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Abstract

Coffee is one of the most important international trade commaodities. Good prospects presented by the application of SSR markers to
access the diversity in Coffea, and the small number of SSR primers available for C. canephora, encouraged the realization of this
study. Thus, we tested the heterologous amplification of 71 microsatellite markers, originally developed for Coffea arabica, in Coffea
canephora. Heterologous amplification occurred with 38 of the 71 primers. Approximately 52.63% of the primers used were
polymorphic; 35% of the primer sets were classified as non-informative, 50% as moderately informative and 15% as highly
informative. The loci evaluated by SSRCa 088, M793, SSRCa 054, SSRCa 085, CM5, M25, CFGA54 were low informative; SSRCa
084, SSRCa 052 and SSRCa 040 were highly informative. The validated primer sets can be used in molecular studies for different
purposes once they were efficient in the genotypes discrimination.
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Abbreviations: Ho_Observed average heterozygosity; PIC_Polymorphism Information Content; SSR_Simple Sequence Repeat;
UPGMA_Un-weighted Pair Group Method with Arithmetic Mean.

Introduction

Although SSR markers are developed for use in a single access the diversity in Coffea, and the small number of
species, it is possible to extend known markers for use in primers available for Coffea canephora, encouraged this
related species. This is possible because the flanking regions study was done. There is evidence that the allotetraploid
are conserved and the number of duplications is variable Coffea arabica (2n=4x=44) originated by crossing diploids
(Hendre and Aggarwal 2007; Wang et al., 2009). Therefore, C. canephora (2n=2x=22) and C. eugenioides (2n=2x=22)
once an SSR marker is available in a related species, from a recent event, less than 500,000 ya (Lashermes et al.,
attempting to transfer known markers can be advantageous 1999; Cenci et al., 2012). C. arabica is characterized by low
(Sudheer et al., 2011). SSR markers are highly informative genetic diversity (Lashermes et al. 1996), which is
due to co-dominance, multiallelism, heritability, abundance attributable to its autogamy. On the other hand, C.
and wide coverage of the genome. Another advantage is the canephora is a diploid species with considerable genetic
conservation of flanking regions across generations, which variability to be studied (Charrier and Berthaud, 1985;
allows repeated use of the technique (Powell et al., 1996; Lashermes et al., 1999). C. canephora presentes varietal
Yamamoto et al., 2002; Buso et al., 2003). The availability of groups named Robusta and Conilon. Robusta group consists
new microsatellite markers is important to effectively of more vigorous genotypes, which have larger leaves and
contribute to genetic analysis and breeding programs for fruits, but are sensitive to drought. In contrast, Conilon
coffee (Hendre et al., 2008; Dereeper et al., 2013; Gartner et consists of genotypes with small leaves and fruits, less
al., 2013; Romero et al., 2014). However, the development of vigorous, and greater drought tolerance (Ferrdo, 2013). C.
microsatellite markers involves the development of SSR- arabica and C. canephora, (Robusta and Conilon) are mainly
enriched libraries. This process is still time-consuming and used in commercial production of coffee, a really important
expensive (Cubry et al., 2014). Studies concerning the global trade commodities (Salami et al., 2014). Thus, in this
transferability of microsatellite markers are important in study, 71 microsatellite markers originally developed for C.
species that have few validated primers available. arabica were used in heterologous amplification tests for C.
Transferability can be explained due to the evolutionary canephora .

proximity between taxa (Hendre and Aggarwal, 2007; Wang
et al., 2009). The good results with the use of SSR markers to
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Table 1. List of Coffea canephora polymorphic SSR primer sets, observed heterozygosity (Ho), allele frequencies and average

polymorphic information content (PIC).

