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scoring of the AFLP profiles. The AFLP technique generated a large number of peaks (Fig. 

2.5). 

 

The multilocus AFLP profiles were scored for the presence (1) or absence (0) of a peak. 

The height of peaks was not taken into account for reproducibility and for general scoring 

(McGregor et al. 2000).  AFLP data consisted of the presence or absence of peaks on an 

electropherogram.   

 

GeneMapper has the capacity to determine which peaks are common and which peaks are 

different. A matrix that combines all samples and all unique peaks from the sample set 

being compared was generated. Each row of the matrix corresponded to one sample and 

contained ones and zeroes showing the presence or absence of a given peak for that 

sample, within the size range of 60 bp - 400 bp to ensure reproducibility.  

 

 

Fig. 2.5 AFLP fragments amplified by the combination of EcoRI-AAC-NED and  

MseI-CAA on the ABI 3730 capillary electrophoresis system. 
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2.5. Data scoring and analysis  

2.5.1. SSR markers 

Following capillary electrophoresis, Genotyper and GeneMapper software (PE Applied 

Biosystems) were used to aid the scoring of the SSR data. SSR results were scored based 

on presence and absence of peaks representing for alleles at each locus.  

 

- Molecular data format:  

For the SSR loci in diploid plants, homozygous and heterozygous genotypes were inferred 

based on the number and size of alleles per locus (one allele in homozygote and two alleles 

in heterozygous). However, as mentioned above (refer to section 2.5.1), in the case of 

tetraploids, like C. arabica the number of alleles could be potentially as many as four 

alleles per locus. The highest number of alleles per locus per single individual in this study 

was three (at loci CM2 and CM16) (refer to Table 3.4). However, C. arabica is an 

allotetraploid species exhibiting disomic inheritance (Orozco-Castillo et al. 1994) or 

diploid-like meiotic behaviour (Lashermes et al. 2000a; Lashermes et al. 2000b) which can 

be treated correctly only if alleles from different homologous genomes can be 

distinguished so that genotypes are treated as diploid data (Hardy and Vekemans 2005). In 

this study, because some loci retained three or two alleles while the ancestral parents’ 

genome is uncertain, the determination of heterozygosity and homozygosity became 

challenging. In addition, available software only supports diploid species analysis. 

Therefore, microsatellite data was formatted as dominant data in which each allele was 

treated as a locus and scored as present (1) and absent (0) for only polymorphic marker loci 

(Bohn et al. 1999; Manifesto et al. 2001; Medini et al. 2005; Montemurro et al. 2005).  

This data scoring method for SSR might result in a loss of information when genotypes are 

highly heterozygous (Maguire et al. 2002), however, with predominantly inbred lines like 

C. arabica, this problem is likely to be minimised (Powell et al. 1996a; Pejic et al. 1998). 

 

- Data analysis: To assess the genetic variability and relationship among individuals within 

and between varieties, SSR data was scored and analysed using the following methods: 

 + Genotypes of all accessions studied were scored based on the allelic pattern of 

each individual at each locus represented by number and the size of fragments in order to 

determine the relationship between individuals within varieties and between varieties. 

+ Measurement of genetic variability: Parameters such as band frequency, private 

bands and mean heterozygosity, molecular variance within and between populations were 
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calculated by GenAlEx software (Peakall and Smouse 2005b) to measure the genetic 

variation within and among cultivars.  

+ Cluster analyses: To investigate the relationship among individuals within and 

between cultivars, dendrogram and principle coordinate analysis were employed using 

NTSYS and GenAlEx softwares. The dendrogram was generated based on Nei 72 genetic 

distance matrix (Nei 1972) and Neighbour Joining method in NTSYSpc 2.10x software 

(Rohlf 2002).  

 

2.5.2. AFLP markers 

Following capillary electrophoresis, GeneMapper software (PE Applied Biosystems) was 

used to aid the scoring of the AFLP data. Because AFLPs are dominant markers, their 

DNA fragments were scored based on the presence (1) or absence (0) of the peak at only 

polymorphic loci (Remington et al. 1999; Lombard et al. 2000) to create binary matrices. 

 

2.5.3. Combined SSR and AFLP data 

In order to obtain a finer genetic structure of the population and a better comparison 

between the two markers types, the binary data sets of SSR and AFLP were combined into 

a single data file and analysed as follows. 

 

For combined data, the codominant SSR data was simply coded as binary data at only 

polymorphic alleles so as to match the binary dominant data set of AFLP (Bohn et al. 

1999; Manifesto et al. 2001; Medini et al. 2005). Each polymorphic allele of SSR data was 

treated as a locus (Bohn et al. 1999; Manifesto et al. 2001; Medini et al. 2005). As will be 

seen in the data analysis following, the SSR analysis clearly describes the fundamental 

genetic partitioning between coffee varieties and begins to reveal genetic relationships 

regarding some of the phenotypic “off-types”. With the combination of SSR and AFLP 

data the finer genetic structure of the population under study was revealed. This confirmed, 

as expected in the project objectives (section 1.6.2), that a level of genotypic variation 

exists within single varieties of NNSW coffee plantations). 

 

Almost all previous studies on C. arabica were based on the Unweighted Pair Group 

Method using Arithmetic Averages (UPGMA) when generating dendrograms. However, 

Chaparro et al. (2004) avoided UPGMA in making their phylogenetic tree. The argument 

against UPGMA is that UPGMA assumes a constant rate of evolution (Weir 1990; Hedrick 
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2000). This is not always the case in every organismal system, hence UPGMA is criticised 

for lack of consistency (Bruno et al. 2000), although it is the simplest method for 

constructing trees, sometimes called phenograms, and it was originally used to represent 

the extent of phenotypic similarity for a group of species in numerical taxonomy (Nei 

2000). Saitou and Nei (1987) found that UPGMA showed a poor performance when 

compared with other tree-making methods in terms of proportion of correct tree and 

distortion index of two model trees. In contrast, the Neighbour Joining (NJ) method 

showed high performance in obtaining the correct unrooted and rooted trees in comparison 

with those obtained from other tree-making methods and is applicable to most types of 

evolutionary distance data (Saitou and Nei 1987; Saitou and Imanishi 1989). When exact 

genetic distance matrices are given, NJ can reproduce the correct tree with elegance and 

speed (Bruno et al. 2000).  

 

Therefore, NJ analysis was performed in the present study. To run NJ analysis, Nei’s 

distance matrix (Nei 1972) was calculated based on the principle of pairwise distance. 

Whilst Nei (1972) suggested a dissimilarity coefficient based on mutation and genetic drift, 

often known as Nei’s standard distance or Nei 72, it should be noted that this genetic 

coefficient was developed based on the ‘infinite allele model’ (Kimuraz and Crow 1964) 

assuming that an ancestral population split into various subpopulations, which diverged 

due to genetic drift and mutation. If the mutation-drift balance is maintained throughout the 

evolutionary process, it will be assumed that selection is absent and the dissimilarity is not 

large (Reif et al. 2005). If one can assume the infinite allele model, then standard genetic 

distance of Nei (1972) is suitable for investigating phylogenetic relationships among 

populations (Reif et al. 2005). 

 

Although such an assumption would seem at odds in a situation of a plantation population 

of a cultivated species, albeit propagated from seed, the most commonly used genetic 

distance measure like Nei 72, with its robustness, could yield a dendrograms which 

faithfully represents the relative relationships between groups of individuals within the 

population (Hedrick 2000; Kalinowski 2002).  

 

NJ, like UPGMA, consists of two main steps that are repeated until a tree is complete. The 

first step consists of choosing a pair of taxa to be joined, i.e., replaced by a single new node 
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representing their immediate common ancestor. In the second step, distances from the new 

node to all other nodes are inferred (Bruno et al. 2000). 

 

 It was analysed as follows: 

- To test the correlation between SSR and AFLP data, the Mantel test was applied using 

GenAlEx software. 

- To measure the informativeness of each type of marker, polymorphic loci, number of 

bands, number of private bands of each type of the markers and comparison between two 

marker types were calculated by GenAlEx software. 

- To measure genetic variation within and among cultivars, heterozygosity and genetic 

dissimilarity, principle coordinate analysis and dendrogram were employed using GenAlEx 

and NTSYS softwares.  

 

 

 



  

  47 

CHAPTER III – RESULTS 

3.1. RAPD results 

A total of 20 primers were applied in this study (Table 3.1) and generated 65 RAPD 

primer/restriction enzyme (RAPD/RE) combinations. Ten out of twenty primers were run 

with genomic DNA digested by five different restriction enzymes (RE), of which 5 primers 

were also run with uncut genomic DNA, to compare the banding patterns amounting to 55 

different RAPD/RE combinations. The other ten primers were only run with prior 

digestion of genomic DNA by HindIII.  The number of fragments generated by any one 

primer varied from as few as one (OPA07, uncut DNA) to as many as thirteen bands 

(OPK14 uncut, OPK14 with HindIII and OPK14 with EcoRI). The size of fragments 

ranged from 300 bp to 2500 bp. For some primers, there was no difference between non-

digested and digested genomic DNA before amplification, such as primer OPC10 with and 

without digestion with HindIII before PCR (Table 3.1). 

 

Fifteen out of 65 RAPD/RE combinations were clear enough for scoring. The remaining 

fifty RAPD/RE combinations produced 333 bands of which 10 bands (3%) generated from 

just nine RAPD/RE combinations (18%) were polymorphic. However, five out of these 

nine combinations were generated from the same primer (OPN20) digested with different 

restriction enzymes.  Whilst these combinations showed polymorphic bands (present or 

absent) amongst samples, the different template restriction events all produced fragments 

of similar size when present. Four remaining polymorphic combinations came from two 

other primers (OPC07 and OPA07) in which two combinations generated from primer 

OPC07 (OPC07-HindIII and OPC07-EcoRI) shared the same polymorphic locus. Due to 

its reliability and confidence in scoring, only one primer and enzyme combination 

(OPN20-HindIII) was tested again for all 84 samples in NNSW and 11 samples from 

Vietnam to assess the polymorphism in the whole sample population. 

