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Abstract
 The purpose of this study was to establish the variety identification system of coffee 

in Taiwan by utilizing 10 morphological traits and ISSR and SSR molecular markers . 
The six C. arabica and C. canephora of HARC germplasm were used as reference, the 
DNA profile was established for the 160 coffee germplasm in Taiwan. According to the 
result of 10 morphological traits investigated, the frequency distribution of leaf length, 
leaf width, leaf shape, leaf area, length of plagiotropic internodes, the angle of the 
secondary branch at the insertion with the main one, seed length, seed width, seed shape, 
and seed thickness, except for leaf area, length of plagiotropic internodes, and seed 
thickness, the coefficient of variation of the others were estimated to be under 30%. 
Meanwhile, the trait of leaf area was a good indicator for discriminating between C.
arabica and other species.  
  Thirty-two markers which showed polymorphism between species were identified 
from the 100 ISSR primers. The genetic similarity estimated by ISSR markers ranged 
from 0.19 to 1 between C. canephora and C. arabica accessions from HARC and 
Taiwan. The results showed ISSR markers could efficiently differentiate the Coffea
species. In order to make up for the insufficient polymorphism between C. arabica
cultivars, four polymorphic markers were identified after screened set of 53 SSR 
primers, which were then scored and used to estimate the genetic similarity and then 
clustering the C. arabica of HARC and of Taiwan. The result indicated the C. arabica
germplasm could be divided into 4 groups: including Typica group, Bourbon group, 
Caturra group, and the unknown accessions, with the name after the known variety in 
the same cluster. Because of the narrow genetic base of C. arabica cultivars, the limited 
availability of the reference cultivars, the identified polymorphic markers, these markers 
were only able to discriminate the collected Taiwan C. arabica accessions into the same 
group as the reference Typica, Bourbon and Caturra variety.

Keyword: coffee, inter simple sequence repeat (ISSR), simple sequence repeat (SSR), 
variety identification, principal component analysis, cluster analysis  
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 (International 

coffee organization , ICO ) 2003 103.912

( 6,234,720 ) 2008 127.005  ( 7,620,300 ) 22.2%

1997 7,991

2007 21,195  ( ,

2007)

2006 387.57

2007 561.03 452.67

 (

2007)

 : 

C.

arabica C. canephora  C. liberica C. arabica 

C. canephora C. liberica 

DNA

DNA SSR (simple sequence repeat) ISSR (Inter 
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simple sequence repeat) SSR 1 6

DNA

SSR

ISSR 1 4

PCR DNA

2007

160 ISSR SSR

7

C. arabica

10
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1753

Coffea

Coffea Baracoffee Psilanthus Psilanthus Afrocoffea

(Bridson et al., 1988) 80 25

55  (Madacasca)  (Mascarene) Lashermes 

 (1996) RFLP 25 Psilanthus 2

DNA

C. arabica

Lashermes 1997 DNA DNA

 (section)

(subsection) (Chevalier, 1947) Psilanthus

 (Cros et al., 1998; Lashermes et al., 1997)

(Couturon et al., 1998)

C. arabica L.

 (allotetraploid) (2n = 4x = 44) C. canephora

 (2n = 2x = 22) C. liberica (Berthaud and 

Charrier, 1988) 1%

  C. arabica DNA 2.6 pg  (Cros et 

al., 1995)

(Carvalho, 1946; Sondahl and Sharp, 1979) RFLP

 (GISH) C. eugenioides C. canephora C. eugenioides C. 
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congensis C. arabica

C. arabica C.

arabica (Lashermes et al., 1999; Raina et al., 1998)

  Lashermes  (2000) RFLP C. arabica F2

C. arabica C. Canephora

C. arabica

C. arabica  (botanical varieties)

1706 C. 

arabica var arabica Typica 1715

 ( Reunion Island) (Chevalier and Dagron, 1928) C. arabica var 

bourbon Bourbon (Krug, 1938)
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C. arabica  (pedigree method) 

Typica Bourbon Caturra Pacas Maragogipe

 (Krug and Carvalho, 1951)

C. arabica

C.

arabica  (Medina-Filho et al.,

2006) Catimor Sarchimor Icatu

 (Lin

et al., 2005) C. canephora  (Hendre, 2006)
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C. arabica 4-6 5-11

 (primary plagiotropic branch)

 (suckers) C. arabica

10-15 5-10

5

5

2 2 12~18mm

 (pulp)  (mucilage)  (parchment)  (silver skin)

2 C. Canephora C. liberica C. canephora

C. arabica C. liberica C. canephora

C. liberica

C. arabica

 (Charrier and Berthaud, 1985; Willson 

and Clifford, 1987)

C. arabica C. arabica

7 15%  (Carvalho and Krug, 1949) Meyer  (1965) 

C. arabica  (40-60%) 

 (Carvalho, 1988)
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Davidson (1903) 

1891  ( )

 (1933) 1885 Marshall

1901

 ( ) 1907 6

C. arabica 4 C. liberica 2 C. canephora 13

C. arabica 1917  (

) C. arabica 1930

1941

 ( 1955)

1962 17320

HAES 6550 (Kents) 6551 6552 S288 Caturra 19  ( 1961)

    1948 C. arabica

C. arabica HAES 6591 Caturra

S288 S333
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 ( 1940) C. arabica 30-50%

 (Kumar and Tieszen, 1980)

 ( 1958)

C. arabica

 ( 1970)

    1954

1958  (

)

100

 ( 2006)
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 ( 2003)

 (International Plant Genetic 

Resources Institute, IPGIR, 1996)  (species) 

 (cultivar)  (line) 

( 2001)

 ( 2005)

 (NIR) (Esteban-Diez et al., 2007) 

 (HPLC) (Bertrand et al., 2008)

 (Tsuta et 

al., 2002)  (fat content)  (caffeine) 

 (bean weight)  (sucrose 

content)  (trigonelline)  (chlorogenic acids) 
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 (Montagnon et al., 1998)

 (Bertrand

et al., 2008; Casal et al., 2000)

DNA

 (post-translation) 

DNA DNA
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 ( 2005) DNA

RFLP 

(Restriction Fragment Length Polymorphism) AFLP (Amplified Fragment Length 

Polymorphism) DNA

PCR

RFLP PCR DNA 10

DNA RAPD (Random 

Amplified Polymorphic DNA)  (Simple Sequence Repeat, SSR) 

 (microsatellite) SSR ISSR (Inter 

Simple Sequence Repeat) SSR 1 6

ISSR SSR

3’ 5’ 1 4 SSR DNA

1 6 DNA

 (SSR) 

SSR SSR

SSR

(Oraguzie et al., 2005) (Regner et al., 2000)

(Röder et al., 2002) (Boccacci et al., 2005) SSR

    ISSR

SSR PCR  ( 2001) ISSR

 (Rao et al., 2007; Yang et al., 1996)
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DNA  (phylogeny)

 (gene mapping)  (Reddy et al.,

2002)
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SSR C. arabica C. canephora

 (Martellossi et al., 2002; Taylor et al., 2002)

SSR 10 Rovelli  (2000) 

13 SSR C. arabica

Combes  (2000) C. arabica 11 SSR

32 C. arabica 10 C. canephora 13 11 SSR

C. arabica 11 5

Baruah  (2003) 9 SSR 45 C. arabica C.

canephora 17  (Polymorphism 

information content, PIC) C. arabica C. canephora 0-0.6 0-0.78

Anthony  (2002) 31 SSR 16 C. arabica 4 C. arabica C.

canephora C. arabica Typica Bourbon Moncada and 

McCouch  (2004) 34 SSR 23 C. arabica

5 C. arabica

 (56%) 18%

PIC C. arabica C.

canephora 55% C. arabica

 (Express Sequence Tag, EST) SSR

 (EST-SSR) EST-SSR

Aggarwal  (2007) 2553 EST

425 SSR 2.16kb 1 SSR AG

224 24 23 C. arabica C. canephora
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SSR C. arabica

14

    ISSR 1994 Zietkiewicz

 (Arnau et al., 2003)  (Charters and Wilkinson, 

2000)  (Vijayan and Chatterjee, 2003) ISSR Ruas

 (2003) 14 ISSR 8 6

230 GA

GA ISSR

ISSR  (Aga

et al., 2005; Masumbuko and Bryngelsson, 2006) C.

arabica
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1.

