f) 1.350 (h)
NGY-6  53.75 (i) 50.33 (h) 3.14 () 1.46 (c) 1.88 (h) 1.33 (gh) 1.87 (a) 0.33 (h) 0.923 (j)
NGY-7  60.55 (h) 55.00 (g) 4.29 (g) 093 () 320 207 () 1.88 (a) 0.28 (i) 2.277 (b)
NGY-8  74.83 (f) 70.33(de) 3.82 (h) 2.05 (b) 1.10 (h) 1.69 (f) 1.17 (e) 0.89 (b) 1.417 (fg)
NGY-9  51.87 (i) 47.00 (h) 3.53 (i) 1.03 2.14 (g) 1.63 (f) 1.07 (g) 0.91 (ab) 1.117 (i)
(fe)
NGY-10 67.61 (g) 64.67 (f) 2.59 (k) 1.20 (d) 3.08 (de) 1.38 (g) 1.12 (f) 0.78 (d) 1.457 (f)
NGY-11 78.42 (de) 71.67(cd) 5.92 (e) 232 (a) 4.09 (a) 1.71 () 1.78 (b) 0.50 (f) 1.527 (de)
NGY-12  74.75 (f) 68.00(ef) 6.12 (d) 0.61 G) 2.90 (f) 1.25 (h) 1.52 (¢) 0.49 (f) 1.363 (gh)
NGY-13  75.46 (f) 67.33(ef) 7.11 (b) 1.14 (e) 3.04 (ef) 1.32(gh) 1.51 (c) 0.59 (e) 1.333 (h)
NGY-14 8142 (c) 77.33(ab) 3.15 (j) 1.08 3.75 (¢) 1.96 (e) 1.81 (b) 0.81 (c) 1.457 (d)
(ef)
Da-199  85.34 (b) 79.67 (a) 5.11 () 1.50 (¢) 3.05(de) 1.01 (i) 1.78 (b) 0.93 (a) 1.617 (c)
SEM 0.676 1.176 0.052 0.022 0.050 0.036 0.015 0.010 0.020
CD @ 1.953 3.398 0.151 0.063 0.144 0.103 0.043 0.029 0.057
5%
CV % 1.58 2.99 1.84 293 2.79 3.35 1.84 2.84 2.297
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carbohydrate content had been found in NGY-9 (51.87%)
and NGY-6 (53.75%).

Starch content was highest in NGY-3 (80.67%) which
was significantly at par with Da-199 (79.67%), while
lowest starch content was found in NGY-9 (47%), which
was significantly at par with NGY-6 (50.33%) (Table 1).

Total soluble sugar content was highest in NGY-1
(7.52%) followed by NGY-13 (7.11%), while lowest total
soluble Sugar content was found in NGY-4 (2.16%)
(Table 1).

Crude fat content (Table 1) was highest in NGY-11
(2.32%), followed by NGY-8 (2.05%) and NGY-3 (2%)
while lowest crude fat content was found in NGY-12
(0.61%).

The crude fibre content in different genotypes of greater
yam had varied significantly (1.10 to 4.09%) in tuber-
s (Table 1). Crude fibre content was highest in NGY-11
(4.09%) which was significantly at par with NGY-5
(4.08%), while lowest crude fibre content was found in
NGY-8 (1.10%) at par with NGY-6 (1.88%).

The anthocyanin content was highest in NGY-4
(3.25 mg/g) followed by NGY-5 (2.82 mg/g) while lowest
anthocyanin content was found in Da-199 (1.01 mg/g)
(Table 1).

The highest Beta carotene content (Table 1) was
observed in NGY-7(1.88 pg/g), which was significantly at
par with one other genotype such as NGY-6 (1.77 ng/g)
and lowest Beta carotene content was found in the NGY-4
(0.97 pg/g) genotype of greater yam.

The diosgenin content of greater yam shown in Table 1
was highest in Da-199 (0.93%) which was significantly at
par with NGY-1 (0.91%) and lowest in NGY-7 (0.28%).

