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Molecule Marker Technology in Coffee Breeding Application
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Abstract: This article introduced AFLP and RAPD technologies, and its application in coffee breeding program. This
article introduced the merit and disadvantages of the AFLP and RAPD. At the end, gave 2 samples of other molecule

marker technology in coffee breeding.
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Coffee and tea are the two most important beverages
of the world. Although the genus Coffee contains about 80
taxa, commercial coffee production is based on two species
i.e. C. arabica (2n= 4x= 44) and C. canephora (2n=
2x= 22) .They accounting respectively for about 70% and
30% of the world production. The Arabica wffee cultiva-
tion started in Arabia, specifically in Yemen, five centuries
ago. In the early 18th century, progenies from a single Irr
donesia plant cultivated in Europe were spread out to
South America and turned out to be the genetic basis of
main cultivars of Brazil and other countries. Several cerr
turies ago,the aim of crop breeding just emphasis on high
yield. Nowadays, the breeding program are centering on
high quality and selecting new cultivars that resistant to
coffee leal rust. The traditional breeding method is just
hand worked crossing. It has many defects, such as need
long time to observe the offspring; sensitive to envirorr

mental factors.
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In recent years, DNA molecular markers such as
AFLP, RAPD and ISSR, which are independent of envi-
ronmental influences, have been used in the coffee breed
ing research. In this article, we just introduced the princi-
ples of some modemn bio technologies and its application

on the offee breeding research.
1 The brief introduction and utilization of

AFLP in coffee breeding

Amplified Fragment Length Polymorphisms ( AFLP)
is based on the selective PCR amplification of restriction
fragments from a total digest of genomic DNA. And AFLP
is a DNA fingerprint analysis method with high discrimi-
natory capacity. Compared to other marker techniques,
AFLP is more efficient, fast, reliable and highly polymor
phic. The power of AFLP is based upon the molecular ge
netic variations that exist between closely related species,

varieties or cultivars. These variations in DNA sequence
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are exploited by the AFLP technology such that “ finger-
prints” of particular genotypes can be routinely generated.
These “ fingerprints” are simply RFLPs visualized by se-
lective PCR amplification of DNA restridion fragments.
There are several weaknesses of AFLP: (DProprietary
technology is needed to score heterozygote. Otherwise,
AFLP must be dominantly scored. @Developing locus-
specific markers from individual fragments can be diffi-
cult. @Need to use different kits adapted to the size of
the genome being analyzed.

Lashermes P. et evaluated the Timor Hybrid-de-
rived genotypes by AFLP, using 42 different primer combr
nations, and compared to 23 accessions of C. arabica and
8 accessions of C. canephora. A total of 1 062 polymor
phic fragments were scored among the 52 accessions anal-
ysed. One hundred and seventy- eight markers consisting of
109 additional bands ( i e. introgressed markers) and 69
missing bands distinguished the group composed of the
Timor Hybrid derived genotypes from the accessions of
C. arabica. The genetic diversity observed in the Timor
Hybrid- derived genotypes appeared to be approximately
double that in C. arabica. Although representing only a
small proportion of the genetic diversity available in C.
canephora, the Timor Hybrid obviously constitutes a corr
siderable source of genetic diversity for Arabica breeding.
Analysis of genetic relationships among the Timor Hybrid
derived genotypes suggested that introgression was not re-
stricted to chromosome substitution but also involved chro-
mosome recombinations. Furthermore, the Timor Hybrid
derived genotypes varied considerably in the number of
AFLP markers attributable to introgression. In this way,
the introgressed markers identified in the analysed arabica
coffee introgressed genotypes were estimated to represent
from 9% to 29% of the C. cangphora genome. Neverthe-
less, the amount of alien genetic material in the introgres
sion arabica lines remains substantial and should justify
the development of adapted breeding strategies.

Mahe L. et¢ ' used twelve AFLP primer combina-
tions in their study. A total of 250 AFLP fragments were
scored in the group of HNC plants. All the AFLP frag-
ments observed in C.
within the group of HNC plants. On the other hand, 129
AFLP fragments not deteded in any of the accessions of

arabica accessions were identified

C. arabica were observed. Those markers were therefore

considered further as C. can@hora markers. Although the

number of C. canephora clones included in this study was
limited, 115 of these 129 mark er bands were also observed
in at least one of the Canephora samples analyzed, corr
firming their Canephora origin. Furthermore, they found
that the total number of Canephora markers varied from 2
to 60 anong the HNC plants. Thus, the introgressed frac
tion of C. canephora genome as estimated through the
AFLP introgression index appeared highly variable. While
six plants are likely to be F1 hybrids ( i. e. introgression
index of 1), the plant L8 displayed a low introgression
rate (1. e.4%).
Anthony F. etc”™
polymorphism between and within the genetic bases of

