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Abstrak
Analisis genetik telah
menjadi alat yang
penting dalam pemuliaan tanaman untuk perbaikan
sifat penting tanaman. Salah satu potensi terbesar
dari analisis tersebut adalah identifikasi penanda
molekuler yang berguna untuk pemetaan genetik.
Pemetaan genetik merupakan salah satu langkah
penting dari analisis genetik. Intisari dari semua
pemetaan genetik adalah menempatkan koleksi penanda molekuler pada posisi tertentu dalam genom.
Hal tersebut dapat kemudian digunakan untuk mengidentifikasi lokus sifat kuantitatif (QTLs) dengan
memanfaatan keragaman genetik alami yang tersedia
dan meningkatkan sifat-sifat penting serta berharga.
Sampai saat ini, tiga belas peta genetik telah
dipublikasi dan tersedia pada Coffea sp. yang
menciptakan database besar untuk kerangka genetik.
Sebuah peta genetik terbaru dengan akses terbuka
dan berfungsi sebagai referensi telah dibangun oleh
International Coffee Genomics Network (ICGN).
Peta tersebut tediri dari 3230 lokus, dengan panjang
peta 1471 cM (1cm ~ 500 Kb) serta kepadatan satu
penanda setiap 220 Kb. Peta-peta genetik pada
tanaman kopi telah digunakan dari karakterisasi gen
hingga analisis komparatif genom dengan spesies
tanaman yang berbeda. Saat ini, pesatnya kemajuan
teknologi New Genome Sequencing (NGS) untuk
sekuensing DNA dan RNA memungkinkan validasi
dari peta-peta genetik untuk prediksi QTLs serta gengen yang membawa sifat penting Coffea sp.
[Kata kunci: Coffea sp., penanda molekuler,
pemetaan genetik, analisis keragaman,
QTLs]
Abstract
Genetic analysis has become an important tool
in plant breeding for crop improvement. One of their
greatest potential appears to be the identification of
molecular markers useful for genetic mapping.
Genetic mapping is one of important steps in genetic
analysis. The essence of all genetic mapping is to
place a collection of molecular markers onto their
respective positions on the genome. Thus, it leads to
identification of new quantitative trait loci (QTLs) by
making benefits of natural available genetic diversity
*) Penulis korespondensi: Priyono_iccri@yahoo.com

and to improve important and valuable traits. Until
present, thirteen genetic maps were published and
available in Coffea sp. creating a huge database for
genetic framework. One most recent and open
reference genetic map for robusta coffee has been
generated by the International Coffee Genomics
Network (ICGN) comprising 3230 loci, genetic size
1471 cM (1cM ~500 Kb), with an average density
close to one marker every 220 Kb. The Coffea
genetic maps have been utilized from gene
characterization to genomic comparative analysis
with different plant species. Nowadays, the
feasibility of NGS for DNA and RNA sequencing
allow the validation of genetic map related to the
prediction of QTLs and adjacent genes related to
important traits for Coffea sp.
[Key words: Coffea sp., molecular markers, genetic
mapping, linkage analysis, QTLs]
Introduction
Molecular markers have become available in
plant systems for basic and applied studies. They
have become an increasingly important tool in plant
breeding for genetic analysis and improvement of
important traits (Malik et al., 2014; Grover &
Sharma, 2014). They have the potential to facilitate
the plant breeding programs through numerous ways,
such as fingerprint of elite germplasms, assessment
of genetic diversity, identification and stack genes
controlling quantitative traits, development of a
possible environment-neutral selection. However,
one of their greatest potentials appears to be in the
benefit use of available natural genetic diversity such
as creating genetic mapping for the improvement of
economic traits via the identification and use of new
quantitative trait loci (QTLs) (Zhang et al., 2014).
Marker-based genetic mapping is essential for
effective manipulation of important genes (Jiang,
2013). While the possibilities appear limitless, the
application of this knowledge is still in infant level. It
may take some time before it could be optimally used
for most plant breeding programs. Nevertheless, the
era of genotyping becomes less expensive than
phenotyping which will enhance the increase use of
molecular markers in plant breeding (Kumar et al.,
2009).
95
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Recent progress in molecular genetics and
statistic approaches provide the possibility of
genetic map creation, of chromosome area
identification in which lies the QTLs, and of further
identification of favourable allele(s) determining the
trait (Elshire et al. 2011; Kesawat & Das Kumar,
2009; Moose & Mumm, 2008). In general, this
enhancement will assist plant breeders to select
superior plants by identifying the deoxyribonucleic
acids (DNA) markers linked to the loci determining
these desirable traits. This paper was aimed to
review, in general aspects, molecular markers and
their application for genetic mapping for Coffea sp.
Definition of genetic mapping
In general, genetic map is a graphic representation of the arrangement of genes on a
chromosome. A genetic map is used to locate and
identify the gene or genes that determine a particular
inherited trait. It indicates also the position and
relative genetic distance between markers along the
chromosomes (Triwitayakorn et al., 2011). Locating
and identifying genes in a genetic map is called
“genetic mapping”. Genetic mapping are sometimes
called as “chromosome mapping” and “linkage
mapping”. In this paper, these terms will be used in
discussion.
A genetic or linkage map could be viewed as a
„road map‟ of the chromosomes from a segregating
population. The most important application of
genetic maps is aimed to identify QTLs
(chromosomal locations) associated with traits of
interest (Leonforte et al., 2013). The QTL mapping is
based on the principle that traits and DNA markers
segregate concomitantly during meiosis allowing
their analysis in the progeny (Paterson, 2002). Traits
and genes/markers that are close or tightly-linked
will be transmitted together from parent to progeny
more frequently than genes or markers that are
located further apart (Kearsey & Farquhar, 1998).
A segregating population is a mixture of
genotypes recombining the genetic backgrounds of
the parents (Rieseberg et al., 1999). The recombinant
genotypes can be used to calculate the recombination
frequencies and therefore the genetic distance
between markers. By analysing the marker
segregation, one can determine the distribution and
distances between markers. The lower the frequency
of recombination between two markers, the closer
they are on a chromosome and reciprocally.
Furthermore, recombination frequencies can be
converted into centi Morgans (cM) (Kearsey &
Farquhar, 1998; Kearsey & Pooni, 1996). The map
distance equals the recombination frequency for short
distances (<10 cM) but it does not strictly apply for
longer distance (>10 cM) (Hartl & Jones, 2001).
A mapping function adjusts the observed
recombination frequencies to better estimate the map
distance by taking into account single cross-over and
double cross-over. Two mapping function such as