 

The number of individual bands exhibiting polymorphism in this study (3%) is much lower 

than that among 14 elite C. arabica (68%) reported by Sera et al. (2003). Likewise, the 

number of polymorphic markers in this study (18%) was lower than that among coffee 

progenies and cultivars (67.67%) reported by Silveira et al. (2003) when applying the same 

technique. 
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For some primers, the RAPD profiles obtained in C. arabica were not affected by 

restriction digestion of the template DNA (eg. OPN20, OPC07). This is also observed in 

wheat (Koebner 1995) and in other C. arabica cultivars (Sera et al. 2003). Other primers, 

however, produced a fewer number of fragments in uncut than cut template (UBC220, 

OPA07). Conversely, some primers like OPK14 produced fewer bands when the genomic 

DNA was digested. There was no clear difference in the number of bands on the gel 

between rare cutters and frequent cutters.  

 

Primer OPN20 associated with HindIII, EcoRI and BamHI restriction had the same 

banding patterns as with uncut template (Fig. 3.1), while primer UBC220 exhibited a 

difference between uncut and cut with HindIII, which gave a similar profile to EcoRI and 

BamHI. Therefore banding patterns of the same primer with different RE can be similar or 

different depend on the combination of restriction site and annealing site. 

 

A claimed shortcoming of the RAPD technique is that amplification results may vary 

between PCR reactions. Whilst a certain number of bands remain unchanged between each 

PCR reaction, others may be well amplified in one PCR but weakly amplified in another, 

making the banding pattern inconsistent and difficulty to score consistently. A proposed 

explanation for this inconsistency of amplification is that RAPDs utilising relatively low 

annealing temperatures coupled with variable DNA quality may exacerbate reproducibility 

problems (Micheli et al. 1994). Furthermore, the present study applied a modified RAPD 

technique in which genomic DNA was cut by restriction enzymes. DNA purity therefore 

becomes more crucial since it affects the cutting efficiency of the enzyme. 
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Fig. 3.1 The banding pattern of primer OPN20 using genomic template DNA digested with 

different restriction enzymes (each enzyme digested four different DNA samples) 

 

 

 

Fig. 3.2 The banding pattern of RAPD primer OPN20 using HindIII digested genomic 

template DNA showing polymorphic locus at 1150 bp. 

 

1150 bp 
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The nine polymorphic markers differentiated seven varieties into two groups, SL14, SL34 

and K7 in one group and the remainders belong to the other. No inter- or intra-variety 

variation was detected (Fig. 3.2). Neither could any association between marker 

polymorphism and morphological traits be determined. Although marker OPN20-HindIII 

was screened for the whole sample population, only one polymorphic locus was detected 

with the allele absent in CRB, Catuai, Arusha and Mundo Novo but present in K7, SL14 

and SL34 (Fig. 3.2).  

Table 3.1 RAPD amplification results 

No Primer Enzyme 

Number 

of Number of Polymorphic loci 

   Amplified  polymorphic  (bp) 

   fragments fragments  

1 OPN20 uncut 3-4 1 1150 

  HindIII 5-6 1 1150 

  EcoRI 3-4 1 1150 

  RsaI 3-4 1 1150 

  BamHI 3-4 1 1150 

  HaeIII 8-9 0  

2 UBC 220 uncut 2 0  

  HindIII 5-6 0 Not reproducible  

  EcoRI 4-5 1 Not reproducible 

  RsaI 4 0  

  BamHI 7 0  

  HaeIII 3 0  

3 OPC07 uncut 7 0  

  HindIII 6-7 2 780, 820 

  EcoRI 4-5 2 780, 820 

  RsaI 3 0  

  BamHI 9 0  

  HaeIII 4 0  

4 OPK14 uncut 13 0  

  HindIII 13 0  

  EcoRI 13 0  

  RsaI 8 0  

  BamHI 12 0  

  HaeIII 12 0  

5 OPA07 uncut 1 0  

  HindIII 6 0  

  EcoRI unscorable   

  RsaI 8 0  

  BamHI 9 0 900 

  HaeIII 8 1 980 

 

 

     cont’d/……. 
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No Primer Enzyme 

Number 

of Number of Polymorphic loci 

   Amplified  polymorphic  (bp) 

   fragments fragments  

6 UBC16 HindIII unscorable   

  EcoRI unscorable   

  RsaI unscorable   

  BamHI unscorable   

  HaeIII 9 0  

7 OPP18 HindIII 9 0  

  EcoRI unscorable   

  RsaI unscorable   

  BamHI unscorable   

  HaeIII unscorable   

8 OPI20 HindIII 9 0  

  EcoRI 9 0  

  RsaI unscorable   

  BamHI 9 0  

  HaeIII unscorable   

9 OPN18 HindIII 4 0 Hind, Eco Rsa have  

  EcoRI 4 0 same banding patterns 

  RsaI 3 0  

  BamHI unscorable   

  HaeIII 8 0  

10 Z14 HindIII unscorable   

  EcoRI 4 0  

  RsaI unscorable   

  BamHI unscorable   

  HaeIII 4 0  

11 OPB02 HindIII 6 0  

12 OPC10 HindIII 4 0  

13 OPC15 HindIII 4 0  

14 OPF05 HindIII 7 0  

15 OPK18 HindIII 7 0  

16 OPS15 HindIII 8 0  

17 OPX09 HindIII 6 0  

18 OPX20 HindIII 9 0  

19 UBC212 HindIII 11 0  

20 UBC217 HindIII 3 0  

 

Due to the inconsistency and low polymorphism of RAPDs, they were not included in 

further analysis, so other marker systems were sought.  

 

3.2. ISSR results 

Ten single primers and twelve paired-primer combinations (see Table 3.2) detected 

polymorphism in 11 the individuals representative of seven varieties as described in 
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method section. Two of twenty-two markers screened were unscorable (R03 and 

R03+R04). Three single primers (R06, R07 and R08) failed to amplify a PCR product. 

Only one out of 17 (5.9%) primers (R02) showed polymorphism. The seventeen single and 

combined primers produced 113 bands in which only 1 was polymorphic (0.9%) in the 84 

NNSW and 11 Vietnamese samples were analysed. It is not surprising that the results here 

suggest extremely low levels of polymorphism compared with those observed in eight 

species of Coffea and six interspecific hybrids (96.5%) (Ruas et al. 2003) because the 

coffee samples in this study belong to cultivars of C. arabica species while those of Ruas 

et al. (2003) came from different species of Coffea. The assessment of genetic integrity of 

the nuclear, mitochondrial and chloroplast genomes among micro-propagated plants and a 

single mother plant also showed relatively low level of polymorphism, 17.6% for 

polymorphic primers and 6.7% for polymorphic ISSR loci (Rani et al. (2000), which is 

therefore consistent with the current study data. 

 

ISSRs performed similarly to RAPDs in the number of amplified fragments, with as few as 

1 band (R09) to as many as 11 bands (R01 + R02, R01 + R05) and the size of fragments 

ranging from 100 bp to 2642 bp.  

 

R02 detected 6/7 polymorphic loci (polymorphic loci/total loci) in the samples surveyed by 

Ruas et al. (2003) but in our study it revealed only 1/7 polymorphic loci and was the only 

primer to show polymorphism. A number of primers that showed relatively high 

polymorphism (R01+R03-20/20, R04+R05-16/16, R01+R02-15/15 and R05-10/10) in the 

samples surveyed by Ruas et al. (2003) showed no polymorphism in this study. The 

presence of a 480 fragment in primer R02 enabled the C. arabica cultivar CRB accessions 

to be distinguished from K7 accessions examined in this study (Fig. 3.3). 

 

Like RAPDs, ISSR markers were not informative enough to detect the differences between 

varieties and also not reproducible between PCRs. ISSR markers therefore did not 

employed further in this analysis and other more informative marker systems were sought. 
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Fig. 3.3 Polymorphism revealed by ISSR (R02) markers distinguishes between K7 and 

CRB at the fragment length of 480 bp. 

 

Table 3.2 ISSR primers and amplifications 

No Primer Sequence  Number of Number of Fragment  Polymorphic  

  5’-3’ amplified  polymorphic  size range Locus 

   fragments fragments (bp) (bp) 

1 R01 (GA)9-T  9 0 320-1500  

2 R02 (GA)9-C 7 1 480-1000 480 

3 R03 (GGAT)4 unscorable    

4 R04 (GACA)4 6 0 500-2642  

5 R05 (GATA)4 8 0 300-2642  

6 R06 (GA)9 NA*    

7 R07 (TC)9 NA*    

8 R08 (TAG)6 NA* (original paper used (TAG)4) 

9 R09 (CCTA)4 1 0 300  

10 R10 (GGTA)4 2 0 550-650  

11 R01+R02  11 0 180-1500  

12 R01+R03  4 0 170-480  

13 R01+R04  9 0 100-1400  

14 R01+R05  11 0 320-1500  

      cont’d/….. 

       

   480 bp 
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No Primer Sequence  Number of Number of Fragment  Polymorphic  

  5’-3’ amplified  polymorphic  size range Locus 

   fragments fragments (bp) (bp) 

15 R02+R03  4 0 220-1000  

16 R02+R04  8 0 400-1200  

17 R02+R05  10 0 220-1500  

18 R03+R04  unscorable    

19 R03+R05  4 0 250-700  

20 R04+R05  9 0 500-2642  

21 R02+R09  5  480-1100  

22 R02+R10  5  480-1100  

*NA= no amplification 

 

3.3. SSR markers 

One of six primers did not amplified although different PCR reactions were applied. Four 

of five SSR primers revealed polymorphism in the 84 NNSW samples and 11 Vietnam 

samples. The repeat motifs were dinucleotides. The PCR products were applied multiplex 

loading for the reason of cost.  

 

The number of alleles per locus ranged from one (CFGA189 NED) to six (CM2). The 

fragment size range was from 96 bp to 278 bp. CM2 was the most informative marker that 

gave 6/6 polymorphic alleles per locus (Table 3.3). The highest number of alleles per locus 

per single individual was three (CM2 and CM16).  

Table 3.3: Primer information and the results of SSR amplification 

Primer Repeat motif Product size range (bp) Na Npa 

CM2 FAM  (AC)10(AT)9 195-221 6 6 

CM8 TET  (GA)7(GT)12 181-182 2 2 

CM16 HEX (GA)10 96-110 3 1 

CFGA189 NED     (AG)10 277-278 2 0 

CFGA502 FAM   (AG)27 234-240 3 2 

CFGA547a VIC  (AG)18 No amplification   

Na= Number of alleles 

Npa= Number of polymorphic alleles per locus. 
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Table 3.4: Genotypes of all accessions studied at four loci of microsatellites. 

