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ABSTRACT 

A 427 bp fmgment of DNA isolated from leaftissue of four coffee genotypes (Coffeá arabica cv. Caturra. Co.ffea canepllora, 
Cojfe(l COIIf,ens;s and Coffea ettf!enioides) was amplified by PCR. using heterologous primers synthesized following the 
nucleotide sequence encoding a part of P-subunit of glycine decarboxylase from pea Pisum sativum. Ampli lled fragments 
were cloned and their nucleotide sequence was detennined. Sequence analysis showed 79% homology be1ween the gene 
sequence of the P-subunit of glycine decnrboxylase from P. sativum and 1he four Cojj'ea genotypes. The amino acid 
sequence of cloned fragments showed 81% homology between P. salivum and the four Coffea genotypes, whcrcas between 
Flaveria pringleí and Co.ffea such homology was 85%. Comparison of nucleotide sequences for the. P-subunil gene from the 
fourCoffea genotypes showed 98-100% and 99-100% homology at ami no acid level,except for a substitution of glutamine by 

glutamic acid (position 59) in C. canephora and C. congensis. 
Keywords: Co.ffea genotypes. glycine decarboxylase P-subunit, nucleotide sequence, aminoacid substitution 

Caracterización de una secuencia parcial de la subunidad P de la glicina 
decarboxilasa de cuatro genotipos de café 

COMPENDIO 

Se amplificó un fragmento de 427 pb de ADN ais/(ldO a partir de tejido foliar de cuatro genotipos de café (Co.ffea arabice 
cv Caturra. Coffea wnephora. Co,{fett congensis y Co,{fea eugeniodes) mediame PCR. y usando cebadores helerólo~os 
sintetizados con base en la secuencia de nucleórídos qt.tc codifica para una parte de la subunidad P de la [!.licina 
decarhoxilasa de arveja Pisum satÍ\'11111. Se donaron los jr(lgmemos amplificados y se les determinó la secuencia de 
nucleólidos. El análisis de la secuencia de nuc;/eótidos mos1ró una homología del 79% entre la secuencia de la st.tbunidad 
P de la glic:ina decarboxílasa de P. sativum y los watro p,éiiOiipos de Coffea. La secue11cia de aminoácidos codificada en 
Jos fragmentos clo11ados mostraron un 81% de homología entre P. sarivum y los cumro genotipos de Co.ffea. mientras que 
emre Flm·eria prin,'?lei y Coffea la homología fue del85%. La comparar.:ión de la secuencia de nucleútidos del gene de la 
subunidatJ. P de los cumro gen01ipos de Coffea mostró 11110 l10mo/ogía del 98 y 99% a nivel de los aminoácidos, con la 
excepción de ww glutamina por un ácido glutámic:o en la posición 59 tal/lo en C. canephora como e11 C. c:ongensis. 

Palabras claves: genotipos de café, subunidad- glicina decarhoxilasa. secuencia nucle6ticos. substitución aminoácidos 
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Cllaractai:lJiion of a partía/ scquence of 1he p-subunit of the glycine clecarboxylase gene jrom four coffca t<enotypes 

lntroduction 

A limiting factor of photosynthesis is photorespíration, 
a process by which the plant decarboxylates 
photosynthetic products in presence of 0 2. rcleasing co2 
and producing serine from glycíne, with a high waste of 
energy and witlwut any app<~rent benefit for the planl. 
In this process. a great number of enzymes distributed 
in chloroplnsts, mitochondria, and perox isomes are 
invol ved. Most of su eh enzymes are encoded by nuclear 
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 C0

1 

release by gJycine decarboxylation. This enzyme 
consists of four soluble protein subunits located in the 
rnitochondrial matrix: P-subuoít. which decarboxylates 
glyci.ne and catalyzes C02 exchange; H-subunit, which 
acts as a methylamine carrier and contains lipoic acid 
as an acceptor for electrons from glycine; T-subunit, 
which trnnsfers aminomelhyl radical to tetrahydrofolic 
acid (THF) with NH3 release and fonnation of N5 N 10 

methylene-tetrahydrofolate; and L-subunit, which 
catalyzes electron transfer from reduced lipoic acid of 
H-subunit to NAO•, 10 form NADH (Canvin 1990, 
Oliver 1994, \Vhelan and Glaser, 1997). 

The P-subunit is a pyridoxal 5 phosphate (PLP) 
dependen\ carboxyla~. <Uld is considered the true glycine 
decarbox ylase enzyrne. The mature protein from P. 
sot.ivum. composed of 971 amino acids is encoded by a 
small multigene family, is t1 1 05-kDa homodimer. It 
has a presequcnce of 86 an1ino acids, which is removed 
after entering the mitochondrial matrix. The homology 
In gene sequence and ami no acid sequen ce ofthis subunit 
among different plant and animal species are 60-76% 
and 84% (K u me et al., 1991. Turner et al., 1992, Kopri va 
and Bauwe 1 994) . Jn coffee, there is no available 
inforrnation on this enzyrne. Decker and Tío (1959) 
found photorespiration in coffee and its importance for 
crop production was established aftcr an estimation of 
50% loss of harvest potential through this pathway. 
Following this work Zelitch ( 197 J) and severa! other 
workers have studied photorespiration and showed the 
detrimental etTect on C

3 
crop production. This study 

perfom1ed a partial analysis of thc DNA sequence of 
the gene encoding a fragment ofthe P-subunit of glycine 
decarboxylase from different Coffea genotypes. 
Analysis of individual sequences and restriction pntterns 
was included in arder to find homologies and variatíons 
that could represent functional and/or evolution.ary 
di fferences. 
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Matedals and Methods 

Plan! Maten:a/s 

Youngl~ves from one-year-old plants ofCoffeaarabica 
cv. Caturra, Cojfea canephora , Coffea congensis and 
Coffea eugenioides plants grown outdoors from the 
collcction ofthe Centro Nacional de lnvestigacione:> de 
Café, CENlCAFE (Chinchiná, Caldas. Colombia), were 
u sed. 