Haldane's and Kosambi's were well-known (Van
Ooijen, 2006). Haldane's mapping function assumes
that there is no interference which would increase or
decrease the proportion of double cross-over.
Determining the map distance using Haldane's
mapping function is based on the observed rate of
recombinant genotypes adjusted with the number of
unobservable double crossovers. The physical
distance between loci does not equal the observed
recombination fraction due to double cross-overs
which result in undetectable recombination events
(Huehn, 2011). As for Kosambi's mapping function,
it is based on empirical data regarding the proportion
of double cross-overs as the physical distance varies.
Kosambi's function adjusts the map distance based on
interferences that change the proportion of double
cross-overs. The relative physical distance between
two loci can be measured by the proportion of crossovers (Vinod, 2011).
The constructions of linkage maps in plants
were limited just until the development of molecular
mapping. The inability to incorporate many
phenotypic markers into a single genotype to be used
for further genetic analysis due to the possibly
cumulative deleterious effects of the mutant
phenotypes was the most significant limitation for
developing linkage maps (Bandyopadhyay, 2011).
Compared to traditional phenotypic markers, DNA or
proteins nowadays used to score genetic materials are
phenotypically neutral (Grover & Sharma, 2014).
Moreover, linkage maps can be constructed with
different types of population such as F2, recombinant
inbreed line (RIL), backcross (BC) or double haploid
(Milczarski et al., 2011). The utility of DNA marker
based genetic maps in linkage studies and genetic
improvement of crop is at this time well established.
The potential of such maps was expected to be even
higher in case of perennial species, such as coffee,
where conventional breeding efforts were severely
constrained due to the lack of screening tools and
long generation cycle (Mishra & Slater, 2012). The
first genetic maps, based on morphological markers
or growth behaviours, allowed breeders to estimate
the offspring‟s genotypes without, or prior to, field
testing (Winter & Kahl, 1995; Hendre & Aggarwal,
2014).
Past and current status of genetic mapping
In the past, a number of phenotypic markers
segregating within one cross are required to construct
a complete linkage map. The development of
biochemical markers including isozymes and other
polymorphic proteins significantly increased the
number of markers observable in a single segregating
population. In early 1930‟s, genetic linkage groups
were available merely in tomato and maize. These
linkage groups consisted entirely of loci causing
visible changes of morphological characteristics.
Until 1970‟s, genetic mapping was restricted to these
phenotypic markers (Morton, 2004). In 1986, a plant
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genetic map based on isozymes and cDNA sequences
was first reported in tomato (Bernatzky & Tanksley,
1986). Unfortunately, scoring of biochemical
markers was sensitive to environment, developmental
stage, and type of tissue or organ (Lidah et al., 2006)
This problem of sensitivity was one of the
reasons why DNA molecular markers were then
developed to be implemented for genetic studies.
Genome mapping of plant species was developed
shortly after the genetic mapping of Drosophilla sp.
(Morton, 2004). These efforts were driven by the
possibility offered by genetic maps to make indirect
selection by associating desired traits to more easily
determined markers (Kraakman et al., 2006,
Kraakman et al., 2004).
Generation of high density maps for entire
genome or single chromosome requires the isolation
and characterization of hundred of markers
(Delourme et al., 2013). Various types of molecular
markers are used to assess DNA polymorphism. In
recent years, different DNA marker systems such as
Restriction Fragment Length Polymorphisms
(RFLPs), Random Amplified Polymorphic DNAs
(RAPDs), Amplified Fragment Length Polymorphisms (AFLPs), Simple Sequence Repeats
(SSRs) also called microsatellites, Single Nucleotide
Polymorphims (SNPs) have been developed (Malik
et al., 2014; Lv et al., 2014; Jiang, 2013). In Coffea
canephora, RFLPs has been used to identify
polymorphism level in several clones (Priyono et al.
2000). The genetic diversity between cultivated and
wild accessions of Coffea arabica has been carried
out using RAPD markers (Lashermes et al., 1996).
Even only a moderate degree of genetic diversity
were identified among the accessions, RAPD
markers were considered effective on grouping
germplasms in Coffea species (Sera et al., 2003,
Lashermes et al., 1996). The AFLP markers have
been successfully used for genetic mapping of leaf
rust resistance (Diola et al., 2011). Using these types
of marker, several genes related to the disease has
been localized (Prakash et al., 2004). Among others,
the SSR markers has been largely used in Coffea
species to study genetic diversity, genus structure,
cross-species transferability, and to develop core
collection (Leroy et al., 2014; Sumirat et al., 2012;
Geleta et al., 2012; Cubry et al., 2008; Musoli et al.,
2009; Hendre et al., 2008; Poncet et al., 2007). These
microsatellite markers were able also to be used in
association studies to target selected areas in the
genome for accelerate Coffea breeding (Cubry et al.,
2013).
Moreover, with the advancement of New
Generation of Sequencing (NGS), Single Nucleotide
Polymorphism (SNP) markers have been commonly
used to study genetic diversity on more precise scale
but at high debit analysis (Dereeper et al., 2015).
RNA sequencing technology was recently able to be
used as an alternative of SNP detection (Vidal et al.,
2010). This technology leading to the development of

