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ABSTRACT

A 427 bp fragment of DNA isolated from leaf tissue of four coffee genotypes (Coffea arabica cv. Caturra. Coffea canephora,
Coffea congensis and Coffea eugenioides) was amplified by PCR, using heterologous primers synthesized following the
nucteotide sequence encoding a part of P-subunit of glycine decarboxylase from pea Pisum sativin. Amplified fragments
were cloned and their nucleotide sequence was delermined. Sequence analysis showed 79% homology beiween the gene
sequence of the P-subunit of glycine decarboxylase from P. sarivien and the four Coffea genotypes. The amino acid
sequence of cloned fragments showed 81% homology between P. sarivien and the four Coffea genotypes, whercas between
Flaveria pringlei and Coffea such homology was 85%. Comparison of nucleatide sequences for the P-subunit gene from the
four Coffea genotypes showed 98-100% and 99-100% homology at amino acid level, except for a substitution of glutamine by
glutamic acid (position 539) in C. canephora and C. congensis.

Keywords: Coffea genotypes. glycine decarboxylase P-subunit, nucleotide sequence, aminoacid substitution

Caracrerizacion de una secuencia parcial de Ia subunidad P de 12 glicina
decarboxilasa de cuatro genotipos de café

COMPENDIO

Se amplificé un fragmento de 427 pb de ADN aislado a partiv de tejido foliar de cuarro genotipos de café (Coffea arabica
cv Caturra, Coffea canephora. Coffea congensis y Coffea eugeniodes) mediante PCR y usando cebadores heierélogos
sintetizados con base en fa secuencia de nucledridos que codifica para wna parre de la subunidad P de la glicina
decarboxilasa de arveju Pisum sativuni. Se cloenaron los fragmenios amplificados v se les determiné la secuencia de
nucledtidos. El andlisis de la secuencia de nucledtidos mosiré una honoiogia del 79% entre la secuencia de fa subunidad
P de la glicina decarboxilasa de P. sativum y los cuatro genotipos de Coffea. La secuencia de aminodcidos codificada en
ios fragmemos clonados mosiraron un 81% de homologia entre P. saitvum y los cuatro genotipos de Coffea. nieniras Gue
entre Flaveria pringlei y Coffea la homologia fue del 85%. La comparacion de la secuencia de miclediidos del gene de la
sithunidad P de los cuairo genotipos de Coffea mosiré una homologia del 98 vy 99% a nivel de los aminodcidos, con la
excepcion de una ghtamina por un dcido glieémico en la posicién 59 wanto en C. canephora como en C. congensis.

Palabras claves: genotipos de café, subunidad - glicing decarboxilasa, secuencia nucledticos, substitucion aminodcidas
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Introduction

A Iimiting factor of photosynthesis is photorespiration,
a process by which the plant decarboxylates
photosynthetic products in presence of O,, releasing CO,
and producing serine from glycine, with a high waste of
energy and without any apparent beneful for the plant.
In this process, a great number of enzymes distributed
in chloroplasts, mitochondria, and peroxisomes are
involved. Most of such enzymes are encoded by nuctear
DNA and are carried to the corresponding organelles
after translation, as in the case of glycine decarboxylase,
which is in the mitochondria and is responsible for CO,
release by glycine decarboxylation. This enzyme
consists of four soluble protein subunits located in the
mitochondrial matrix: P-subunit, which decarboxylates
glycine and catalyzes CO, exchange: H-subunit, which
acts as a methylamine carrier and contains lipoic acid
as an acceptor for electrons from glycine; T-subunit,
which transfers aminomethyi radical to tetrahydrofolic
acid (THF) with NH3 release and formation of N* N
methylene-tetrahydrofolate; and L-subunit, which
catalyzes electron transfer from reduced lipoic acid of
H-subunit to NAD*, 10 form NADH (Canvin 1990,
Oliver 1994, Whelan and Glaser, 1997).