98 8 8

9 14 3 2 7

6 7

2~3 70 160

1

2.

56

1996  (International Plant Genetic Resource 

Institude, IPGIR) “ ” Montangon (Montagnon and 

Bouharmont, 1996) 

10 2

I 0.66 C. arabica

(Montagnon and Bouharmont, 1996) II

3.

Excel  (Mean)

(Standard deviation, SD)  (CV)  (Skewness) 
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(Kurtosis) R  (R Development Core Team, 2008) 

 (Euclidean distance) 

2/12
jpippij yyd

ipy jpy i j p  (component scores) p p

 (eigenvalue)

NT-SYS pc 2.0 (Rohlf, 2000) Cluster SAHN

(Sequential agglomerative hierarical nested cluster analysis) 

UPGMA (Unweighted pair-group method with arithmetic mean) 

SAS  (SAS Institute, Version 9.1.2 for Windows, 

2004) 10  (eigen value) 

 (eigen vector)

SigmaPlot 8.0 

(Inc, 2000) 

SAS 10

 (General linear model, 

GLM)
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ISSR

1.

7 DNA ( 1) 6

C. arabica 1 C. canephora

PROMECAFE1  (HARC Maunawili Breeding Station) 

 1
Table 1. List of the acquired coffee gerplasms from HARC Maunawili Breeding 
Station.

label  tree name  plant genotype  

H1 Promecafe 5175-1 Catimor  

H2 KO34 Kona typicaKO34  

H3 MO24C Red Catuai MO24  

H4 KA17C-4 Yellow Catuai KA17  

H5 Yellow Bourbon   

H6 Red Caturra  

H7 C. canephora   

   

160 ( 1)

5  ( 30

) 20 100 3 260

2. DNA

DNA Doyle and Doyle (1990) CTAB :
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95% 2.0 ml 0.05 g

24

 (MINI-BEADBEATERTM ) 2.0 ml

800 l CTAB-PVP  (2% CTAB (hexadecyltrimethyl ammonium bromide) 1.4

M NaCl 20 mM EDTA (ethylenediaminetetra acetic acid) 100 mM Tris-HCl, 100 Mm 

Trisma Base pH 8.0 0.2 % -ME (2-mercaptoethanol) 1 %  PVP 

(polyvinylpolypyrrolidone) 65

30 10 16000xg 10

500 l 1.5 ml 500 l Chloroform/Isoamylalcohol 

(24 1) Vortex 30 16000xg 10 400 l

200 l 5 M NaCl 360 l

 (Isopropanol) 1

16000xg 5 1 ml wash buffer

DNA 16000xg 5 wash buffer 1 ml 75%

DNA 16000xg 5

75% 30 50-100 l TE

DNA -20°C

2 l 1 l 6x Stop dye (0.2 % bromophenol blue 0.2 % xylene cyanlo 

FF 60 % glycerol 60 Mm EDTA) 1 % Agarose DNA

DNA DNA

 ( DNA ) DNA

1 l  (NanoDrop-1000, Thermo Scientific) 

QH2O

10ng/ l -20°C
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3. ISSR

ISSR  (The University of 

British Columbia, UBC) 100 17-20mer

4

    PCR 10 L 20 ng DNA 0.3 M 2.0 mM 

MgCl2 0.2 mM dNTP 0.6 U Taq DNA polymerase (Biotool, B&M Labs) PCR

Perkin Elmer Gene Amp PCR system 9700

 touch-down program (Don et al., 1991)

10 cycle 94°C 2  94°C 1

60°C/65°C/70°C 30  ( 1°C) 72°C 90 10 94°C 3

50°C/55°C/60°C 20 72°C 90 38 72°C 4 4°C

ISSR

ISSR 7 UBC801~UBC900 100

ISSR

ISSR

PCR

PCR 2 L 6X stop dye (6X 0.2 % bromophenol blue

0.2 % xylene cyanlo FF 60 % glycerol 60 mM EDTA) 1.5  Agarose

250V 0.6 g/ml ethidium bromide (EtBr) 

10 15 UV

1 0
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4.    ISSR

Jaccard’s coefficient of community (Jaccard, 

1908)  (genetic distance)

)/()( jiijjiij NNNNNGd

         Ni i j

Nj i j

         Nij i j

 (genetic similarity)  (1- Gdij)

PCoA

NT-SYS pc 2.0

Transformation Decenter Ordination Eigen

 (eigen value)  (eigen vector)

NT-SYS pc 2.0 Cluster SAHN (Sequential 

agglomerative hierarchical nested cluster analysis) UPGMA 

(Unweighted pair-group method with arithmetic mean) 
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SSR

1.    

7 70

160

2.    SSR

SSR

SSR Aggarwal

24 EST-SSR SSR PIC (Polymorphism 

Information Content) 29 (Baruah et al., 2003; Moncada and McCouch, 

2004) 53 5

53  (annealing temperature) 

50°C 53°C 56°C 59°C 62°C 65°C PCR

10 L 20 ng DNA 1 L ( 4 M)

2.0 mM MgCl2 0.2 mM dNTP 0.6 U Taq DNA polymerase (Biotool, B&M Labs)

PCR Perkin Elmer Gene Amp PCR system 9700

94°C 2 94°C1 50°/53°/56°/59°/62°/65° 30

72°C 1 2 94°C 20 50°/53°/56°/59°/62°/65° 20

72°C 30 34 72°C 10 4°C

PCR 2 L 6X stop dye 2  Agarose 300V

20 0.6 g/ml ethidium bromide (EtBr) 

10 15 UV

20 Agarose
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PCR

3 (Wang et al., 2003)

3.    

6% 100 mL 90 mL QH2O 12 mL 5X TBE 

buffer 18 mL acrylamide solution (acrylamide : bis = 19:1) (40%) 840 l

ammonium persulfate 10% (w/v) 96 l tetramethylethylenediamine (TEMED) 

1 1

1×10-4 % (w/ v) EtBr 0.5X TBE buffer 90 2 l 6X stop dye

10 l PCR 350mV 90 UV

4.    

SSR

PCR  (multiple-ready PCR) 

SSR  (Hayden et al., 2008)

53 SSR 2 CM16

CAM0011 SSR

5 CM16 6-FAM CAM0011

VIC  (Tri-I Biotech, Inc)

PCR 10 l 20 ng DNA SSR

0.2 l 0.4 l ( 1 M) tag 1.5 L (1 

uM) 1X PCR Buffer 2.0 mM MgCl2 0.2 mM dNTP 0.6 U Taq DNA polymerase 

(Biotool, B&M Labs) PCR Perkin Elmer Gene Amp PCR system 9700

94°C 3 92°C 30 63°C 90 72°C 1
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22 92°C 15 54°C 30 72°C 1 40 72°C 30

4°C

CM16 2X CAM0011 1X

multiplex 0.5 l 0.25 l GeneScan-600 LIZ size 

standard (Applied Biosystems, ABI) 9.25 l Hi-Di Formamide 10 l

95˚C 3  (PrismR

310 Genetic Analyzer, ABI) SSR

GeneMapperR v4.0 (ABI) 

 (GeneScan-600 LIZ)

SSR

5.    PIC

SSR Anderson

(1993) PIC
n

j
iji pPIC

1

21

pij i j i PICi 1

SSR

A B C… SSR

1 0
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5.    SSR

C. arabica

Lashermes  (2000a) 

(Lashermes et al.,

1999)

SSR C. arabica

SSR

1 0 (Manifesto et al., 2001; Medini et al., 2005; Montemurro et al.,

2005) SSR

(Maguire et al., 2002) C. arabica

(Lashermes et al., 1999) Dice coefficient

(Aggarwal et al., 2007; Maluf et al., 2005; Moncada and McCouch, 2004)

Dice coefficient (Nei and Li, 1979) i j

jiij

ij
ij NNN

N
GS

2
2

iN i j jN

j i ijN

i j ijGD

IJij GSGD 1

NT-SYS pc 2.0 Cluster

SAHN UPGMA
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1.    

