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ABSTRACT

Aim: To identify putative molecular markers linked to some useful traits in cashew using SSR
markers in the F4 population.

Place and Duration of the Study: Study conducted at ICAR-Directorate of Cashew Research,
Puttur, Karnataka, India during 2013-17.

Methodology: Population for the study comprised of 83 F; plants developed through crossing tall
variety Ullal-3 as female parent with dwarf accession NRC-492 as male parent which was planted in
the field at 6m x 6m spacing during the year 2009. It was phenotyped along with parents during the
year 2017 for the 13 growth and yield related traits and genotyped using 32 polymorphic SSR
markers from cashew, almond, pistachio and mango. Single marker analysis was deployed to
identify the markers linked to traits by SPSS software.

Results: results revealed three markers such as AL 29, IM 31 and IM 28 to be significantly
associated with some traits. Marker AL 29 from Almond species was linked to traits stem girth, nut
weight and kernel weight with an explained phenotypic variance of 7.9%, 5.6% and 5.4%,
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respectively. Marker IM 31 from mango species was associated with stem girth, kernel weight, tree
height, mean tree spread, nut weight and presented phenotypic variance of 17.6%, 5.7%, 8.2%, 4.5,
4.2% in that order. While the marker IM 28 from mango species showed linked with stem girth and
intermodal length with phenotypic variance of 7.6%, 7.5%, 10.4% correspondingly.

Conclusion: The present study has identified three markers AL 29 (from Almond) , IM 28 and IM
31 (from Mango) linked to six traits viz., stem girth, tree height, mean tree spread, intermodal length,
nut weight and kernel weight with the limited polymorphic markers using Single Marker Analysis.
However, further studies are aimed to validate the linked markers prior to using them in marker

assisted selection in cashew.

Keywords: Cashew; F; population; single marker analysis; SSR markers.

1. INTRODUCTION

Cashew (Anacardium occidentale L.) is widely
grown in east and west coast regions of India
and is becoming popular in the plains region. It
plays vital role in providing employment to poor
people and generating income for the growers
and processors. The cashew production in India
is 0.786 million tons from an area of 1.00 million
ha with an average productivity of 783.10 kg / ha
[1. However, the domestic production is
inadequate to meet the demand of cashew
industries and hence importing raw nuts from
African and east Asian countries.

Since  1950s, Indian cashew breeding
programme has developed and released 54
varieties [2] for commercial cultivation. These
varieties were developed employing conventional
breeding techniques of simple selection or
hybridization followed by selection for yield and
quality traits. Nevertheless, as cashew is a
perennial plant the conventional breeding
programmes are in slow pace due to long
juvenile period and time required for evaluation,
highly heterozygous nature of genotypes,
requirement of large experimental fields and
environmental effect [3].

Therefore, research efforts on developing DNA
based molecular markers are being undertaken
to facilitate conventional breeding strategies in

cashew in the areas Ilike molecular
characterization of germplasm accessions
[4,5,6,] diversity analysis [7-10] DNA

fingerprinting of varieties [11], development of
genetic linkage maps and detection of QTLs [12-
15] for horticultural traits. Nowadays, marker
assisted selection (MAS) is being used in
perennial plant breeding programmes to hasten
the process of development of variety [16,17].
Application of MAS in perennial crop breeding
programmes has indicated advantages for
selection during the juvenile phase [18,19] and

for replacing expensive, time-consuming or
technically difficult traits [20,21]. The utility of
RAPD markers in distinguishing dwarf seedlings
in cashew was showed [22]. Bulk Segregant
Analysis (BSA) in germplasm bulks at DCR,
Puttur, could identify four RAPD markers linked
to economic characters like nut weight and plant
stature [23].