Expressed Sequence Tags (ESTs) database was
furthermore powerful to perform comprehensive
genome-wide transcript profile study for example
between two different species of Coffea (Mondego
et al., 2011). Herrera et al. (2014) has demonstrated
by using the same technology within 20.000 unigenes
to correlate genomic relationship between three
Timor hybrids. These successful analyses
reconfirmed the effectiveness of RNA sequencing
applied for genomic analysis in polyploidy species.
Transferability of genetic map in Coffea sp.
Generally, it has been known that linkage maps
are unique as a product of a given population and
marker sets. The molecular markers building the
genetic map might not be polymorphic and reliable
across populations (Cheema & Dicks, 2009).
Accordingly, in order to correlate the information
from one map to another, shared markers are
required. Anchors, known for common markers that
are highly polymorphic in population mapping,
which are typically SSRs or RFLPs were used as
shared markers (Studer et al., 2010; Motta et al.,
2014). Finally, a „consensus‟ map could be generated
by incorporation of shared anchor markers into
different genetic maps (Yu et al., 2014; Raman et al.,
2013; Yang et al., 2013). In this review, this
capability is considered as the transferability of
linkage maps which are meant also as the
transferability of molecular markers.
As an example, the first consensus genetic map
using RFLP and SSR markers was developed in
C. canephora var. Robusta 11 years ago (Crouzillat
et al. 2004). The latest, two genetic linkage maps
A (FRT 58 x FRT 51) and B (FRT 67 x FRT 51)
were built from C. canephora as parents comprising
369 F1 individuals (Mérot-L‟Anthoëne et al., 2014).
This map was stored in an integrative database for
functional, comparative and diversity studies in the
Rubiaceae family, named after “MoccaDB”
(Plechakova et al., 2009). Several studies using ESTSSR and SSR markers in Coffea species has revealed
the high transferability across distant Rubiaceae
species which defined the practical aspect of these
markers (Poncet et al., 2007; Poncet et al., 2006;
Aggarwal et al., 2007; Cubry et al., 2008;
Plechakova et al., 2009). The generalized use of an
increasingly larger set of transferable markers, will
allow faster and more precise investigations about
QTL synteny among species, QTL validation across
different genetic backgrounds and positioning of a
growing number of candidate genes co-localized with
QTLs.
Currently available genetic maps for Coffea sp.
A number of genetic maps for Coffea species
has been reported. These maps were generally
considered as genetic reference by the scientific
community. The established linkage maps of Coffea
species have been used for gene tagging, genome
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organization, and evolutionary studies, as well as in
Marker-Assisted Selection. For high-resolution
mapping, at least <5 cM but ideally <1 cM or more
tightly-linked markers are used to discriminate
between a single and several genes involved in a
single QTL (Sharma et al., 2008; Grover & Sharma,
2014). So far, thirteen genetic maps of Coffea sp. are
available comprising four maps of C. canephora,
two of C. arabica, two of interspesific F1 and/or F2,
and four of interspecific backcross population (BC1)
(Table 1).
The first map available used 47 RFLPs and 100
PCR-based markers (RAPD) to construct 1402 cM of
map length comprising 15 linkage groups with an
average marker density of 10 cM. (Paillard et al.,
1996). Due to its low DNA polymorphism, this map
needs additional markers to cover the genome. Even
so, it is understandable that at that time, such genetic
map was already considered as a breakthrough in
genetic analysis of Coffea species. This map was
developed in order to provide a starting point in
genetic studies in Coffea species and to be applied
for QTL analysis. The same double-haploids
population was used to develop another map of 162
loci comprising 97 AFLP, 11 RAPD, 36 RFLP, and
18 SSR markers covering 1.041 cM with an average
density of 6.5 cM (Lashermes et al., 2001). This
genetic map provided a demonstration of low
significant differences for recombination. The result
suggested the possibility of crossing programmes in
the most convenient manner for C. canephora.
In parallel with the map of Lashermes and
colleagues, Ky et al. (2000) has demonstrated the use
of AFLP marker-based genetic map for diploid
coffee genome. The interspecific backcross using in
total 181 DNA markers has produced 1.144 cM of
map length with 6.9 cM of marker density. This is
the first Coffea interspecific linkage map which
provides evidence of genetic segregation distortion in
Coffea species. The fourth map by Coulibaly et al.
(2003) implemented the strategy of Ky et al. (2000)
in the use of backcross population of two different
Coffea species in genome size. A 1.360 cM of map
length comprising 15 linkage groups with 7.2 cM of
marker density generated from 190 AFLP and SSR
markers has suggested a potential radiative speciation
within the Coffea genus. In this map, Coulibaly et al.
(2003) has shown the dual function of AFLP markers
to map qualitative morphological traits and to be
used as core map for further location of additional
markers, in this case SSRs.
In 2004, the first robusta consensus map was
developed (Crouzillat et al., 2004). It was even
considered as the first high-resolution genetic map
comprising 1.258 cM of map length with 1.7 cM of
marker density. The high number of SSR markers has
increased the number of polymorphism which
showed that this type of markers was suitable to
create a consensus map for genetic studies across the
genus (Lefebvre-Pautigny et al., 2010). This