DNA Pur,fication by molecular exclusion 
chromaJograph.y. 

The molecular exclusion chrom<ttography technique in 
superfine Sephacryl S- 1000 (Pharmacia. Biotech In e.) 
was used. with elution buffer 0.0 1 M Tris-HCJ pH 8.0, 
0.2 M NaCI , 0.5 mM EDTA. anda flow-rate of 1 .O mi 
m in·• in order tocliminate phenolic rnetabolites and other 
compounds from the sample (García, non p ublished 
data). 

Polymerase Chain R eaction (PCR) 

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

For the PCR, 0.75 U Taq DNA PoJymerase and IX of 
the enzyme buffer purchased from Arnersharn, lmM of 
MgCI

2
, 0.2 mM of dNTPs, 150 ng of Gly 1 and Gly2 

pri.mers and 100 ng of totnl DNA were uscd. The reaction 
cycle was pc1fonned using a Perkin Elrner DNA Thenno.l 
Cycler480, with one cycleof initiat denaturntion (5 m in 
at 95°C), 35 cycles of 30 s at 94°C, followcd by 30 s at 
60°C (nnne¡ding), l min at 72°C (extension) anda ftnal 
incubation cycle of7 min at 72°C (Ausubel et al., 1994). 

Cloning of Am.plifuation Products 

lnvitrogen A-T Cloníug Kit and Amersham pMOSBlue 
Blunt Ended Cloning Kit were used. which use pCRil 



and pMOSBiue as vectors, respectively. E. coli strain 
DHSa (Bethesda Res. Lab.) wus transfonned using these 
veclors and transformants were selected using IPTG 
and X-Gal in so lid LB medium wilh mnpicillin ( 100 J.Ig rnl·') 
as described (Sambrook et al 1989). Plasmids were 
extracted by Mini-prep technique using protocols 
described (Sambrook et nl., 1 989). Presence of the 
inserts was determined by digestion with EcvRI for 
pCRil and EcoRI-Hindiil for pM OSBtue. The 
restricti on producls were evalu:ued hy electrophoresis 
in 1.5 % agarose gel. stained wi1h ethidium bromide 
(Sambrook et al., 1 989; Ausubel et al., 1 994). 

Sequenciug of Cloned Products 

The primers for pMOSB/ue insens were forward T7 
and reverse M13, and for pCRIL T7 and UJ9 
(lnvitrogen). DNA samples for sequencing were isolated 
from cullure of an individual colony of each genotype 
in 2XYT medium and DNA was isolated with Pmmega 
Wizard Plus Minipreps. Manual sequencing was 
perfom1ed using Amersham ThermoSequenase kit, and 
cycle sequencing wi.th [a-35SJ dATP (!OpCi nlL-1

) as a 
label in a Perkin Elmer 940 thermocycler. Automated 
sequencing was done in the Applied Biosystems 373 
DNA Sequcncer usin.g the Perkin Elmer ABI PRJSM 
Oye Tenninator Cycle Sequencing Ready Reaction Kit. 
Sequences were analyzed using Generunner (ONASTAR 
Inc., Madison, WI). Clustal W, version 1 .6 and Bla~t 
(NCBI-Geobank) Programs. 

Results and discussioo 

ONA l solatio'' 

DNA (A.&JA280 = 1.9) from leaf ti ssue from differerH 
coffee genotypes was isolated using the technique by 
Mettler ( 1987) and Chaparro ( 1993), moclified using 
molecular exclusion chroma10graphy on Sephacry l S
I 000 (Pharmacia). This modítication allowed i::;olation 
of e lean high molecular weight genomic DNA free from 
phenolics and RNA (García, non published dma). 

Polymerase Chain Reaction (PCR) 

DNA from leaf tissue of C. arabica c.:v. Cawrra, C. 
c(meplwra. C. congensis, C. eugenioide.s and P. 
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sativ11m was amplified. E!ectrophoresis of amplitic.:ation 
products shows a band of approximately 450 bp in all 
genotypes (Figure 1). In C. arabica cv. Caturra there 
is another band correspondí ng 10 amplification products 
of approx imately 700 bp. whereas in C. canephom 
and C. con.gensis these same two bands are present in 
addition toa band of approx imately 1500 bp. This 
suggests !hat in all genotypes an apparently similar size 
fragment (approximately 450 bp) is amplitied. Contra!)' 
to what was observed in Coffea genotypes, 
amplitic:nion of DNA from P. sativum only showed 
one band as expected , since the primers used wcre 
specific for pea. The additional bands frorn amplification 
products of coffec DNA cou ld be e liminated by 
increasing <~nJleaJ ing stringency in PCR. However, undcr 
these conditions, no products could be amplified frorn 
DNA of C. arahica cv. Caturra. C. eu,t:e.nioides and 
P. sativum. Therefore, conditions were not modified 
and cloning was rnade with the amplitication products 
obtained. 