4
I used molecular markers to assess

coffee (1. e. Typica and Bourbon) spread from Yemen
since the early 18th century. Eleven Cqfea arabica acces
sions derived from the disseminated bases were evaluated
by AFLP using 37 primer combinations. One hundred and
seven AFLP markers were used to calculate genetic dis
tances and construct a dendrogram. The accessions derived
from the disseminated bases were grouped separately, ac
cording to their genetic origin, and were distinguished from
the subspontaneous accessions. The Yemen cultivars were
classified with the Typica derived accessions. Except for
one AFLP marker, all AFLLP markers present in the culti-
vated accessions were also deteded in the subspontaneous
accessions. Polymorphism among the subspontaneous ac
cessions was much higher than among the cultivated ac
cessions. It was very low within the genetic bases, confirnr
ing the historical documentation on their dissemination.
The results enabled a discussion of the genetic diversity
reductions that successively occurred during the dissemi-

nation of C. arabica from its primary centre of diversity.

2 The brief introduction to and utilization

of RAPD in coffee breeding

Compared with various molecular maker techniques,
RAPD (Random Amplified Polymorphic DNA) has a lot
of advantages such as abundant polymorphism, high sersi-
tivity, and economical, rapid and convenient operation re
quiring only a small quantity of DNA and no special probe
which is extensively used in genetic mapping and gene lo-
calization. RAPD markers are DNA fragments from PCR
amplification of random segments of genomic DNA with
single primer of arbitrary nucleotide sequence. Unlike tra
ditional PCR analysis, RAPD does mot require any specific
knowledge of the DNA sequence of the target organism:
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the identical 10-mer primers will or will not amplify a seg-
ment of DNA, depending on positions that are complemerr
tary to the primers/ sequence. For example, no fragment is
produced if primers annealed too far apart or 3 ends of
the primers are not facing each other. Therefore, if a muta-
tion has occurred in the template DNA at the site that was
previously complementary to the primer, a PCR product
will not be produced, resulting in a different pattern of
anplified DNA segments on the gel. Limitations of RAPD:
(INearly all RAPD markers are dominant, i. e. It is not
possible to distinguish whether a DNA segment is ampli-
fied from a locus that is heterozygous ( 1 copy) or homozy-
gous (2 copies) . Co dominant RAPD markers, observed as
different-sized DNA segments amplified from the same lo-
cus, are detected only rarely. @PCR is an enzymatic reac
tion, therefore the quality and concentration of template
DNA, cncentrations of PCR components, and the PCR
cycling conditions may greatly influence the outcome.
Thus, the RAPD technique is notoriously laboratory de-
pendent and needs carefully developed laboratory protocols
to be reproducible. @Mismat ches between the primer and
the template may result in the total absence of PCR prod
uct as well as in a merely decreased amount of the prod
uct. Thus, the RAPD results can be difficult to interpret.
Anthony F. etd ¥ studied genetic diversity using
RAPD markers anong 119 coffee ( Cgfea arabica 1.) ir
dividuals representing 88 accessions derived from sponta-
neous and subspontaneous trees in Ethiopia, the primary
centre of species diversity, six cultivars grown locally in
Ethiopia, and two accessions derived from the genetic pop
ulations Typica and Bourbon, spread in the 18th century,
which gave rise to the most currently grown cultivars.
Twenty- nine polymorphic fragments were used to calculate
a similarity index and construct dendrograms. The Ethiopi-
an material was separated from the Typica and Bourborr
derived accessions and classified in four groups: one with
most of the collected material from southwestemn Ethiopia
and three from southern and southeastern Ethiopia. Almost
all detected diversity was found in the southwestern group
while the southern and southeastern groups presented only
59% of identified markers. The genetic distances were low
between the southwestern group and the southern and
southeastern groups, and between the southwestern group
and the Typica and Bourboir derived accessions. The cul-

tivated coffee derived from the genetic populations Typica

and Bourbon appeared little differentiated from wild wffee
growing in the southwest. The results supported the hy-
pothesis that southwestern Ethiopian coffee trees could
have been introduced recently in the south and southeast.
A separate analysis of the 80 accessions classified in the
southwestern group allowed identifying particular sponta
neous and subspontaneous- derived accessions and redurr
dancies in the collected material from southwestern
Ethiopia. RAPD markers did not detect any withirr wllec
tion polymorphismexcept for two trees tha were identified
as ofF types in the CATIE field genebank.