consensus map was intended to guide and speed up
plant breeding programs. In the same year,
Pearl et al. (2004) constructed a 1.803 cM of map
length using large number of AFLP markers (464
loci). Eventually, with 10.2 cM of marker density,
this sixth map could not be considered as highresolution map. However, it was the first published
map available for arabica coffee. In the same year,
another partial genetic map has been developed by
Teixeira-Cabral (2004). The unique part of this map
was the use of 82 RAPD markers, known also as
dominant markers, to confirm the diploid-like
meiotic behaviour in allotetraploid Coffea species.
However, low level of polymorphism in arabica
species has been an obstacle of genome mapping.
The genetic map number eight was constructed
by Hamon et al. (2005) using 222 AFLP and SSR
markers. The length of this interspecific genetic map
was 1360 cM with 7.2 cM of marker density.
Another intraspecific genetic map was developed by
López & Moncada (2006) in C. liberica and
C. eugeniodes using 76 SSR markers resulting in a
short 378 cM of map length with 5.0 cM of marker
density. Both of these intraspecific markers were use
to study marker-assisted breeding for each species
tested. A linkage map of cultivated diploid robusta
using a pseudo-testcross population was also reported
(Hendre & Aggarwal 2007). This 1.234 cM of map
length was constructed using 374 markers to cover
16 linkage groups. The future utilization was
expected to identify QTLs for drought tolerance.
Following up the genetic studies of Coffea species,
Priolli et al. (2008) has created an interspecific
genetic map from C. arabica and C. canephora
comprising 1.011cM of map length with moderate
marker density (5.9 cM).
The next genetic map was derived from
C. arabica by Priolli et al. (2008). Actually, this
genetic map was the second for arabica coffee but the
first saturated for leaf rust resistance. A 137.4 cM of
map length with low marker distance (9.4 CM) has
been constructed using AFLP markers completed
with SCAR markers. In term of plant disease, higher
efficiency for genotyping perfomed by SCARs
permitted SCARs to amplify DNA fragments related
to resistance and susceptibility of C. arabica to leaf
rust. Therefore, the aim of the study was to introduce
DNA markers for marker-assisted selection for the
resistance to Hemileia vastratix, pathogen of leaf
rust.
The most complete high-density genetic map
was constructed by the International Coffee
Genomics Network (ICGN) in collaboration with
IRD/CIRAD, Nestlé R&D Centre and the Indonesian
Coffee and Cocoa Research Institute (ICCRI) in
2015. This map was the improvement of the works
by Crouzillat et al. (2004) and Lefebvre-Pautigny et
al. (2010). As reported in ICGN Meeting, there were
three stages of final marker development comprising
the use of thousands of molecular markers
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Table 1. Genetic map available for Coffea sp.
Tabel 1. Peta genetik yang tersedia untuk Coffea sp.
No.
No.
1.

Species
Spesies
C. canephora

Parent
Tetua
Clone IF-200
(C. pseudozanguebariae x C.
liberica var dew) and C. liberica
var dew

Segregation
type
Tipe
segregasi

Nb of
progenies
Jumlah
progeni

Markers
Penanda

Total
loci
Jumlah
lokus

DH

92

RFLP, RAPD

147

Nb of linkage
group
Jumlah
kelompok
tautan
15

1402

Marker
density
(cM)
Kepadatan
marka (cM)
10.0

BC1

Unknown

AFLP, RFLP

181

14

1144

6.9

(Ky et al. 2000)

162

11

1041

6.5

(Lashermes et al.
2001)

190

15

1360

7.2

Length of
map (cM)
Panjang
peta (cM)

Reference
Referensi
(Paillard et al. 1996)

2.

Interspecific

3.

C. canephora

Clone IF-200

DH

92

4.

Interspecific

(C. heterocalyx x C. canephora)
and C. canephora

BC1

74

5.

C. canephora

BP409 x Q121

Controlled
hybrid

93

RFLP, SSR

453

11

1258

1.7

6.

C. arabica

F1

60

AFLP

464

31

1803

10.2

(Pearl et al. 2004)

7.

Interspecific

BC1

104

RAPD

82

8

540.6

7.3

(Teixeira-Cabral
2004)

8.

Interspecific

BC1

74

AFLP, SSR

222

15

1360

7.2

(Hamon et al. 2005)

9.

Interspecific

C. liberica and C. eugeniodes

F1

91

SSR

76

12

378

5.0

10.

C. canephora

Unknown

Testcross
(TC)

Unknown

RAPD,
AFLP, SSR

374

16

1234

3.3

11.

Interspecific

AFLP, SSR

399

37

1011

5.9

(Priolli et al. 2008)

12.

C. arabica

13.

C. canephora

Mokka hybrid (MA 2-7) and
Catimor hybrid (T5175-7-1)
(Mundo Novo IAC 464-18 x
Híbrido de Timor CIFC 2570)
and (H 464-2 x Híbrido de Timor
CIFC 2570)
(C. heterocalyx x C. canephora)
and C. canephora

C. arabica var. Bourbon
Vermelho and C.
canephora var. Robusta
IAC 30 UFV 2143-236 x HT
UFV 427-15
BP409 x Q121

F1, F2

AFLP,
RAPD, RFLP,
SSR
AFLP, SSR,
Phenotypic

(Coulibaly et al.
2003)
(Crouzillat et al.
2004, LefebvrePautigny et al. 2010)

(López & Moncada
2006)
(Hendre &
Aggarwal 2007)

F1, F2

224

AFLP, SCAR

2138

25

137.4

9.45

(Diola et al. 2011)