1 35) bo 

S72pb 

603 pb 

)lO pb 

Figure J. ElcCirophorc.Hs <1 DNAJra!(IIIC'/11.\ i.wlttJ<•tl.frvm o/1 
gt'llotypr:;, umplified hy PCR. Lanel·: Molecular H'ághtmar/.:er 1 
cm witlt Hmc/1/f: lm1e~· 2 ami SI ne:,:atn•e cunrrols (without DNA): 

lcn1es 3 am/ 4 · Coffea oml>il'o C\'. Caturm: lane 5 : Cojj"eu 
<:tmephora : lmte 6: Cojfea fungensis. /une 7: Cuffca eugeniuides: 
Irme 8: Pi:;um ScllÍYIIm . Elec ·ll·opltori!SI.\' was ¡x,formC'cl ln o low 
mclt111g poim 1.5% agoro~c· .~;!el 

In arder 10 determine validi1y of am plified fragrnents, 
restricrion analysis for the amplification product of P. 
satiFII/11 with enzyme llaelii was perfonned. Two 
fragments were obtained (Figure 2), the fírst one of 
approx imately 100 bp and the second one of 330 bp. 
Such values correspond 10 the reported sizes fo r this 
specíes (Turner 1992). This result suggests that the 
amplification product corresponds to !he expccted DNA 
fragment. 
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Clwmoeri:alitm oJ tt ¡wnial scc¡m·nu <{ 1he ¡~-.,·tdmnil <•f tiJ<: glyrine dt'curlmryhlll' gen(' from tour co/fc•tt gcnotv¡>e ~ 

2 3 

1 353 pb 

603 pb 

310 pb 

118 pb 

Fig11rt 2. Elearophort•.ws "! th¡• DNA jiagmenl of Pi~11111 .wtttvunt 
tretm:du'illi re~tnction rm:ym~t Hoel/1 (JIU/ compored lo Íllfactjmg· 

nw111 (/(lnt• l. f-X/74 llud/1; lane 2. Fragmem 4J71/oelll: /une 

3 . Fragmem 437). Efrctru¡J!wrcsil cundition.< 11 eN• os i 11 Ft:.: l. 

Cloning 

Transformants for C. eugenioides and C. congcnsís 
were obtained in vector pMOSB/ue. and for C. arabica 
cv. Ca turra and C. canephora in vector pCRII , all 
transformed into E. coli strai n DH5a. Amplification of 
clonccl products allowed obtnining probes of the gene 
for the P-subunit of glycine dccarboxylase in the four 
mentioned species of Coffea. 

Sequence Analysis 

The nucleic acid sequences (Figure 3) for C. arabica 
cv. Caturra. C. canephora. C. con8en::i.1· and C. 
eugenioides were translated to amino acids in !he six 
possible reading frames usmg Generunner program. For 
all genotypes. the only open reading frame obtained was 
from read ing fnune 1. wh ich was chosen for the 
subsequen t annlyses. Chemica l nature of peptides of 
the glycine decarboxi lase from Co.ffea genus was clearly 
polar and show 100% homology among all genotypes 
(Tnble 1). Individual <1rnino acid analysis shows leucine 
as the most prevailing one. followed by serine, alanine, 
and threonine. There is a very low leve! of cysteine 
(0.7%) in coffee, which was consisten! through all the 

->equences (Table 2). 

Nucleotide analysis of these fragments show!> a low 

GC content in all of them and there is no significan! 
di fference among genotypes ( 41.08% ± 0.0 15). Low 

OC content is characteristic of plant genomes, never 

above 50% (Table 3). In other plants, GC content is 

around 40%, with a minimum vnlue of 38.7 for Kiwi 

ancl a maximum of 46.3% for Chondrius crispus 

(Marie et al.. 1993). Results show thm sequences are 
high ly conservecl in alt studied genotypes. 

The result of ONA restriction analysis of the different 
genotypes is .;hown in Table4. Twodifferent restriction 

pattem groups were observed: group l corresponds to 
C. arahico cv. Caturra. C. c.mu:phom, C. congensü, 

and C. eugenioides. and group 2 corresponcb to P. 
satinun. Both have unique cutting sites wh ich give 

them thcir idcntity: (Be/ (, MobiLNsii. Nspl, nnd Xhoii) 

for group 1, and (Acc![. EcoRV. Haeiil, Hapll, Mspll. 
and Taql) for group 2. Both groups share restríction 

sites for Acci, /iil!f! and RsaL showing conserved 
sequence~ locnted in the same sites. Restriction c;ites 

for 1\cy fl. Dde l. Dnpl, and NlaTil are also partiall y 
shared. An import<lnt diffcrence in restriction sites for 

group ! is indicated in Tabla 4, corresponding to base 
426. Restriction site for Psli appears in C. arabica cv. 

Onurra, where a one base change has occu1Ted. 

In the nucleic acid scquence. high similarity among the 
four genotypes i~ shown. but when comparing in more 

detail two rninor changes in the sequences may be 

observed. Between C. arohica cv. Caturra and the 

other tluee genotypes there is a transition in base 423, 
where e i S changed for T (Figure 4A ). There is a 
transversion in base t75. where C changes for G 
(F igure 48). These ch<lnges indicate a subt le 

polymorphism in the sequences, but the high degree of 
hcnnology confirms the fact that they :ne very conserved 

sequences. 

Sínce sequences of all coffee genotypes were practica JI y 
identical. C. arahica cv. Caturra was chosen to 
represen! the other genotypes in the comparísons made 

with fragmen t sequences that have been published. Blast 
analysis of nucleic acids showed that the sequence of 
C. arabica L. cv. Caturra wns 79% homologous with 

the P. sati11um sequence (Figure 5). Thc pe<~ sequence 
started at b:1se 377 and ended at 803. the exact sites 

where thc sequences for designing the primer were 
taken from, which corresponds to thc same fragment 

of glycine decarboxylase described P. satívum. 