The P-subunit is a pyridoxal 5 phosphate (PLP)
dependent carboxylase, and is considered the true glycine
decarboxylase enzyme. The mature protein from P.
sativam, composed of 971 amino acids is encoded by a
small multigene family, is a 105-kDa homodimer. It
has a presequence of 86 amino acids, which is removed
after entering the mitochondrial matrix. The homology
in gene sequence and amino acid sequence of this subunit
among different plant and animal species are 60-76%
and 84% (Kume et al., 1994, Turneret al., 1992, Kopriva
and Bauwe 1994). In coffee, there is no available
information on this enzyme. Decker and Tio (1959)
found photorespiration in coffee and its importance for
crop production was established after an estimation of
50% loss of harvest potential through this pathway.
Following this work Zelitch (1971) and several other
workers have studied photorespiration and showed the
detrimental effect on C, crop production. This study
performed a partial analysis of the DNA sequence of
the genc encoding a fragment of the P-subunit of glycine
decarboxylase from different Coffea genotypes.
Analysis of individual sequences and restriction patterns
was included in order (o find homologies and variations
that could represent functional and/or evolutionary
differences.
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Materials and Methods

Plant Materials

Young leaves from one-year-old plants of Coffea arabica
cv. Caturra, Coffea canephora, Coffea congensis and
Coffea eugenioides plants grown outdoors {rom the
coliection of the Centro Nacional de Investigaciones de
Café, CENICAFE (Chinchina, Caldas, Colombia), were
used.

DNA  Purification by
chromatography.

molecular exclusion

The molecular exclusion chromatography technique in
superfine Sephacryl S-1000 (Pharmacia, Biotech Inc.)
was used, with elution buffer 0.01 M Trnis-HCI] pH 8.0,
0.2 M NaCl. 0.5 mM EDTA. and a flow-rate of 1.0 ml
min’' in order to climinate phenolic metabolites and other
compounds from the sample (Garcia, non published
data).

Polymerase Chain Reaction (PCR)

The reaction was performed using heterologous primers
Glyl: AGACGCCATAACTCAGCAACAC and Gly2:
CCGCAGCAGCAGTACCTTCATC, constructed
following highly homologous regions from DNA
sequences of the P-subunit of glycine decarboxylase from
P. sativum. Primers were designed using the Laser Gene
Program (Software System, DNASTAR Inc. Madison,
WI, USA).

For the PCR, 0.75 U Ta¢g DNA Polymerase and 1X of
the enzyme buffer purchased from Amersham, lmM of
MgClL,, 0.2 mM of dNTPs, 150 ng of Glyl and Gly2
primers and 100 ng of total DNA were used, The reaction
cycie was performed using a Perkin Elmer DNA Thermal
Cycler480, with one cycle of initial denaturation (5 min
at 95°C), 35 cycles of 30 s a1 94°C, followed by 30 s a1
60°C (annealing), 1 min at 72°C (extension) and a final
incubation cycle of 7 min at 72°C (Ausubel et al., 1994).

Cloning of Amplification Products

Invitrogen A-T Cloning Kit and Amersham pMOSB/ue
Blunt Ended Cloning Kit were used, which use pCRII



and pMOSBI{ue as vectors, respectively. £. coli strain
DH5a (Bethesda Res. Lab.) was transformed using these
vectors and transformants were selected using IPTG
and X-Gal insolid LB medium with ampicillin (100 ug ml")
as described (Sambrook et al 1989). Plasmids were
extracted by Mini-prep technique using protocols
described (Sambrook et al., 1989). Presence of the
inserts was determined by digestion with £coRI for
pCRIl and EcoRI-HindIll for pMOSB/iue. The
restriction products were evaluated by electrophoresis
in 1.5 % agarose gel, stained with ethidiunr bromide
(Sambrook et al., 1989; Ausubel et al., 1994).

Sequencing of Cloned Products

The primers for pMOSBiue inserts were forward T7
and reverse M13, and for pCRIL. T7 and UI9
(Invitrogen). DNA samples for sequencing were isolated
from culture of an individual colony of each genotype
in 2XYT medium and DNA was isolated with Promega
Wizard Plus Minipreps. Manual sequencing was
performed using Amersham ThermoSequenase kit, and
cycle sequencing with [a-¥S8] dATP (10uCi mL™) as a
label in a Perkin Elmer 940 thermocycler. Automated
sequencing was done in the Applied Biosysiems 373
DNA Sequencer using the Perkin Elmer ABI PRISM
Dye Terminator Cycle Sequencing Ready Reaction Kit.
Sequences were analyzed using Generunner (DNASTAR
Inc., Madison, WI), Clustal W, version 1.6 and Blast
(NCBI-Genbank) Programs.

Results and discussion

DNA Iselation

DNA (A /A, = 1.9) from leaf tissue from different
coffee genotypes was isolated using the technique by
Mettler (1987) and Chaparro (1993), modified using
molecular exclusion chromatography on Sephacryl S-
1000 (Pharmacia). This modification allowed jsolation
of clean high molecular weight genomic DNA free from
phenolics and RNA (Garcia, non published data).