Controlled
hybrid

93

RFLP, SSR,
SNP

3230

11

1471

0.5

(ICGN 2015)
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(RFLPs, SSRs, SNPs) and the application of
Restriction Associated DNA Sequencing (RADseq).
The final map length was 1471 cM having high
marker density (one marker every 220 Kb) (ICGN
2015). Until present, the latest was used as the
international reference genetic map for genomic
studies in Coffea sp.
The use of genetic maps in gene characterization for
Coffea sp.
The use of genetic maps in gene characterization for Coffea sp. has been known. Mahesh
et al. (2006) has used the genetic map generated by
Ky et al. (2000) to locate the gene CcPAL1 encoding
phenylalanine ammonia-lyase within the genome.
This gene was considered important due to its role
for accumulation of caffeoyl quinic acids providing
the taste of coffee. Using similar approach, Lepelley
et al. (2012) used the genetic map of LefebvrePautigny et al. (2010) to map three PAL genes
(CcPAL1, CcPAL2 and CcPAL3) in C. canephora.
The authors have demonstrated differential
expression of CcPAL genes in several tissues tested.
Genetic mapping helped position each genes in three
different coffee linkage groups, where as one gene
CcPAL2 was considered to have ancestral role in the
evolution of the family of PAL genes in Coffea.
The use of genetic maps in comparative analysis for
Coffea sp.
The availability of genus-wide genetic maps has
become a necessity for the effective advance of
genomic undertakings (Brondani et al. 2006).
Comparative mapping reveals a high degree of colinearity within species as well between closely
related species which allows the transfer of markers
between these maps. Using transcriptomic data from
39 genotypes of C. canephora, C. arabica, and other
Coffea sp., Aggarwal et al. (2007) has intiated to
identify 425 microsatellites in 331 non-redundant
ESTs suggesting an approximate frequency of
1 SSR/2.16 kb. From this experiment, cross-species
amplifications across 14 Coffea and 4 Psilanthus
have been obtained.
In genomic level, Lefebvre-Pautigny et al.
(2010)has demonstrated the use of saturated specieswide genetic maps from C. canephora and Solanum
lycopersicum providing the opportunity to leverage
genetic/genomic information from one species to
another. In this research, a previously developedconsensus reference genetic map of C. canephora in
Nestle Tours Centre in collaboration with Indonesian
Coffee and Cocoa Institute (ICCRI) was used. The
map was generated from a cross between two
heterozygous genotypes BP 409 and Q121
composing 93 F1 individuals (Lefebvre-Pautigny
et al., 2010). Using the same population and genetic
maps, Guyot et al. (2012) has demonstrated
macrosynteny detection between coffee, tomato, and
grapevine. Coffee and tomato genomes share 318

orthologous markers while coffee and grapevine
share 299 markers. Comparative analysis was also
useful in the estimation of divergence between
diploid and tetraploid genomes in Coffea species
(Cenci et al., 2012).
The recent technology of NGS has allowed the
sequencing of three Coffea genomes (C. canephora,
C. eugenioides dan C. arabica) (ICGN 2015,
Dereeper et al, 2015; Denoeud et al., 2014). These
genomic alongside with transcriptomic databases
were indubitably able to give a significant
contribution to the improvement and validation of
genetic mapping in Coffea. All these available data
were important in order to create Coffea as a model
for studies of trait-evolution, speciation and
domestication toward adaptation to climate change
(ICGN, 2015).
Conclusion and Remarks
Genetic mapping is one important step of
genetic analysis for plant improvement program. The
essence of all genome mapping is to place a
collection of molecular markers onto their respective
positions on the genome. The next step consists of
the identification of QTLs which can be related to
adjacent genes associated with traits of interest. Until
present, thirteen genetic maps were published and
available in Coffea sp. creating a huge database for
genetic framework. The latest high density genetic
map was generated by the International Coffee
Genomics Network (ICGN) with the collaboration
with IRD/CIRAD, Nestlé R&D Centre and the
Indonesian Coffee and Cocoa Research Institute
(ICCRI). This map was considered as reference
genetic map. The application of Coffea genetic maps
has been performed from gene characterization to
genomic comparative analysis with different plant
species. Nowadays, RNA sequencing technique
allows scientists to construct genetic map even faster
and more accurate. Moreover, the feasibility of NGS
for genome sequencing allows the validation of
genetic map related to the prediction of QTLs and
adjacent genes related to important traits for Coffea
sp. In larger scale, all available data were crucial for
future coffee improvement strategies and also
provide basic knowledge to study the evolution of
euasterids.
References
Aggarwal R, P Hendre, R Varshney, P Bhat,
V Krishnakumar & L Singh (2007) Identification,
characterization and utilization of EST-derived
genic microsatellite markers for genome analyses
of coffee and related species. Theor and Appl
Genet 114, 359-372.
Bandyopadhyay T (2011) Molecular marker
technology in genetic improvement of tea.
Internat J Plant Breed and Genet, 5, 23-33.
100

Genetic mapping studies in Coffea sp using molecular marker….(Priyono & Putranto)

Bernatzky R & SD Tanksley (1986) Toward a
saturated linkage map in tomato based on
isozymes and random cDNA sequences.
Genetics, 112, 887-898.
Brondani R, E. Williams, C Brondani &
D Grattapaglia (2006) A microsatellite-based
consensus linkage map for species of Eucalyptus
and a novel set of 230 microsatellite markers for
the genus. BMC Plant Biol 6, 20.
Cenci A, MC. Combes & P Lashermes (2012)
Genome evolution in diploid and tetraploid
Coffea species as revealed by comparative
analysis of orthologous genome segments. Plant
Mol Biol 78, 135-145.
Cheema J & J Dicks (2009) Computational
approaches and software tools for genetic linkage
map estimation in plants. Briefings in
Bioinformatics, 10, 595-608.
Coulibaly I, B Revol, M Noirot, V Poncet,
M Lorieux, C Carasco-Lacombe, J Minier,
M Dufour & P Hamon (2003) AFLP and SSR
polymorphism in a Coffea interspecific backcross
progeny [(C. heterocalyx × C. canephora) ×
C. canephora]. Theor and Appl Genet 107, 11481155.
Crouzillat D, M Rigoreau, L Bellanger, Priyono,
S Mawardi, Syahrudi, J McCarthy, S Tanksley,
I Zaenudin & V Pétiard (2004) A robusta
consensus genetic map using RFLP and
microsatellite markers for the detection of QTL.
In 20th International Scientific Colloquium on
Coffee, 546-553. Paris: ASIC.
Cubry P, F de Bellis, K Avia, S Bouchet, D Pot,
M Dufour, H Legnate & T Leroy (2013) An
initial assessment of linkage disequilibrium (LD)
in coffee trees: LD patterns in groups of Coffea
canephora Pierre using microsatellite analysis.
BMC Genomics, 14, 10.
Cubry P, P Musoli, H Legnaté, D Pot, F de Bellis,
V Poncet, F Anthony, M Dufour & T Leroy
(2008) Diversity in coffee assessed with SSR
markers: structure of the genus Coffea and
perspectives for breeding. Genome, 51, 50-63.
Delourme R, C Falentin, B Fomeju, M Boillot,
G Lassalle, I Andre, J Duarte, V Gauthier,
N Lucante, A Marty, M Pauchon, JP Pichon,
N Ribiere, G Trotoux, P Blanchard, N Riviere,
JP. Martinant & J Pauquet (2013) High-density
SNP-based genetic map development and linkage
disequilibrium assessment in Brassica napus L.
BMC Genomics, 14, 120.
Denoeud F, L Carretero-Paulet, A Dereeper, G Droc,
R Guyot, M Pietrella, C Zheng, A Alberti, F
Anthony, G Aprea, JM. Aury, P Bento, M
Bernard, S Bocs, C Campa, A Cenci, MC.