Allele frequency

Locus AL D A3 A Ho PIC
M25 0.1429 0.8571 - - 0.2857 0.2149
M32 0.1667 0.1667 0.6667 - 0.6667 0.4491
M47 0.3333 0.6667 - - 0.3333 0.3457
M20 0.625 0.375 - - 0.25 0.3589
SSRCa 018 0.1429 0.2143 0.6429 - 0.4286 0.4637
SSRCa 021 0.25 0.75 - - 0.1667 0.3047
SSRCa 040 0.1429 0.5714 0.2143 0.0714 0.5714 0.5528
SSRCa 052 0.0714 0.2143 0.4286 0.2857 0.4286 0.6261
SSRCa 054 0.0833 0.9167 - - 0.1667 0.1411
SSRCa091 0.25 0.75 - - 0.5 0.3047
SSRCa 006 0.4167 0.5833 - - 0.5 0.368
SSRCa 084 0.5833 0.25 0.1667 - 0.5 0.5045
SSRCa 085 0.1667 0.8333 - - 0.3333 0.2392
SSRCa 087 0.2 0.8 - - 0 0.2688
SSRCa 088 0.9286 0.0714 - - 0.1429 0.1239
SSRCa 095 0.2143 0.7857 - - 0.4286 0.28
M764 0.1667 0.75 0.0833 - 0.5 0.3633
CM5 0.9 0.1 - - 0.2 0.1638
M793 0.0714 0.9286 - - 0.1429 0.1239
CFGA54 0.8333 0.1667 - - 0.3333 0.2392
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Fig 1. Dendrogram derived from UPGMA clustering analysis using Weighted index of SSR marker in seven genotypes of C.

canephora.

Results and Discussion

Of the 71 pairs of SSR primers designed for C. arabica, 38
(53.52%) were successfully used for C. canephora and 20
primers were polymorphic. This result is of great importance
for studies in C. canephora, since it provides 38 validated
primers that can be used in genetic studies of this species
(Supplementary table 1). Considering only the polymorphic
primers, the average number of alleles/primer was 2.4 (2-4)
in this study, which corresponds to a total of 48 alleles (Table
1). Other studies using SSR sequences in C. canephora have
reported the number of alleles/primer as 3.78 (Hendre et al.,
2008), 3.55 (Baruah et al., 2003), 1.86 (Missio et al., 2009),
or 3.3 (Missio et al., 2010). This value varies as a function of
both the genetic material used and the primer set. Although a
sufficient amount of loci have been evaluated for the
genotyping of seven genetic material of interest, these
individuals do not represent the allelic pool of C. canephora
species. Once the same loci are evaluated in more genotypes,
the number of alleles detected probably will increase. Thirty-
three (46.48%) evaluated primers did not amplify a fragment
or did not meet a satisfactory standard for analysis of the
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fragments. Among the 38 primers that amplified a fragment,
18 (47.37%) showed a monomorphic pattern (Supplementary
table 1). This means that the analyzed genetic material share
the same alleles for these 18 loci evaluated. The inclusion of
other genotypes in the analysis with these primers can allow
different alleles are found in these loci. Therefore, even
though the primers have not been effective at evaluating the
genetic diversity of seven genotypes of this study, they can
be very important for further research with other genetic
materials. The mean PIC in the present study was 0.3218
(from 0.1239 to 0.6261), and the sorted primer set was
moderately informative (0.5> PIC> 0.25) (Botstein et al.,
1980). Individually, 35% of the primers were classified as
having low informative value, 50% as moderately
informative and 15% as highly informative for the set of
genetic materials evaluated (Table 1). It is noteworthy that
65% of validated primers were moderately or very
informative. Therefore, these become important sources to be
applied in genetic studies in C. canephora, which still has a
limited number of SSR primers developed information. The
observed average heterozygosity (Ho) was 0.3439 (from O to
0.6667) (Table 1). According to the Ho, 19 loci of the 20



Table 2. List of the SSR primers that contributed the most to distinguish the seven genotypes of C. canephora.

alleles present at each locus / number of

genotypes in which it was found

Markers

SSRCa 018 33/3, 23/3, 11/1
SSRCa 040 22/2, 23/3, 24/1, 11/1
SSRCa 052 33/3, 24/2, 12/1, 44/1
M25 22/5, 12/2

M32 4412, 34/1, 2412, 1412

Table 3. List of Coffea canephora genetic material used for cross-amplification tests.

Genetic Material Short Description

Intermediate characteristic features of Conilon and Robusta, medium to late maturation