Polymerase Chain Reaction (PCR)

DNA from leaf tissue of C. arabica cv. Cawrra, C.
canephora, C. congensis, C. eugenioides and P.
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sativienm was amplified. Electrophoresis of amplification
products shows a band of approximately 450 bp in all
genotypes (Figure 1). In C. arabica cv. Caturra there
is another band corresponding o amplification products
of approximately 700 bp, whereas in C. canephoira
and C. congensis these same two bands are present in
addition to a band of approximately 1500 bp. This
suggesis that in all genotypes an apparently similar size
fragment (approximately 450 bp) is amplified. Contrary
toc what was observed in Coffea genotypes,
amplification of DNA from P. sativum only showed
one band as expected, since the primers used were
specific for pea. The additional bands from amplification
products of coffeec DNA could be eliminated by
increasing annealing stringency in PCR. However, under
these conditions, no products could be amplified from
DNA of C. arabica cv. Caturra, C. engenioides and
P sativum. Therefore, conditions were not modified
and cloning was made with the amplification products
obtained.

Electrophoresis of DNA fragmenis isolated from oll
venotpes, amplified by PCR. Lane l: Molecular weight marker 1
cutwith Hindl1: lanes 2 and 9 negairve controls (without DNA):
lunes 3 und 4 Coffea arabica ov. Canvra; tane 5 Coffea
canephora, lane 06: Coffea congensis, lane 7: Coffea eugenivides;
lane 8: Pistim sativien, Electrophoresis was pesformed wn o low
melnng point 1 5% agarose gel

Figure 1.

In order 10 determine validity of amplified fragments,
restriction analysis for the amplification product of P.
sativitn with enzyme Haelll was performed. Two
fragments were obtained (Figure 2), the first one of
approximately 100 bp and the second one of 330 bp.
Such values correspond (o the reported sizes for this
species {Turner 1992). This result suggests that the
amplification product corresponds (o the expected DNA
fragment.
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Figure 2. Electrophoresis of the DNA fragment of Pivium sativiem
treated with restraction enzyme Haelll gnd compared to intact frae-
meni (lane 1. E-XI74 Haelll: fane 2. Fragment 437Haetll: fane
3 Fragment 437), Elecrrophoresis conditions were as in Fry f.

Cloning

Transformants for C. cugenioides and C. congensis
were obtained in vector pMOSB/lue, and for C. arabica
cv. Caturra and C. canephora in vector pCRII, all
transformed into £. coli strain DHSa. Amplification of
cloned products allowed obtaining probes of the gene
for the P-subunit of glycine decarboxylase in the four
mentioned species of Coffea.

Sequence Analysis

The nucleic acid sequences (Figure 3) for C. arabicu
cv. Cawurra, C. canephora, C. congensiy and C.
eugenioides were translated to amino acids in the six
possible reading frames using Generunner program. For
all genotypes. the only open reading frame obtained was
from reading frame 1. which was chosen for the
subsequent analyses. Chemical nature of peptides of
the glycine decarboxilase from Coffea genus was clearly
polar and show 100% homology among all genotypes
(Table 1). Individual amino acid analysis shows leucine
as the most prevailing one, followed by serine, alanine,
and threonine. There is a very low level of cysteine
(0.7%) in coftee, which was consistent through all the
sequences (Tuble 2).

Nucleotide analysis of these fragments shows a low
GC content in all of them and there 1s no significant
difference among genotypes (41.08% + 0.015). Low
GC content is characteristic of plant genomes, never

above 50% (Table 3). In other plants, GC content is
around 40%, with a minimum valuve of 38.7 for Kiwi
and a maximum of 46.3% for Chondrius crispus
(Marie et al., 1993). Results show that sequences are
highly conserved in all studied genotypes.

The result of DNA restriction analysis of the different
genolypes is shown in Table 4. Two different restriction
pattem groups were observed: group | correspends 10
C. arabica ¢v. Caturra, C. canephora, C. congensis,
and C. eugenioides, and group 2 corresponds to £
sativin. Both have unique cutting sites which give
them their identity: (Bcfl, Mobll. Nsil. Nspl, and Xholl)
for group 1, and (Accll, EcoRV, Haelll, Hapll, Mspll,
and Tagl) for group 2. Both groups share restriction
sites for Acel, Hinfi and Rsal, showing conserved
sequences located in the same sites. Restriction sites
for Acyll, Ddel. Dnpl, and Nialll are also parually
shared. Animporiant difference in frestriction sites for
group ! is indicated in Table 4, corresponding to base
426. Restriction site for Psil appears in C. arabica cv.
Caturra, where a one base change has occurred.

