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ABSTRACT

Coffee plays an important role in the global economy, human health and society. It is one of the
major cash crops constituting the backbone of the Nigerian economy before the emergence and re-
emergence of petroleum oil. Molecular markers are reliable and valuable tool for analyzing
polymorphism, screening and selection of desirable genotypes in breeding programs. The study
aimed at determining the genetic diversity among coffee genotypes. Fifty genotypes of coffee
(Coffea spp) collected from Cocoa Research Institute of Nigeria (CRIN) germplasm were assessed
using 12 simple sequence repeat (SSR) markers. The findings revealed that polymorphic
information content (PIC) ranged between 0.311 and 0.882 with an average of 0.545. The gene
diversity (0.602) was high and the Unweighted Pair Group Method of Analysis using arithmetic
averages (UPGMA) dendrogram grouped the genotypes into four major clusters with subclusters.
The results revealed high levels of polymorphism indicating genetic diversity and confirm
unigueness among the coffee genotypes.
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1. INTRODUCTION

“Coffee is the world's second most popular
beverage after water, with global commerce
exceeding US$10 billion” [1,2] “In actuality,
Coffee is a very healthy stimulant that should be
consumed daily in amounts of at least 3 to 4
cups. It has healthy nutrients and antioxidants
that help us feel better overall. Its primary effects
include stimulating the circulatory, respiratory,
and central neurological systems, acting as a
diuretic and delaying weariness” [3,4,5,6,7].
“Regular coffee use has been linked to a lower
risk of mortality and chronic diseases like cancer”
[3,8]. “Due to the presence of a variety of
biological  substances including caffeine,
diterpenes, caffeic acid, polyphenols as well as
volatile aroma and heterocyclic substances, the
beneficial effects of coffee are supported by a
number of conceivable processes. Recent
research indicates that coffee consumption is
unrelated to prostate, pancreatic, and ovary
cancers but is linked to a lower risk of liver,
kidney, premenopausal breast and colorectal
cancers. Drinking coffee might still lower the
death rate from liver cancer” [3,9]. There aren’t
many nutrients in coffee, but it does include
thousands of naturally occurring substances,
including phenolic compounds, minerals, lipids,
and potentially healthy amounts of carbohydrates
and fats [3]. Chorogenic acids, feruloyl quinic
acids, various iridoid glycosides, isomers of
monoester, diester caffeoylquinic acids, and
dioxoanthracene [10,11] are among the several
key substances found in coffee that have
therapeutic use. It is essential to the
neurological, dermatological, nervous, and
gastrointestinal systems [12,13]. “Additionally, it
lessens memory loss, type-2 diabetes and
protect from Alzheimer's and Parkinson's
disease” [10,14].

Despite its importance, Nigeria has had a long
term fall in coffee production which is blamed on
a variety of issues, one of which being the lack of
improved planting materials and more advanced
technologies. The goal of the coffee breeding
programme is to develop cultivars with the
agronomic and quality characteristics that
growers and other end users in the coffee
product value chain need, together with great
potential for productivity, adaptability to various
producing regions, and superior cup quality [15].
In breeding operations, evaluating genetic
variance is crucial, utilization requires a thorough
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awareness of the variety of accessible
germplasm, the formulation of suitable breeding
techniques for the creation of enhanced planting
materials can be guided by accurate knowledge
of the diversity.

Molecular markers are extremely helpful for
genetic improvement, help to monitor the level of
genetic diversity and thereby enhance selection
of breeding materials. Ahmed et al. [16] studied
the molecular characterization and validation of
eighty six genotypes of sunflower (Helianthus
annuus L.) hybrids and reported the applicability
of SSR markers in sunflower for hybrid
authentication. Khatab et al. [17] reported genetic
diversity of the twenty four genotypes of soybean
using simple sequence repeats (SSR) marker
and revealed that SSR markers are efficient for
measuring genetic diversity and relatedness as
well as identifying varieties of soybeans.
Considering the nutritional, medicinal, economic
and scientific importance of Coffea, assessment
of the extent of genetic variation in Coffea
species is essential and highly significant for its
improvement.

2. MATERIALS AND METHODS
2.1 Sample Collection

Fifty genotypes of Coffea spp in a germplasm
collection at Cocoa Research Institute of Nigeria,
Ibadan, Nigeria, were used in this study. Fresh
young leaf samples of each of the selected fifty
genotypes of Coffea materials were harvested
into well labelled and tightly covered sample
bags. The samples were placed on ice pack and
immediately conveyed to Bioscience laboratory,
International Institute for Tropical Agriculture
(IITA) for DNA extraction and genetic profiling
using Simple Sequence Repeat Marker (SSR)
procedure.