Witl\ the aim of detennining the degree of homology, 

comparisons belween C. arahica cv. Caturra and P. 

~atil'lllll and Flcn•eria pri118lei wcre also carried out. 
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1\. Co.ffca ambica n·. Caturra 

ag.tq:ccata ach:agcaac acctg<t:Jg:l;t caaatcaaaa tggtlgagaa ttgt¡{galt(' 
6 1 ~c~agtcug atll.:gcllat tgargn::11.:t gtgcl~taaat <:tatcaggct tgatggtatg 

12 1 aq ¡Utagta agutgatg;t ggganJact gaggctcaaa tgallgatca catgcaaaag 
1 R 1 ttagcatcta agaa,·aaagt Uttaagtca tat:tttggaa tgggattcta taataccltl 
24 1 gttccgn·tg ttallttgag gaatct..:ctg ga;~a:llc<:tg c ttggtatac ll.:<tg tatact 
301 ccctatcagg ctgagatttc gcagggaq~t cugaatccc tgctgaatta tcagm:c:ug 
J(\ 1 attgcggatc tl~tc t ggart gcctatgtct aatgcotctt ta~·t<tga tg<~ ;tggtactgct 
421 ~n·gcgg 

B. Cojfcn Ctmt·plwrn 

ag<tcgt·cata at'll':tg,·aal· acctgau gaa caaatcaaaa tgg11gagaa ttgtgg:.ttc 
6 1 ,·cc;•gt('ltg attcgcnat tgacgccal'l gtgcctaaat cra tcagg~.:t tgatggratg 

1.2 J acgrttagt:• agmgatga gggaHaal't gaggctcaaa tgattgatca catggaaaag 
181 uagcatcta agaacaaagt ttttaagt<.·a tatallggaa t gg~ata cta taatan·llt 
24 1 guccgcctg ttaltugag g:.tat<.·tcctg g:ta:uncctg cuggtatac tl·agutl:·tl't 
301 ccctatcagg ctgagotttc gcagggacgt <·ttgaatccc tgctg:talla tl·uga<·ratg 
361 ;lltgcggat~.: ttactggall gcctatgtct aatgcatcll tactagatga aggt;tctgcl 
421 gctgcgg 

C l o..fj(W COIIgl'IISLS 

agacgcg<it:t anc.:agcaac acctga:lgtHl rH3atcaaa;t tggllgagaa tlgtggatk 
(> 1 cc~·agii:Ug attcgcllat tgacgccact gtgcctaaat ctat~.:aggct tgatggtatg 

121 acglltagta agtttgatga gggattaact gaggctcaaa tgllttg:ll<.'a catggaa;lllg 
181 uagcatcta agaacaaagt uuaagtca t:lt;mggaa tgg¡,tatacta ta:ttacctll 
241 gttcq :cctg ttatlltgag gaatctt-cig gaaaa tcctg c ttggtat;Jc tcagtat;1ct 
301 l'CCtatcagg ctgag;ttltc gcagggacgt cttgaatccc tgctgaatla tcagaccatg. 
J(i J attgl·ggatc nactggatt gccutgtct aatg~.:at~.:tt t;tc.:t.lgat¡;a aggtactgt·t 
421 gctgcgg 

1 :1gacgccata actl·agc.w~.: acctgaag:1a (.'aa:nc.:aaaa tggugagaa ttgtgg:l ltl' 
61 cc.:cagtcllg aucgcttat tgacgccacl gtgcct:taa t ct:ttcaggct tgat.ggtatg 

121 acgtttagta agntgatga gggattaact gaggctcaaa tgaugatca catgraaaag 
1 ~ l Hagt':Jtctn agaacaaagt tttt<tngtca tat<tllggaa tggg<~tact ,\ taatacctll 
241 gttccgcclg ttattttgag g:tatct..:c tg g~taaatcctg cllggt:ttac Lcagt:~ t:~,· t 

30 l ccct:ttcagg ctgagamc gcaggg acgtí.'ltg:Jatccr tg~.:tgaaua tragact·atg 
.361 :mgcgg:ttc ttac tgg;m gcctatgtl'l aatgn ttctt tm:tag<ttga aggt<Ktg<.:t 
421 gctgcgg 

Figure J. Sequence o{ PCR fragmmr~ cJj rhe futtr cojfee genory¡>e.l. A: Cujft'o arahica cv. Ca turra (CmeBank accession 1111mhrr 

AF042072). 8 : Coffea C(lllt'phora (GeneBrmk accession numiJer AF043097 ). C: Cuj{ea c011~enM (CeneB(Ink acn:~·sil.JII lwmbcr AF043098). 
D : Coffea eugcnioides (CencBonk accrssion llltmher AF043099). 

Homology percentages are practically equal: 79% C. 
arahica cv. Caturra vs. P. sativum. 77% C. arahica 
cv. Caturra vs. F. pringlei, 78% P. satívum vs. F. 
pringlei, which indicates the leve! of association among 
them. Analys ís of the a mino ncid sequence shows that 
C. ambica cv. Calurra fragment has 83% homology 
with the sequence of P. sa1ivum, even higher than thnt 
found for nucleic acids, which confirms homo!ogy of 
the cloned sequence with that of glycine decarboxylase 
descríbed for P. saJivum (Figure 6). 