In the nucleic acid sequence. high similarity among the
four genotypes is shown, but when comparing in more
detail two minor changes in the sequences may be
observed. Between C. arabica cv. Caturra and the
other three genotypes there is a transition in base 423,
where C is changed for T (Figure 4A). There is a
transversion in base 175, where C changes for G
(Figure 4B). These changes indicate a subtle
polymorphism in the sequences, but the high degree of
homology confirms the fact that they are very conserved
sequences.

Since sequences of all coffee genotypes were practically
identical, C. arabica cv. Caturra was chosen to
represent the other genotypes in the comparisons made
with fragment sequences that have been published. Blast
analysis of nucleic acids showed that the sequence of
C. arabica L. cv. Caturra was 79% homologous with
the P. sativim sequence (Figure 5). The pea sequence
started at base 377 and ended at 803, the exact sites
where the sequences for designing the primer were
taken from, which corresponds to the same fragment
of glvcine decarboxylase described P. sativum.

With the aim of determining the degree of homology,
comparisons between C. arabica cv. Caturra and P.
sativionr and flaveria pringlei were also carried out.
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, Caturra

agacgecata acleageaac accigaagaa caaatcaaaa 1ggligagaa llglg:é:iilc
cecaglicliz attegeltat tzacgecact glgectaaat claleagect tgatgatatg
avgiitagta aglitgalga goealtaact gaggctcaaa tgattgatca catgeaaaag
lagcatcta agaacaaagt Hitaagica Latattggaa (gggatcta aatacet
giccgecty talltizag gaatclecly gaaaaicgtg cllgglatac weaglatac
coeclateagy clgagatite geaggeacgt citgaalece tgetgaatla teagacealg
atlgeggale Hactggatt geetatghel aatgeatclt lactagatga agglaciget
geegegs

dgacgecala acteagraad aecigaigan caaatcadad gettgagad tgtgralle
cecaglentg attegettat tgacgecact plegcclaaat claleagect tgatpelag
acglitagta agtitgatga gegattaact gaggctcaaa lgattgalca catggaanag
ftagcalcta agaacaaagl iitaagica atatiggaa (geeatacla 1aatacent
gliccgoctg tatirgag gaatclecly ganaatcclg cliggtatac wagtatact
cectatcagg clgagaltie geagyepacgt ¢cligaatece tgcieaatta leagaccaly
altgoegeate tactgeant gectatgtet antgeatett actagatza agglacigel

gelgege

AZACECLALD AcTCHEeC accigaagan caaatcaann tggtigagaa uglggalic
cecagteltg attegettat 1gacgeeact glgectaaat clatcaggct tgatggtatg
acglitiagta agtiigalpa ggeattaact gagoctcasa 1gatgatea caigeasaaag
ttagcateta agaacaaagt tittaagica alattgeaa tpgpalacta taatacctt
gliccgectg ttattttgag gantetecty gaanatectg cligglatac cagtatact
ceclateagy crgagatlte geagggacpl cligaatece 1gctgaatia tcagaccaty
attgoggalg tactgeatl goctatgtct aatgealelt tactagalga aggaciact
gergegg

e
agacgecata aclcageaac acclgaagaa casalcaaad 1ggiigagan ngigganc

cocagictig attegettat tgacgecact glgectapat clatcaggct tgatgelatg
acglifagta agttigatga geeattaact gaggeteana tgatigatea catgeaaaay

151
241
301
361

421 aetgepy

ttageateta agaacaaagt tittanptca ttallggaa (gegatacta taataccin
elicegecty tattttgay gaatctectg gaaaateclg cligetatac eagtatact
ceclatcagg ctgagatlle geaggeacgt cligaatce peigaalla teagaccalg
attgoggale tactggatt pectatgiet aatlgeatett tactagalga aggtacigdt

Figure 3. Sequence of PCR fragments of the four coffee genotypes. A: Coffea arabica ov. Cannra (GeneBank accession number
AF42072), B: Coffea cancphora (GeneBank accession number AF043097), C: Coffea congensis (GeneBank accession number AF043098),

D: Coffea eugenioides (GeneBank accession manber AF043699).

Homology percentages are practically equal: 79% C.
arabica cv. Catwurra vs. P. sativum. 77% C. arabica
cv. Caturra vs. F. pringlet, 78% P. sativum vs. F.
pringlei, which indicates the level of association among
them. Analysis of the amino acid sequence shows that
C. arabica cv. Caturra fragment has 83% homology
with the sequence of £, sativunt, even higher than that
found for nucleic acids, which confirms homology of
the cloned sequence with that of glycine decarboxylase
described for P. sativien (Figure 6).