Combes, D Crouzillat, C Da Silva, L Daddiego,
F De Bellis, S Dussert, O Garsmeur, T Gayraud,
V Guignon, K Jahn, V Jamilloux, T Joët,
K Labadie, T Lan, J Leclercq, M Lepelley,
T Leroy, LT Li, P Librado, L Lopez, A Muñoz,
B Noel, A Pallavicini, G Perrotta, V Poncet,
D Pot, Priyono, M Rigoreau, M Rouard, J Rozas,
C Tranchant-Dubreuil, R VanBuren, Q Zhang,
AC Andrade, X Argout, B Bertrand, A de
Kochko, G Graziosi,
RJ Henry, Jayarama,
R Ming, C Nagai, S Rounsley, D Sankoff,
G Giuliano, VA Albert, P Wincker & P
Lashermes (2014) The coffee genome provides
insight into the convergent evolution of caffeine
biosynthesis. Sci 345, 1181-1184.
Dereeper A, S Bocs, M Rouard, V Guignon, S Ravel,
C Tranchant-Dubreuil, V Poncet, O Garsmeur,
P Lashermes & G Droc (2015) The coffee
genome hub: a resource for coffee genomes.
Nucleic Acids Res 43, D1028-D1035.
Diola V, G de Brito, E Caixeta, E Maciel-Zambolim,
N Sakiyama & M Loureiro (2011) High-density
genetic mapping for coffee leaf rust resistance.
Tree Genetics & Genomes, 7, 1199-1208.
Elshire RJ, JC Glaubitz, Q Sun, JA Poland,
K Kawamoto, ES Buckler & SE Mitchell (2011)
A robust, simple genotyping-by-sequencing
(GBS) Approach for high diversity species. PLoS
ONE, 6, e19379.
Geleta M, I Herrera, A Monzón & T Bryngelsson
(2012) Genetic diversity of arabica coffee (Coffea
arabica L.) in Nicaragua as estimated by simple
sequence repeat markers. The Scientific World
Journal, 2012, 11.
Grover A & PC Sharma (2014) Development and use
of molecular markers: past and present. Critical
Rev in Biotechnol 0, 1-13.
Guyot R, F Lefebvre-Pautigny, C TranchantDubreuil, M Rigoreau, P Hamon, T Leroy,
S Hamon, V Poncet, D Crouzillat & A de Kochko
(2012) Ancestral synteny shared between
distantly-related plant species from the asterid
(Coffea canephora and Solanum Sp.) and rosid
(Vitis vinifera) clades. BMC Genomics, 13, 103.
Hamon P, I Coulibaly, B Revol, P Michel, P Valérie,
L Mathias, CL Catherine, M Jérôme, D Magali &
H Serge (2005) AFLP and SSR polymorphism in
a Coffea interspecific backcross progeny ((Coffea
heterocalyx x C. canephora) x C. canephora). In:
Proceed 20th International Conference on Coffee
Science, 11-15 October 2004, 699-701.
Bangalore, India: ASIC.
Hartl DL & EW Jones (2001) Genetics : Analysis Of
Genes And Genomes. Sudbury, MA: Jones and
Bartlett Publishers, Inc.
101

Menara Perkebunan 2015 83(2), 95-104

Hendre P, R Phanindranath, V Annapurna,
A Lalremruata & R Aggarwal (2008)
Development of new genomic microsatellite
markers from robusta coffee (Coffea canephora
Pierre ex A. Froehner) showing broad crossspecies transferability and utility in genetic
studies. BMC Plant Biol 8, 51.
Hendre PS & RK Aggarwal (2007) DNA markers:
development and application for genetic
improvement of coffee. In: RK Varshney &
R Tuberosa (Eds.) Genomics-Assisted Crop
Improvement. Springer Netherlands.p. 399-434.
Hendre PS & RK. Aggarwal (2014) Development of
genic and genomic SSR markers of robusta coffee
(Coffea canephora Pierre Ex A. Froehner). PLoS
ONE, 9, e113661.
Herrera JC, AM Villegas, FA Garcia, A Dereeper,
MC Combes, HE Posada & P Lashermes (2014)
Genomic relationships among different Timor
hybrid (Coffea L.) accessions as revealed by SNP
identification and RNA-Seq analysis. In: LF
Castillo et al. (Eds.) Advances in Computational
Biology. Springer International Publishing.p. 161168
Huehn MHM. (2011) On the bias of recombination
fractions, Kosambi's and Haldane's distances
based on frequencies of gametes. Genome, 54,
196-201.
ICGN (2015) 8th Coffee Genomics Workshop. In:
International Coffee Genomics Network (ICGN):
XXIII Plant and Animal Genome (PAG) Meeting,
16. San Diego, California.
Jiang GL (2013) Molecular Markers and MarkerAssisted Breeding in Plants. New York.
Kearsey MJ & AGL Farquhar (1998) QTL analysis
in plants; where are we now? Heredity, 80, 137142.
Kearsey MJ & HS Pooni (1996) The Genetical
Analysis Of Quantitative Traits. London:
Chapman and Hall.
Kesawat M & B Das Kumar (2009) Molecular
markers: It‟s application in crop improvement. J
of Crop Sci and Biotechnol 12, 169-181.
Kraakman ATW, F Martínez, B Mussiraliev,
FA. van Eeuwijk & RE Niks (2006) Linkage
disequilibrium mapping of morphological,
resistance, and other agronomically relevant traits
in modern spring barley cultivars. Mol Breed 17,
41-58.
Kraakman ATW, RE Niks, PMMM Van den Berg,
P Stam & FA Van Eeuwijk (2004) Linkage
disequilibrium mapping of yield and yield
stability in modern Spring barley cultivars.
Genetics 168, 435-446.