2.2 DNA Extraction

DNA was isolated from Intermediate leaves using
CTAB (Cetyl trimethyl ammonium bromide)
method of extraction with slight modification. The
leaves were collected, put in lyophilized bags
and placed on ices, sequel to transportation to
the laboratory. The samples were stored in a
freezer at -80° C for 4 days and lyophilized using
the lyophilization machine for 5 days. The
lyophilized samples were grinded using the
genogrinder at 3500 rpm for 2 min. Similarly, in
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vitro plantlets grown in Murashige and Skoog’s
(MS) medium (1962) were carefully removed
from the test tubes and the leaves of the plantlets
of each accession were placed in a mortar with a
volume of 5ml of liquid nitrogen for grinding.1ml
of Hepes buffer was added and centrifuged at
3500 rpm for 13 min and supernatant decanted.
400 pl of Cethyl Trimetyl Ammonium Bromide
(CTAB) and 10 pl of proteinase K were added
and incubated in the water bath for at 65°C for
1h, and at 10-min intervals the samples were
checked and shaken to ensure proper
homogenization. Thereafter 600 ul of Chloroform
Isoamyl Alcohol (CIA) 24:1 was added and
centrifuged at 3500rpm for 13 min. The aqueous
phase was carefully transferred into another set
of well-labelled extraction tubes and 500 ul of
CIA added and centrifuged at 3500rpm for
13min. Then 300 pl of cold isopropanol and 50 pl
of Nacl were added and shaken properly and
incubated at -80°C for 1hour. The samples were
centrifuged at 3500 rpm for 13 min and
supernatant was decanted to obtain the pellet of
DNA. Following that, 500 pl of 70% ethanol was
added and centrifuged for 10 min at 3500 rpm.
The DNA pellets were dried for 30 min and 50 pl
of low salt TE and 10 ul of RNase were added to
suspend the DNA, and incubated at 4°C for 1 h
and later stored at -20°C.

2.3 Polymerase Chain Reaction

PCR was conducted using 10 ul volume in a 96
well micro titer plate with an automated thermal
cycler. The reaction volume was 3 pl of DNA
template, 2.54 pl of autoclaved distilled water,
1ul of 10x reaction buffer, 0.6 pl of 2.5 mM
dNtps, 0.8 pl of 50 mM MgCl,, 1ul of primer
forward, 1 ul of primer reverse, 0.06 pl of taq
polymerase enzymes. The PCR cycles
consisted of denaturation at 94.0°C for 3 min,
followed by 10 cycles of 94.0°C for 0.30 s at
60.0°C for 0.30 s and 72.0°C for 1.0 min and
followed by 25 cycles at 94.0°C for 0.30 s, and at
50°C for 0.30 s the final extension step at 72.0°C
for 15 min.

2.4 Data Acquisition and Analysis

“The alleles were scored in binary codes; clearly
visible bands were assigned 1 for presence, 0 for
absence and m for missing data. Percentage of
polymorphism was calculated as the proportion
of polymorphic bands over the total number of
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bands”[18]. The Polymorphic Information Content
(PIC), a measure of variability for each locus was
calculated across the assay of units by the
formula of [19]:

PICi= 2fi(1 - fi)

where fi is the frequency of the amplified allele
(band present), and (1 — fi) is the frequency of
the null allele (band absent) of marker i.

To estimate the level of genetic diversity, genetic
similarities were evaluated using Nei and Li/Dice
similarity index [20] with the aid of the NTSYSpc
software, version 2.11 [21]. A dendrogram was
generated from the similarity matrix using the
UPGMA (Unweighted Pair Group Method of
Analysis using arithmetic averages) in NTSYSpc
program.

3. RESULTS

Twelve SSR markers were used to assess
genetic diversity of 50 coffee genotypes
from the germplasm. A total of 83 alleles were
recorded for the markers. An average of 6.92
alleles was observed per marker, which varied
from 2 to 24 alleles (Table 2). The average allele
frequency was 0.532 and varied from 0.260 to
0.740. Genetic diversity of the primer used
ranged from 0.385 to 0.889, where DL456
revealed the highest genetic diversity and an
average of 0.602 was observed for gene
diversity (Table 2). Average polymorphic
information content (PIC) value was 0.545 and
ranged from 0.311(DL355) to 0.882(DL456)
(Table 2).

UPGMA dendrogram generated from pooled
data (Fig. 1) grouped the genotypes into four
distinct clusters at 74% similarity level. The
predominant cluster, IV contains 52% (26) of the
genotypes (A81, C36, TG107, TG181, Al1lS,
C90, C96, C105, C107, C108, TG126, E106,
M10, M53, T1049, TG149, T204, T921, TG375,
TG216, C111, H139, D57, T24, G202, W109).
Cluster | had five genotypes (T1997, TH-F1-34-1,
TH-F1-5-1, T971, TH-F1-18-1 ), cluster Il had
eleven genotypes (E1, TH-F1-12-2, T1999-6-1,
T992, PORTO, CPR, T238, th-F1-32-2, TG405,
TG468, TG211) and the remaining eight
genotypes formed cluster Il (T977, TH-F1-4-1,
T2255, th-F1-9-3, T2000, T990, Nicar, T1996)

(Fig. 1).
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SIN Genotypes Collection site
1 A81 CRIN Ibadan