A comparison of C. arabica cv. Caturra, P. sativin,
and F. pringlel sequences shows that homologies of

sequences are similar and high: 83% C. arabica cv.
Caturra vs. P. sarivum, 85% C. arabica cv. Caturra
vs. F. pringlei and 86% P. sativum vs. F. pringlei,
confirming the degree of conservation of this fragment
and evolutionary closeness of genotypes. The Clusial
program showed there were very few differences
among nucleic acids within the coffee group (98%
matching), which suggests this 2% corresponds to
positions in which nucleotides have changed according
to the sequence results. All genotypes share similar
homology to P. sarivin (79% matching). These results
correlate very well to those obtained by blast analysis
(Table 5).

45



Characterization of a parital sequence of the p-subumi of the clvcine decarbosyiase gene from fowr coffea genorvpes

Table 1. Percentaye of antine acids of glycine decarboxtlaxe P-subunit from coffee genotypes and Pisum sativion.
Genotype

Amino Coffea arabica cv. Coffea Coffea Coffea Pixtm
Acid Caturra canephora cigenioides conyensiy SeHivim
Ala A 7.75 b 7.75 775 7.04
Arg R 3.52 3.52 352 3.52 3.52
Asn N 5.63 5.63 5.03 563 563
Asp D 4.93 4.93 4,93 4.93 2.57
Cwvs C 0.70 0.70 0.70 0.70 0.70
Glu E 6.34 6.34 6.34 6.34 6.34
Gin Q 493 4.93 4.93 493 4.23
Gly G 563 563 5.63 5.63 6.34
His H 1.41 1.41 1.41 141 2.1
le ! 5.63 5.63 5.63 5.63 4,94
Leu L 10.56 10.56 10.36 10.56 9.15
Lys K 4.93 4903 493 493 6.34
Met M 493 493 193 493 5.63
Phe F 3.52 352 3.52 3.52 423
Pro P 5.63 5.63 5.63 5.63 493
Ser § 173 7.75 7.75 o 7.04
The T 7.04 7.04 7.04 7.04 8.45
Trp W 0.70 0.70 0.70 0.70 .70
TyrY 493 493 493 4.93 5.60
Val V 352 352 332 352 4.42

Table 2. Grouping of aminoacids according to chemical char-
acteristics from coffec genotvpes and Pisum sativiin,

AA. Type (No.of A.A)

Genolype Acidic  Basic  Polar  Non Polar
Coffec arapiva. cv.

Caturra 18 20 74 68
Coffea canephora 18 20 74 68
Coffea congensis 18 20 74 68
Coffea eugenioides 18 20 74 68
Pistim sativiem 20 19 75 67

Clustal analysis for amino uacids was also performed
and matching percentages oblained. Results were
similar to those for nucleotide sequences: no
significant differences within the coffee group
were found (99%) and all were equally different
to P. sativum (83%) (Table 6). One amino acid
substitution, corresponding to the change in amino acid
157, was found in the coffee group (Figure 48). Codon
GAA, which corresponds to glutanyic acid, was found
for genotypes C. arubica cv. Caturra and C.
cugenioides. Codan CAA, which corresponds to
glutamine, was found for genotypes C. congensis and
C. canephora. In spite of the fact that these amino
acids are very related, this change should have some
implications on the functioning and structure of the
enzyme.

e rd

Amptification of fragments of the glycine decarboxylase
gene by PCR, using primers designed from homologous
sequences of other species, was possible. Probes of
the gene of the P-subunit of glycine decarboxylase {from
four different coffee species have been obtained, cloned
and are available for further use. High homology among
the four sequences of the glycine decarboxylase gene
P-subunit in the Coffea genus was established. There
is only one important variation which causes an amino
acid change in the sequence in this region of the gene
(one glutamic acid for one glutamine, in genotypes C.
arabica cv. Caturra, C. eugenioides and C. congensis,
C. canephora, respectively), which could contribute
to explain the different photorespiratory rates found for
these genotypes (Mosquera, 1995).

High homology of the nucleic acid and amino acid
sequences encoded by these fragments in relation to
other plants (P. sativien and F. pringlei, 83% and 85%
homology for amino acid sequences) shows that such
homology goes beyond the limits of the species. This is
the first report of cloning a partial DNA fragment for
P-subunit of glycine decarboxylase from coffee and this
will allow isolation of the full-length cDNA clones for
this gene from coffee for further analysis.
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Table 3. Percentage of nucleic acids of glycine decarboxilase P-unit gene from coffee genotypes and Piswn sativian,

Nucleic acids (%)

Genolype G C A T %GC
Coffea arabica cv.