98 2

70 160

57

 ( 2 1)

14.03 4.02  (Skewness) 3.23

 (Kurtosis) 15.54

5.76 2.25 4.15

26.57 65.8

60.16 5.41 33.76

2.59 0.47

0.54 0.61

35.87 2.25 1.11

1.45

60.9 10.28 -0.26

-0.04

 ( 2 2)  ( ) 1.28

0.13 1.27 4.08

0.87 0.08

2.3 10.84
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1.48 0.11 0.18

-0.2

4.22 1.44 -1.36

0.03

    11  (CV) 83.26% 91.42%

34.12%

18.25% 16.87% 7.14%

 2
Tabel 2. The distribution of 10 quantitative traits in the 160 Taiwan coffee germplasm. 

trait N Mean SD CV Skewness Kurtosis
160 14.03 4.02 28.63 3.23 15.54 
160 5.76 2.25 39.12 4.15 26.57 

I 160 58.95 49.08 83.26 4.69 25.51 
II 160 65.80 60.16 91.42 5.41 33.76 

160 2.59 0.47 18.25 0.54 0.61 
160 35.87 13.61 37.95 1.11 1.45 
160 60.96 10.28 16.87 -0.26 -0.04 
57 1.28 0.13 9.97 1.27 4.08 
57 0.87 0.08 9.45 2.30 10.84 
57 1.48 0.11 7.14 0.18 -0.20 
57 4.22 1.44 34.12 -1.36 0.03 



27

Histogram of LS

length/width

D
en

si
ty

1.5 2.0 2.5 3.0 3.5 4.0

0.
0

0.
4

0.
8

1.
2

Histogram of LL

leaf length(cm)

D
en

si
ty

5 10 15 20 25 30 35 40

0.
00

0.
04

0.
08

0.
12

Histogram of LW

leaf width(cm)

D
en

si
ty

5 10 15 20

0.
00

0.
10

0.
20

Histogram of LA1

leaf area1 (cm2)

D
en

si
ty

0 100 200 300 400

0.
00

0
0.

00
4

0.
00

8

Histogram of LA2

leaf area2 (cm2)

D
en

si
ty

0 100 200 300 400 500

0.
00

0
0.
00

4
0.
00

8

Histogram of PN

node length (mm)

D
en

si
ty

20 40 60 80

0.
00

0
0.
01

0
0.
02

0
0.

03
0

Histogram of pAN

angle

D
en

si
ty

40 50 60 70 80

0.
00

0.
01

0.
02

0.
03

0.
04

 1 160
LS LL LW LA1 I;LA2 II PN

PAN
Fig. 1 The variability and frequency distributions of the eight agronomic traits of the 
160 collected Taiwan coffee accessions.,LS: leaf shape, LL: leaf legth,, LW: leaf width,, 
LA1: leaf area I, :,LA2: leaf area II, PN: plant node, PAN: the secondary veins at the 
insertion with the main one. 
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Fig. 2 The variability and frequency distributions of the seed agronomic quantitative 
traits of the 57 Taiwan coffee accessions, SL1:seed length 1; SW1: seed width 1; SS1: 
seed shape; ST: seed thickness. 
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C. canephora C. liberica C. arabica

9  (19)  (25.27).

 (106).  (122).  (135).  (138).  (159).

 (161) 24.47 11.61 I

207.3 II 238.98 41.39

C. arabica

9 C. arabica C. arabica 

 ( 3 3) 13.41

2.27 0.04 2.05

5.43 1.19

0.1 -0.21 I 50.34

17.91 0.57 0.55 II 55.68

18.69 0.57 0.8

2.61 0.45

0.6 0.74 3.55

13.37 1.12 1.66

61.13

9.89 -0.3 0.04

CV 37.62% CV 16.9%

 (p = 

0.01) I

I  (0.66) C. arabica

(Montagnon and Bouharmont, 1996)

II
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 3 152 C. arabica
Tabel 3. The distribution of 10 quantitative traits in the 152 Taiwan C. arabica
germplasm without outliers. 

trait N Mean SD CV Skewness Kurtosis

152 13.41 2.27 16.95 0.04 2.05 
152 5.43 1.19 21.92 0.10 -0.21 

I 152 50.34 17.91 35.57 0.57 0.55 
II 152 55.68 18.69 33.57 0.57 0.80 

152 2.61 0.45 17.15 0.60 0.74 
152 35.55 13.37 37.62 1.12 1.66 
152 61.13 9.89 16.18 -0.30 0.04 
57 1.28 0.13 9.97 1.27 4.08 
57 0.87 0.08 9.45 2.30 10.84 
57 1.48 0.11 7.14 0.18 -0.20 
57 4.22 1.44 34.12 -1.36 0.03 
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Fig. 3 The frequency and distributions of the six morphological traits of the C. arabica
accessions of Taiwan. The population comprise 152 accessions after removing the 
outliers from the original sample, LS: leaf shape, LL: leaf legth, LW: leaf width, LA2: 
leaf area II, PN: plant node, PAN: the secondary veins at the insertion with the main 
one.
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(N’Diaye et al., 2005) 9
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2.    
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C. arabica
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 (152 ) 6
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 (Principal component analysis) 
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 4 152 C. arabica 6 6

Table 4. Eigenvalues and proportions of the first 6 principal components among 6 leaf 
traits on 152 C. arabica germplasms. 

Component   Eigen value    Percent (%)    Cumulative (%) 
1           3.00712557         50.12        50.12 
2           1.21658747         20.28        70.40 
3           0.87834304         14.64        85.03 
4           0.74998311         12.50        97.53
5            0.09852957         1.64        99.18 
6            0.04943123         0.82         100 

 5 152 C. arabica 6
Table 5. The first 3 principal components among 6 leaf traits on 152 C. arabica
germplasms.  

                  Prin1        Prin2        Prin3 
               - .343187     0.490860     -.129328 

                   0.479324     0.319562     0.037491 
                   0.555915     -.094321     0.074152 

II                0.554319     0.085900     0.142439 
               0.155591     0.542627     -.678362 

     -.109323     0.588403     0.704206
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Fig. 4.Plot of the first three principal components from the covariance matrix of 6 leaf 
traits for the 152 Taiwan C. arabica germplasm. 
Plot of the first three principal components of accessions grouped by site. 152 
accesssions with leaf traits were grouped by site. 
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Fig. 5.Plot of the first two principal components differentiated from altitude and the 
covariance matrix of 6 leaf traits for the 152 Taiwan C. arabica germplasm. 
Plot of the first two principal components of accessions grouped by altitude. 152 
accesssions with leaf traits were grouped by altitude. 
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Fig. 6.Plot of the first two principal components differentiated from origin and the 
covariance matrix of 6 leaf traits for the 152 Taiwan C. arabica germplasm. 
Plot of the first two principal components of accessions grouped by age. 152 
accesssions with leaf traits were grouped by age. 
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 6 56 10 10
Table 6. Eigenvalues and proportions of the first 10 principal components among 10 
leaf and seed traits on the 56 C. arabica germplasms.  