Accessions 

LOCUS1 

Genotype 

LOCUS2 

Genotype 

LOCUS3 

Genotype 

LOCUS4 

Genotype Accessions 

LOCUS1 

Genotype 

LOCUS2 

Genotype 

LOCUS3 

Genotype 

LOCUS4 

Genotype 

K7-CA01* A C A A CRB-C1 B A A B 

K7-CA02* A C A A CRB-C2 B A A B 

K7-CA03 A C A A CRB-K1 B A A B 

K7-CA04* A C A A CRB-K2 B A A B 

K7-CA05 A C A A CRB-K3 B G A B 

K7-CA06* A C A A CRB-K4 B A A B 

K7-CA07 A C A A CRB-K5* A A A A 

K7-CA08 A C A A CRB-K6 B A A B 

K7-CA09 A C A C CRB-K7 B A A B 

K7-CA10* A C A A CRB-K8 B A A B 

K7-CA11* A C A A CRB-K9 B A A B 

K7-CA12 A F A B CRB-K10 B A A B 

K7-CA13 A C A C CRB-K11 B A A B 

K7-CA14 A E A A CRB-K12 B A A B 

K7-CB01 A C A A CRB-K13* A A A A 

K7-CB02* A C A A CRB-K14 B A A B 

K7-CB03 A F A A CRB-K15 B H A B 

K7-CB04 A C A A CRB-K16 B A A B 

K7-CB05 A C A A CRB-K17 B H A B 

K7-CB06 A C A A CRB-K18 B A A B 

K7-CB07 A C A A CRB-K19 B A A B 

K7-CB08 A C A A CRB-K20* A A A A 

K7-CB09 A C A A BourbonVN1 B A A A 

K7-CB10 A C A A BourbonVN2 A A A B 

K7-K01 A C A A BourbonVN3 A B A B 

K7-K02 A C A A BourbonVN4 B A B A 

K7-K03 A C A A Arusha1 B A A B 

K7-K04 A C A A Arusha2 B A A B 

K7-K05 A C A A Catuai1 B A A A 

K7-K06 A C A A Catuai2 A A A A 

K7-K07 A C A A CatuaiVN1 B A A B 

K7-K08 A C A A CatuaiVN2 B A A B 

K7-K09 A C A A CatuaiVN3 B A A B 

K7-K10 A C A A CatuaiVN4 B A A B 

K7-K11 A C A A SL14 A C A A 

K7-K12 A C A A SL14VN A A A B 

K7-K13 A C A A SL34 A C A A 

K7-K14* A C A A MNovo1 B A A A 

K7-K15 A C A A MNovo2 B A A A 

K7-K16 A C A A MNovoVN A H A A 

Table 3.4 contd/….. 
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Accessions 

LOCUS1 

Genotype 

LOCUS2 

Genotype 

LOCUS3 

Genotype 

LOCUS4 

Genotype      

K7-K18 A C A A 

K7-K19 A C A A 

K7-K20 A C A A 

K7-M01 A C A A 

K7-M02 A C A A 

K7-M03 A C A A 

K7-M04 A C A A 

K7-M05 A C A A 

K7-M06 A F A B 

K7-M07 A C A A 

K7-M08 A I A B 

K7-M09 A C A A 

K7-M10 A C A A 

K7-VN B F A A 

 

 

 

 

* accessions expressing morphological difference compared with other individuals in the 

same variety.  

** fragment size of amplicon or allele size (bp) 

Letters in red and underline indicate the distinct genotypes 

Letters in black indicate the common group - representing genotypes. 

 

Marker genotypes of all studied accessions were scored at four different loci corresponding 

to four primer pairs were scored, namely Locus1 = CM16, Locus 2 = CM2, Locus 3 = 

CFGA 502 and Locus 4 = CM8. Marker genotypes were defined based on the number and 

the length of the alleles generated by each SSR marker, which is described in table 3.4. 

 

At locus 1 (primer pair CM16), genotype A (alleles 96 and 106 bp) was typical for K7, 

SL14 and SL34, while genotype B (alleles 96, 106 and 110 bp) was the predominant 

genotype for CRB, Arusha, Catuai and Mundo Novo (Table 3.4 and Fig. 3.4). However, a 

single K7 individual collected from Vietnam possessed the B genotype. Similarly, one 

Catuai and three CRB accessions from NNSW and one Mundo Novo and two Bourbon 

individuals from Vietnam  exhibited the A genotype.  

 

Locus 1: Genotype A: allele 96 bp, 106 bp** 

               Genotype B: allele 96 bp, 106 bp, 110 bp 

Locus 2: Genotype A: allele 195 bp, 217 bp 

                Genotype C: allele 197 bp, 219 bp 

                Genotype E: allele 197 bp, 219 bp, 221 bp 

                Genotype F: allele 197 bp, 217 bp 

                Genotype G: allele 195 bp, 215 bp, 217 bp 

                Genotype H: allele 195 bp, 217 bp, 219 bp 

                Genotype I: allele 197 bp, 217 bp, 219 bp 

Locus 3: Genotype A: allele 236 bp, 240 bp 

               Genotype B: allele 234 bp, 240 bp 

Locus 4: Genotype A: allele 181 bp 

               Genotype B: allele 182 bp 

               Genotype C: allele 181 bp, 182 bp 
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Locus 2 (primer pair CM2) was most informative with 7 marker genotypes for the 

accessions studied. C was the typical genotype for K7, SL14 and SL34, except SL14 from 

Vietnam, while A was the predominant genotype for CRB, Arusha, Catuai and Mundo 

Novo. Among K7, there are six individuals with distinct genotypes named E, F and I, but 

have a typical K7 phenotype. Five individuals in variety CRB also possessed discrete 

genotypes called B, G and H. These plants were indistinguishable from others of their 

variety.  

 

Locus 3 (primer pair CFGA 502) was least informative with genotype A in common for all 

accessions studied except BourbonVN 04 from Vietnam which had B genotype.  At locus 

4 (primer pair CM8), allele 181bp was scored as A for K7, SL14 (except SL14-VN), SL34, 

Catuai from NNSW (2 individuals) and all Mundo Novo individuals. Allele 182bp was 

scored as B for CRB, Arusha, and 4 Catuai individuals from Vietnam. Two K7 accessions 

appeared to have 2 alleles at this locus scored as C. Some K7 individuals exhibited locus 

4’s genotype from CRB, and vice versa.  
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Fig 3.4 Polymorphisms among varieties revealed by SSR markers (CM16). 
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The number of bands (since SSR data were formatted as dominant data) in K7 and CRB 

was similar (Fig. 3.5). However, the number of private bands in K7 was twice as many as 

CRB (2 and 1, respectively). This may be a result of the sample size of K7 being 

approximately 2.5 times bigger than CRB (54 and 22, respectively), so the chance of 

detecting rare alleles in K7 is higher. The number of less common bands (≤25% and 

≤50%) was zero, suggesting that common alleles were shared among individuals within 

variety. Heterozygosity is an important measure of genetic variability of a population 

regardless of whether the species is a self-fertilizer or outbreeder or whether it is diploid or 

polyploid (Nei 1975; Nei et al. 1976; Weir 1990; Hedrick 2000). The mean heterozygosity 

was highest in Catuai, followed by CRB and K7 (0.116, 0.109 and 0.084) indicating that 

CRB is more diverse than K7 but this difference appeared insignificant based on the 

overlapping error bars (Fig. 3.5). Pairwise genetic identity (I=1-genetic diversity, Nei 

(1987)) between K7 (n=54) and CRB (n=22) was 0.46, suggesting a moderate level of 

genetic diversity between the two cultivars. 

 

Analysis of Molecular Variance (AMOVA) for the SSR data of 76 genotypes from K7 (54) 

and CRB (22) showed that 89% and 11% of the genetic variation was found between and 

within population, respectively (Table 3.5 and Figure 3.6.). These data were supported by a 

ΦPT = 0.89 which measures the magnitude of genetic differentiation among populations. 

ΦPT is calculated as the proportion of the variance among populations, relative to the total 

variance (Peakall and Smouse 2005a). It is analogous to Fst, but Fst is calculated in the 

case of codominant data while ΦPT is calculated for binary data (Peakall and Smouse 

2005a).  

 

Fig. 3.6 Molecular Variance based on the calculation of PhiPT (ΦPT ) 

for the SSR data of 76 genotypes from K7 (54) and CRB(22). 

Between populations 89% 

Within population 11% 
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Table 3.5: Results of Analysis of Molecular Variance (AMOVA). 

Source of variation df SS % of variation  

Between population 1 86.68 89*** 

Within population 74 26.42 11 

ΦPT  = 0.89, ***P < 0.001 

df: Degrees of freedom 

SS: Sum of square 

NS: Non-significant at Prob. 0.001: Level of significance determined by a 999 permutation 

test.  

 

The AMOVA suggested that the variation was very large between K7 and CRB but smaller 

within each population. 

 

Phylogenetic analysis using NJ based on the four microsatellites showed a clear separation 

between the two sub-species or two genetic groups including the Bourbon-derived 

genotypes and the Typica-derived genotypes (Fig. 3.7). However, there were few 

phylogenetically informative characters to make intra-variety -differentiation.  

 

A dissimilarity matrix of Nei 72 genetic distance values was used for cluster analysis using 

NJ method. The resulting dendrogram is presented in Fig. 3.7. NJ analysis grouped the 95 

accessions studied into two main clusters that generally agree with their origins and 

pedigrees with cluster I having 66 genotypes and cluster II having only 29 genotypes. 