Calurra 21.55 19,43 28.10 30.92 40.98
Coffea canepliora 21.78 19.20 28.10 30.92 40.98
Coffea congensis 21.78 19.20 28.10 30.92 40.98
Coffea eugenioides 21.55 19.66 28.10 30.69 41.21
Pisum sativuni 22.25 18.74 29.74 29.27 40.97

A.
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|
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C. arabica L. cv. Caturra
C. canephara

C. congensis
C. eugenioides
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C. congensis
C. canephora

C. arabica L. ¢v. Caturra
C.eugenioides

Figure 4. Analysis of the sequences of the differemt genotypes and thetr differences. A, Difference in base 423, changes C-T B. Differ-
ence in base 175, change of C-G.
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emb |X59773| PSGDPP Pisum sativum mRNA for P protein, a part of glycine

cleavage complex,
Length = 3404,
Plus Strand HSPs:

Score » 1334 (368.6 bits), Expect = 3.3e-103, F - 3.3e-103
Identities = 338/427 (79%), Positives = 338/427 (79%), “tr.nd = Tlus / Tlus

CAT:

PEA:

CAT:

1

497

181

557

617

k1) |

i8]
137

421

AGACGCCATAACTCAGCAACACCTGAAGAACARATCAAAATGGTTGAGAATTGTGGATTC &0
(I8 010 1 U 8 O O O NN
AGACGCCATRACTCAGCAACACCGGATCAACARACGAAAATGGCTGARTCGGTTGGTTTE 436

CCCAGTCTTGATTCCCTTATTGACGCCACTOTOCCTAMATCTATCAGGCTTGATGETATG 126
| T 1 L U8 5 T It U T A T O B Y (R R
GATACGCTTGATTCACTCGTTGATGCAACCGTCCCGAAATCCAT TCECTTGAAGGARATG 456

ACGTTTAGTAAGTTTGATGAGGGATTAACTGAGGU TCARATGATTGATCACATGCARAAG 180
S R O T Y U U T S U T O I G A A IO A
ARGTTCAATAAATTTGATGSTGGATTGACACRAGGTCARATGATTGAGCAUATGAAGGAT 556

TTAGCATCTAAGAACARRGTTTTIAAGTCATATATTGGAATGOCATACTATAATACCTTT 240
(0010 0L T O N TS 1 I O O T O O B O |
TTAGCTTCGAAAAMCAAGGT TTTCAAATCETTTATTGGTATGGGATACTATAACACTCAT 616

GTTCCGCCTGTTATTTTGAGGAATCTCCTGCAAAATCCTGCTTGGTATACTCAGTATACT 300
(R S0 0 SN T T B O S N R A N R N N R RN RSN AN RN
GTTCCACCTGTGATTTTGAGGARCATCATGEAGAATCCTGCTTCGGTATACACAGTATACA €76

CCCTATCAGGCTGAGATTTCGCAGGGACGTCT TGAATCCCTGCTGAATTATCAGACCATG 360
I 0 I R N N R NN
CCTTATCARGCTGAGATATCTCAAGGCCGTCTTGAATCTTTGTTGAATTT TCAGACCATG 736

ATTGCGGATC TTACTGGATTGCCTATGTCTAATGIATCTTTACTAGATGAAGGTACTSCT 420
R I e N N N R N A A R R AR RN
ATTACTGATCTCACTGGT T TGCCTATGTCAAATGCTTCATTGCTTGATGAAGGTACTSCT 726

Figure 5. Homology unalvsis of nucleic acid sequences of C arabica ov. Caturra (CAT) vs. Pisum sativimn (PEA).

6p|P26969|GCSP_PEA GLYCINE DEHYDROGENASE (DECARBOXYLATING) PRECURSOR

(GLYCINE DECARBOZYLASE) (GLYCINE CLEAVAGE SYSTEM P-PROTEIN)

pir| (A42109 glycine dehydrogenase (decarboxylating) (EC 1.4.4.2)
componaent P precursor - garden pea gi|20741 (X5%773) comporent of
aminomethylilransferase [Plsum sativum]. Length = 1057

Score = 623 (284.1 bits), BExpect = 3.2e-79, P = 3.2e-79
Identities = 119/142 ({B83%), Positives = 130/142 (91%)

CRT:

PEA:

CAT:

PEA:

CAT:

PEA:

1
100
61
160

121

RRHNSATPEEQIKMVENCGFPSLDSLIDATVERSIRLDGMIFSKFDEGLTEAOMI DHMOE 60
RRHNSATP4EQ ¥M £+ GF +LDSL+DATVPKSIRL M F+KFD GLTE OMI+HM-
RERHNSATPDEQTKMAESVGFDTLOSLVDATVPKSIRLEEMKENKFDGGLTEGOMIERMKD 159

LASKNEVFKSY IGHGY YNTTVPPVILRNLLENPAWYTQYTPYQAEISQGRLESLLNYQTHM 120
LASKNEVFKS< IGMCYYNT VEPVILRNHENPAWYTOYTPYQAEISQGRLESLLN4QTM
LASKNRVFKSPIGMGYYNTHVPPVILRNIMENEAWYTQYTPYOAEISOGRLESLLNFOTH 219

IRDLTGLPMSNASLLDEGTARR 142
1 DLTGLPMSNASLLDEGTARA
ITDOLTGLPNSNASLLDEGTARR 241

Figure 6 Homology analysis of amne acid sequence of Coffea arabica ov. Catrva (CAT) va Pisum satvum (PEA)
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CAT
CAN
CCHN
EUG

PEA
CAT
CAN
CON
EUG

FEA
CAT
CAN
CON
EUG

PEX
CAT
CAN
CON
ELG

PEA
CAT
CAN
CON
EUG

FEA
CAT
CAN
CON
EUG

Figure 7. Clustal analysis of nucleic acids for aif genonpes. PEA: Pisum sativim, CAT. Coffea arabica ov. Cannva. CAN: Coffea
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ACGACGCCATAACTCAGCAACACCGEATGRACARACGARAATGS
AGACGCCATAAC GCAACACCTGAAGAACRARTCAARATGGTTGAGAATTGTGGATTE
AGACGCCATAACTCAGCAACACCTCAACRACARATCALAATOCITCAGAATTGTGGATTC
AGACGCCATAACTCAGCAACACCTGAAGAACAARTCAAREATGETTGAGAATTGTGGATTC
AGACGCCATAACTCASCAACACCTGAAGAACRAATCAARATGCTTGAGAATTGTGGATTC

B e W e w s e s “ww Fww

CTEGAATCGGTTGGTTTC

GATACGCTTGATTCACTCOTTGATGCARCOGTECCEARATCCATTCCATTGAALGAMATG
» T ITATTGACCGCCACTCTGCCTARATCTATCAGGCTTGATGGTATG
CCCAGTCT COCTTATTGACGUCACTGTGCCTAARTCTATCAGGCTTGATGGTATE
CCCAGTCTTGATTCGCTTAT TGACGLCACTO TEGUCCTRAATCTATCAGGCTTGATGGTATG
COCAGTCTTGATTCGCTTATTGRACGCCACTGTGCCTARRTC TﬂT".ﬁlJGLTTGRT GGTATG

- dee bhqgned wa T e I vk - EE

RAGTTCAATARATTTGATGGTGGATTGACAGRAGGTCAANTGATTGAGCACATGAAGEAT
ACGTTTAGTAAGTITGATGAGGGAT TAACTGAGGCTCARATCGATTGATCACATGCAAAAG
ACGTTTAGTAAGTTTGATGAGGGATTAACTCAGGCTCARATCGATTGATCATATGGARAAG
ACGTTTAGTAAGTTTGATGAGGGATTAACTGAGECTCAAATGATTGATCACATGGAAAAG
ACGTTTAGTAAGTTTGATCAGGGATTAACTGAGGCTCAAATGATTGATCACATSCARALG

® Re ¥ d ArE WEAmRAR I I . T R i e e T -

TTAGCTTCGAAAAACARGGTTT TCAAATCGTITATTGGTATGGGATACTATAACACTCAT
TTAGCATCTAAGANCAAAGT T T T TAAGTCATATATTGGRATGCGATACTATAATACCTTT
TTAGCATCTAAGRACAAAGTTTTTAAGTCATATATTGGAATGGGATACTATAATACCTTT
TTAGCATCTAAGAACAARGTTTTTAAGTCATATATTGGAATCGGOATACTATARTACCTTT
TTAGCATCTARGAACAAAGTTTTTAAGTCATATATTOGARTGGGATACTATAATACCTTT

EEEE® ww s Feses wAWAEY WA F¥Y e weF o e svavassdess = .