A comparison of C. arabica cv. Caturra, P. sorivum, 

and F. pringlei sequences shows that homologies of 

sequences are similar and high: 83% C. ambica cv. 
Caturra vs. P. salii'WII, 85% C. arabica cv. Catun·a 
vs. F. pringlei and 86% P. sativum vs. F. pringlei, 
con firming the degree of conservation of this fragment 
and evolutionary closeness of genotypes. The Clustal 
program showed there were very few differences 
among nucleic acíds with in the coffee group (98% 
matching), which suggests this 2% corresponds to 
positions in whích nucleotides have changed according 
to the sequence results. All genotypes share similar 
homology 10 P. sativum (79% matching). These resuhs 
corre!ate very well to those obtained by b!ast analysis 
(Table 5). 
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Table J. Perantage <~1 amilw ac1ds rd'.~;J.rcint deC((t/Jo.Hiase P -.wbunir jrom cuf!i!e genotypes and Pisum satÍI'/1111 . 

A mino Coffea arahico cv. Cojfea 
A cid Cawrra canephoro 
Ala A 7.75 7.75 
Arg R 3.52 3.52 
A -"II N 5.63 5.63 
Asp D 4.93 4.93 
Cy-.C 0.70 0.70 
Glu E 6.34 6.34 
Cln Q 4.93 4.93 
G lyG 563 5.63 
1·11:, 1-1 1.41 1.41 
Jlc 1 5.63 5.63 
Leu L 10.56 10.56 
Ly~K 4.93 4.93 
Met M 4.93 4.93 
Phc F 3.52 3.52 
Pro P 5.63 5.63 
Ser S 7.75 7.75 
Thr T 7.04 7.04 
Trp W 0.70 0.70 
T)•r Y 4.93 4.93 
Val V 3.52 3.52 

Table 2. Gmuping ofaminoacids occording ro chemical clwr
aclerisrict jrom cvffe<' genolype.v and Pisum sutll'lllll. 

A.A. Typt: (No. o f A .A.) 

Genotypc Acidic B~t~IC Pobr Non Polar 

Cojfea arabiw. cv. 
Catun:l 18 20 74 68 
e v./Jea rancphora l8 20 74 68 
Coffea COII_)Imsis 18 20 74 68 
Coffca eugenioidrs 18 20 74 68 
Pt.wm ,wl/il·um 20 19 75 67 

Clustal ana!ysis for amino acids was also performecl 
and mncching percentages obtained. Resu lts were 
simi!nr to those for nucleotíde sequences: no 
s•gní fi cant differences within the co ffee group 
were found (99%) and all were equally cliffcrent 
to P. sativum (R3%) (Table 6) . One amíno acid 
substitut íon. correspondíng co the change in amino acid 
157. was found in the coffeegroup (Figure48 ). Codon 
GAA, whích corresponds to glutamic acid, was found 
for genolypcs C. arahica cv. Cn turra and C. 
eugenioides. Codon CAA , which corrcsponds co 
glucamine, was found for genotypes C. congensis and 
C. canephora. ln spite of the fact that these nmino 
acids are very related, this change should bave sorne 
implícations on the functioning and structure of che 
enzyme. 

Genot e 
Cojfea Coff"ea Pismn 

e11~enioides C<•ll~<:nsis sativum 
7.75 7.75 7.04 
3 .52 3.52 3.52 
5.63 5.63 5.63 
4.93 4.93 2.57 
0.70 0.70 0 .7(1 
6.34 6.34 6.34 
4.93 4.93 4 .23 
5.63 5.63 6 .34 
1.41 1 41 2. 11 
5.63 5.63 4.94 

10.56 10.56 9.15 
4.93 4.93 6 .34 
4.93 4.93 5.63 
3.52 3 .52 4 23 
5.63 5.63 4.93 
7.75 7.75 7.04 
7.04 7.04 R.45 
0.70 0.70 ().70 
4.93 4.93 5.69 
J.52 3.52 4 .42 

Amplification of fragments ofthe glycine decarboxyl::~se 
gene by PCR, using primers designed frorn homologous 
sequences of other species, was possible. Probes of 
the gene ofthe P-subunit of glycine decarboxylase from 
four differenc coffee species ha ve been obtained, cloned 
and are available for further use. Hígh homology nmong 
the four sequences of the glycine decarboxylase gene 
P-subunit in the Golfea genus was established. Thel"e 
is only one important varimion which causes an amino 
acid change in the sequence in this region of the gene 
(one glutamic acid for one gJutamine, in genotypes C. 
arabica cv. C\lurra, C. eugeníoides and C. congensis, 
C. canephora, respectively): which cou!d corHribute 
toe x plain the different photorespiratory rmes found for 
these genotypes (Mosquera, 1995). 

High homology of che nucleic acid and amino acid 
sequences encoded by these fragments in relmion to 
other plnnts (P. sativum and F pringlei, 83% and 85% 
homology for amíno acid sequences) shows that such 
homology goes beyond the limits ofthe species. This is 
the first report of cloning a p<~rtial DNA fragment for 
P-subunit of glyc ine decarboxylase from coffee and this 
will allow ísolation of the full-length cONA clones for 
this gene from coffee for further analysis. 
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Table 3. Percentage oj nuclcic ocids of gtycine decarl>oxilase P-unit gene from cojfee genotypes all(/ Pismn sarivum. 

Genotvpe 
Coffea arabica cv. 
Caturra 
Coffea wnephora 
e offea congensis 
Golfea eugeníoíde s 
Pistan sativum 

A. 