Cluster I was divided into two subclusters: subcluster Ia containing 64 genotypes (almost 

all K7, SL14, SL34 from NNSW and three Mundo Novo (two from NNSW, one from 

Vietnam), three CRB and two Catuai from NNSW) and subcluster Ib containing only two 

Bourbon genotype from Vietnam). The second cluster consisted of 6 varieties and was 

highly informative with separated branching in the dendrogram. There is one subcluster 

comprising all individuals from CRBs (except the special three in the first cluster - see 

below), 2 from Arusha, 4 from Catuai and a few of others (1 K7, SL14 VN and Bourbon 

VN02) and one outlier - K7. The failure of this genotype to cluster is most likely the result 

of the limited SSR data set.  In summary, there were two polytomies (unresolved branches) 

in the dendrogram. The first polytomy was lined up with 49 genotypes in which 47 

genotypes belonged to K7 variety and the other two were SL14 and SL34 from NNSW. 



  

  61 

The second polytomy was lined up with 22 genotypes in which 16 genotypes belonged to 

CRB variety and the other six were two Arusha from NNSW and four Catuai from 

Vietnam. 

 

It was observed that only two K7 individuals belonged to cluster II while the remaining of 

K7 were gathered into the first cluster. These two K7 have no morphological difference 

comparing to other K7 accessions. Conversely, three CRB individuals belonged to cluster I 

while the remaining were grouped into cluster II. Unlike the two K7 mentioned above, 

these three CRB also have morphological dissimilarity to other CRBs. 

 

Dissimilarity coefficients between all possible pairs of genotypes ranged from 0 to 0.53 for 

the whole set of samples studied. When generated separately for each population, the 

coefficients ranged from 0 to 0.31 among individuals within CRB variety and from 0 to 

0.23 among individuals within K7 variety (dendrogram not shown – relationship between 

K7 & CRB individuals were as revealed in dendrogram in Fig. 3.7). These low values 

reflect the high proportion of common alleles among genotypes within each group and are 

consistent with the data presented above. 
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Fig. 3.7 Phylogenetic tree constructed by dissimilarity matrix (Nei 72) and Neighbour Joining method (NTSYSpc 2.10) using SSR data. 
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This low differentiation might be due to the limited number of SSR markers used in this 

chapter, which would be improved by combining with the AFLP data that will be 

described in section 3.5.  

 

3.4. AFLP markers 

A total of 22 primer combinations were run on the ABI 3730 with 14 individuals 

represented for 8 varieties.  

K7: 3 individuals    Arusha: 1 individual 

CRB: 2 individuals    SL14: 2 individuals  

Bourbon: 1 individual    SL34: 1 individual 

Catuai: 2 individuals    Mundo Novo: 2 individuals 

 

Five out of twenty-two primer combinations showed polymorphism, of which only the two 

most informative combinations were screened across all individuals. Reproducibility tests 

for these chosen combinations were performed for four samples using five-fold and 10-fold 

dilutions of pre-selective PCR product and 0.025 µM and 0.05 µM of each Eco +3 and  

Mse +3 primer. The other three combinations were excluded from further analysis as only 

one reliable polymorphic locus for each of these combinations was found. The AFLP 

results are presented in Table 3.6. 

 

The number of fragments amplified ranged from one (EcoRI-ACA and MseI-CTG 

combination) to 78 (EcoRI-AAC and MseI-CAA combination). Scoring the fragments was 

restricted to those fragments of less than 400 bp. The size range was from around 60 bp up 

to 370-390 bp for samples with good amplification and below 300 bp for poor and 

moderate amplification.  
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Table 3.6 AFLP combinations and the number of fragments amplified 

Labelled 

EcoRI +2-3 MseI  +3 

No of 

bands NPB 

Size range 

(bp) 

Amplification 

capacity 

AC- FAM  CTA 55 0 60-388 Moderate amplification 

 

AT- NED  CTA 35 0 77-299 Moderate amplification 

 

AAC- NED   CAA 78  3 62-386 Good amplification 

  CAC 27 0 67-262 Moderate amplification 

  CAG 9 0 68-250 Bad amplification 

  CAT 57 0 65-384 Good amplification 

  CTA 34 1 57-305 Good amplification 

  CTC 22 0 70-352 Moderate amplification 

  CTG 42 0 70-360 Good amplification 

   CTT 56 7 62-378 Good amplification 

 

ACA- FAM  CAA 2 0 93, 156 Bad amplification 

CTA 3 0 92-215 Bad amplification 

 CTG 1 0 132 Bad amplification 

  CTT 0 0  No amplification 

 

ACT- FAM   CTA 7 0 78-323 Poor amplification 

 

ACC- NED   CAG 28 1 71-370 Moderate amplification 

  CAT 22 0 87-246 Poor amplification 

   CTA 58 0 68-388 Good amplification 

 

AGC-NED   CAA 27 1 78-371 Moderate amplification 

  CTA 13 0 78-285 Bad amplification 

  CTG 0 0  No amplification 

   CTT 0 0  No amplification 

NPB = Number of polymorphic bands. 

Letters in red: The most informative primers and their results 
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The combination of EcoRI-AAC with MseI-CTT and EcoRI-AAC with MseI-CAA 

generated a number of polymorphic loci (Fig. 3.8). The former combination gave 56 loci in 

total, of which seven were polymorphic loci. The latter combination had fewer informative 

loci (only three variable loci out of 78 loci detected). 

 

Using the EcoRI-AAC and MseI-CAA combination, Steiger et al. (2002) observed 57 

polymorphic bands with a sample of 61 accessions from 6 cultivars while in the present 

study only 3 polymorphic bands were evident. 

 

Given the limited number of polymorphic markers and combinations found (10 and 2, 

respectively), AFLP markers were analysed in combination with SSR data for further 

analysis as discussed in the following section. 
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Fig. 3.8 Polymorphisms among varieties revealed by AFLP markers 

(EcoRI-AAC and MseI-CAA combination) 
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3.5. Combined SSR and AFLP data 

3.5.1. Correlation between AFLPs and SSRs 

Before AFLP and SSR data were combined, a Mantel test was applied to assess the 

correlation between two types of data. Ten polymorphic AFLP loci from two combinations 

were scored as binary data and subjected to GenAlEx software to obtain the genetic 

distance matrix. The genetic distance matrices obtained through AFLP and SSR analyses 

were compared using Mantel test with permutational testing procedures (GenAlEx 

software). The values of the Mantle test showed a significant and positive correlation (r = 

0.24, P <0.001) between individual pairwise genetic distance matrices for both AFLP and 

SSR data set. This is in agreement with former observations, where similar results were 

obtained with AFLP and SSR at the same taxonomic levels (Coart et al. 2003; Prakash et 

al. 2005) or higher taxonomic levels (Maguire et al. 2002). These results indicate a good fit 

of the data obtained by two marker types and thus the results are comparable across the 

whole data set. The AFLP data were therefore combined with SSR for further analysis. The 

approach to presenting SSR data as dominant was explained in section 2.5.3 

 

3.5.2. Genetic variation between  varieties 

To measure the genetic variation, the parameters such as percentage of polymorphic loci, 

total number of bands, number of private bands and mean heterozygosity were calculated 

based on GenAlEx  software.  

 

Table 3.7 DNA polymorphism of seven arabica varieties using SSR and AFLP data. 

 

 

 

 

 

 

 

 

 

 

 

 

K7 CRB Bourbon Arusha Catuai SL M. Novo

n=55 n=22 n=4 n=2 n=6 n=3 n=3

SSR 11 64% 45% 73% 0% 27% 55% 18%

AFLP 10 80% 80% 40% 10% 20% 30% 10%

Combined 21 72% 63% 56% 5% 24% 42% 14%

SSR 11 9 8 8 5 6 7 6

AFLP 10 10 10 6 5 6 5 5

Combined 21 19 18 14 10 12 12 11

SSR 11 1 1 1 0 0 0 0

AFLP 10 0 0 0 0 0 0 0

Combined 21 1 1 1 0 0 0 0

SSR 11 0.089 0.109 0.292 0.000 0.116 0.215 0.072

AFLP 10 0.123 0.227 0.146 0.041 0.032 0.090 0.030

Combined 21 0.106 0.168 0.219 0.021 0.074 0.152 0.051

Data
No. 

Markers

Percentage of 

Polymorphic Loci

Mean heterozygosity

No. of Bands

No. of  Private Bands
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The combined marker data included up to 11 SSR and 10 AFLP loci for mainly K7 and 

CRB varieties. Other additional varieties were also included in the study to test the 

robustness of markers. The additional varieties showed a different level of polymorphic 

loci compared to K7 and CRB (Table 3.7) and this may be a result of the small sample size 

in the additional varieties. However, the presence of polymorphisms in the five additional 

varieties demonstrated the informativeness of the markers. 

 

The percentage of polymorphic loci was lower in SSR (64% for K7 and 45% for CRB) 

than AFLP data (80% for both K7 and CRB) . There was no private AFLP band for any 

variety and only one private SSR band for K7, CRB and Bourbon.  

 

From the combined DNA markers data, genetic dissimilarity was calculated based on pair-

wise comparison by NTSYS software. In this analysis, only the two main cultivars were 

included K7 (54 individuals) and CRB (22 individuals). 
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Fig 3.9 Pair-wise comparison of genetic dissimilarity among individuals  

between K7 and CRB (76 individuals) using combined data. 

 

Fig. 3.9 shows genetic dissimilarity among 76 individuals from K7 and CRB. Around 57% 

and 24% of the pair-wise comparisons exhibited a genetic dissimilarity less than 0.5 and 

0.1, respectively (Fig 3.9). Only 1.3% of the pair-wise comparisons displayed a genetic 

dissimilarity greater than 1.3. Around 42% of the pair-wise comparisons showed higher 

genetic dissimilarity values from 0.5 to 1.3. The highest genetic dissimilarity value for all 

pair-wise comparisons between two varieties was 1.5 (between CRB K11 and K7-CA14). 
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The highest genetic dissimilarity value for all pairwise comparisons between two varieties 

K7 and CRB was 1.5. This value is not particularly high, because the genetic distance 

calculated in GenAlEx based on Nei (1972) ranges from 0 to ∞.  Nei’s standard genetic 

distance (Nei D) is calculated: Nei D = –ln (I), where I is Nei’s Genetic Identity and its 

value is ranged from 0 to 1 (Peakall and Smouse 2005a). The pair-wise genetic identity 

therefore gives a better description of the genetic relationship. The genetic identity 

described the genetic relationship between K7 and CRB was average (0.641). 