Tannin content was measured in 15 genotypes of greater
yam by High Pressure Liquid Chromatography (HPLC)
(Table 1). The desirable peak for tannic acid in all the
chromatograms had been indicated by arrow sign (Fig. la—
d) were significantly differing in mean value of tannin
(0.923 mg/100 g to 2.447 mg/100 g) in different geno-
types of greater yam tubers. The highest tannin was
observed in the genotype NGY-3 (2.45 mg/100 g), while
the lowest amount of tannin observed in genotype NGY- 6
(0.92 mg/100 g), which was significantly at par with other
one genotype NGY-2 (0.93 mg/100 g). The other two
genotypes like NGY-4 and NGY-14 contained 1.55 mg/
100 g and 1.46 mg/100 g tannin respectively which were
at par.

The fifteen different types of genotypes of yam has been
displayed in Fig. 2. A total of 18 random RAPD primers
were used for genomic profiling [(Fig. 3a—e) and Table 2]
which produced reproducible banding pattern and the
unitary data was exploited for phylogenetic analysis. The
data was analysed by NTSYS-pc version 2.11 and the
Jaccards coefficient was generated. The similarity matrix
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(Table 3) was subjected to UPGMA to generate the den-
drogram from the RAPD fragments generated (Fig. 4). The
highest similarity was found between two entries namely
NGY-2 and NGY-3 (96%) and the least similarity was
found between NGY-6 and NGY-13 (67%). The dendro-
gram displayed, reveals two major clusters along with the
differentiated single entry NGY- 13, which was completely
out grouped. The entries NGY- 1, NGY-2, NGY-3, NGY-
4, NGY-5,NGY-6, NGY-9, NGY-10, NGY-11 and Da-199
formed the first sub cluster and NGY-7, NGY-8, NGY-12,
NGY-14 formed the second sub cluster. A second hierar-
chical clustering had been done on the basis of aforemen-
tioned nine different biochemical parameters for fifteen
different yam genotypes (Fig. 5). According to this anal-
ysis, two main clusters had been formed, of which the first
cluster contained the three different genotypes like NGY-7,
NGY-6 and NGY-9 whereas the second cluster had again
been divided on two sub clusters. The first sub cluster
included five varieties like NGY- 10, NGY- 8, NGY-12,
NGY-1, NGY-13 and the second and last sub cluster
contained remaining seven genotypes namely NGY-3, Da-
199, NGY-4, NGY-14, NGY-2, NGY-5, NGY-11. The
lowest Euclidian distance was found between NGY-13 and
NGY-1 pair (1.62) followed by NGY-12 and NGY-1(2.62).
For the first sub cluster, the Euclidian distance between the
first member (T7 = NGY-7 to T9 = NGY-9) was 12.45,
followed by second sub cluster, for which the range of
Euclidian distance was 9.60 (T10 = NGY-10 to T13 =
NGY-13) and for third sub cluster, it was 13.66 (T3 =
NGY-3 to T11 = NGY-11) (Table 4).

Discussion

Carbohydrate content is an important parameter for tuber
crops, and genotypes with low carbohydrate content may
be useful for the consumption of the diabetic patients. The
present study reveals the range of carbohydrate content is
87.85% to 51.87% in the fifteen yam genotypes (Table 1).
In Nigerian yam, total carbohydrate was found
70.88-73.90% and depicted a lesser variation between
different genotypes (Oko and Famurewa 2015), but in
contrast, we obtained a large variation between different
genotypes. A recent study also showed a very high amount
of carbohydrate in another species of yam, Dioscore-
apyrifolia (Sharlina et al. 2017) which illustrates the vari-
ability of carbohydrate content in tubers despite the
relatedness of the genotypes.

It has been reported that in white yam (Dioscorearo-
tundata), there is a great variation of starch content 33.9 to
75.7% (Oladeji et al. 2014) and 93.67% (Adegunwa et al.
2011) but for Dioscoreaalata, the starch content is 62.94%
(Adegunwa et al. 2011), which was also similar (60.3-
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Fig. 2 Tubers of different greater yam genotypes

74.4%) with the results of Baah et al. (2009). Starch is
known to account for about 80% on a dry weight basis of
yam carbohydrate; which is also a dominant factor in
determining the physicochemical, rheological and textural
characteristics of yam food products (Moorthy 1994). Our
results are also within the range (47% to 80.67%; Table 1)
of the previously published works. From this study, NGY-3
(80.67%) and NGY-14(79.67%) may be developed as high
starch lines.