There have been efforts to map molecular
markers linked to economic traits in perennial
fruit trees such as mango [24], apple [25],
cashew [13-15], pistachio [26] etc. However,
major constraint in perennial crops such as
cashew is the generation of a suitable mapping
population (such as F,, RIL and NILs) with
sufficient number of individuals, which is time
and resource intensive. In cashew, cross
between two individuals produces
heterogeneous F,; population and may behave
akin to F, population [27]. Keeping this in view,
our study aimed at genetic analysis of existing
mapping population (F4) with the aim of linking
molecular markers to some useful traits in
cashew using SSR markers.

2. MATERIALS AND METHODS
2.1 Experimental Site

The experiment was laid out in the year 2006 at
Kemminje campus of ICAR-DCR, Puttur situated
at a latitude of 12.87 N and longitude of 74.88 E
in the Dakshina Kannada District of Karnataka.
The soils are lateritic and the annual rainfall is
4000 mm in this region.

2.2 Plant Material

Mapping population for the study comprised of
83 F; plants developed through crossing tall
variety Ullal-3 as female parent with dwarf
accession NRC-492 as male parent.
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Characteristic features of parents NRC-492 and
Ullal-3 are presented in Table 1.These plants
were raised by sowing matured F; seed nuts
along with parents in the nursery in the polybags
and thereafter planting healthy seedlings in the
field at 6m x 6m spacing during the year 2009.

2.3 Phenotypic Analysis

The F; mapping population was phenotyped
along with parents during the year 2017 for the
traits such as intermodal length (INL ) (cm), tree
height(TH) (m), stem girth (SG) (cm), mean tree
spread (MTS) [(average of N-S and E-W
directions(m)], panicle length (PL) (cm), panicle
breadth (PB) (cm), apple weight (AWT) (g), nut
weight (NWT)(g), kernel weight (KWT) (g) along
with testa, kernel weight (KWT) (g) without testa,
shell thickness (ST) (cm), shelling percentage
(SP) and apple to nut ratio (ANR) as per the
methodology described in the experimental
manual on cashew by the National Research
Center for Cashew [28].

2.4 Genomic DNA Extraction

Fresh young cashew leaves were collected in the
early morning from the field and brought
immediately to the lab. The genomic DNA was
extracted grinding leaf samples in liquid nitrogen
and following cetyl trimethyl ammonium bromide
(CTAB) extraction buffer method [29] with slight
modification. The extracted DNA was quantified
using Hoefer Dyna Quant 200 model of
Fluorometer (GE Healthcare, Singapore) and its
homogeneity was checked on 0.8% agarose gel
electrophoresis.

2.5 Polymerase Chain Reaction (PCR)

During the study time, there were only 21 SSR
markers in cashew. In order to increase the
number of SSR markers, cross species SSR
markers consisting of 28 from pistachio, 24 from
almond and 65 from mango were also deployed
for arriving polymorphic markers. A total of 138
SSR primers from cashew, pistachio, almond
and mango were used to assess polymorphism
between two parents. In cashew, 21 SSR
primers using the sequences published (4) were
synthesized from  Operon  Technologies,
Germany through M/s Genetix New Delhi. SSR
Primers of 28 in Pistachio [30], 24 in Almond [31]
and 65 in Mango [32,33] were got synthesized
from M/s. Sigma Aldrich. Polymerase chain
reaction was carried out in 25 ulL reaction

containing 2.5 ulL 1x buffer (2 mM), 2.5 uL
dNTPs (0.2mM), 2.5 uL MgCI2 (2 mM), 4
uL(F+R) primer(1 uM), and 1 U Taq DNA
polymerase (Bangalore Genei, Bangalore) and 2
uL template DNA (30 ng) and 11.25 ulL sterile
water. Amplification was carried out with the
following thermal cycle protocol: 94°C for 2 min
for initial denaturation, followed by 35 cycles of
94°C for 1 min, primer annealing at 50°C to
60°C for 1 min, initial extension at 72°C for 2
min and a final extension at 72°C for 6 min. The
PCR was performed using Eppendorf
thermocycler (Eppendorf, Hamburg, Germany).
The PCR products were separated on a
horizontal 3.5% superfine agarose (GE
Healthcare) gel electrophoresis using 0.5xTris-
acetic acid-EDTA buffer and stained with
ethidium bromide (0.5 pg/ml). The image of
bands was acquired through UV light using
Alphalmager Gel documentation system (Alpha
Innotech Corp. USA). The molecular size of the
amplicons was determined with 50 and 100 kb
ladder DNA as reference marker.