 

3.5.3. Genetic variation within varieties 

The genetic variation at the DNA level among individuals within the K7 cultivar was 

detected using AFLP markers (Fig. 3.10 & Fig. 3.11). The degree of variation was 

determined by comparing the genetic dissimilarity in pairs (Fig. 3.11 & Fig. 3.12).  

 

There was marked genetic difference between plantations (Fig. 3.11). The mean genetic 

dissimilarity within K7 was highest in Block C (0.25) followed by Block M (0.20) and 

Block K (0.09) even though Block M had the smallest sample size. However, the genetic 

distance values are generally low since the Nei’s standard genetic distance value could be 

from 0 to ∞ as explained above. The highest value of genetic dissimilarity for all pair-wise 

comparisons within Block C (276 pairs), Block M (45 pairs) and Block K (190 pairs) was 

0.85, 0.55 and 0.28, respectively. In other words, Block C displayed the highest level of 

genetic diversity. Block M, despite having the smallest number of samples, still exhibited a 

higher level of genetic diversity than Block K which was more uniform and had a larger 

number of samples. 
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Fig. 3.11 Pair-wise comparison of genetic dissimilarity (Nei 72) within K7 in different 

blocks using combined data. Error bars represent the standard errors of means. 

 

Fig. 3.10 Polymorphisms within K7 variety revealed by AFLP markers 

(EcoRI-AAC and MseI-CAA combination) 
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Fig 3.12 Average genetic dissimilarity (Nei 72) within each cultivar using combined data. 

Error bars represent the standard errors of means (SEM). 

 

As expected there was small genetic variation within a variety due to predominance of 

selfing in C. arabica and the nature of its selection procedure. The mean genetic 

dissimilarity within each cultivar was 0.205 (CRB), 0.193 (K7) and 0.124 (Catuai) (Fig 

3.12). This value was lower in K7 compared to CRB, even though the sample size of K7 

was larger than CRB (54 samples contrasting with 22 samples). Six Catuai individuals 

were used in this analysis as a reference and showed the genetic dissimilarity of 0.124. The 

highest value of genetic dissimilarity for all pair-wise comparisons within K7 (1,431 pairs), 

CRB (253 pairs) and Catuai (22 pairs) was 0.86, 0.63 and 0.30, respectively. Although the 

number of individuals investigated in the experiment was small (n=6 for Catuai and n=22 

for CRB), the genetic dissimilarity here was calculated based on the pair-wise comparison 

of genetic distance and so the number of pairs was therefore higher (21 pairs for Catuai and 

253 pairs for CRB) suggesting that the calculation was reliable. Both K7 and CRB have 

low level of genetic variability. However, there was larger genetic variation in CRB even 

with smaller number of samples compared to K7. Nonetheless, the overlapping error bars 

(SEM) suggested that the difference between these two varieties might not be so 

significant. The higher polymorphism in the Bourbon (CRB) genetic base indicated that it 

was composed of the descendants of several individuals and not from a single individual as 

is the case with Typica (K7). This result is consistent with historical data given by Haarer 

(1956, cited in Anthony et al. 2002a), in which several introductions took place from 

Yemen to Reunion Island.  
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Fig. 3.13 Pair-wise comparison of genetic dissimilarity (Nei 72) 

                                within K7, CRB and Catuai using combined data. 

 

The percentage of the pair-wise comparison among individuals within varieties that 

exhibited a genetic dissimilarity smaller than 0.2 was 73.33%, 62.05% and 51.52% for 

Catuai, K7 and CRB, respectively (Fig. 3.13). However, the percentage of genetic 

dissimilarity > 0.2 was higher within CRB than Catuai and K7, indicating that CRB 

population is more diverse.  

 

3.5.4. Genetic relationship among varieties 

In order to view the patterns of individual and population genetic distance, Principle 

Coordinate Analysis (PCA) was performed based on the distance matrix with data 

standardization (Fig. 3.14) 
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Fig. 3.14 Genetic relationship among K7 and CRB (76 individuals) revealed 

by Principle Coordinate Analysis (PCA) using combined data. 

 

The pattern revealed by the first two principle coordinate axes accounted for 84.2% of the 

total variation for 76 samples of K7 and CRB. The 76 genotypes were well separated into 2 

distinct groups corresponding to K7 and CRB (Fig. 3.14). Individuals within each K7 or 

CRB group did not cluster closely together suggesting genetic variation still exists within 

each variety. This clustering pattern of genotypes obtained on the basis of PCA highly 

resembled that in the dendrogram obtained through NJ analysis (Fig. 3.16). 

 

To view the relationship among individuals of all varieties studied, the other five varieties 

were also included in another PCA analysis (Fig. 3.15). The first two components of PCA 

accounted for 79.18% of the total variation of the 95 samples from 7 varieties. All 

additional varieties clustered near to CRB, except SL and one Bourbon sample fell into the 

K7 group. All four Bourbon individuals were well separated on the plot. The clusters are 

less discrete (reflecting greater variation amongst the individuals) when more individuals 

belonging to other varieties were included and showed little overlap. As mentioned above, 

the clustering plot here gave the general indication about the relationship of cultivars 

fingerprinted. They are probably not typical for these additional cultivars as a whole 

because of the limited number of samples included in this experiment and the other 

cultivars were only used for testing the markers as explained earlier. 
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Fig. 3.15 Genetic relationship among 95 individuals representing 7 varieties revealed by 

Principle Coordinate Analysis (PCA) using combined data. 

 

 

A binary matrix was constructed for the combined SSR and AFLP data. Nei 72 

dissimilarity coefficients (Nei 1972) were then calculated pair-wise to generate a 

dissimilarity matrix, using the NTSYS software version 2.10x (Rohlf 2002). A Neighbour 

Joining Analysis (developed by Saitou and Nei 1987), a clustering method applicable to 

sets of binary data, was performed. The dendrogram built based on the dissimilarity matrix 

of the SSR and AFLP combined data and represents the genetic distances among 95 

genotypes (Fig. 3.16) 
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Fig. 3.16 Dendrogram generated from genetic distance using NJ method using combined data.
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Phylogenetic analysis based on the twenty-four loci and executed by a Neighbour Joining 

(NJ) dendrogram (Fig. 3.16) generally showed a clear separation between the two sub-

species or two genetic groups corresponding to the Bourbon-derived genotypes (CRB) and 

the Typica-derived genotypes (K7) as can be seen in the PCA. The addition of AFLPs to 

the analysis provided greater separation of individuals to reveal the relationship between 

them than when the SSR data was analysed separately (Fig. 3.7).  

 

The 95 genotypes were grouped into two main clusters, with cluster I consisting of 60 

genotypes and cluster II including only 35 genotypes. Cluster I was divided into two 

subclusters. Subcluster Ia contained 57 genotypes of almost all K7 genotypes from NNSW, 

SL14, SL34 from NNSW and three CRBs which have morphological similarity to K7 

individuals. Subcluster Ib contained only three genotypes (two K7 and one Bourbon VN 03 

(Bourbon Mayaquez No1 from Cameroon)). The 57 genotypes of subcluster Ia were 

further divided into two groups in which one included only one K7-CA09. 

 

Cluster II comprised of all CRB genotypes (except the special three CRB genotypes in the 

first cluster) plus six Catuai from NNSW and Vietnam, three Bourbon from Vietnam, two 

Arusha from NNSW, SL14 from Vietnam and three Mundo Novo from NNSW and 

Vietnam and 1 K7 from Vietnam that was an outlier.   

 

There were unresolved branches in the dendrogram. The first polytomy was lined up with 

24 genotypes in which 22 genotypes belong to K7 variety and the other two were SL14 and 

SL34 from NNSW. Another polytomy includes 6 CRB genotypes, 1 Arusha from NNSW 

and 3 Catuai from Vietnam, suggesting that these accessions might be genetically very 

close or the number of markers used is insufficient to distinguish among these varieties. 

 

By looking at the dendrogram and the morphological characteristics, these individuals 

appeared to be K7 and one possibility is that they might have been mixed up in the nursery. 

However, the microsatellite data showed that they shared common alleles with both K7 

and CRB, suggesting that these plants may be hybrids between CRB and K7 or with other 

Bourbon and Typica types. These CRB individuals always fell into the first cluster using 

either SSR data or combined data of SSR and AFLP, whereas the three K7 individuals in 

cluster II in the dendrogram generated by using SSR data only now fall into the first cluster 



  

 77 

when using the combined data. Likewise, the other genotypes such as Catuai 01 and 02 

from NNSW, Mundo Novo 01 and 02 from NNSW and Bourbon 01 and 04 from Vietnam 

do not remain in the first cluster as seen in the dendrogram generated by SSR data only. 

 

Dissimilarity coefficients between all possible pairs of genotypes ranged from 0 to 0.42 for 

the whole set of samples studied. These values reflect the proportion of shared alleles 

among genotypes within each group and are consistent with the SSR data presented 

previously.  
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CHAPTER IV – DISCUSSION AND CONCLUSIONS 

4.1. Discussion 

4.1.1. Marker discrimination power 

4.1.1.1. SSR markers 

Recently, the potential application of SSR and AFLP markers has been demonstrated in 

coffee. SSR markers were developed for genetic studies of C. arabica and C. canephora 

(Combes et al. 2000; Rovelli et al. 2000; Anthony et al. 2002b; Baruah et al. 2003; 

Moncada and Couch 2004) and related coffee species (Combes et al. 2000), to study the 

gene introgression into Coffea arabica (Herrera et al. 2002a; Herrera et al. 2002b) and to 

evaluate the quality of green bean, roasted beans and instant coffee (Martellossi et al. 

2002; Taylor et al. 2002; Palmieri et al. 2003). 

 

SSR markers are highly reproducible and can be multiplexed in the PCR or capillary 

electrophoresis loading (section 1.6.3.2). In this study, SSRs were detected by an 

automated capillary electrophoresis instrument which is highly sensitive and could detect 

as little as one bp difference in allele size, making the results very reliable. 

 

Theoretically, in diploid species, from one (in homozygote) to two alleles (in heterozygote) 

per marker locus may be observed if the primers were locus-specific for one of the two 

ancestral genomes. However, in tetraploid species like C. arabica, one particularly 

interesting question concerns the total number of alleles which may be recorded at a locus 

in a single plant, following the amplification of a single microsatellite. Even if one can 

identify a specific locus, as with single SSR primers, determining the exact allele dosages 

(monoallelic, diallelelic, triallelic, etc.) of individual alleles remains problematic 

(McGregor et al. 2000). 