Total soluble sugars or simply the sugar content is a
significant character for yams as this character confers
sweetness in the cooked tuber (Lebot et al. 2005). From the
earlier studies, Dioscoreaalata, was shown to contain
2.13% (Adegunwa et al. 2011), 2.24 to 2.79% (Mitra 2012)
while in Dioscoreaalata, a wide range of soluble sugar had
also been detected earlier (Oladeji et al. 2014). In our
experiments, we also obtained a wide range for this
parameter (Table 1) and it can be suggested that NGY-1
should be isolated as a soluble sugar rich genotype that can
be used for taste enhancement in food.

Crude fat is relevant as lipids contribute to the texture,
flavour and aroma of foods, thereby prolonging satiety and
facilitate the absorption of lipid-soluble vitamins. It also
contributes to the palatability of the crops (FAO 2010). A
range of crude fat content has been recorded in various
types of yams, e.g. 6.14% for D. bulbifera (Shajeela et al.
2011), 1.59% in aerial yam in Ghana (Sanful and Engmann

2016), 18.26% to 28.54%) in Trifoliate Yam (Dioscore-
adumetorum) (Akinoso et al. 2016), but in our study, we
obtained the highest crude fat content in NGY-11 (2.32%)
which is lesser in comparison to the other species of yams,
conferring no extra addition of smoothness due to fat
content in flour.

Fibre is important for preventing obesity by increasing
food bowel movement and also helps in preventing dia-
betes, colon cancer and other ailments of the gastro-in-
testinal tract. Fibre consumption also lowers plasma
cholesterol level in body and reduces the incidence of
cardiovascular disease (Topping and Clifton 2001). In our
study, the range of crude fibre was much higher than the
earlier reports in False Yam (Icacinatrichantha), Flour
(1.06 to 1.51%) (Umoh and Iwe 2014), 0.6-1.5% in greater
yam (Bhandari et al. 2003) and in elephant foot yam
(Lenka and Nedunchezhiyan 2011). In the present study,
NGY-11, NGY-1 and NGY-5 genotypes (Table 1) with
higher crude fibre content can be selected and cultivated
specially for high crude fibre content.

The importance of anthocyanin is its usage as food
colour in ice cream, lemon juice and hard candy in food
industry. Also, in Dioscorea plantation, pests and diseases
were not common and use of fertilizers was not a prereq-
uisite, thereby yam has potential to act as an effective
anthocyanin source. In our present study, a range of 1.01 to
3.25 mg/g anthocyanin content was observed, in contrast to

@ Springer
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Table 2 List of eighteen different RAPD primers produced reproducible banding patterns and polymorphism generated in fifteen different
genotypes of greater yam

S. Primer Total no of No of No of polymorphic No of monomorphic Percent polymorphism RPI

no. amplicons loci bands bands (%) value

1 OPA-1 156 14 9 5 64.29 13.92

2 OPA-2 132 15 10 5 66.67 14.91

3 OPA-3 125 10 3 7 30.00 9.89

4 OPA-13 132 11 4 7 36.37 10.90

5 OPB-1 106 10 6 4 60.00 9.88

6 OPB-6 82 5 3 62.50 7.84

7 OPB-7 103 8 5 3 62.50 7.86

8 OPM-1 121 10 6 4 60.00 9.88

9 OPM-2 132 10 3 7 30.00 9.90

10 OPM-4 103 9 3 6 33.34 8.86

11 OPM-7 144 11 3 8 27.28 10.90

12 OPM-11 92 10 5 4 50.00 8.86

13 OPM-12 118 8 1 7 12.50 7.88

14 OPM-13 94 7 5 2 71.42 6.86

15 OPM-15 106 8 6 2 75.00 7.87

16 OPM-16 121 9 3 6 33.34 8.88

17 OPM-17 88 7 5 2 71.42 6.85

18 OPM-19 133 10 3 7 30.00 9.90
Total 2088 175 85 89 876.63 171.83
Average 116 9.722 4.722 4.944 48.70 9.55

Table 3 Similarity matrix between each fifteen greater yam genotypes generated on the basis of RAPD band data analysis

Genotypes NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- Da-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 199