2.6 Study of Parental Polymorphism and
Segregation of Markers in Mapping
Population

The contrasting parents (Ullal-3 x NRC-492) for
growth and yield traits were screened with 138
SSR markers. Scoring of the bands was done as
follows, the segregating band from the female
parent was scored as 3, male parent as 1,
missing as 9 and F; as 2 in the mapping
population. The genotypic data was subjected for
statistical analysis. As per the segregation of
SSR markers in the mapping population, parents
were interpreted for putative marker locus and
the Chi-square test was performed using
statistical software SPSS Ver 16 [34].

2.7 Association of Identified Polymorphic
Markers with Traits

In order to detect the association of molecular
markers for growth and yield traits, single marker
analysis [35] was carried out using SPSS Ver.16
software [34]. Regression (R2) values were
computed by one-way analysis of variance
(ANOVA) procedure in order to find out the
amount of variability explained by markers. Traits
were treated as dependent variables while the
molecular markers as independent variables in
the analysis. Thirteen different growth and vyield
traits were used to associate with the 32
polymorphic molecular markers.
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3. RESULTS AND DISCUSSION

3.1 Phenotyping of Mapping Population
for Vegetative and Reproductive
Traits

The variability observed for each ftrait is
presented in the Table 2. Internodal length varied
from 2 cm to 13.8 cm with a mean of 6.01 cm
whereas stem girth varied from 40 cm to 128 cm
with a mean of 72.69 cm. Tree height recorded a
minimum of 3.1 m and maximum of 9.8 m with a
mean of 5.78 m while tree spread showed
minimum of 3.33 m and maximum of 9.7 m with a
mean of 6.53 m. The weight of cashew apple
ranged from 12.5 g to 85 g with an average of
40.67 g while the nut weight varied from 2.37 g to
8.49 g with an average of 5.14 g. The apple to
nut ratio varied between 2.81 to 18.63 with a
mean of 7.95. Shell thickness varied from 1.73
cm to 3.77 cm with a mean of 2.83 cm whereas
shelling percentage varied from 28.22% to 44.2%
with a mean of 35.43%. Kernel weight with testa
varied from 0.99 g to 2.78 g with a mean of 1.78
g whereas kernel weight without testa varied
from 0.88 g to 2.73 g with a mean of 1.65 g.

Transgressive segregants were observed for the
Fis for most of the traits. The continuous
variation presented by all the traits indicated the
quantitative nature of these traits (Fig.1).
Considerable variability was observed for the
traits phenotyped in the population confirming the
quantitative nature of these traits and as a result
signifying the suitability of this population for
marker trait association studies. The association
of molecular markers with desired phenotype of
an agronomic trait is a powerful and effective
application of molecular biology to plant breeding
[36] and hence the present study is more
relevant in this context.

3.2 Identification of
Microsatellite Primers
Lines

Polymorphic
in Parental

The contrasting parental (Ullal-3 x NRC-492) for
growth and yield traits were genotyped with 138
SSR primers from cashew, mango, almond and
pistachio, and among them 32 primers (23%)
showed polymorphism (Table 3). In those 32
polymorphic markers, 5 are from cashew, 11
from almond and 16 from mango. The

Table 1. Characteristic features of parents NRC-492 and Ullal-3

Sl. No. Trait NRC- 492 Ullal-3
1 Tree Height(m) 3.32 6.67

2 Mean Tree Spread (m) 5.5 7.5

3 No.of nuts / kg 185-190 140-145
4 Nut weight (g) 5.4 739

5 Kernel weight (g) 1.8 229

6 Shelling % 33.3 30.1

7 Export grade w320 w210

8 Mean Nut yield / tree (kg/tree) 5.0 14.7

Table 2. Range and mean values of morphological traits in F; mapping population (N=83)