 

In the case of C. arabica, a tetraploid species, up to four alleles per locus can be observed, 

if one pair of primers simultaneously amplify both loci of ancestral chromosomes (Rovelli 

et al. 2000) as a result of a conserved primer site. Indeed, up to three alleles per SSR 

marker were observed in the current study.  

 

Among five markers used, even selected from the most informative markers based on 

previous studies, one did not show polymorphism (CFGA189), and three showed a very 

small number of alleles (2-3) across all accessions (CM8, CM18 and CFGA502). 
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However, CFGA502 was not informative because it showed polymorphism in just one 

sample out of the 94 samples studied. 

 

CFGA189 and CFGA502 yielded one and three alleles per locus for the whole population 

of seven cultivars, respectively, while in the original paper from Moncada and Couch 

(2004) studied 10 cultivated arabica accessions, CFGA189 and CFGA502 gave 4 and 5 

alleles per locus, respectively.  

 

CM2, CM8 and CM16 only had three alleles per locus for each marker in the study of 45 

elite genotypes/accessions of C. arabica (Baruah et al. 2003) while in the present study the 

number of alleles per locus in the 95 individuals studied was higher (six, two and three 

alleles/locus, respectively). 

 

Three of four polymorphic markers used in this study showed variation in the number of 

repeats. However, marker CM8 had two alleles which differ by one base only. This was 

probably due to the variation caused by indels in the flanking region rather than in the 

repeat motif. Indeed, sequencing of 32 alleles from six SSR loci in Zea revealed that indels 

are frequent in the region flanking the microsatellite repeats (Matsuoka et al. 2002). 

 

SSR loci clearly revealed molecular variation among subspecies and to a lesser extent, 

variation within the accessions studied. However, it was evident that the level of genetic 

variation displayed by the C. arabica genotypes studied could potentially be significant in 

its effect upon crop quality which has implications for plantation management. We did not 

attempt alignment between genotype and morphological differences such as variegated, 

very narrow leaf or very runted or pinched tree shape. It is not expected that such an 

alignment could be revealed because only a small number of markers and samples were 

studied. The morphologically different trees were distributed completely randomly within 

the plantation suggesting that this is more likely a result of genetic variation rather than 

environmental variation. 

 

 

4.1.1.2. AFLP markers 

AFLP markers have been successfully used for detecting the introgression of C. canephora 

or C. liberica genetic material in C. arabica (Lashermes et al. 2000a, Prakash et al. 2002, 
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Bertrand et al. 2003), to construct a genetic linkage map in coffee (Lashermes et al. 2001; 

Pearl et al. 2004), to identify the origin of cultivated C. arabica (Anthony et al. 2002a) and 

to study the genetic polymorphism in C. arabica (Steiger et al. 2002; Anthony et al. 

2002b).  

 

This study may be the first report on genetic variation in cultivated C. arabica that used 

four different marker systems for the same set of samples. Our data show that both SSRs 

and AFLPs are informative in assessment of genetic diversity. Both molecular approaches 

were able to detect genetic variation for the coffee accessions analysed. Mantel test values 

showed a significant and positive correlation between them, confirming the reliability and 

preciseness of the approaches. However, in terms of relative advantages, unlike SSR, 

AFLP does not require any prior sequence information and requires little initial 

developmental work. SSRs, on the contrary, can be more informative due to their 

codominant nature which reveals polymorphism at the allelic level. 

 

In general, the C. arabica accessions studied showed very low polymorphism even with 

AFLP markers, although according to the literature AFLPs often amplify a large number of 

fragments with relatively high polymorphism which could be used to reveal differences 

between closely related or inbred individuals (Breyne et al. 1999; Mueller and 

Wolfenbarger 1999).  

 

The optimisation test of DNA concentration (see 2.3.4.3) in this study showed that when 

dilution was 20 fold, the results were considerably different from undiluted DNA. This 

suggests more complete digestion in the diluted samples than the undiluted samples. 

However, Hoelzel and Green (1998) tried to alter DNA concentration within a 1000-fold 

dilution range and suggested no effect on the AFLP pattern except at very low 

concentrations. Hansen et al. (1999) reported an overall reproducibility of 97.7% for AFLP 

markers, and traced the sources of errors of 0.3% due to the human factor, 1.5% due to gel 

resolution, and 0.5% from the AFLP protocol. 

 

One source of error in AFLP marker data could arise from partial digestion of the genomic 

DNA. This type of error can be suspected when the banding pattern of a sample is 

distinctively different from its close relatives. Although it is impractical to run every 

sample twice due to the cost and labour, it would reduce errors if samples from different 
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species or genera and the samples with suspicious banding patterns were reanalysed using 

the same AFLP protocol. 

 

AFLP is a generic molecular marker technique which has gained widespread application in 

many areas of genetics, from population biology and diversity studies to genetic linkage 

mapping and gene cloning through a genome-based approach. However, there remain 

certain aspects of the assay which have not been investigated but must be understood so 

that AFLP can be applied to appropriate situations and the results interpreted in a sound 

and appropriate manner.  

 

SSRs on the other hand provide locus-specific information. This was especially useful in 

the case of three CRB genotypes that exhibited K7’s morphology and clustered in the K7 

group in the dendrogram. Furthermore, the generated information is more amenable for use 

in SSR databases and this type of markers can be easily exchanged between different 

laboratories. 

 

In this study, AFLP data revealed a higher number of polymorphic loci than SSR data for 

both K7 and CRB (Table 3.7). However, the small set of selected SSR loci in this study 

may bias the comparison between AFLPs and SSRs, so some caution is required when 

generalising beyond these specific loci. Mignouna et al. (2003) in a study of white yam 

also found that AFLPs showed higher efficiency in detecting polymorphism than SSRs, 

RAPDs and/or ISSRs. This is also in agreement with findings reported by McGregor et al. 

(2000) in tetraploid potato, Saini (2004) in rice and Russell et al. (1997) in barley. 

 

The congruence between AFLP and SSR data sets suggests that either method or their 

combination is applicable to expanded genetic studies of coffee. The codominant nature of 

SSRs makes them ideal for further population-based investigations, such as mating-system 

analyses, for which the dominant AFLP markers are less suitable. AFLPs may be 

particularly useful for monitoring propagation programs and for identifying duplicates and 

mislabelling within a collection, since a single PCR assay can reveal many loci at once. 

The present study supports that both AFLPs and SSRs are suitable for genetic diversity 

assessment in coffee.  
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The current study also supports previous marker system comparisons which suggest the 

choice of method may be dependent on the crop investigated (McGregor et al. 2000). 

Powell et al. (1996a) used 12 soybean genotypes to compare different RFLP, RAPD, SSR 

and AFLP marker systems and found that SSR were the most polymorphic system tested 

and had the highest expected heterozygosity, while AFLP showed the highest effective 

multiplex ratios. In contrast, Saker et al. (2005) (genetic analysis in Egyptian rice) and 

Pejic et al. (1998) (genetic analysis in maize) found that AFLPs were least polymorphic 

compared to other marker systems such as RFLPs, RAPDs and SSRs. 

 

4.1.2. Genetic variation among varieties:  

Useful subspecies-specific DNA markers but no cultivar-specific DNA markers were 

found at almost all loci studied. There were clearly specific alleles for two types of arabica 

(Typica and Bourbon) and all seven varieties studied belong to these two main groups of 

C. arabica (Fig. 1.1 cf. Fig. 3.5 and Fig. 3.12). This result is in agreement with other 

studies  (Lashermes et al. 1996b; Steiger et al. 2002; Anthony et al. 2002a).  

 

The genetic identity value of 0.641 between K7 and CRB indicated that the level of genetic 

diversity between the two cultivars is not very high even though they are representatives of 

two different genetic bases of C. arabica, which is in agreement with the published 

literature (Steiger et al. 2002; Anthony et al. 2002a). 

 

The presence of common microsatellite alleles in K7 and CRB (Locus 3) probably results 

from the common origin of the Typica and Bourbon (i.e. from the same pool of Ethiopian 

coffee introduced to Yemen) (Anthony et al. 2002a). K7 and SL14, SL34 shared alleles at 

almost all loci (Table 3.4). K7 and CRB have distinct alleles represented in the two main 

subspecies of arabica. Arusha was relatively close to CRB. Mundo Novo carried the alleles 

from CRB (the Bourbon type, at loci 1, 2 and 3) and K7 (the Typica type, at locus 4), 

supporting the suggestion that this genotype is in fact a hybrid between Typica (“Sumatra” 

coffee) and Bourbon (Steiger et al. 2002; Anthony et al. 2002a; Silveira et al. 2003). 

 

The relatively close relationship of the Bourbon-type and Mundo Novo cultivars suggested 

by the genotypic data is supported by the origin of these cultivars. Mundo Novo collected 

from Vietnam has a rare allele at locus 2 and the same allele as K7 at locus 1 while two 

Mundo Novo collected from NNSW have the same genotype as CRB.  
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Catuai, a hybrid between Mundo Novo and Caturra (a Bourbon mutant) (Coste 1992; Laak 

1992; Anthony et al. 2002a), has inherited mainly Bourbon alleles in this study. Catuai 2 

from NNSW has K7’s genotype at locus 1 while Catuai 1 from NNSW and the four Catuai 

from Vietnam shared the same marker genotype as CRB at this locus. At locus 4, two 

Catuai from NNSW have K7’s genotype while the four Catuai from Vietnam have CRB’s 

genotype. Even though the genetic variation appears significant, caution is required in 

drawing conclusions when such a small number of samples was studied. 

 

Arusha, from Nambour ex PNG (Peasley and Winston 1997) whose origin is not known, 

seems to be indistinguishable from CRB, close to Catuai and Bourbon and very different 

from K7 and SL (Table 3.4). 

 

The four Bourbon individuals collected from Vietnam had very diverse genotypes. 