Component   Eigenvalue    Percent (%)    Cumulative (%) 

1      3.44961842       34.50        34.50 
2      1.83544664       18.53        52.85 
3      1.27075629       12.71        65.56 
4      1.02913054       10.29        75.85 
5      0.79878370        7.99        83.84 
6      0.71285559        7.13        90.97 
7      0.56542773        5.65        96.62 
8      0.18518886        1.85        98.47 
9      0.14519104        1.45        99.92 

10     0.00760118        0.00        100.00 

 7 56 10
Table 7. The first three principal components among the ten leaf and seed traits on the 
56 C. arabica germplasms. 

                     Prin1         Prin2         Prin3         

          -.364548      -.005292       0.206093
              0.440438      0.021452       0.200997
              0.499877      0.121060       -.025836

II           0.489352      0.136718       0.186894
          0.029979      0.078601       -.071169

  -.222016     -.011138       0.617902
        -.105691       0.654189      -.212995
         0.028704      0.659148      0.056950

     -.237068      0.064606      -.532631
         -.255716      0.305368      0.402933
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Fig. 7. Plot of the first three principal components from the covariance matrix   
including 10 leaf and seed traits for the 56 Taiwan C. arabica germplasm. 
Plot of the first three principal components of accessions grouped by site. Fifty-six 
accesssions with leaf and seed traits were grouped by site. 
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Fig. 8. Plot of the first three principal components differentiated from altitude and the 
covariance matrix of including 10 leaf and seed traits for the 56 Taiwan C. arabica
germplasm. 
Plot of the first three principal components of accessions grouped by altitude. Fifty-six  
accesssions with leaf and seed traits were grouped by altitude  
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Fig. 9. Plot of the first two principal components differentiated from origin and the 
covariance matrix of including 10 leaf and seed traits for the 56 Taiwan C. arabica
germplasm. 
Plot of the first two principal components of accessions grouped by age. Fifty-six  
accesssions with leaf and seed traits were grouped by age. 
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 8 ISSR 6 .
Table 8. List of 6 ISSR primers producting polymorphic bands. 

primer 
code

repeat 

primer 
sequence
(5' 3') 

annealing 
temperature 

(°C)

No. of 
Unambiguous

bands

No. of 
polymorphic 

bands

807 2 (AG)8T 55 9 2 
809 2 (AG)8G 55 7 3 
812 2 (GA)8A 50 5 3 
816 2 (CA)8T 55 5 3 
817 2 (CA)8A 55 5 2 
840 2 (GA)8YT 55 3 3 

Note Y= (C,T) 

 10 UBC812 20 6 C. arabica 1
C. canephora ISSR
Fig 10. DNA electophoresis analysis of the ISSR primer UBC812.  
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1.    ISSR

6 32 16

6 C. arabica

 (0%) 6 ISSR

6 C. arabica AFLP

C. arabica Typica Bourbon Catimor Catuai Caturra

Mokka

 (Steiger et al., 2002)  Aga UBC 100 ISSR

25%(Aga et al., 2005)

C. canephora C. arabica C. arabica

 (Aga et al., 2005; Chaparro et al., 2004; Moncada and McCouch, 2004) 

.

2.    ISSR

    6 ISSR 32 16

2.6 50%

16 Jaccard’s coefficient of community(Jaccard, 1908) 

260

C. canephora G122 0.19 1

UPGMA

 ( 11) 0.35

C. arabica C. canephora 8

 ( 25, 27 )  (106)

 (122)  (135)  (138)  (159)

 (161) C. arabica
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ISSR 8

C. arabica

ISSR

0.85

 (37) 0.95

4 1  (39)  (82)

 (89)  (91)  (137)  (39)  (82)

 (82) 

2 20  (136) 3

 (123) 4

C. arabica Typica Bourbon Catimor Red Catuai Yellow Catuai

Caturra

3.    ISSR

9

52.7% 7.5% 6.9% 67.1%

50.0%

 ( 12)

C. arabica 8 C. canephora

C. arabica C. arabica

C. arabica 3

(122)  (25)  (161)  (138)  (135)

 (106)  (159)  (27) C. canephora C.

arabica 4

Tran(Tran, 2005) 32

ISSR 95 7
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ISSR

C. arabica

 9 260 32 ISSR 12

Tabel 9. .Eigenvalues and proportions of the first 12 principal components among 260 
coffee germplasms. 

Component Eigenvalue Percent (%) Cumulative (%) 
1 6.833414 52.727 52.727 
2 0.978922 7.5534 60.2805 
3 0.904469 6.9789 67.2594 
4 0.724636 5.5913 72.8507 
5 0.643848 4.968 77.8187 
6 0.567166 4.3763 82.195 
7 0.437628 3.3768 85.5718 
8 0.425105 3.2801 88.8519 
9 0.391922 3.0241 91.876 

10 0.388168 2.9951 94.8711 
11 0.347214 2.6791 97.5502 
12 0.317487 2.4498 100% 
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Fig 11.The UPGMA dendrogram of genetic similarity based on 32 ISSR markers for 
260 coffee germplasms in Taiwan. 
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Fig 11. (continued) 
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Fig 12. Plot of the first three principal components from the covariance matrix of 32 
marker frequences for 260 coffee germplasms. 



52

SSR

7 53 SSR

PCR PCR

30 SSR

DNA C. arabica C. canephora 10

1.    SSR C. arabica

C. arabica 7

9  (19)

(25.27).  (106).  (122).  (135).  (138).

 (159).  (161) 80 30

7 SSR

 ( 13) ( 1-6)
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 10 30 SSR
Tabel 10. List of the 30 SSR primers producing polymorphic bands.  

Locus name Repeat type Size
range

CM2 (AC)10 (AT)9 60 200 
CM5 (CCT)7 62 180 
CM16 (GA)14 60 120 
CFGA75 (AG)16 60 130 
CFGA92 (AG)5 N8 (AG)5 60 300 
CFGA100 (AG)15 50 250 
CFGA202 (AG)11 60 400 
CFGA249 (AG)13 60 300 
CFGA281 (AG)12 65 400 
CFGA465 (AG)18 60 230 
CFGA502 (AG)27 65 250 
CMA0004 (CA)7 60 180 
CMA0007 (CT)12(CA)11(CA)7 60 200 
CMA0011 (CA)12 60 150 
CMA0018 (CA)14 65 180 
CMA0020 (CA)8 65 100-250
CofEST-SSR01 (TC)13 50 150 
CofEST-SSR02 (AAG)4N(GAA)6 55 150 
CofEST-SSR04 (AC)10 50 160 
CofEST-SSR06 (AAAGG)4 50 150 
CofEST-SSR07 (GGT)6 50 200 
CofEST-SSR10 (CT)10 50 200 
CofEST-SSR11 (CA)5(TA)4 50 130 
CofEST-SSR13 (CT)12 55 130 
DCM02 (GAG)6 50 160 
DCM03 (ACG)4n(ATG)6 50 250 
DCM04 (ATA)6 50 140-260
DCM05 (CGG)6 62 180 
DCM06 (T)10(TTC)5 50 220 
DCM07 (TC)8 50 150 
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 13 9 C. arabica 80
 DCM05 DNA

Fig 13. DNA polyacrylamide gel analysis of DCM05. 
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C. arabica 9
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C. arabica 80 7 SSR DNA
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arabica 80 7 SSR DNA

C. arabica

    53 SSR 30 SSR DNA C. arabica C.

canephora 2 SSR CM16 CAM0011 C.

arabica 6 C. arabica

152 CM16 CAM0011

 ( 7 8)

    CM16 DNA  ( 7) C. arabica

Typica Typica Red Catuai Bourbon

Bourbon Catimor Yellow Catuai Caturra Typica Bourbon C. arabica

(Anthony et al., 2002)

    CAM0011 DNA  ( 8) C. arabica

Caturra Caturra 2 SSR
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2.    