ES 03 Characteristic features of Conilon, early maturation
ES 83
ES 153

Bukobensis 04
Robusta IAC 2286-3
Robusta Precoce
Conilon JP

Characteristic features of Conilon, late maturation

Characteristic features of Conilon, early maturation

Characteristic features of Robusta, late maturation

Intermediate characteristic features of Conilon and Robusta, very early maturation
Characteristic features of Conilon, early maturation

evaluated were considered polymorphic (Ho > 0.1) (Susol et
al., 2000; Cruz, 2011). The primers used were able to
distinguish the genetic material of C. canephora (Fig 1). A
high cophenetic correlation (r = 0.89) were found, indicating
the existence of a great fit between the similarity matrix and
the dendrogram. In the Genes software analysis, we found
that among the 20 polymorphic primers, SSRCa 018, SSRCa
040, SSRCa 052, M25 and M32 were more informatives
(Table 2). Those four loci contributed the most to distinguish
the seven genotypes of C. canephora. The possibility of
cross-amplification in the genus Coffea have already been
demonstrated. Primers showed efficient cross-amplification
in many Coffea and Psilanthus species (Combes et al., 2000,
Baruah et al., 2003, Poncet et al., 2007). Therefore, we
strongly recommend the use of these microsatellite sequences
in studies who wish to access genetic diversity in Robusta
plants.

Material and Methods
Plant materials

We used 7 genotypes C. canephora from the coffee breeding
program of the Instituto Capixaba de Pesquisa, Assisténcia
Técnica e Extensdo Rural (Incaper) (Table 3). The leaves of 3
plants/genotype used for DNA extraction were collected at
the Experimental Farm of Bananal do Norte (FEBN),
Cahoeiro do Itapemirim and at the Experimental Farm of
Marilandia (FEM), Espirito Santo, Brazil.

Molecular procedures

DNA extraction was performed according to the Doyle and
Doyle (1990) protocol as modified by Abdelnoor et al.,
(1995). The quality and quantity of extracted DNA were
tested on an 0.8% agarose gel. The cross-amplification test
consisted of amplification using 71 microsatellite primers
(Bioneer) originally developed for C. arabica species
(Rovelli et al., 2000; Combes et al., 2000; Poncet et al., 2004;
Coulibaly et al., 2003; Baruah et al., 2003; Moncada and
McCouch 2004; Missio et al., 2009; Vieira et al., 2010). PCR
reactions were performed in 20 pL, containing 2 pL 10x
buffer, 150 umol/L each dNTP, 0.1 umol/L each primer, 50
ng of DNA, 1 mol/L of MgCl,, and 0.6 U of Tag DNA
polymerase (Fermentas), and the remaining volume was
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water (Missio et al., 2009). The amplification reactions with
the SSR primer sets were performed on a Veriti 96 Applied
Biosystems thermocycler using the touchdown PCR
procedure proposed by Missio et al., (2009). The samples
were run on a native polyacrylamide gel (6%) in the presence
of 1X TBE buffer for 2 h 30 min at 100 volts. At the end of
the run, the gels were stained in ethidium bromide solution
(0.25 mg/mL) and photographed under ultraviolet light.
Electrophoretic pattern analysis was used to assess the
number and size of fragments that showed satisfactory
amplification patterns.

Statistical analyses

The results of the genotyping of microsatellite markers for C.
canephora were recorded from coding the detected
polymorphism of the loci in each genotype. The
homozygotes were coded as 11, 22, 33 ... nn, according to
allele showed, and for heterozygotes 12, 13, 23, ... nn (Cruz,
2008). The average number of alleles/primer, PIC,
heterozygosity, and the loci that contributed most to the
discrimination of genotypes were analyzed. The estimate of
genetic dissimilarity was also made, according to the
arithmetic complement of Weighted Index. The dissimilarity
values obtained were arranged in matrices to be used in the
cluster analysis by the Unweighted Pair Group Method with
Arithmetic Mean (UPGMA). The cophenetic correlation was
calculated for information about the adjusting of the the
original dissimilarity matrix with the dendrogram. Statistical
analyses were performed using Genes software (Cruz, 2013).

Conclusions

It was found that 38 SSR primers were capable of cross
amplification in C. canephora. Among the primer sets, 20
loci used in the cross-amplification analysis were
polymorphic, and the average heterozygosity (Ho) was
0.3439 (0 to 0.6667). The average PIC of the tested primers
was 0.3218 (from 0.1239 to 0.6261). CFGA54, M25, SSRCa
085, SSRCa 088, M793, SSRCa 054, CM5 were classified as
being of low informative value; SSRCa 021, SSRCa 087,
M47, SSRCa 095, SSRCa 018, SSRCa 091, M764, SSRCa
006, M32 and M20 were moderately informative, SSRCa
084, SSRCa 040 and SSRCa 052 were highly informative.
The findings of this study provided available and validated



primers for Robusta coffee. These primers will facilitate
further studies on the species diversity, genetic mapping,
identification and protection of varieties or clones, marker-
assisted selection and establishing germplasm conservation
strategies.