BourbonVN4 (Bourbon DL, a local collection in Vietnam) has a unique allele (234 bp) at 

locus 3. BourbonVN2 and BourbonVN3 (Bourbon Salavadore and Bourbon Mayaquez 

No1 from Cameroon, respectively) shared the same allele with K7 at locus 1 while 

BourbonVN1 and BourbonVN4 shared the same allele with K7 at locus 4. Once again, the 

presence of these common alleles in Bourbon and K7 is probably a result of the common 

origin of the Typica and Bourbon from the same pool of Ethiopian coffee introduced to 

Yemen.  

 

A dendrogram typically denotes the genetic relationship among individuals in a population 

and may reflect the evolutionary history of the species if the population sample is 

representative enough. However, in this study the population was sampled from plantations 

rather than a wider gene pool, so the dendrogram was merely employed to assess the 

structure of genetic variation within the sample population, not to infer any evolutionary 

relationship. 

 

Almost all previous studies on C. arabica were based on the Unweighted Pair Group 

Method using Arithmetic Averages (UPGMA) when generating dendrograms. However, 

Chaparro and co-workers (2004) avoided UPGMA in making their phylogenetic tree. The 

argument against UPGMA is that UPGMA assumes a constant rate of evolution (Weir 

1990; Hedrick 2000). This is not always the case in every organismal system, hence 
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UPGMA is criticised for lack of consistency (Bruno et al. 2000), although it is the simplest 

method for constructing trees, sometimes called phenograms, and it was originally used to 

represent the extent of phenotypic similarity for a group of species in numerical taxonomy 

(Nei 2000). Saitou and Nei (1987) found that UPGMA showed a poor performance when 

compared with other tree-making methods in terms of proportion of correct tree and 

distortion index of two model trees. In contrast, the Neighbour Joining (NJ) method 

showed high performance in obtaining the correct unrooted and rooted trees in comparison 

with those obtained from other tree-making methods and is applicable to most types of 

evolutionary distance data (Saitou and Nei 1987; Saitou and Imanishi 1989). When exact 

genetic distance matrices are given, NJ can reproduce the correct tree with elegance and 

speed (Bruno et al. 2000).  

 

Therefore, NJ analysis was performed in the present study by calculating Nei’s distance 

matrix (Nei 1972) based on the principle of pairwise distance. Whilst Nei (1972) suggested 

a dissimilarity coefficient based on mutation and genetic drift, often known as Nei’s 

standard distance or Nei 72, it should be noted that this genetic coefficient was developed 

based on the ‘infinite allele model’ (Kimura and Crow 1964) assuming that an ancestral 

population split into various subpopulations, which diverged due to genetic drift and 

mutation. If the mutation-drift balance is maintained throughout the evolutionary process, 

it will be assumed that selection is absent and the dissimilarity is not large (Reif et al. 

2005). If one can assume the infinite allele model, then standard genetic distance of Nei 

(1972) is suitable for investigating phylogenetic relationships among populations (Reif et 

al. 2005). 

 

Although such an assumption would seem at odds in a situation of a plantation population 

of a cultivated species, albeit propagated from seed, the most commonly used genetic 

distance measure like Nei 72, with its robustness, could yield a dendrograms which 

faithfully represents the relative relationships between groups of individuals within the 

population (Hedrick 2000; Kalinowski 2002).  

 

NJ, like UPGMA, consists of two main steps that are repeated until a tree is complete. The 

first step consists of choosing a pair of taxa to be joined, i.e., replaced by a single new node 

representing their immediate common ancestor. In the second step, distances from the new 

node to all other nodes are inferred (Bruno et al. 2000). 
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Cluster analysis of all 95 coffee accessions showed a clear separation of the coffee sub-

species or two main types of arabica (Typica and Bourbon) (Fig. 3.7). The first cluster 

consisted of almost all K7 accessions, SL14, SL34 from NNSW, three CRB, three Mundo 

Novo - two from NNSW and one from Vietnam, two Catuai genotypes from NNSW and 

two Bourbon from Vietnam. The second cluster consists of mainly CRB, three K7 

genotypes, one SL14 from Vietnam, two Arusha genotypes and all four Catuai genotypes 

from Vietnam. The unresolved branches in the dendrogram generated by SSR data 

suggested that the number of markers in the present study was small. Therefore, more 

AFLP markers are certainly needed for sufficiently assessing genetic diversity to establish 

the genetic relationship among arabica cultivars. The presence of three K7 individuals in 

cluster II and three CRB in cluster I suggests the possibility of a mix-up in the nursery or at 

planting. However, when combined with AFLP markers these three K7 individuals cluster 

in the same group with other K7 genotypes. It is interesting to note that several cultivars 

such as Catuai 01 and 02 from NNSW, Mundo Novo 01 and 02 from NNSW and Bourbon 

01 and 04 from Vietnam fall into the first cluster in the dendrogram generated by SSR data 

but when using combined data to execute the dendrogram, they all grouped in the second 

cluster, suggesting the limitation of the number of markers used and the close relationship 

of these varieties revealed by the common alleles. 

 

Among the established arabica cultivars, distinctive and uniform morphological characters, 

such as plant height, leaf shape and size, terminal leaf colour, branch angle and tree 

stature, were observed. Differences between cultivars and within each cultivar at the DNA 

level were detected. This may be because there is a certain level of outcrossing in C. 

arabica and this occurrence was indeed demonstrated in three specific instances (CRB 

K05, CRB K13 and CRB K20). Many of the established C. arabica cultivars originated 

from single gene mutations (Krug and Carvalho 1951) or hybrids of established arabica 

cultivars. Typica is believed to be the primitive type of the species C. arabica, and 

Bourbon is very closely related to Typica (Steiger et al. 2002). However, the present study 

showed, despite many shared alleles, there was genetic variation within and among 

accessions studied, detected by the DNA markers. 

 

CRB accessions were more diverse than K7, which is in agreement with a previous study 

(Sera et al. 2003). The cause of this may be the different origin of Typica and Bourbon. 
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Bourbon type was formed from few coffee trees while Typica type originated from a single 

tree (Vossen 1985; Anthony et al. 2002a). Another reason for the higher diversity in CRB 

may be the availability of pollen source. These plantations were established with the 

seedlings originating from mixed plantations. The pollen sources from which these CRB 

seedlings germinated may be more diverse than that of K7, simply as a result of closer 

proximity to another variety. 

 

Lashermes et al. (1996b) used RAPDs to study genetic diversity between cultivated and 

wild accessions of C. arabica and the results showed that the cultivars belonging to the 

same type, either Bourbon or Typica, appeared identical. However, the present study 

showed genetic variation within the same type of C. arabica and within each cultivar. 

There was a low level of genetic variation among the varieties examined in this study. The 

low polymorphism in cultivated C. arabica indicates that commercial varieties of C. 

arabica have undergone a genetic bottleneck. The cultivated tetraploid gene pool showed 

the evidence of a bottleneck associated with domestication. While the number of 

polymorphism detected in this study was low, it still illustrated that it is possible to find 

genetic diversity among arabica accessions of the same origin. 

 

The low level of polymorphism among cultivated C. arabica was also indicated in other 

studies. Only 18% of SSR alleles showed intra-subspecific polymorphism in the study by 

Moncada and Couch (2004) and 10% of RFLP loci showed variation among cultivated C. 

arabica in Paillard et al. (1993). The cultivars belonging to the same type, either bourbon 

or typica appeared identical in wild and cultivated arabica using RAPD markers 

(Lashermes et al. 1996b). The different varieties derived from a few trees introduced from 

Yemen are believed to have arisen from gene mutations selected for characters of 

economic importance (Carvalho 1991), which explains these results. 

 

Based on the results in this study, there appears to have been inadequate quality control in 

the establishment of arabica plantations. Samples collected from WASI - a former coffee 

research institute in Vietnam - were different to samples collected from NNSW under the 

same name. The credited and more reliable source of the cultivars of Vietnamese 

accessions indicated that the varietal selection grown in NNSW is questionable. It points to 

the need for a more stringent system to guarantee genetic purity of varieties, such as is 

practised in many other horticultural crops. 
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4.1.3. Genetic variation within varieties 

Surprisingly, genetic variation exists in the different farms with the same cultivar. The 

genetic differences between coffee blocks were evident but subtle. However, the marked 

difference in genetic variability on different farms within different K7 blocks would imply 

differences in the management of plantation establishment and sourcing of trees. 

 

There was genetic variation detected within K7 and CRB, albeit small, using SSR markers. 

Based on the dendrogram, it was also found that three K7 individuals (K7-CA12, K7-M06 

and K7-M08) belonged to cluster II while the remainder of K7 was gathered into the first 

cluster. Conversely, three CRB individuals (CRB-K05, CRB-K13 and CRB-K20) belonged 

to cluster I while the remaining were grouped into cluster II. These three K7 genotypes 

have rare alleles at locus 1 and locus 4 (for K7-CA12) and locus 2 and locus 4 (for K7-

M06 and K7-M08). Three CRB individuals here appeared to be different from other CRBs 

and had similar morphology to K7 (bronze tip leaves) and the same alleles as K7 at loci 1, 

3 and 4. However, they maintain the same alleles of CRB at locus 2. There are three 

possibilities which could explain this situation. The first explanation is the possible 

recombination of alleles in the two groups of arabica (Bourbon and Typica). These 

individuals may actually be hybrids, as the origin of individual trees in unknown and the 

way seedling providers select the bean to propagate. The literature reports up to 50% out-

crossing (Taschdjian 1932, cited in Carvalho 1988) and if the plantations from which the 

bean (to germinate seedlings) was sourced have grown mixed varieties, these individuals 

could have been the consequence of hybridisation. Secondly, these individuals might be 

originally genetically different at certain loci. Because CRB and K7 all come from one 

original centre, they should share some common alleles. However, during the history of 

development and selection procedure, some individuals could inherit genes from both 

sources. In other words, this may be the result of extant heterozygosity within K7. The 

third possibility of random mutation would be the least likely to occur because the rate of 

mutation is very low, 10
-3 

to 10 
-6

 for human and animals, although possibly higher in 

plants (Udupa and Baum 2001; Vigouroux et al. 2002). 