ABI PRISM 310 Genetic Analyzer

GeneScan 3.7 SSR

PCR CM16 CAM0011 2 C.

arabica 2  ( 14 15)

134bp (A16) 138bp (B16) 134bp (A11) 136bp (B11) A16

B16 H 16 CM16 2

A11 B11 H11 CAM0011 2

Auto Bin

bin

SSR PIC CM16 0.34 CAM0011

0.12 CM16 45 C. arabica 0.42  (Baruah et 

al., 2003) 152 2

 ( 11) 53 SSR 2

C. arabica

C. arabica

 (Martellossi et al., 2002; Moncada and 

McCouch, 2004; Steiger et al., 2002)
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 14 C. arabica CM16 DNA
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134bp (A16) 138bp (B16) 
Fig 14. DNA capillary electrophoresis analysis of CM16. 

 15 C. arabica CAM0011 DNA
134bp (A11) 136bp (B11) 

Fig 15. DNA capillary electrophoresis analysis of CAM0011. 
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 11 152 CAM0011 CM16 DNA  ( )
Table 11. The 152 C. arabica genotypes in Taiwan evaluated by 4 SSR markers. 

material CAM0011 CM16  material CAM0011 CM16 

Catimor A11 B16  G32 A11 A16 
Typica A11 A16  G33 A11 A16 

RedCatuai A11 A16  G34 A11 A16 
YellowCatuai A11 B16  G35 A11 A16 

Bourbon A11 B16  G36 A11 B16 
Caturra B11 B16  G37 A11 H16 

G2 B11 B16  G38 A11 A16 
G3 A11 A16  G39 A11 A16 
G4 A11 A16  G40 A11 A16 
G5 A11 A16  G41 A11 A16 
G6 A11 A16  G42 A11 B16 
G7 A11 A16  G43 A11 A16 
G8 A11 H16  G44 A11 A16 
G9 B11 B16  G45 A11 A16 
G10 A11 A16  G46 A11 A16 
G11 A11 B16  G47 A11 A16 
G12 A11 A16  G48 A11 A16 
G13 A11 A16  G49 A11 A16 
G14 A11 B16  G50 A11 A16 
G15 A11 H16  G51 A11 A16 
G16 A11 A16  G52 A11 A16 
G17 A11 A16  G53 A11 A16 
G18 A11 A16  G54 A11 A16 
G19 A11 B16  G55 A11 A16 
G20 H11 B16  G56 A11 A16 
G21 A11 A16  G57 A11 A16 
G22 A11 A16  G58 A11 A16 
G23 A11 A16  G59 A11 A16 
G24 A11 A16  G60 A11 A16 
G26 A11 A16  G61 H11 B16 
G28 A11 A16  G62 A11 A16 
G29 A11 A16  G63 A11 A16 
G30 A11 A16  G64 A11 A16 
G31 A11 A16  G65 A11 A16 
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 11 ( )
Table 11. (continued) 

material CAM0011 CM16  material CAM0011 CM16 

G66 A11 A16  G100 A11 A16 
G67 A11 A16  G101 A11 A16 
G68 A11 A16  G102 A11 A16 
G69 A11 A16  G103 A11 A16 
G70 A11 A16  G104 A11 A16 
G71 A11 A16  G105 A11 A16 
G72 A11 A16  G107 A11 A16 
G73 A11 A16  G108 A11 A16 
G74 B11 B16  G109 A11 A16 
G75 A11 A16  G110 A11 A16 
G76 A11 A16  G111 A11 A16 
G77 A11 A16  G112 A11 A16 
G78 A11 A16  G113 A11 B16 
G79 A11 A16  G114 A11 H16 
G80 A11 A16  G115 A11 H16 
G81 A11 A16  G116 B11 A16 
G82 A11 A16  G117 A11 B16 
G83 A11 A16  G118 A11 B16 
G84 A11 A16  G119 A11 B16 
G85 A11 A16  G120 A11 A16 
G86 A11 A16  G121 A11 A16 
G87 A11 A16  G123 A11 A16 
G88 A11 B16  G124 B11 H16 
G89 A11 A16  G125 A11 A16 
G90 A11 B16  G126 A11 A16 
G91 A11 B16  G127 B11 A16 
G92 A11 B16  G128 A11 A16 
G93 A11 A16  G129 A11 H16 
G94 A11 A16  G130 A11 A16 
G95 A11 A16  G131 A11 A16 
G96 A11 A16  G132 A11 A16 
G97 A11 B16  G133 A11 A16 
G98 A11 B16  G134 A11 A16 
G99 A11 B16  G136 A11 H16 
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 11 ( )
Table 11. (continued) 

material CAM0011 CM16 

G137 A11 A16 
G139 A11 A16 
G140 A11 A16 
G141 B11 H16 
G142 B11 B16 
G143 A11 A16 
G144 A11 A16 
G145 A11 A16 
G146 A11 A16 
G147 A11 B16 
G148 A11 A16 
G149 A11 B16 
G150 A11 A16 
G151 A11 B16 
G152 A11 H16 
G153 A11 A16 
G154 A11 A16 
G155 A11 A16 
G156 A11 A16 
G157 A11 A16 
G158 A11 A16 
G160 A11 H16 
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3.    SSR

Dice coefficient UPGMA

( 16) 4 SSR 6 C. arabica Typica

Red Catuai Bourbon Bourbon Catimor Yellow Catuai

(Anthony et al., 2002; Moncada and McCouch, 2004; 

Orozco-Castillo et al., 1994) Caturra

Coefficient
0.38 0.53 0.69 0.84 1.00

aiMW

 Catimor 

 YellowCatuai 

 Bourbon 

 Caturra 

 Typica 

 RedCatuai 

 16 6 C. arabica 4 SSR Dice coefficient
UPGMA

Fig 16. The UPGMA dendrogram of genetic similarity based on 4 SSR markers for 
HARC coffee germplasms. 
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4.    

UPGMA

( 17) 4 7  ( 12) Bourbon

Bourbon Catimor Yellow Catuai 28

Typica Red Catuai 113 Caturra 4

116 127 124 141 6 C. arabica

I-1 Bourbon Catimor Yellow Catuai 16

I-2 8 Bourbon

Typica Red Catuai 156

C. arabica Typica

III-1 Caturra 4 III-2 2

IV-1 2  (116) 

 (127) IV-2 2  (124) 

(141)

5.    SSR

SSR 6

152 2D  ( 17) Typica Bourbon Caturra

Bourbon Caturra Typica  (

0 )  ( 0 )

Bourbon Typica

 (Rothfos,1985)

Typica Bourbon  (t-test)

Typica

Bourbon Bourbon Typica Bourbon
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Typica Bourbon

Typica

Typica Bourbon

6.    

(Kaundun and Matsumoto, 2003) 158

CM16134 128

29 Typica Typica

Typica 118/158 (74.6%) Bourbon

Typica 29/158 (18.4%) 4 SSR

 ( 13) Bourbon Caturra

(16.7% 1%)
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 12 4 SSR 158 C. arabica
Table 12. The classification of 158 coffee gerplasms based on cluster analysis from 4 
SSR markers.  