Acknowledgments

We thank the Capixaba Research Institute, Technical
Assistance and Rural Extension (Instituto Capixaba de
Pesquisa, Assisténcia Técnica e Extensao Rural - Incaper) for
supplying the genotypes and the Coffee Biotechnology
Laboratory (BioCafé) for supplying the primers.

References

Abdelnoor RV, Barros EG, Moreira MA (1995)
Determination of genetic diversity within Brazilian
soybean germplasm using random amplified polymorphic
DNA techniques and comparative analysis with pedigree.
Rev Bras Genet. 18: 265-273.

Baruah A, Naik V, Hendre PS, Rajkumar R, Rajendrakumar
P, Aggarwal RK (2003) Isolation and characterization of
nine microsatellite markers from Coffea arabica (L.)
showing wide cross-species amplifications. Mol Ecol
Notes. 3:647-650.

Botstein D, White RL, Skolnick M, Davis RW (1980)
Construction of genetic linkage map in man using
restriction fragment length polymorphisms. Am J Hum
Genet. 32:314-331.

Buso GSC, Ciampi AY, Moretzsohn M de C, Amaral, ZP de
S, Brondani RV (2003) Marcadores microssatélites em
espécies vegetais. Biotecnologia Cienc Desenvolv. 30:46-
50.

Cenci A, Combes MC, Lashermes P (2012) Genome
evolution in diploid and tetraploid Coffea species as
revealed by comparative analysis of orthologous genome
segments. Plant Mol Biol. 78:135-145.

Charrier A, Berthaud J (1985) Botanical classification of
coffee. In: Clifford MN, Wilson KC (eds) Coffee: botany,
biochemistry and productions of beans and beverage.
Croom Helm, London, 13-47.

Combes MC, Andrzejewski S, Anthony F, Bertrand B,
Rovelli P, Graziosi G, Lashermes P (2000)
Characterization of microsatellites loci in Coffea arabica
and related coffee species. Mol Ecol. 9:1171-1193.

Coulibaly I, Louarn J, Lorieux M, Charrier A, Hamon S,
Noirot M (2003) Pollen viability restoration in a Coffea
canephora P. and C. heterocalyx Stoffelen backcross. QTL
identification for marker-assisted selection. Theor Appl
Genet. 106:311-316.

Cruz CD (2013) GENES - a software package for analysis in
experimental statistics and quantitative genetics. Acta Sci
Agron Maringé. 35(3):271-276.

Cruz CD, Ferreira FM, Pessoni LA (2011) Diversidade
genética baseada em informagdes moleculares. In.: Cruz
CD, Ferreira FM, Pessoni LA (eds.) Biometria aplicada ao
estudo da diversidade genética, 1% edn. Independente,
Vigosa. pp. 620.

Cruz, C. D. Programa Genes: diversidade genética. Vigosa:
UFV, p. 278, 2008.

Cubry P, Pujade-Renaud V, Garcia D, Espeout S, Leguen V,
Granet F, Seguin M (2014) Development and
characterization of a new set of 164 polymorphic EST-SSR
markers for diversity and breeding studies in rubber tree
(Hevea brasiliensis Mull. Arg.). Plant Breeding. 1-8.

990

Dereeper A, Guyot R, Tranchant-Dubreuil C, Anthony, F,
Argout X, de Bellis F, Combes MC, Gavory F, de Kochko
A, Kudrna D, Leroy T, Poulain J, Rondeau M, Song X,
Wing R, Lashermes P (2013) BAC-end sequences analysis
provides first insights into coffee (Coffea canephora P.)
genome composition and evolution. Plant Mol Biol.
83:177-189.

Doyle JJ, Doyle JL (1990) Isolation of plant DNA from fresh
tissue. Focus. 12:13-15.

Ferrdo LFV, Caixeta ET, Souza FD, Zambolim EM, Cruz
CD, Zambolim L, Sakiyama NS (2013) Comparative study
of different molecular markers for classifying and
establishing genetic relationships in Coffea canephora.
Plant Syst Evol. 299:225-238.

Gartner GAL, McCouch, SR, Moncada M del P (2013) A
genetic map of an interspecific diploid pseudo testcross
population of coffee. Euphytica. 192:305-323.