NGY-1 1.00

NGY-2 0.86 1.00

NGY-3 0.86  0.96 1.00

NGY-4 0.89 0091 0.89 1.00

NGY-5 0.91 0.84 0.84 0.88 1.00

NGY-6 0.80 0.89 0.89 0.84 0.82 1.00

NGY-7 0.81 0.88 0.84 086 0.80 0.85 1.00

NGY-8 077 0.87 083 086 0.78 0.82 091 1.00

NGY-9 0.88  0.81 0.81 085 084 078 0.80 0.79 1.00

NGY-10 087 084 083 085 0.87 0.81 0.84 0.83 0.85 1.00

NGY-11 088 083 084 085 088 083 0381 0.80 0.89 091 1.00

NGY-12  0.81 0.84  0.81 082 078 078 0.89 087 077 082 0.79 1.00

NGY-13 070  0.71 070 069 070 067 074 0.73 0.70 0.75 0.71 0.81 1.00

NGY-14 0.77  0.81 079 077 077 076 084 083 0.75 0.81 0.78 0.90 0.89 1.00

Da-199 079 084 086 0.82 0.81 0.85 084 083 083 084 0.84 0.79 0.74 0.84 1.00

earlier reports

of 1.43 mg/g (Jose and Muhammed
2015). According to our result, NGY-4 (3.25 mg/g) can be
suggested for this region to be grown as an anthocyanin
rich genotype.

B-Carotenoid is a precursor for the synthesis of vitamin
A. The B-carotenoids are converted in Vitamin A through a
biochemical process in human body, hence the intake of B-
carotenoid is essential from plant sources. Yellow-fleshed
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Fig. 4 A Dendogram SHAN UPGMA Tree
developed from UPGMA Jaccard Coefficient
analysis showing genetic
relationships between T
Dioscorea spp. by RAPD. {
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yams can provide appreciable amounts of carotenoids to
benefit human nutrition and health as they also act as
antioxidants (Ferede, et al. 2010). The earlier report of B-
Carotenoid in Yam cultivars with a range of 1.7 mg/100
gm to 2.6 mg/100 gm (Mitra and Tarafdar 2008) was
higher than our genotypes. This may be because of the
richness in another antioxidant, anthocyanin, hindered the
accumulation of carotenoids. Our study encourages the
cultivation of NGY-6 and NGY-7 as B-Carotenoid rich
genotpes but both containing lesser amounts of
anthocyanin.

Diosgenin is an antinutrient and steroid sapogenin,
consumption of which may cause harm to pregnant women,
hence it is desirable that low diosgenin genotypes like
NGY-7 to be recommended for the cultivation. On the
other hand, as yam sapogenin is used for manufacturing of
contraceptive pills, for the purpose of sapogenin produc-
tion, the genotypes like NGY-1 and NGY-9 can be sug-
gested (Table 1).

Tannin is considered as an antinutrient factor as it
affects the nutritional value of food products by forming
complex with protein (both substrate and enzyme) thereby
inhibiting digestion and absorption (Osuntogun et al.
1989). In our experiment, we obtained much lower range of
tannin content, 0.923 mg/100 g to 2.447 mg/100 g
(Table 1 and Fig. la-d) compared to the others in
Dioscoreaalata (0.21%) (Ezeocha and Ojimelukwe 2012).
This is a good indication for lower tannin containing tubers

@ Springer

and so all the genotypes are suitable for cultivation from
this point of view.

In order to reveal the relatedness between the different
genotypes, an hierarchical classification had been carried in
this study. RAPD markers have been successfully
employed in the study of varietal genetic relationship
among tuber crops (Gawande et al. 2015). Scientists have
employed RAPD markers to study the genetic relationships
and the intraspecific variability in African Yam bean
(Popoola et al. 2017) and between different species. The
dendrogram drawn on the basis of RAPD analysis pro-
duced more than 90% similarities for different pairs of
entries including NGY-1 and NGY-5, NGY-2 and NGY-4,
NGY-7 and NGY-8, NGY-10 and NGY-11, NGY-12 and
NGY-14 (Fig. 4). According to our experiments, total loci
detected were 175, out of which 89 were monomorphic
with an average of 4.94 loci per primer and 85 were
polymorphic with average of 4.72 loci per primer. The
average polymorphism shown by the primers were
48.702%, with the highest of 75% with the primer OPM-15
and lowest of 30% by the primers OPA-3, OPM-2 and
OPM-19. The RAPD primer index value (RPI) ranged from
6.85 to 14.90 with an average of 9.54 and the primer OPA-
2 produced the highest number of polymorphic loci (10)
out of 15 loci with total production of 132 amplicons
(Table 2), hence this RAPD primer can be used for marker
assisted selection. NGY-2 and NGY-3 were placed in the
same subcluster at the same distance and showed the
highest similarity 96% and thus they may be the clone of
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Fig. 5 Hierarchical clustering based on different nutritional, antiox-
idant and antinutritional factors (diosgenin and tannin content) of
fifteen genotypes of greater yam. T1 = NGY-1, T2 = NGY-2,
T3 =NGY-3, T4 =NGY-4, T5=NGY-5, T6 =NGY-6, T7 =
NGY-7, T8 = NGY-8, T9 = NGY-9, T10 = NGY-10, T11 = NGY-
11, T12 = NGY-12, T13 = NGY-13, T14 = NGY-14, T15 = Da-199