I Bourbon I-1 Bourbon, Catimor, Yellow Catuai, 11, 14, 19, 36, 42, 88, 
90, 91, 92, 97, 98, 99, 113, 117, 118, 119 

    
  I-2 8, 15, 37, 114, 115, 136, 152, 160 
    
II Typica II-1 Typica, RedCatuai, 3, 4, 5, 6, 7, 10, 12, 13, 16, 17, 18, 

21, 22, 23, 24, 26, 28, 29, 30, 31, 32, 33, 34, 35, 38, 39, 
40, 41, 43, 44, 45, 46, 47, 48, 49, 50, 52, 53, 54, 55, 56, 
57, 58, 59, 60, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 
73, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 89, 
93, 94, 95, 96, 100, 101, 102, 103, 104, 105, 107, 108, 
109, 110, 111, 112, 120, 121, 123, 125, 126, 128, 130, 
131, 132, 133, 134, 137, 139, 140, 143, 144, 145, 146, 
148, 150, 153, 154, 155, 156, 157, 158 

    
III Caturra III-1 Caturra, 2, 9, 74, 142 
    
  III-2 20, 61 
    
IV IV-1 116, 127 
    
  IV-2 124, 141 
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 13 CAM0011 CM16 4 6 C. arabica
Table 13. Identiaication of 158 coffee gerplasms in Taiwan based on 4 SSR markers.   

CAM0011  CM16   

Catimor AA 147/158 BB 29/158 0.1674 
Typica AA 147/158 AA 118/158 0.6975 

RedCatuai AA 147/158 AA 118/158 0.6975 
YellowCatuai AA 147/158 BB 29/158 0.1674 

Bourbon AA 147/158 BB 29/158 0.1674 
Caturra BB 9/158 BB 29/158 0.0108 
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Fig 17.The UPGMA dendrogram of genetic similarity based on 4 SSR markers for 158 
coffee germplasms in Taiwan. 
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Fig 17. (continued)
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Fig. 18. Plot of the first two principal components from the covariance matrix of 6 leaf 
traits for the152 Taiwan C. arabica germplasms.based on cluster analysis of 4 SSR 
markers. 
Plot of the first two principal components of accessions grouped by 4 SSR markers. 152 
accesssions with leaf traits were grouped by 4 SSR markers.  
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Fig. 19. Plot of the first three principal components from the covariance matrix of 6 leaf 
traits for the152 Taiwan C. arabica germplasms.based on cluster analysis of 4 SSR 
markers. 
Plot of the first three principal components of accessions grouped by 4 SSR markers. 
152 accesssions with leaf traits were grouped by 4 SSR markers.  
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Fig. 20. Plot of the first three principal components from the covariance matrix of 6 leaf 
traits for the152 Taiwan C. arabica germplasms.based on cluster analysis of 4 SSR 
markers. 
Plot of the first three principal components of accessions grouped by 4 SSR markers. 
152 accesssions with leaf traits were grouped by 4 SSR markers.  
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1 9 C. arabica 80
CofEST-SSR06 DNA

App. Fig 1. DNA polyacrylamide gel analysis of CofEST-SSR06 
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2 9 C. arabica 80
CofEST - SSR10 DNA

App. Fig 2. DNA polyacrylamide gel analysis of CofEST-SSR10 
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3 9 C. arabica 80
CAM0018 DNA

App. Fig 3. DNA polyacrylamide gel analysis of CAM0018 
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4 9 C. arabica 80
CM5 DNA

App. Fig 4. DNA polyacrylamide gel analysis of CM5 
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5 9 C. arabica 80
CofEST-SSR01 DNA

App. Fig 5. DNA polyacrylamide gel analysis of CofEST-SSR01 
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6 9 C. arabica 80
CofEST-SSR01 DNA

App. Fig 6. DNA polyacrylamide gel analysis of CofEST-SSR11 
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7 6 C. arabica 152 CM16 DNA

App.Fig 7. DNA polyacrylamide gel analysis of CM16. 
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8 6 C. arabica 152 CAM0011
DNA
App.Fig 8. DNA polyacrylamide gel analysis of CAM0011. 
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1 160
App. Table 1. List of 160 coffee germplasms in Taiwan. 

GPS 
GPS (N) GPS (E) 

(m) 
2 2 2 23°30.882' 121°24.240' 193 
2 2 3 23°30.879' 121°24.244' 196 
2 2 4 23°30.795' 121°24.192' 196 
2 2 5 23°29.904' 121°21.669' 133 
2 2 6 23°29.906' 121°21.670' 133 
2 2 7 23°29.909' 121°21.671' 136 
2 2 8 23°28.917' 121°21.559' 140 
2 2 9 23°28.931' 121°21.560' 140 
2 2 10 23°28.930' 121°21.560' 141 
2 2 11 23°28.920' 121°21.590' 141 
2 2 12 23°28.910' 121°21.491' 141 
2 2 13 23°27.514' 121°20.496' 258 
2 2 14 23°26.030' 121°21.157' 90 
2 2 15 23°26.031' 121°21.154' 99 
2 2 16 23°26.029' 121°21.158' 80 
2 2 17 23°26.625' 121°21.201' 181 
2 2 18 23°26.629' 121°21.189' 181 
2 2 19 23°26.643' 121°21.149' 184 
2 2 20 23°26.628' 121°21.149' 343 
2 2 21 23°10.777' 121°13.432' 343 
2 2 22 23°10.772' 121°13.432' 343 
2 2 23 23°10.796' 121°13.422' 340 
2 3 24 22°47.130' 121°08.179' 81 
2 3 25 22°47.130' 121°08.179' 81 
2 3 26 22°47.123' 121°08.166' 40 
2 3 27 22°47.118' 121°08.166' 41 
2 3 28 22°47.122' 121°08.159' 36 
2 3 29 22°51.128' 121°06.833' 288 
2 3 30 22°51.243' 121°06.761' 264 
2 3 31 22°51.186' 121°06.743' 284 
2 3 32 22°51.186' 121°06.743' 284 
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1
App. Table 1. (continued) 

GPS 
GPS (N) GPS (E) 

 (m) 
2 3 33 22°51.186' 121°06.743' 284 
2 3 34 22°51.186' 121°06.743' 284 
2 3 35 22°52.388' 121°04.944' 265 
2 3 36 22°52.363' 121°04.932' 246 
2 3
2 3

37
37

22°51.097'
22°51.097'

121°05.470'
121°05.470'

227
227

2 3   38 22°50.687' 121°05.583' 211 
2 3 39 22°40.928' 121°00.701' 437 
2 3 40 22°40.928' 121°00.701' 437 
2 3 41 22°40.937' 121°00.691' 442 
2 3 42 22°40.937' 121°00.691' 443 
2 3 43 22°40.123' 121°00.658' 376 
2 4 44 22°45.831 120°42.221 852 
2 4 45 22°45.835' 120°42.224' 854 
2 4 46 22°45.834' 120°42.223' 853 
2 4 47 22°45.833' 120°42.227' 849 
2 4 48 22°46.834' 120°40.228' 849 
2 4 49 22°45.514' 120°41.727' 831 
2 4 50 22°45.514' 120°41.728' 834 
2 4 51 22°47.840' 120°42.484' 815 
2 4 52 22°40.575' 120°41.309' 760 
2 4 53 22°40.356' 120°41.225' 736 
2 4 54 22°40.179' 120°41.255' 732 
2 4 55 22°40.709' 120°41.162' 761 
2 4 56 22°37.929' 120°37.127' 48 
2 4 57 22°37.926' 120°37.144' 45 
2 4 58 22°37.940' 120°37.143' 44 
2 4 59 22°37.933' 120°37.110' 42 
2 4 60 22°37.768' 120°36.823' 37 
2 5 61 22°35.965' 120°38.297' 410 
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1
App. Table 1. (continued) 

GPS 
GPS (N) GPS (E) 

 (m) 
2 5 62 22°34.574' 120°38.818' 429 
2 5 63 22°34.565' 120°38.829' 419 
2 5 64 22°34.393' 120°39.182' 488 
2 5 65 22°34.392' 120°39.179' 479 
2 5 66 22°34.412' 120°39.199' 496 
2 5 67 22°34.414' 120°39.139' 510 
2 5 68 22°35.388' 120°39.888' 786 
2 5 69 22°35.387' 120°39.863' 788 
2 5 70 22°35.398' 120°39.206' 788 
2 5 71 22°33.997' 120°33.818' 26 
2 5
2 5