2 C36 CRIN Ibadan

3 C96 CRIN Ibadan

4 C105 CRIN Ibadan

5 Cc1o7 CRIN Ibadan

6 C108 CRIN Ibadan

7 Cli1 CRIN Ibadan

8 D57 CRIN Ibadan

9 El CRIN Ibadan
10 E106 CRIN Ibadan
11 M10 CRIN Ibadan
12 M53 CRIN Ibadan
13 H139 CRIN Ibadan
14 T24 CRIN Ibadan
15 T204 CRIN Ibadan
16 T921 CRIN Ibadan
17 T1049 CRIN Ibadan
18 W109 CRIN Ibadan
19 Al18 CRIN Ibadan
20 TG181 CRIN Ibeku

21 TG405 CRIN Ibeku

22 TG107 CRIN Ibeku

23 TG149 CRIN Ibeku

24 TG468 CRIN Ibeku

25 TG375 CRIN Ibeku

26 TG211 CRIN Ibeku

27 TG216 CRIN Ibeku

28 TG202 CRIN lbeku

29 TG126 CRIN Ibeku

30 CPR CRIN Mambilla
31 TH-F1-12-2 CRIN Mambilla
32 T992 CRIN Mambilla
33 PORTO CRIN Mambilla
34 T1997 CRIN Mambilla
35 TH-F1-5-1 CRIN Mambilla
36 TH-F1-18-1 CRIN Mambilla
37 TH-F1-34-1 CRIN Mambilla
38 T1999-6-1 CRIN Mambilla
39 T238 CRIN Mambilla
40 th-F1-32-2 CRIN Mambilla
41 th-F1-9-3 CRIN Mambilla
42 TH-F1-4-1 CRIN Mambilla
43 T2255 CRIN Mambilla
44 T2000 CRIN Mambilla
45 T990 CRIN Mambilla
46 Nicar CRIN Mambilla
47 T971 CRIN Mambilla
48 T977 CRIN Mambilla
49 G202 CRIN Mambilla
50 T1996 CRIN Mambilla

CRIN = Cocoa Research Institute of Nigeria
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Table 2. Characteristics of polymorphic SSR markers used in molecular analysis of 50 Coffee

genotypes

Markers Major allele frequency No of alleles Gene diversity PIC

DL020 0.520 7 0.632 0.578
DL305 0.420 11 0.762 0.738
DL257 0.660 3 0.482 0.410
DL003 0.360 10 0.774 0.744
DL753 0.280 11 0.832 0.812
DL334 0.540 4 0.582 0.507
DL329 0.580 4 0.582 0.525
DL456 0.260 24 0.889 0.882
DL095 0.720 2 0.403 0.322
DL355 0.740 2 0.385 0.311
DL445 0.720 3 0.414 0.343
DL477 0.580 2 0.487 0.369
Mean 0.532 6.92 0.602 0.545

PIC- Polymorphic Information Content

e
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Fig. 1. Molecular dendrogram showing genetic dissimilarity among the fifty genotypes of
coffee based on SSR markers

4. DISCUSSION

Simple sequence repeat (SSR) technique is a
PCR based method; SSR markers are highly
polymorphic and are useful in studies on genetic
diversity, phylogeny, gene tagging, genome
mapping and evolutionary biology. SSRs have
been successfully used to estimate the extent of
genetic diversity level in a wide range of crop
species including Saccharum spp [22],
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Theobroma cacao L [23], and Solanum
elaeagnifolium [24]. The technique provided
useful information for the exploitation of available
genetic variability. The number of alleles and the
high gene diversity (0.889) observed in this study
proved that significant genetic variability occurs
among the coffee genotypes. Botstein et al. [25]
reported that the Polymorphic information
content (PIC) marker values more than 0.5 is
considered as highly informative. The average
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PIC value of 0.545 obtained in the current study
is highly informative suggesting that the SSR
marker employed in the study was very useful for
diversity study in Coffee. All the twelve
polymorphic SSRs primers used in this study
were found useful for the delineation of
accessions showing high allelic variation DNA of
the coffee genotypes. These observations are
similar to those reported by Khaled, et al. [22]
where twelve primers were used to distinguish
eight genotypes of Saccharum spp likewise a
report by Thondaiman, et al. [23] where twenty
primers were used to distinguish twenty seven
accessions of Theobroma cacao. Also, a report
by Singh, et al. [26] shows that “18 primers were
used to distinguish 20 wheat genotypes studied.
A dendrogram produced by Unweighted Pair
Group Method with Arithmetic Mean (UPGMA)
grouped the germplasm into four distinct clusters.
Based on the information from this dendrogram,
a better understanding of genotypic and
phenotypic trait values is critical for selection of
parents with complementary traits for crossing.
This will bring about greater genetic diversity,
thus resulting into increase in selection gain”.

5. CONCLUSION

The microsatellite (SSR) results obtained for the
coffee genotype showed valuable diversity
among the coffee genotypes studied. The
methods divided the fifty coffee genotypes into
several clusters and showed diversity within the
grouping. Hence, this findings offer a foundation
for further assessment and utilization of the
available genetic diversity utilizing different
marker system.
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