the same genotype to be cultivated in different places with
different local name but actually consisted the same
genotype which can be clarified further more with SSR or
ISSR profiling. The results also demonstrated that the
genotypes collected from different districts of south
Gujarat region like Valsad, Navsari, Dang, Surat had
higher similarity. Only the entry NGY-13 is distinctly
different and it can potentially be used as a pre-breeding

Table 4 Euclidian distance matrix between fifteen Dioscorea alata
genotypes based on different nutritional (carbohydrate, starch, total
soluble sugar, crude fat, crude fiber), antioxidant (anthocyanin, beta

material for the introgression of the new genes. In Fig. 5, it
is clear that the range of lowest (T10 = NGY-10 to
T13 = NGY-13) Euclidian distance compared to the other
two distances was 9.60 whereas in the similarity matrix of
RAPD derived data, the similarity between T10 = NGY-10
and T13 = NGY-13 was only75%.The hierarchical cluster
on the basis of various biochemical traits revealed con-
siderable differences between the cluster in this study refer
the same line of study by Mulualem et al. (2018). The
clustering pattern revealed that genotypes of the south
Gujarat origin were distributed into different groups, which
gave an indication of lack of parallelism between cluster-
ing pattern and geographic distribution of genotypes. This
may be explained as a result of differences in adaption to
various environmental conditions.

Conclusion

The above mentioned study revealed highest carbohydrate
content in NGY-3, fat and crude fiber content in NGY-11,
anthocyanin in NGY-4, B-carotene in NGY-7. Lowest
amount of antinutrients like tannin and diosgenin was
found in NGY-6, and NGY-7 respectively. As the molec-
ular studies revealed NGY-2 and NGY-3 having 96%

carotene) and antinutritional factors (diosgenin and tannin content) of
fifteen genotypes of greater yam

NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY- NGY-
1 2 3 4 5 6 7 8 9 10 11 12 13 14

NGY-2 11.74

NGY-3 19.01 7.90

NGY-4  9.89 7.86 1275

NGY-5 8.16 450 11.36 5.85

NGY-6 2777 3896 4590 3454 35.53

NGY-7 1959 3081 37.82 26.63 2741 8.86

NGY-8 562 1057 17.00 6.50 7.83 2912 21.22

NGY-9 3121 4250 4950 3822 39.02 421 1245 3281

NGY- 971 1971 2624 1471 16.18 20.13  12.88 9.61 2374

10

NGY- 6.09 7.07  13.66 5.70 352 3286 24.78 526 3642 13.47

11

NGY- 262 1146 18.56 8.90 8.10 27.66 19.65 405 31.20 8.79 5.80

12

NGY- 1.62 1137 18.67 9.68 8.02 2790 19.79 502 3137 9.60 5.73 1.71

13

NGY- 12.83 5.64 8.44 5.08 5.86 3878 3091 10.14 4240 18.80 7.32 11.97 12.46

14

NGY- 16.41 6.00 4.48 9.91 8.63 4323 3526 1436 46.83 23.38 10.81 15.86 16.02 5.14

15
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similarities, they may be the duplicate of the same geno-
types that can be studied further for better germplasm
conservation. Hierarchical clustering of fifteen genotypes
based on biochemical parameters though did not totally
match with the molecular clustering but the two genotypes
namely NGY-2 and NGY-3 became the candidate of the
same cluster. In a nutshell, NGY-3, NGY-4, NGY-6, NGY-
7 and NGY-11 can be exploited as different varieties for
the aforesaid particular biochemical parameters as well as
NGY-2 and NGY-3 may be further investigated for the
duplicity of the same genotype. For south Gujarat zone,
though NGY-4 has highest anthocyanin content but NGY-7
can be recommended for cultivation due to its better per-
formance on account of yield, richness in anthocyanin and
better adoption in the environment of south Gujarat.
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