Trait Minimum Maximum Mean SD
Internodal length, (INL) (cm) 20 13.80 6.01 2.59
Panicle breadth, (PB) (cm) 17.0 36.0 25.01 4.52
Panicle length, (PL) (cm) 13.70 28.00 19.03 3.00
Tree height, (TH) (m) 3.10 9.80 5.78 1.23
Mean tree spread,(MTS) (m) 3.33 9.70 6.53 1.30
Stem girth,(SG) (cm) 40.00 128.00 72.69 16.28
Weight of apple,(AWT) (g) 12.50 85.00 40.67 16.81
Nut weight, (NWT) (g) 2.37 8.49 5.14 1.59
Shell thickness, (ST) (mm) 1.73 3.77 2.83 0.48
Shelling, (SP) (%) 28.22 44.20 35.43 4.08
Kernel weight (g) [along with testa] 0.99 2.78 1.78 0.43
Kernel weight, (KWT) (g) [without testa] 0.88 2.73 1.65 0.43
Apple to nut ratio, (ANR) 2.81 18.63 7.95 2.53
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Fig. 1. Genetic variability for intermodal length (INL), tree height (TH), mean tree spread (MTS), stem girth (SG), nut weight (NWT) and kernel weight
(KWT) without testa in mapping population of Ullal-3 x NRC-492. Values of parents (P1, P2) are given in text boxes
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Fig. 2. Continued. Genetic variability for intermodal length (INL), tree height (TH), mean tree spread (MTS), stem girth (SG), nut weight (NWT) and
kernel weight (KWT) in mapping population of Ullal-3 x NRC-492. Values of parents (P1, P2) are given in text boxes
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polymorphism obtained in the present study was
only 23% hence more SSR markers need to be
developed for use in molecular breeding of
cashew. In the earlier studies in cashew with
RAPD marker analysis 71.8% polymorphism was
obtained using 10 selected primers which
generated 75 loci and among them 52 were

polymorphic and in ISSR analysis, with 10
selected primers, a total of 88 bands were
generated, of which 77 bands (87.5%) were
polymorphic and in SSR analysis, a set of 15
primers was used to generate a total of 33
bands, of which majority i.e. 31 bands (93.3%)
were  polymorphic [37].

Table 3. Polymorphic primers and their sequences used to study the segregation of markers in
the F; mapping population

SI.No. Primer name Primer sequence (5’-3’) Tm(cC)