 

Despite the smaller sample size (n=22), the genetic dissimilarity was greater within the 

CRB accessions compared to its K7 counterpart (n=54) (Table 3.7). This results from a 

higher proportion of rare alleles within the CRB accessions. The higher polymorphism in 
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the Bourbon genetic base is consistent with the finding that it was constituted from the 

descendants of several individuals and not from one single individual as in the Typica 

genetic base. These results are in accordance with the historical data given by Haarer 

(1956, cited in (Anthony et al. 2002a), in which several introductions of Bourbon took 

place from Yemen to Reunion Island.  

 

Three of 22 individuals of CRB variety showed off-types in the field as well as in the 

genotype data, accounting for 13.6% of the individuals studied. This posed another 

possible problem in the local coffee industry, possibly due to mislabelling in the nursery 

management.  

 

4.2. Conclusions 

Although genetic variation within and among arabica cultivars was low, sufficient DNA 

polymorphism was found among some C. arabica accessions to allow differentiation. In 

addition to this, it was possible to find genetic divergence among arabica accessions of the 

same claimed origin. The results in this study suggested that even the elite cultivars, which 

have been exposed to intensive selection, still show a certain degree of genetic variation 

within and between them even though C. arabica is a predominantly selfing species and 

has a narrow genetic foundation. The information provided from this study confirmed the 

potential for - (i) the use of various molecular markers in coffee genetic studies  

(ii) the use of such genetic information in breeding programs and  

(iii) the implication for coffee plantation management and quality control 

since genetic variability appeared to be an issue in NNSW plantations.  

 

Knowledge of genetic variation and the genetic relationship between genotypes is 

important for efficient rationalisation and utilisation of germplasm resources (Russel et al. 

1997). Furthermore, better understanding of the genetic similarity of different accessions 

could help in efficient management of genetic diversity (Godwin 2003). In this context, the 

techniques refined in the present study would be applicable to efficient exploitation of 

variability in the breeding programmes and the management of genetic resources. 

Furthermore, reproducible polymorphic molecular markers for coffee provide a useful tool 

to assist in protection of plant breeder rights by yielding reliable ‘fingerprints’ for new 

varieties. 
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The precision of accessing cultivar diversity study largely depends on sample size and the 

number of polymorphic markers. However, the number of markers as well as individuals in 

this study might not be sufficient to represent the whole genome and cultivated diversity of 

the species. More markers and larger populations are certainly needed to comprehensively 

assess the genetic diversity and to establish genetic relationship among arabica cultivars. 

 

In general, the genetic variation in this study did not show an apparent link to the 

morphological differences observed in NNSW coffee plantations. However, there exists 

genetic variation among the cultivars studied suggesting genetic variation may contribute 

to inconsistency in the coffee fields. The dendrograms generated by either SSR data alone 

or combined data, grouped three CRB individuals into the same cluster with most of K7 

when they themselves showed morphological resemblance to K7, resulted the initial 

suspicion that there might have been a mistake in the nursery, indicating a management 

problem. In these three cases, shared K7 SSR alleles indicated the possibility of hybrid 

origin which could account for K7 foliage phenotype. Because all the plants that were 

observed to be morphologically different were within a narrow field plot with nearly 

homogenous soil type, ecological contribution to this variation is likely to be minimal. 
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APPENDIX 1 

Accessions of C. arabica in the study 

 

No Accessions Description Origin Collection sites 

1 K7-CA01* Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

2 K7-CA02* Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

3 K7-CA03 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

4 K7-CA04* Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

5 K7-CA05 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

6 K7-CA06* Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

7 K7-CA07 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

8 K7-CA08 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

9 K7-CA09 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

10 K7-CA10* Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

11 K7-CA11* Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

12 K7-CA12 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

13 K7-CA13 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

14 K7-CA14 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

15 K7-CB01 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

16 K7-CB02* Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

17 K7-CB03 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 
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18 K7-CB04* Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

19 K7-CB05 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

20 K7-CB06 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

21 K7-CB07 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

22 K7-CB08 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

23 K7-CB09 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

24 K7-CB10 Kenya or Kent selection East Africa  Chesterfield plantation, NNSW 

25 K7-K01 Kenya or Kent selection East Africa  King plantation, NNSW 

26 K7-K02 Kenya or Kent selection East Africa  King plantation, NNSW 

27 K7-K03 Kenya or Kent selection East Africa  King plantation, NNSW 

28 K7-K04 Kenya or Kent selection East Africa  King plantation, NNSW 

29 K7-K05 Kenya or Kent selection East Africa  King plantation, NNSW 

30 K7-K06 Kenya or Kent selection East Africa  King plantation, NNSW 

31 K7-K07 Kenya or Kent selection East Africa  King plantation, NNSW 

32 K7-K08 Kenya or Kent selection East Africa  King plantation, NNSW 

33 K7-K09 Kenya or Kent selection East Africa  King plantation, NNSW 

34 K7-K10 Kenya or Kent selection East Africa  King plantation, NNSW 

35 K7-K11 Kenya or Kent selection East Africa  King plantation, NNSW 

36 K7-K12 Kenya or Kent selection East Africa  King plantation, NNSW 

37 K7-K13 Kenya or Kent selection East Africa  King plantation, NNSW 

38 K7-K14* Kenya or Kent selection East Africa  King plantation, NNSW 
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39 K7-K15 Kenya or Kent selection East Africa  King plantation, NNSW 

40 K7-K16 Kenya or Kent selection East Africa  King plantation, NNSW 

41 K7-K17 Kenya or Kent selection East Africa  King plantation, NNSW 

42 K7-K18 Kenya or Kent selection East Africa  King plantation, NNSW 

43 K7-K19 Kenya or Kent selection East Africa  King plantation, NNSW 

44 K7-K20 Kenya or Kent selection East Africa  King plantation, NNSW 

45 K7-M01 Kenya or Kent selection East Africa  Myers plantation, NNSW 

46 K7-M02 Kenya or Kent selection East Africa  Myers plantation, NNSW 

47 K7-M03 Kenya or Kent selection East Africa  Myers plantation, NNSW 

48 K7-M04 Kenya or Kent selection East Africa  Myers plantation, NNSW 

49 K7-M05 Kenya or Kent selection East Africa  Myers plantation, NNSW 

50 K7-M06 Kenya or Kent selection East Africa  Myers plantation, NNSW 

51 K7-M07 Kenya or Kent selection East Africa  Myers plantation, NNSW 

52 K7-M08 Kenya or Kent selection East Africa  Myers plantation, NNSW 

53 K7-M09 Kenya or Kent selection East Africa  Myers plantation, NNSW 

54 K7-M10 Kenya or Kent selection East Africa  Myers plantation, NNSW 

55 K7-VN Kenya or Kent selection South Africa  Collection field, Vietnam 

56 CRB-C01 Local selection from Bourbon Australia Chesterfield plantation, NNSW 

57 CRB-C02 Local selection from Bourbon Australia Chesterfield plantation, NNSW 

58 CRB-K01 Local selection from Bourbon Australia King plantation, NNSW 

59 CRB-K02 Local selection from Bourbon Australia King plantation, NNSW 
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60 CRB-K03 Local selection from Bourbon Australia King plantation, NNSW 

61 CRB-K04 Local selection from Bourbon Australia King plantation, NNSW 

62 CRB-K05* Local selection from Bourbon Australia King plantation, NNSW 

63 CRB-K06 Local selection from Bourbon Australia King plantation, NNSW 

64 CRB-K07* Local selection from Bourbon Australia King plantation, NNSW 

65 CRB-K08 Local selection from Bourbon Australia King plantation, NNSW 

66 CRB-K09 Local selection from Bourbon Australia King plantation, NNSW 

67 CRB-K10 Local selection from Bourbon Australia King plantation, NNSW 

68 CRB-K11* Local selection from Bourbon Australia King plantation, NNSW 

69 CRB-K12 Local selection from Bourbon Australia King plantation, NNSW 

70 CRB-K13* Local selection from Bourbon Australia King plantation, NNSW 

71 CRB-K14 Local selection from Bourbon Australia King plantation, NNSW 

72 CRB-K15 Local selection from Bourbon Australia King plantation, NNSW 

73 CRB-K16 Local selection from Bourbon Australia King plantation, NNSW 

74 CRB-K17 Local selection from Bourbon Australia King plantation, NNSW 

75 CRB-K18 Local selection from Bourbon Australia King plantation, NNSW 

76 CRB-K19 Local selection from Bourbon Australia King plantation, NNSW 

77 CRB-K20* Local selection from Bourbon Australia King plantation, NNSW 

78 Bourbon-VN01 Bourbon No 2 Cameroon  Collection field, Vietnam 

79 Bourbon-VN02 Bourbon Salavadoreno Cameroon Collection field, Vietnam 

80 Bourbon-VN03 Bourbon Mayaquez No 1 Cameroon Collection field, Vietnam 
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81 Bourbon-VN04 Bourbon DL Dalat, Vietnam  Collection field, Vietnam 

82 Catuai01-NSW Bourbon mutant  Costa Rica Zentveld plantation, NNSW 

83 Catuai02-NSW Bourbon mutant Costa Rica Zentveld plantation, NNSW 

84 Catuai-VN01 Bourbon mutant South Africa  Collection field, Vietnam 

85 Catuai-VN02 Bourbon mutant Costa Rica  Collection field, Vietnam 

86 Catuai-VN03 Bourbon mutant Brazil  Collection field, Vietnam 

87 Catuai-VN04 Bourbon mutant Cuba  Collection field, Vietnam 

88 Arusha01-NSW Tanzania collection imported to PNG Nambour ex PNG  Zentveld plantation, NNSW 

89 Arusha02-NSW Tanzania collection imported to PNG Nambour ex PNG  Zentveld plantation, NNSW 

90 SL14-NSW Kenya collection series East Africa Zentveld plantation, NNSW 

91 SL14-VN Kenya collection series Thailand  Collection field, Vietnam 

92 SL34-NSW Kenya collection series East Africa Zentveld plantation, NNSW 

93 Mundo Novo01 Bourbon and Typica crossing  Costa Rica Zentveld plantation, NNSW 

94 Mundo Novo02 Bourbon and Typica crossing  Costa Rica Zentveld plantation, NNSW 

95 Mundo Novo-VN Bourbon and Typica crossing  Brazil Collection field, Vietnam 

 

* accessions expressing morphological difference compared with other individuals in the 

same variety.  

 

 

 