72
73

22°33.997'
22°33.998'

120°33.819'
120°33.820'

14
20

2 6 74 23°17.150' 120°31.044' 662 
2 6 75 23°17.036' 120°31.027' 644 
2 6 76 23°17.061' 120°31.023' 677 
2 6 77 23°17.028' 120°31.075' 670 
2 6 78 23°17.040' 120°31.088' 667 
2 6 79 23°15.360' 120°27.771' 620 
2 6 80 23°15.788' 120°30.457' 665 
2 7 81 23°18.530' 120°41.862' 1210 
2 7 82 23°18.531' 120°41.866' 1201 
2 7 83 23°18.586' 120°41.828' 1220 
2 7 84 23°18.585' 120°41.835' 1218 
2 7 85 23°16.929' 120°41.264' 816 
2 7 86 23°16.404' 120°41.822' 808 
2 7 87 23°28.086' 120°42.806' 1233 
2 7 88 23°28.091' 120°42.804' 1194 
2 7 89 23°28.033' 120°42.733' 1211 
2 8 90 23°32.678' 120°42.348' 1178 
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App. Table 1. (continued) 

GPS
GPS (N) GPS (E) 

  (m) 
2 8 91 23°32.677' 120°42.346' 1178 
2 8 92 23°32.687' 120°42.343' 1196 
2 8 93 23°32.762' 120°43.186' 979 
2 8 94 23°32.755' 120°43.183' 979 
2 8 95 23°32.737' 120°43.174' 997 
2 8 96 23°32.716' 120°41.637' 1116 
2 8 97 23°32.720' 120°41.635' 1088 
2 8 98 23°33.175' 120°40.370 1106 
2 8 99 23°33.147 120°40.374' 1096 
2 8 100 23°33.627' 120°39.365' 918 
2 8 101 23°33.626' 120°39.364' 887 
2 8 102 23°32.430' 120°39.931' 1053 
2 8 103 23°32.303' 120°40.696' 1026 
4 25 104 23°39.473' 120°35.503' 110 
4 25 105 23°39.473' 120°35.505' 114 
4 25 106 23°39.452' 120°35.519' 168 
4 25 107 23°39.622' 120°35.368' 160 
4 25
4 25

108
109

23°39.621'
23°39.589'

120°35.373'
120°35.347'

157
162

4 25 110 23°37.824' 120°36.856' 321 
4 25 111 23°36.158' 120°42.495' 1145 
4 25 112 23°36.166' 120°42.476' 1139 
4 25 113 23°36.133' 120°42.411' 1148 
4 25 114 23°35.865' 120°36.688' 663 
4 25 115 23°35.867' 120°36.689' 666 
4 25 116 23°35.871' 120°36.691' 666 
4 25 117 23°35.875' 120°36.694' 664 
4 25 118 23°35.876' 120°36.698' 664 
4 25 119 23°35.870' 120°36.697' 664 
4 25 120 23°33.738' 120°35.044' 493 
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App. Table 1. (continued) 

GPS
GPS (N) GPS (E) 

  (m) 
4 25 121 23°33.759' 120°35.031' 483 
4 25 122 23°33.772' 120°35.049' 489 
4 26 123 23°47.480' 120°54.656' 486 
4 26 124 23°46'15 120°50'45 522 
4 26 125 23°46'18 120°50'44 522 
4 26 126 23°47.522' 120°55.656' 385 
4 26 127 23°47.517' 120°55.661' 379 
4 26 128 23°49.513' 120°55.549' 516 
4 26 129 23°43.460' 120°51.916' 838 
4 26 130 23°43.453' 120°51.915' 839 
4 26 131 23°39.778' 120°51.197' 835 
4 26 132 23°39.853' 120°51.247' 1001 
4 26 133 23°40.117' 120°51.433' 895 
4 26 134 23°46.990' 120°47.569' 419 
4 26 135 23°46.991' 120°47.571' 418 
4 26 136 23°43.951' 120°46.206' 570 
4 26 137 23°43.956' 120°46.206' 574 
4 26 138 23°43.958' 120°46.179' 578 
4 26 139 23°45.188' 120°45.310' 569 
4 26 140 23°45.131' 120°45.305' 523 
4 26 141 23°45.131' 120°45.306' 525 
4 26 142 23°45.158' 120°45.299' 527 
4 26 143 23°43.904' 120°46.050' 617 
4 26
4 26

144
145

23°50.112'
23°52.145'

120°38.603'
120°37.764'

415
303

4 26 146 23°52.181' 120°37.776' 304 
4 27 147 24°00.364' 120°49.126' 290 
4 27 148 24°00.364' 120°49.127' 290 
4 27 149 23°58.517' 120°47.560' 290 
4 27 150 23°53.782' 120°50.752' 923 
4 27 151 23°53.791' 120°50.732' 928 
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App. Table 1. (continued) 

GPS
GPS (N) GPS (E) 

  (m) 
4 27 152 23°53.786' 120°50.737' 918 
4 27 153 23°53.777' 120°50.755' 880 
4 27 154 23°55.303' 120°48.770' 637 
4 27 155 23°55.314' 120°48.824' 636 
4 27 156 23°55.304' 120°48.776' 633 
4 27 157 23°55.306' 120°48.783' 649 
4 27 158 24°00.376' 120°49.135' 246 
4 27 159 24°04.863' 120°52.796' 347 
4 27 160 24°04.824' 120°52.790' 346 
4 27 161 24°04.824' 120°52.655' 346 
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App. Table 2. List of descriptors and descriptor-states for characterizing coffee 
germplasm. 

          

(1)

(1)

(1)

(1)

5

(1)

5

(1)

5

(1)

 (1) SigmaScan Pro 5
0.66

(Montagnon and Bouharmont, 1996) SigmaScan Pro 5
LA1 LA2
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3 5 20

App. Table 3. List of 20 progenys sampled from 5 old coffee populations in Taiwan.  

GPS
GPS (N) GPS (E) 

(m) 
2 4 55 22°40.709' 120°41.162' 761 
2 5 69 22°35.387' 120°39.863' 788 
2 5 70 22°35.398' 120°39.206' 788 
2 6 80 23°15.788' 120°30.457' 665 

4 25 109 23°39.589' 120°35.347' 162 
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4 100 ISSR

App. Table 4. The primers used for ISSR analysis..  
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4
App. Table 4. (continued) 
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6 152 C. arabica 6