1 Cs-3 F:CAAAACTAGCCGGAATCTAGC 58.2
R: CCCCATCAAACCCTTATGAC

2 CSs-5 F:ATCCAACAGCCACAATCCTC 60.3
R: CTTACAGCCCCAAACTCTCG

3 Cs-7 F:GGAGAAAGCAGTGGAGTTGC 60.3
R: CAAGTGAGTCCTCTCACTCTCA

4 Cs-8 F:TCCACAAAATCAGCCTCCAC 60.3
R: GAGCGCTCGTGTCCTGTACT

5 CS-13 F:ACTGTCACGTCAATGGCATC 60.3
R: GCGAAGGTCAAAGAGCAGTC

6 Al 22 F: TGCAAGTTGAATGTGGCAAT 64.1
R:CTTTGGGTAGTGCAGGGATG

7 Al 24 F:GCTTGGAAAAGGGTCTCCTA 62.0
R: CCACCTCAGTTTTGACAAATGAA

8 Al 27 F:CAGACCGTCGTGTTGAAGTC 63.4
R: GACCCGAATCGGAGTTGTAA

9 Al 35 F:TTGAATCGGAGTTGGAAAGAA 63.3
R: CGGTGCTGGGAGAATCGT

10 Al 36 F:GATGGTACCTGAAGCGGAGGA 67.4
R: TGGTCTAAATACCGCGAAGG

11 Al 17 F:CAGCAATGTTTATGCAGGGTAA 63.5
R: TGAATATTTGGATTGCGAAGG

12 AL 30 F:GAAACTCAGTGGCACAATCG 63.3
R: GCAGGAGTTTCGAAAGGAAG

13 AL 29 F: TGCAAAGAAAAACGGAGAGG 64.0
R: GAAACTCAGTGGCACAATCG

14 AL 38 F:GTGGCAAATGTTGGCAAAG 64.0
R: AACACAAAGCAGCACCAAGA

15 AL 40 F:GACCTCATCAGCATCACCAA 63.8
R: TTCCCTAACGTCCCTGACAC

16 AL 50 F: TCGAAGGAGGATGAAGTTGC 64.2
R: ATATCACGAGGGGCAAAATG

17 IM 7 F: GTGTTCAGAATACCGGCCA 59.99
R: ACCCCTGCATGATTTTGACT

18 IM 8 F: TGGGAGAGAGATCAAATCGC 59.94
R:GGTTCCAAACCTAGCCTTCC

19 IM 11 F: GTCGATGCCTGGAATGAAGT 60.21
R: AAGCATCGAACAGCTCCAAT

20 IM 12 F-TTATTTGCGTTTAATGTGAGAATTA 58.98
R:AGGGGGAGGGAAGAAGATAA

21 IM 39 F:GACCTCCTCCTTCAGCTGTTC 59.98
R:CCTTGCTTATGTTGGGTGAAA

22 IM 4 F:AAGGAATTTTCCATTTTGGG 59.87

R:AGCAACAGCAGCCATAGGAT
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SI.No. Primer name Primer sequence (5’-3’) Tm(oC)

23 IM9 F: AACTCAGGCCCCTCTTCAA 60.074
R: TTGGGGTCTAGCAAACAAGA

24 IM 21 F: ACAAAGTTGGATGCCCAGA 60.111
R: GGATGGATATCAGAAGGGCA

25 IM 30 F: CTAGAATTTTTGAAAAGATAATGTGA 57.10
R:TTTCACATACAAGTTAGTTGGGG

26 IM 31 F-TTGGGTGAATTTGCTGTCTG 60.84
R:GCAGGAATTGCAAACCCATA

27 IM 35 F: TTGGTAAGTTCGAAGTCGG 58.56
R: GGGCAGAGACTAGTCGAACG

28 IM 38 F:TCGCACATCATTACGTCAAA 59.75
R:GCCAGAGCTACTGCTTCGAT

29 IM 6 F: GATCCGACTTTAAGAGCCCC 60.23
R: CCTGTCCCCGATTACAGAGA

30 IM 15 F:CCACAGACTTAAACTCACTCCAT 59.99
R:TGAAAAGCCTTTCTGGCAGT

31 IM 27 F:CATTGTTTGTACACATGCGATCT 59.41
R:TCAAGCCCAAACTCAAGTCA

32 IM 28 F-TTTTTATCCCTTAATTTTTGTAACCA 60.36

R:GGGCTTGATCTCAGCCACTA

Table 4. Single marker analysis and chi-square tests (y2) for SSR markers in the F; mapping
population (N=83)

Parentage = Number of Number of Number of Marker loci not  Marker loci
polymorphic SSR marker unlinked SSR  following following
loci tested liked to markers expected ratio expected
for SMA various traits (1:1) ratio (1:1)

Ullal-3 x 32 20 12 17 3

NRC-492

3.3Single Marker Analysis and Chi-
square Tests (y2) for SSR Markers in
the F; Mapping Population

The Chi-square tests were conducted for each
marker to find out segregation distortion from the
expected allele frequency ratio of 3: 1. Among
the 32 polymorphic markers tested, 20 were
found linked to various traits. Out of 20 linked
markers, 17 maker loci were in concurrence with
the expected ratios and 3 marker loci were not
following the Mendelian inheritance (Table 4).