G e 

21.55 19.43 
21.78 19.20 
21.78 19.20 
21.55 19.66 
22.25 18.74 

GATC --- ----·--

Nucleic acids (%) 

A T 

28. 10 30.92 
28. 10 30.92 
28. 10 30.92 
28. 10 30.69 
29.74 29.27 

GATC 

------ --- --
G 
A 
e 
G 

.... ~----- e r 
e 
T 
T 
e 

----~·~ ....... -_ -

B. 

---------
C. arabica L. cv. Caturra 

GATC - ..-
:.s -- -- -

.A. 
A 

A 
A --... _... • -- ...., __ e G ---__,... ... -.... --.. ~ ---- -

C. arab1ca L. cv. Caturra 
C. eugen io id es 

G 
T 
A 
e 

----
C. canephora 
C. congens lS 

C. er,rge nioides 

GATC 

.. 
C. congensJs 
C. canephora 

%GC 

40.98 
40.98 
40.98 
41.21 
40.97 

Figure 4. Analysis of rile SNJIICI/Cf!S of rhe difjcrc/11 gt·notypes tllld thcir differ(~IICCS. A. Difjerei!CI' in base 4 23. clumgc S e. T 8 . Differ· 
cnce inl>ose 175. c/wnge ofC-G. 

47 



C/wracterizotion of a parriul sc•qmmce of the p-suhuni1 uf tlt~ gfycine clec(lrho.lylll.\e gem• from four cofJea genc•ll'P~'~ 

embiX597731PSGDPP Pisum sativum mRNA for P p~otein , a pa~ t of glycine 
:< tv tqc , rr1¡ ";, , 

¡,r.nut.h • '•lu.J . 
P 1 us Sttan•J HSf:;: 

¿ro·..,. l P 1 (.Hu . ,, l,.,!L ~) , Ex~··: -: L .3 • .:>e:-103 , F - 3 . .$••-10:3 
Identities • 338/ 427 (79,) , Positives = 338/427 (79\), S~1~nd- F:us 1 F -~9 

C.a. T: • AGACCiC ... A 'í: At-.C:C ;,r ':. A.I\C ACCT\. p..;,;..;.~.ACAA.,; 1 ( N.AA7Gu'l 1 Gi•t:Ai\77'-> TGSi\ T. •- 60 
1111 11111 11 111 1 1 1111 1 1111 111 1 1 

f'E/, : 317 At;ACGCCA':AAC~CAGCA.AC;...c~GYATC;..~'baCAAACG;.;u\A'r'G:; ""ft;,;A.TCGG!"TCt;i r"' .. t, ";f 

( A T : • 1 CCC ;\';;TCT':'GA TtCGCTT;, ':'':'Gi-.C'3CC.MC7GTGCC'!" ;..;v..".:CT i-. TC.:A•3G•:TTG.ZI TGG':A': G 12 C 
1 111 11 1 11 1 1111 !lo 1 11 1 1 1 

r EA: .;) ., C.t\TACG.:'TTGA'I Tf" h rT,..C':'':'G/d G..:!v\CC(,¡ G' 'CG/' hi\ ':' t'C/'.1 I'CGG: J. ._,;...A =.G;:.AL. TG 4 9 6 

ChT: 1 .::1 ACC'll TAC7AAGTTTGATG.l-.GC-GAT7AN'1Gf..(;G~:: CAJlXi'G.td TGAT('¡\('¡\T\.C:AJJ•J,G lHO 
1 111 1 1 1 11 1 111 1 '· 11 1 11 11 1111 1 11 1111 1 

l t:;;, : 4 9 7 ;.;,GTTC' AA':' A! V. TTTG.'< ro:, TGGA T:'GACAGAAGGTC AAA TGA TT ·;i\ ":C: /1C A '('GAi\G ¡-:f,T •:; b ii, 

f.PT : 181 Tl MJr:ATCTMGAJ\Ciw.GTTTT'!A.\GTr;'A:'l~T<\T:'G'iliATGGGAT.;CTATi-.ATACCTJ'T 240 
111 1 11 1 11' 1 111 11 1 11 11111 1111111 1 11 11 1 1 

PEA: 5 7 TTAc. .. : TCGAAiv"•ACi,;<GGT'l"1'TCAAA rC.:G l'J''J',\T':'GG')"i\ TGGGtiTl.CTI\l'AACM:"'C",t,']' O~ 

"'" T : ~ .¡ 1 TTCCGCCTGTTA7T7TGAGGAA TC':'CCTGG.;;.,liA ':'CCTGC'I TGG':' A':' ACTC:AG'l"iiTAC 1 3 OC 
11 1 11 11 1, 1 11 11 1 1111 1 1 111 11 11 1 11 1111 11 1 

1 t::A: "'• 7 GltC"Arr-1r:;r;;.-:- .. ¡,;;.cc;;.:..cA~CATGGP.GAA':'CCTGCTTGG':'J..TAChCAGTA':'AC;. 6'16 

CAT : JC"l r~""c-'\ ·r;c'"C l.,;r;T1 .ce; ACG.:;ACI?'l'C'ITG,;;.rcc,:;-;GCTGJ\i,1'!/17'CAGACCI,:" 361. 
1 1 11 1 11 1 111111 11 11 1111 11 1 11 11 

P~A : 677 CC':'':'A'!C~.~'!GAGATATC7C~~GGCCGTCTTGAA1 CTTTGTTGhi•TTf7CAG~~C~TG ~>f 

CA ... . H l ,\T 
1 1 11 

CAT~ .1 ( cr.r,;r. 1 ~7 

1 11 
7 (,._r .;r. .J3 

1 1 • 1 1 11 1 11111 111 11 

Figure S. 1-lomology unaly.ris of nudtic' aci<l .<<'qumces <if C arahica c1·. Clllurru (CAT) n. Pisum satll 'lllll (PEA). 