GTTCCACCTGTEATTTTCGAGGAACATCATRGAGARTC TATACACAGTATACA
GTTCCGLCTGTTATT T TGAGCARTCTCCTGCARAATCCTCCTTGGTATACTCAGTATACT
GTTCCGLCTGTTATTTTGAGGAATCTCCTGGAAARTCCTGCTTIGGTATACTCAGTATACT
GTTCCGCCTGITAT T ITGAGGAATCTCCTGGAAAATCCTGLTTGGTATACTCAGTATACT
GITCCGCCTGTTATTTTGAGGAATCTCCTGGAARATCCTGCTTGETATACTCAGTATACT

1amek asasd sasshemwnbw Fe maEw epwsewAEieavaawhies maEEEa A
. . i .

CCTTATCAAGCTGAGATATCTCARGGCCGTCTTGAATCTTTGTTGARTTTTCAGACCATS

CCTATCAGGCTGAGATT TCCCAGGGACGTCTTGARTCCCTGUTGAATTATCAGACCATG
CCCTATCAGGUTGAGATTTCGCAGGGACGTCTIGAATCCCTGCTGAATTATCAGACCATG
CCCTATCACGUTGAGAT T TCGCAGGGACGTCTTGAATCCCTGCTGAATTATCAGACCATS
COCTATCAGGUCTGAGATTTCGCAGGGACGTCTTGAATCCOTGCTGAATTATCAGACCATG

2w Awm Ak r EFwasa R rd b ak AN hY M FRRE PR HhE WMEETER ok k ko owd hoaek w

ATTACTGATCTCACTGGTTTGCCTATGTCAAATGCTTCATTGCTTGATGAAGGTACTGET
ATTGCGCATCTTACTGGATTGCCTATGTCTAATGCATCTTTACTAGATGAAGGTACTGLT
ATTGUGGATTTTACTGGATTGUCTATGTCTAATGCATCTTTACTAGATGAAGGTACTECT
ATTGCEGATCTTACTGEATTGCCTATG TCTAATGCATCTTTACTAGATGAAGCETACTGLT
ATTGCGGATC T TACTGGAT TGCCTATGTCTAATGCATCTTTACTAGATGAAGGTACTCLT

mawm o crwfae O FER Rl rl bR e RAREE AL wdk bk EmEmdsRaNEAERE -l

GCTGLGE

PCTFF(‘C
MG -UJ

I

canephora, CON: Coffea congensis. EUG: Coffea eugenioides.
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&0 3 i) 8 3

Table d.  Restniction analysis from sitdied caffee genvtypes and Pisum sativim.
Genolype
Restnciion Coffea aruhrea Cy. Coffea Coffeu Coffea Pisum
Enzyme Caturra canephora congensis cugenioides satvinn
Accl 286, 295 286, 295 286, 295 286, 295 286, 295
Accll - - . - 170
Acyf 3, 83,327 3.83,327 3.83.327 3,83, 327 3
Al - - - - 184, 310
Bell 165 165 165 165 -
Cspd3i - - - - 187
12,149,188 12,149,188 12,149,188 12,149,188
Ddet 290,311 290, 311 290,311 290,311 12,31
Dupi 167, 368 167. 368 167, 368 167. 368 368
EcoRV - - - - 317
Haelfi - - - - 326
Hapif - - - - 22
Hgal 1. 91 11,91 11,91 11,91 1l
Hinfl 56,70 56,70 56. 70 56.70 46. 70, 237,
261, 334 261, 334 261, 334 261,334 334
Maobt 165, 366 165, 366 165, 366 165, 366 366
Mobit 37 7 37 37 -
Mspl! - - - - 22
Nialtt 174, 360 174, 360 174, 360 174, 360 174, 241
270, 360
Nsif 396 396 396 396 -
Nspl 174 174 174 174 s
Pstt 426 - - - -
Rsaf 414 414 141 414 414
Tagl - = - - 59, 187
Xholl 366 366 366 366 -
| GROUP 1 GROUP24I
Table 5. Homology percentazes of the nucleic acid sequence Table 6.  Homology pereentages of nucleic acrds among genu-
among genotypes according to Clusial analysis. types according to Clustal analysis
Coffea Coffea Coffea Pistm Coffea Coffea Coffea Pisum
Genolype caitcphora  congensis engemoides  sativum Genotype canephora  congensis eugenioides sativiem
Coffea arabica cv. Coffea arabica cv.
Caturra 98 98 98 79 Caturra 499 v 89 83
Coffea canephora - 100 98 79 Coffea canephora - 100 98 83
Coffea congensis - - ] 19 Coffea congensis : 98 83
Coffea eugenioides = % g 79 Coffea eugenioides - 83
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