Kumar P, VK. Gupta, AK Misra, DR Modi &
BK. Pandey (2009) Potential of molecular
markers in plant biotechnology Plant Omics, 2,
141-162.
Lashermes P, P Trouslot, F Anthony, MC Combes &
A Charrier (1996) Genetic diversity for RAPD
markers between cultivated and wild accessions
of Coffea arabica. Euphytica, 87, 59-64.
Lefebvre-Pautigny F, F Wu, M Philippot,
M Rigoreau, Priyono, M Zouine, P Frasse,
M Bouzayen, P Broun, V Pétiard, S Tanksley &
D Crouzillat (2010) High resolution synteny maps
allowing direct comparisons between the coffee
and tomato genomes. Tree Genetics & Genomes,
6, 565-577.
Leonforte A, S Sudheesh, N Cogan, P Salisbury,
M Nicolas, M Materne, J Forster & S Kaur
(2013) SNP marker discovery, linkage map
construction and identification of QTLs for
enhanced salinity tolerance in field pea (Pisum
sativum L.). BMC Plant Biol 13, 161.
Lepelley M, V Mahesh, J McCarthy, M Rigoreau,
D Crouzillat, N Chabrillange, A de Kochko &
C Campa (2012) Characterization, highresolution mapping and differential expression of
three homologous PAL genes in Coffea
canephora Pierre (Rubiaceae). Planta 236, 313326.
Leroy T, F De Bellis, H Legnate, P Musoli,
A Kalonji, R Loor Solórzano & P Cubry (2014)
Developing core collections to optimize the
management and the exploitation of diversity of
the coffee Coffea canephora. Genetica, 142, 185199.
Lidah YL, ASP N'Guetta, M Fanjavola, A ClémentDemange& GM Rodier (2006) Etude par les
sozymzs de la pollination libre de génotypes
d‟hévéas sauvages en verger à graines. Biotechnol
Agron, Société et Environnement, 10, 209-216.
López G & MDP Moncada (2006) Construction of an
interspecific genetic linkage map from a Coffea
liberica × C. eugenioides F1 population. In: 21st
International Conference on Coffee Science. 1115 September, 2006, 644-652. Montpellier,
France: CABDirect.
Lv J, P Liu, B Gao, Y Wang, Z Wang, P Chen & J Li
(2014) Transcriptome analysis of the Portunus
trituberculatus: de novo assembly, growth-related
gene identification and marker discovery. PLoS
ONE, 9, e94055.
Mahesh V, J Rakotomalala, L Le Gal, H Vigne, A de
Kochko, S Hamon, M Noirot & C Campa (2006)
Isolation and genetic mapping of a Coffea
canephora phenylalanine ammonia-lyase gene
(CcPAL1) and its involvement in the
102

Genetic mapping studies in Coffea sp using molecular marker….(Priyono & Putranto)

accumulation of caffeoyl quinic acids. Plant Cell
Rep, 25, 986-992.
Malik W, J Ashraf, MZ Iqbal, AA Khan, A Qayyum,
MA Abid, E Noor, MQ Ahmad & GH Abbasi
(2014) Molecular markers and cotton genetic
improvement: current status and future prospects.
The Sci World J, 2014, 15.
Mérot-L‟Anthoëne V, B Mangin, F LefebvrePautigny, S Jasson, M Rigoreau, J Husson,
C Lambot & D Crouzillat (2014) Comparison of
three QTL detection models on biochemical,
sensory, and yield characters in Coffea
canephora. Tree Genetics & Genomes, 10, 15411553.
Milczarski P, H Bolibok-Brągoszewska, B. Myśków,
S. Stojałowski, K. Heller-Uszyńska, M. Góralska,
P. Brągoszewski, G. Uszyński, A. Kilian & M.
Rakoczy-Trojanowska (2011) A high density
consensus map of rye (Secale cereale L.) based
on DArT markers. PLoS ONE, 6, e28495.
Mishra MK. & A Slater (2012) Recent advances in
the genetic transformation of coffee. Biotechnol
Res Internat 2012, 17.
Mondego JM, RO Vidal, MF Carazzolle,
EK. Tokuda, LP Parizzi, GG Costa, LF Pereira,
AC. Andrade, CA. Colombo, LG Vieira &
GA. Pereira (2011) An EST-based analysis
identifies new genes and reveals distinctive gene
expression features of Coffea arabica and Coffea
canephora. BMC Plant Biol, 11, 30.
Moose SP & RH Mumm (2008) Molecular plant
breeding as the foundation for 21st century crop
improvement. Plant Physiol 147, 969-977.
Morton NE (2004) History of genetic mapping. In
Encyclopedia of Genetics, Genomics, Proteomics
and Bioinformatics. John Wiley & Sons, Ltd.
Motta LB, TCB Soares, MAG Ferrão, ET Caixeta,
RMP Júnior & RM Lorenzoni (2014)
Transferability of microsatellite loci in Coffea
canephora. Australian J of Crop Sci 8, 987-991.
Musoli P, P Cubry, P Aluka, C Billot, M Dufour,
F De Bellis, D Pot, D Bieysse, A Charrier &
T Leroy (2009) Genetic differentiation of wild
and cultivated populations: diversity of Coffea
canephora Pierre in Uganda. Genome, 52, 634646.
Paillard M, P Lashermes & V Pétiard (1996)
Construction of a molecular linkage map in
coffee. Theor and Appl Genet 93, 41-47.
Paterson AH (2002) What has QTL mapping taught
us about plant domestication? New Phytologist,
154, 591-608.