RAPD analysis was performed to estimate the level of
genetic diversity within the germplasm colledion and the
relatedness between cultivated and subspontaneous acces
sions of C. arabica. Six varieties representing the two dis
tinct cultivated coffee types (typica and bourbon), the
cultivar K-7 resulting from a selection work in Kenya, 11
sanples representing the different colleting sites of the
ORSTOM mission in Ethiopia, and two accessions collect
ed in Kenya, were included in Lashemes P. etc s study.
Their study indicated a relatively large genetic diversity
within the Arabica germplasm collection and demonstrated
the importance of collecting missions. As expected from
their origin, they were not able to distinguished the culti
vars belonging to the same type, either bourbon or typical.
On the other hand, both bourbon and typical types showed
important difference. The cultivar K7, which has been
grown on a large scale in Kenya, appeared closely related
to one of the accessions collected in the north of Kenya.

Chaparro A P, ete'? evaluated the genetic diversity
of 50 wild and semi-wild accessions of the Cdfea arabica
L. germplasm collection, gathered by the FAO and
ORSTOM missions to Ethiopia, and maintained in Colonr
bia by CENICAFE with RAPD mark ers. Among the subset
of 9 accessions evaluated for RAPD markers, a total of 24
primers produced polymorphism ( 57% of the primers
tested) . A total of 401 fragments were amplified for an av-
erage of 9, S-fragments per primer and 137 of those frag-
ments were founed polymorphic( 34. 2%) . Six combina
tions of 5 primers were constructed from the 24 primers
that generated polymorphic bands. There was no associa
tion between the grouping and the origin site in Ethiopia
in their study. It is also must be noted that 60. 7% of the
accessions were collected from this region. Nevertheless,

this observation agrees with the belief that the Kaffa region
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is the origin site of C. arabica and hence where the high
est genetic variability of the species is expected to be
found. For breeding purposes, our results indicate that a
larger potential than previously reported is present in the
germplasm wllection of C. arabica from Ethiopia, which
can be used to improve popular commercial varieties such

as Caturra.
3 Other molecule marker technology ap

plicaton in coffee breeding program

Lashermes P, etc ! used restridion fragment length
polymorphism (RFLP) markers in combination with ge-
nomic in situ hybridisation ( GISH) to investigate the or-
gin of the allotetraploid species Cgffea arabica (2n=
44) . By comparing the RFLP patterns of potential diploid
progenitor species with those of C. arabica, the sources of
the two sets of chromosomes, or genomes, combined in C.
arabica were identified. The genome organization of C.
arabica was confirmed by GISH using simultaneously la-
belled total genomic DNA from the two putative genome
donor species as probes. These results clearly suggest that
C. arabica s an amphidiploid formed by hybridization
between C. eugenioides and C. canephora, or ecotypes
related to these diploid species. Our results also indicate
low divergence between the two constituent genomes of C.
arabica and those of its progenitor species, suggesting that
the speciation of C. arabica took place relatively recent
ly. Precise localization in Central Africa of the site of the
speciation of C. arabica, based on the present distribution
of the coffee species, appears difficult, since the constitur
tion and extent of tropical forest has varied nsiderably
during the late Quaternary period.

Milene Silvestrini, etct]

assessed the genetic diversi-
ty anong 115 coffee accessions from the Coffea Germplasm
Collection of IAC using SSR markers. The germplasm rep
resents 73 accessions of Cgfea arabica derived from sporr
taneous and subspontaneous plants in Ethiopia and Er-
itrea, species center of origin and diversity, 13 commercial
cultivars of C. arabica developed by the Breeding Pro-
gram of IAC, 1 accession of C. arabica cv. Geisha , 13
accessions of C. arabica from Yemen, 5 accessions of C.
eugenioides, 4 accessiors of C. racemosa and 6 accessions
of C. canephora. Genetic analysis was performed using
averagze number of alleles per locus (A), proportion of
polymorphic loci (P), Shamon s genetic index (H and
G'ST) and clustering analysis. All evaluated species were

distinguished by a cluster analysis based on Jaccard s «r
efficient. Differentiation between the cultivated plants of
C. arabica and accessions derived from spontaneous and
subspontaneous plants was observed. Spontaneous and
subspontaneous accessions from Ethiopia were separated
acoording to the geographical origin: east and west of the
Great Rift Valley. Cultivated plants showed a low genetic
diversity with a division in two groups: accessions from
Yemen and Brazilian commercial cultivars. The results a
greed with previously reported narrow genetic basis of cul-
tivated plants of C. arabica and supported the hypotheses
about domestication of the species. Their study also
showed a significant genetic diversity among accessions
from Ethiopia and Eritrea present in the Germplasm Col
ledion of TAC. The diversity is specially observed in ac
cessions from Sidamo, Kaffa and lllubabor indicating their

importance as source of genetic variability for wffee

breeding programs'” .
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