3.4 Markers linked to Traits

The single marker analysis revealed three
markers such as AL 29, IM 31 and IM 28 to be
significantly associated with some traits and their
association is presented in Table 5. Marker AL
29 from Almond species was found significantly
associated with stem girth, nut weight and kernel
weight and explained phenotypic variance of
7.9%, 5.6% and 5.4%, respectively. Marker IM
31 from mango species was found significantly
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associated with stem girth, kernel weight, tree
height, mean tree spread, nut weight and
presented phenotypic variance of 17.6%, 5.7%,
8.2%, 4.5, 4.6% in that order. Whereas the
marker IM 28 from mango species showed
significant association with stem girth and
intermodal length with phenotypic variance of
7.5%, 10.4% correspondingly.

The single marker analysis indicated significant
linkage of six traits with three markers. The
extent phenotypic variation explained (R2) by the
markers linked to traits was not more than 20%
and it ranges from 4.6% to 17.6%. This implies
that for success of marker-trait association
studies in cashew, it necessitates good number
of polymorphic markers. Considering the limited
number of polymorphic markers, linkage map
was not constructed for the present population
and only marker-trait association analysis was
carried out. It has come to our notice that,
successful mapping studies were conducted
even in the absence of a linkage map in chickpea
[38]. It is worth mentioning here that the markers
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Table 5. List of markers linked to traits and their Chi-square values in the F; mapping

population
SI.No. Marker Trait Cal t R (%) Pvalue x2 (Cal) P value
value
1 AL 29 SG 4.54* 7.9 0.014 0.93 0.34
NWT 3.45* 5.6 0.037
KWT 3.35* 54 0.040
2 IM 31 SG 18.56* 17.6 0.000 0.59 0.44
KWT 6* 5.7 0.016
TH 8.28** 8.2 0.005
MTS 4.91* 4.5 0.030
NWT 4.95* 4.6 0.029
IM 28 SG 4.33 7.5 0.016 1.052 0.31
INL 5.77* 10.4 0.005

* Significant at 5 %, ** Significant at 1 %, x2 (Tab) = 3.841 at 5% significance

Table 6. List of three highly significant associated markers overlapped with one or more than
one trait/s and following mendelian segregation (1:1) in the mapping population

SI.No Marker Trait R’ (%) P <0.05

1. AL 29 SG 7.9 0.014
IM 31 17.6 0.000
IM 28 7.5 0.016
2. AL 29 NWT 5.6 0.037
IM 31 4.6 0.029
3. AL 29 KWT 54 0.040
IM 31 5.7 0.016
4, IM 31 THMTS 8.2 0.005
4.5 0.030

linked to traits such as tree height, tree spread, weight and kernel weight with the limited

stem girth have significant positive correlation
with nut yield [39-42] and therefore linked
markers will be helpful in marker assisted
selection of desirable genotype in the seedling
stage and thus reduce the time and space for
required for cashew variety development.

3.5 Overlapped Association of Markers
with Traits

Besides, the above three linked markers showed
overlapped association with the traits (Table 6).
All the three markers AL 29, IM 31 and IM 28
were significantly co-associated with stem girth.
Similarly, two linked markers viz., AL 29, IM 31
were co-associated with nut weight and kernel
weight whereas IM 31 alone was linked with tree
height as well as mean tree spread.

4. CONCLUSION

The present study has identified three markers
AL 29 (from Almond) , IM 28 and IM 31 (from
Mango) linked to six traits viz., stem girth, tree
height, mean tree spread, intermodal length, nut

polymorphic markers wusing Single Marker
Analysis. These will be deployed for marker
assisted selection in cashew to hasten the
process of variety development. It is known that
some QTL mapping studies have been carried
out in cashew by researchers especially from
EMBRAPA, Brazil. Thus, further studies are
aimed to develop more SSR primers in cashew
to facilitate linkage map development and to
identify QTLs and validate linked markers in the
present study prior to using them in marker
assisted breeding in cashew.
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