:,¡ 11'::'69G9 1GC. ... P PEA GL':'CI: I;:; o;:;:!'{[>:l.OGE;;;,sE ICECAR:<'l:\YLA'i.'1N:il P!<U'Ul<.·'<'1k 
(GL't':IN.C [lECARBOXYLA3E ) (GLYC.ll,E C~.t:A'/AC!:: :){SI Elt¡ I'-/'!<OTr !ti) 

pir i iA4 Z l OQ g lyc inf• d" hydrog~>n .¡ ,, <; ((Jecatboxyl.,:.!..n•l l ( El' l .-1.·:.::¡ 
c:c.mpor:o'n:. ::· P~ "t.:urso r - garden pea gi 120741 ( ~: 5~771¡ r;omr ·r···u;. .• 1 

amin.:.llncthy~ l. &ansfcrase [ Pisum s<H iv•.:n' . LCti<Jlh ~ 10.>7 

''COII !,l) <::64 .1 bils ) , Exoect - 3 . 2e-l ~ , f 3.~<'- .o 
Identities • 119/142 (83%1. Pos1tives = 130/142 (91~) 

CA'T': 

f•f.l'l: 100 

'-1\T: • 1 

1 Lñ: IGO 

Cl•l : 121 

I'F'.A: 220 

f "hllSAf .'E.EOH:N'JENCGI'PSL:JS:..:o;.TVPl<5 1RLnG:-I"fSY.~'OE":':L'n.A<.'~:1: t-!~l~r (,.., 
kt>HNSI\fi' Ev J!::-: E:• Gr' +LDS:.. OATVPKSIRL 1~ rtKf:J G;.;n:; n:J+H:J
hr.Ht-:SATPDECT 1-::-'.AESVGDT:..OSLVC~.T'/rKS I RLKC:~Kf"NKFDGG4.1 FG )1; l F..E:-H.D • ~ ., 

LASHISVFi':S".' lw:G!"t:i'T?':Pf\i l LR::LL.f:.tlr AWY'!'QY'If>YOA!':IS0GP.LES~L;:y, . "' 1 .10 
LASi'NK\IFI\3 • IG~:;:y:-;':' VPF'!I :.!'.'1 t 1 !:NPAI·lYT~•"i'Ir YOAE! !'OGRLt::SI.I.:-.+0 " 
1 ASI<Il!\VFi':SFIGEG':'YNT!-lVPP'il~R!~H-:E.t~?.;:·rt'!QY':'?Y AEI~0GRLES! .• Nf ,"¡.; "l) 

!~.OLTGLPI·:sr:;.s i..LLi2GT;....v. :4 2 
- DLTGLf'l ;s::,;sLLOS.GT;.PJ, .., .. ..::. .,_ 

Figure 6 Homology a1wlyfis CJ/ ammo ocie/ sequl'IICI! of Coffcu orobicu o•. Cawrm (C AT) v.1 PilHIII sal/\'11111 ( PEII) 
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C.A.T 
C!,N 

Et:c 

PE.; 
c¡,T 
r:;..r¡ 
CCN 

ECG 

pE,,; 
r:;.7 
Ci\N 
COt! 
EUt; 

PE!\ 
CAT 

CON 
Ef.'G 

PEA 
CP.T 
CAN 
C0:-1 
EI;G 

PEA 
~1\T 

rAtl 
CON 
EL'G 

I?E:l\ 
CAT 
CA ti 
CON 
EUG 

AG.;cccr-A T AAr-TCAGCAACACCG•:;f..TC A;>.r: !;:;;,r-;,;¡v\A :'GGCI ';;-AA -·rr.r; rtGG'!'T':'C 
AGACG·::CA T AA :TCAG·-;..ACACC:'Gi'.A:;A.",C.h~~.;..TC;>..;A~.7t;G rT::>AGAA TT GTGG:-.. i'Tt; 
A~!,CGCCA T ,;N::::·:· AGc;..;,cACCTO:;A;..C.l...~.c ¡._;._:..T C.:...;..:..;., ':'CGTI'Gi•GAA TTG:'GGAT'l'f' 
AGAc;r;cr.C.. r A.Ar .'•' (\ ;CI<Ii'' .\C:CTGAAGliACAAr,TC;._;...t..J..':'GGTT ~AGhl>o :'TG7GGA 1'TO: 
M3A<.:GCCA 1 Al• •;r .\ ·~r.;i-l"';... 'CTGM,GA,\Ch.~.A T~ ¡:..;.._:;,..;,. ':'•;G::TG.!'.G.:>_; TTGTGGA ':'':'C 
.... Jo ...... .. , .. ......... ..... ' .... . 

•";ATACGCT7GM T: ~ AC:".-G'!TGATGCAhCCGT :;cCGf.-~..A T~':.~ :''!'C.;::; 1"':'G.l\t\GGA.AATG 
CCCAGTC r ¡G,\ TTCGC rT h '!':'GACGCCAC TGT:;cc:-A.~~·'-\TCTATCAGGCTTGATGGTATG 
CCC.;S'J'C r~GA '!'':'C(: CTT !\ T:''>ACGCC ;,(:TGT ::OCC7 AAA TCTATCAGGCTTGATGGT A TG 

CC<.AGTC l TO.AT7f'GC.":'i ATTG;t.CGCCACTGTGC:CT!IJ'I .. ll. '! C7 A 'I'CAGG~TTGA TGGTA TG 
t::~".:C,.G rct . r-; r ~ 'GC.: 11'1\Ti'r;,\CGCC/>CTGTGCCT.?>.]',ATC:ThTC:J.\i:;GCTTGATGGTATG 

• • • "' • • " • "' 'f • r· ·.- •' -.¡. ~ ;..· ;. •• · • · • ... ... .. 