Hendre PS, Phanindranath R, Annapurna V, Lalremruata A,
Aggarwal RK (2008) Development of new genomic
microsatellite  markers from robusta coffee (Coffea
canephora Pierre ex A. Froehner) showing broad cross-
species transferability and utility in genetic studies. BMC
Plant Biol. 8(51):1-19.

Hendre PS, Aggarwal RK (2007) Dna markers: Development
and application for genetic improvement of coffee. In:
Varshney RK, Tuberosa R (eds.) Genomics assisted Crop
Improvement: Genomics Applications in Crops, Springer,
Netherlands 2:399-434.

Lashermes P, Cros J, Marmey P, Charrier A (1996) Use of
random amplified DNA markers to analyse genetic
variability and relationships of Coffea species. Genet
Resources Crop Evol. 40:91-99

Lashermes P, Combes M-C, Robert J, Trouslot P, D'Hont A,
Anthony F, Charrier A (1999) Molecular characterization
and origin of the Coffea arabica L. genome. Mol Gen
Genet. 261(2):259-266.

Missio RF, Caixeta ET, Maciel-Zambolim E, Zambolim L,
Sakiyama NS (2009) Development and validation of SSR
markers for Coffea arabica L. Crop Breed Appl
Biotechnol. 9:361-371.

Missio RF, Caixeta ET, Zambolim EM, Zambolim L, Cruz
CD, Sakiyama NS (2010) Polymorphic information content
of SSR markers for Coffea spp. Crop Breed Appl
Biotechnol. 10:89-94.

Moncada P, Mccouch S (2004) Simple sequence repeat
diversity in diploid and tetraploid Coffea species. Genome.
47(3):501-509.

Poncet V, Dufour M, Hamon P, Hamon S, Kochko A de,
Leroy T (2007) Development of genomic microsatellite
markers in Coffea canephora and their transferibility to
other coffe species. Genome. 50:1156-1161.

Poncet V, Hamon P, Minier J, Carasco C, Hamon S, Noirot
M (2004) SSR cross-amplification and variation within
coffee trees (Coffea spp.). Genome. 47:1071-1081.

Powell W, Morgante M, Andre C, Hanafey M, Vogel J,
Tingey S, Rafalski A (1996) The comparison of RFLP,
RAPD, AFLP and SSR markers for germplasm analysis.
Mol Breed. 2(3):225-238.

Romero G, Vasquez LM, Lashermes P, Herrera JC (2014)
Identification of a major QTL for adult plant resistance to
coffee leaf rust (Hemileia vastatrix) in the natural Timor
hybrid (Coffea arabica x C. canephora). Plant Breeding.
133:121-129.


http://link.springer.com/search?facet-author=%22Rajeev+K.+Varshney%22

Rovelli P, Metullio L, Anthony F, Anzueto F, Lashermes P,
Graziosi G (2000) Microsatellites in Coffea arabica L. In:
International Seminar On Biotechnology In The Coffee
Agroindustry.  Coffee  biotechnology and  quality;
proceedings Kluwer Academic Publishers, Dordrecht.
pp123-133.

Salami AO, Galibaka G, Birhanu D, Ressaisi N (2014)
Global Protectionism Five years since the great financial
crisis. Africa Eco Finan Brief. 5(2):1-7.

Sudheer PDVN, Mastan SG, Rahman H, Prakash CR, Singh
S, Reddy MP (2011) Cross species amplification ability of
novel microsatellites isolated from Jatropha curcas and
genetic relationship with sister taxa. Mol Biol Rep.
38:1383-1388.

991

Susol E, Eyre S, John S (2000) High-throughput genotyping
of microsatellite markers In: Worthington J, John S (eds)
SNP and Microsatellite genotyping. Markers for genetic
analysis. Eaton Publishing. 49-66.

Vieira ESN, Von Pinho EV de R, Carvalho MGG, Esselink
DG, Vosman B (2010) Development of microsatellite
markers for identifying Brazilian Coffea arabica varieties.
Genet Mol Biol. 33(3):507-514.

Wang JL, Barkley NA, Jenkins TM (2009) Microsatellite
markers in plants and insects Part I: Applications of
biotechnology. Genes Genomes Genomics. 3(1):54-67.

Yamamoto T, Kimura T, Sawamura Y, Manabe T, Kotobuki
K, Hayashi T, Ban Y, Matsuta N (2002) Simple sequence
repeat for genetic analysis in pear. Euphytica. 124:129-137.