Pearl HM, C Nagai, PH Moore, DL Steiger,
RV. Osgood & R Ming (2004) Construction of a
genetic map for arabica coffee. Theor and Appl
Genet 108, 829-835.
Plechakova O, C Tranchant-Dubreuil, F Benedet,
M Couderc, A Tinaut, V Viader, P De Block,
P Hamon, C Campa, A de Kochko, S Hamon &
V Poncet (2009) MoccaDB - an integrative
database for functional, comparative and diversity
studies in the Rubiaceae family. BMC Plant Biol
9, 123.
Poncet V, M Dufour, P Hamon, S Hamon, A de
Kochko & T Leroy (2007) Development of
genomic microsatellite markers in Coffea
canephora and their transferability to other coffee
species. Genome, 50, 1156-1161.
Poncet V, M Rondeau, C Tranchant, A Cayrel,
S Hamon, A de Kochko & P Hamon (2006) SSR
mining in coffee tree EST databases: potential use
of EST–SSRs as markers for the Coffea genus.
Mol Genet and Genomics, 276, 436-449.
Prakash, NS, DV Marques, VMP Varzea, MC Silva,
MC Combes & P Lashermes (2004) Introgression
molecular analysis of a leaf rust resistance gene
from Coffea liberica into C. arabica L. Theor and
Appl Genet 109, 1311-1317.
Priolli RHG, LCS Ramos, D Pot, M Moller &
PB Gallo (2008) Construction of a genetic map
based on interspecific F2 population between
Coffea arabica and Coffea canephora and its
usefulness for quality related traits : [B213]. In:
22nd International Conference on Coffee Science,
882-890. Montpellier: ASIC
Priyono, AM Henry, A Deshayes, B Purwadi &
S Mawardi (2000) Heterozygosity and
segregating pattern estimation of Coffea
canephora using RFLP technique. Pelita
Perkebunan, 16, 1-10.
Raman H, R Raman, A Kilian, F Detering, Y Long,
D Edwards, I Parkin, A Sharpe, M Nelson,
N Larkan, J Zou, J Meng, MN Aslam, J Batley,
W Cowling & D Lydiate (2013) A consensus map
of rapeseed (Brassica napus L.) based on
diversity array technology markers: applications
in genetic dissection of qualitative and
quantitative traits. BMC Genomics, 14, 277.
Rieseberg LH, MA Archer & RK. Wayne (1999)
Transgressive segregation, adaptation and
speciation. Heredity, 83, 363-372.
Sera T, PM. Ruas, CdF Ruas, LEC Diniz,
VdP. Carvalho, L Rampim, EA Ruas & SRd
Silveira (2003) Genetic polymorphism among 14
elite Coffea arabica L. cultivars using RAPD
markers associated with restriction digestion.
Genet and Mol Biol 26, 59-64.
103

Menara Perkebunan 2015 83(2), 95-104

Sharma A, AG Namdeo & KR Mahadik (2008)
Molecular Markers: New Prospects in Plant
Genome Analysis. Pharmacognosy Rev 2, 23-34.
Studer B, R Kolliker, H Muylle, T Asp, U Frei,
I Roldan-Ruiz, P Barre, C Tomaszewski,
H Meally, S Barth, L Skot, I Armstead, O
Dolstra & T Lubberstedt (2010) EST-derived
SSR markers used as anchor loci for the
construction of a consensus linkage map in
ryegrass (Lolium spp.). BMC Plant Biol 10, 177.
Sumirat U, L Bellanger, V Lanthoene, S Mawardi,
D Nugroho, Priyono, T Wahyudi, P Broun,
C Lambot & D Crouzillat (2012) Genetic
diversity assesment in Indonesian Coffea
canephora collection using SSR Markers. Proc
24th Int. Conf. on Coffee Sci. Costa Rica, 13541358.
Teixeira-Cabral TA (2004) Single-locus inheritance
and partial linkage map of Coffea arabica L.
Crop Breeding and Applied Biotechnology,
Viçosa, MG, 4, 416-421.
Triwitayakorn K., P Chatkulkawin, S Kanjanawattanawong, S Sraphet, T Yoocha, D
Sangsrakru, J Chanprasert, C Ngamphiw, N
Jomchai, K Therawattanasuk & S Tangphatsornruang (2011) Transcriptome sequencing of
Hevea brasiliensis for development of
microsatellite markers and construction of a
genetic linkage map. DNA Res, 18, 471-82.

Vidal RO, JMC Mondego, D Pot, AB Ambrósio,
A C Andrade, LFP Pereira, CA Colombo, LGE
Vieira, MF Carazzolle & GAG Pereira (2010) A
high-throughput data mining of single nucleotide
polymorphisms in Coffea species expressed
sequence tags suggests differential homeologous
gene expression in the allotetraploid Coffea
arabica. Plant Physiology, 154, 1053-1066.
Vinod KK (2011) Kosambi and the genetic mapping
function. Resonance, 16, 540-550.
Winter P & G Kahl (1995) Molecular marker
technologies for plant improvement. World
Journal of Microbiology and Biotechnology, 11,
438-448.
Yang L, D Li, Y Li, X Gu, S Huang, J Garcia-Mas &
Y Weng (2013) A 1,681-locus consensus genetic
map of cultivated cucumber including 67 NBLRR resistance gene homolog and ten gene loci.
BMC Plant Biology, 13, 53-53.
Yu LX, H Barbier, MN Rouse, S Singh, RP Singh,
S Bhavani, J Huerta-Espino & ME Sorrells
(2014) A consensus map for Ug99 stem rust
resistance loci in wheat. TAG. Theoretical and
Applied Genetics. Theoretische Und Angewandte
Genetik, 127, 1561-1581.
Zhang P, X Liu, H Tong, Y Lu & J Li (2014)
Association mapping for important agronomic
traits in core collection of rice (Oryza sativa L.)
with SSR markers. PLoS ONE, 9, e111508.

Van Ooijen J (2006) Join Map® 4, Software for the
calculation of genetic linkage maps in
experimental
populations.
Kyazma
BV,
Wageningen, 33.

104