App.Table 6. the anova table based on 6 morphological traits of 152 C. arabica coffee
germplasm in Taiwan.   
Dependent Variable: II
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site         7      3342.00789       477.42970       1.77    0.1039 
altitude      1      1016.36268      1016.36268       3.78    0.0554 
site*altitude  1        97.87836        97.87836       0.36    0.5481 
estate (site)   60     25809.04993       430.15083       1.60    0.0250 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site         7     3342.007890      477.429699       1.11    0.3688 
----------------------------------------- altitude=0 --------------------------------------------
The MEANS Procedure 
Analysis Variable : a2 
N         Mean         Std Dev         Minimum         Maximum 
132      54.6166667      18.1535074      10.4000000     125.9300000 
------------------------------------------- altitude=1 --------------------------------------------
Analysis Variable : a2 
N         Mean         Std Dev         Minimum         Maximum 
20      62.6875000      21.0940173      31.1100000     104.8700000 
Dependent Variable
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site        7      99.4511216      14.2073031       3.86    0.0011 
altitude     1      14.7281488      14.7281488       4.00    0.0488 
estate (site)  62     352.6164192       5.6873616      1.54    0.0331
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site        7      99.45112159     14.20730308       2.50    0.0251 
Dependent Variable
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site        7     28.80752085      4.11536012       3.96    0.0009 
altitude     1     10.05024024     10.05024024       9.68    0.0026 
estate (site)  62    98.97762209     1.59641326       1.54    0.0347 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site        7     28.80752085      4.11536012       2.58    0.0213 
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The MEANS Procedure 
------------------------------------------- altitude=0 --------------------------------------------
N            Mean         Std Dev         Minimum         Maximum 
132       5.3907576       1.1736526       2.5600000       8.2600000 
------------------------------------------- altitude=1 --------------------------------------------
N            Mean         Std Dev         Minimum         Maximum 
20       5.6785000       1.2964862       3.5300000       8.2500000 
Dependent Variable
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site         7      2.52225545      0.36032221       1.65    0.1340 
altitude      1      0.74172024      0.74172024       3.39    0.0692 
estate (site)   62      9.83353141      0.15860535       0.73    0.9064 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source      DF     Type III SS     Mean Square    F Value    Pr > F 
site         7      2.52225545      0.36032221       2.27    0.0399 
Dependent Variable
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site         7     4354.847650      622.121093       4.73    0.0002 
altitude      1      271.382172      271.382172       2.06    0.1548 
estate (site)   62     9117.419717      147.055157       1.12    0.3171 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site         7     4354.847650      622.121093       4.23    0.0007 
Dependent Variable
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site         7     1306.852685      186.693241       2.66    0.0156 
altitude      1        5.485714        5.485714       0.08    0.7803 
estate (site)   62     6706.503690      108.169414       1.54    0.0333 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site        7     1306.852685      186.693241       1.73    0.1193 
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7 152 C. arabica 6

App.Table 7. the anova table based on 6 morphological traits of 152 C. arabica coffee
germplasm in Taiwan.   
Dependent Variable: 
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site        7      4514.93534       644.99076       2.22    0.0410 
old        1       664.65375       664.65375       2.29    0.1344 
estate (site)   62     24993.98372       403.12877       1.39    0.0834 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source      DF     Type III SS     Mean Square    F Value    Pr > F 
site         7     4514.935342      644.990763       1.60    0.1522 
Dependent Variable
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site        7     101.0771271      14.4395896       3.89    0.0011 
old        1      12.5281500      12.5281500       3.38    0.0697 
estate (site)   62     347.6875533       5.6078638       1.51    0.0403 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site        7     101.0771271      14.4395896       2.57    0.0214 
Dependent Variable
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site        7     21.36699789      3.05242827       2.68    0.0151 
old        1      1.96081667      1.96081667       1.72    0.1931 
estate (site)   62     91.20805171      1.47109761       1.29    0.1388 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site         7     21.36699789      3.05242827       2.07    0.0596 
Dependent Variable
Source        DF     Type III SS     Mean Square    F Value    Pr > F 
site        7      1.94444100      0.27777729       1.22    0.3019 
old         1      0.00166667      0.00166667       0.01    0.9321 
estate (site)   62      8.90481361      0.14362603       0.63    0.9705 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source       DF     Type III SS     Mean Square    F Value    Pr > F 
site         7      1.94444100      0.27777729       1.93    0.0791 
Dependent Variable
Source       DF     Type III SS     Mean Square    F Value    Pr > F 
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site       7     5101.109931      728.729990       5.40    <.0001 
old        1        0.166667        0.166667       0.00    0.9721 
estate (site)  62     8598.857978      138.691258       1.03    0.4501 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site       7     5101.109931      728.729990       5.25    <.0001 
Dependent Variable
Source        DF     Type III SS     Mean Square    F Value    Pr > F 
site       7     1075.018092      153.574013       2.20    0.0428 
old       1       20.166667       20.166667       0.29    0.5926 
estate (site)  62     6823.967167      110.063987       1.58    0.0275 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source      DF     Type III SS     Mean Square    F Value    Pr > F 
site       7     1075.018092      153.574013       1.40    0.2234 
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8 56 C. arabica 4

App.Table 8. the anova table based on 4 seed morphological traits of 56 C. arabica 
coffee germplasm in Taiwan.   
Dependent Variable
Source        DF     Type III SS     Mean Square    F Value    Pr > F 
site          7      0.02250613      0.00321516       0.18    0.9859 
altitude     1      0.00250000      0.00250000       0.14    0.7135 
estate (site)    31      0.26830231      0.00865491       0.48    0.9595 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source       DF     Type III SS     Mean Square    F Value    Pr > F 
site         7      0.02250613      0.00321516       0.37    0.9119 
Dependent Variable
Source       DF     Type III SS     Mean Square    F Value    Pr > F 
site      7      0.08602690      0.01228956       0.96    0.4905 
altitude     1      0.00062500      0.00062500       0.05    0.8279 
estate (site)   31      0.52817499      0.01703790       1.33    0.2763 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source     DF     Type III SS     Mean Square    F Value    Pr > F 
site         7      0.08602690      0.01228956       0.72    0.6549 
Dependent Variable
Source      DF     Type III SS     Mean Square    F Value    Pr > F 
site         7      0.08127845      0.01161121       4.10    0.0092 
altitude       1      0.00202500      0.00202500       0.71    0.4103 
estate (site)    31      0.18617752      0.00600573       2.12    0.0570 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source      DF     Type III SS     Mean Square    F Value    Pr > F 
site         7      0.08127845      0.01161121       1.93    0.0977 
Dependent Variable
Source         DF     Type III SS     Mean Square    F Value    Pr > F 
site         7     89.49656899     12.78522414     165.83    <.0001 
altitude       1      0.14062500      0.14062500       1.82    0.1956 
estate (site)    31      1.09426667      0.03529892       0.46    0.9696 
Tests of Hypotheses Using the Type III MS for estate (site) as an Error Term 
Source        DF     Type III SS     Mean Square    F Value    Pr > F 
site         7     89.49656899     12.78522414     362.20    <.0001 
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App.Table 9. the anova table based on 4 seed morphological traits of 56 C. arabica 
coffee germplasm in Taiwan. 
Dependent Variable
Source    DF       Type I SS     Mean Square    F Value    Pr > F 
site        7      0.03771143      0.00538735       0.32    0.9360 
old           1      0.00391016      0.00391016       0.23    0.6376 
estate (site)    30      0.29204984      0.00973499       0.57    0.9113 
Source      DF     Type III SS     Mean Square    F Value    Pr > F 
site        7      0.01300603      0.00185800       0.19    0.9852 
Dependent Variable
Source        DF       Type I SS     Mean Square    F Value    Pr > F 
site         7      0.16471643      0.02353092       1.95    0.1237 
old        1      0.00854204      0.00854204       0.71    0.4120 
estate (site)     30      0.53412546      0.01780418       1.47    0.2015 
Source          DF     Type III SS     Mean Square    F Value    Pr > F 
site         7      0.16308149      0.02329736       1.31    0.2804 
Dependent Variable
Source        DF       Type I SS     Mean Square    F Value    Pr > F 
site          7      0.14940702      0.02134386       7.66    0.0003 
old          1      0.00001315      0.00001315       0.00    0.9460 
estate (site)     30      0.19068518      0.00635617       2.28    0.0383 
Source          DF     Type III SS     Mean Square    F Value    Pr > F 
site       7      0.14496893      0.02070985       3.26    0.0108 
Dependent Variable
Source         DF       Type I SS     Mean Square    F Value    Pr > F 
site          7     106.3040629      15.1862947     187.86    <.0001 
old          1       0.0131131       0.0131131       0.16    0.6921 
estate (site)     30       1.0486627       0.0349554       0.43    0.9783 
Source       DF     Type III SS     Mean Square    F Value    Pr > F 
site       7     86.60429869     12.37204267     353.94    <.0001 