AAGTT CAA'f i\.AA TT TCA TGGTG GA T':'GACAGA.~GG7C.~-Z:..ro'GA TTGAGCACATGAM~GAT 
.;CGT r rAC·TAl~GT'l JG/'\rGAGGGA T':'P..ACTCAGGC':'CM.A TGATTGATCACATGCf\MAG 
ACG'll 'f AG'l i'v'\G i'TTGAT~iAGGGA T'.:'J\ACTGJ>,GGC':'C.r..A.Z>. TGATTG.". TCACATGGAAAAC 
Y~STl"•J'GTt~A~iT'l' I'GATGA';GGI\ T~ AACTGAGGCTCAAA'rGA 7 TGA TCACF>.TGGAAAAG 
ACG':'T T .:'\G':'M\GJ'l"f CATG>1GGGA TTJ\t,CTGAGGCTC!>AA TGA TTGATCACATGCAAAAG 

7T.Z\GCTTCGAAAAACAAGGTTTTC.Il.AJ:.TCGTTT.1\.T:'GGTATGGGATACTAT.~-z;.cACTCAJ' 

TT f ,GCA TC'T'AM·MC!IAAGT':''f:'T AAC: TCAT h :'A TTGG?_L,':'GGGA T.>,C7 A T;;ATACC:'TT 
TTAGCA'TC'TllliG.11.ACt·.AN> 1 TT1"1'M;GTCA'I ATA':'':'GGAATGSGA':'i-.::.':'AT.~-b.Tj:..CCT'!'i 

'f"fAGCATCTi\AGAACAA/IGf'ITTTA~.GTCA'l.'A7.t.T':'GGAA'!'GGGA7i'.':":A?.;. .... TACCT'i'T 
TT AGCATC! Af,GAN'.AA!Ir; rT 1 '!"! AJ,G :'Ci\TA:'AT7ffiA.~.TGGG.I>.TAC:'?.7;.ATACC777 

GTTCCAC: IG :e;; ':'T:'TGit~G.~;;c;.. :'C>-.':'GCA -;;;...;., :'CC':'::;C';':'GGTH AGACAGTA TACA 
GTTCCG1:CTG'i I ;,TT ~TSA JI.> AA TC:'CC!GGrl..'V'.A TCC:'::;C'l:'GC:'ATAC:'CAGTA 1: .A.CT 
GTTCCGCCTG":Tf...-:'7 "T A:;;GAATC!CO:i'GG:O-~.AA:'CC':'GCTTGGT.~.TAC':'CAGTAT.l>.CT 

GTTCC..;c.:TG";: f ,; T. "'fr. A .•;AA TC'l'C<'TGGl1AJ..X:::c:- .;CTTGGTA TAC7Ci,G TATAO:T 
GTTcr:r::;rr-TG': TAT, ."! ·A ;r;' ·'.TC 1 ~e. CGAAA.;.!C:::":GCTTGGTAT.Jé,C':'C.C..GTA':'ACT 

CC1'7h 7C.'-.11.GC7GAGA TA ':'C:':'CAAGGCCGTCTC'GhA TCTT?GT!'~AP. :'TT':'CAG.:t..C:CATG 
c:::CT ;.::rAGGC:'G,\Gl',T'I ; CGCAGGGACGTCT':'GAA 7CCC7GCTGA?.7T.l\TCAGACCATG 
CCC'f.'\':'CAGGCJ:G.'IGt\ r TT -ncAGGr;ACGTCT:CAA':'C'=CTGC'!'(;A.li.T'l'ATCAGACCT-.TG 
c:::CT..\';'Cll.":G\:'GAGA l l" "GC AC.G ~1\C!,TCTTGM,TCCC':'GCTG..O..Z..':'TA'!'CAG]).CCATG 

C CCT .;,. 7CACGCTGAG?. 1 TTCGCAGGGI\CG T('TTG 'Al• TCCr.'l'GCT~AA T'l' ATC AGACCA TG 

A'~Tl\CIG,\TCTCACTGGTTTGCCTA':'G':'•::Al',/·.TGCTTCATTGCTTGA'::GAAGG':'ACTGCT 

A ':'':'GCGG.t,T.C'I'T,\CTGGII TTGCC'f A TGTCTAA TGCA.TCTT1' AC'!'.li.G."-.':'Gf..l-.GG':'ACTGCT 
!1 'l"l'GCGG.A.':'C':''fACTGGA'fTGr'("l'/ \TG .'C';:AA TGCATCTTTACTAG?.':'GAAGG':'.li,C'l'GC r 
A 'r':'GCG";ATCTTAC'I'GSAT': 'GCCT 1\ re, 7,-~ i\/\TGCl1 TC'!'':'TACTA~;. TG.l..;..SGTAC:'GCT 

.!>TTGCGGATCT'TAC'T'C>CiATTCr;CT 1\ l'GTC1 A1\ fGC!\;:,...TTT ACTAGA :'GA.~GG':'i'.CT~:T 

(;CTGCGG 
t.\.:C:'":?CJ\G 
(;t-:-TGCGG 
GCTGCGG 
CCT~..CGG 

• '1 fe. 'r •• , .. , t • ; ~ ......... ' f( \ t( •• .- .- . ... ...... _ . .... '., .. _ .... -.... . 

Figure 7. Clusral analysiJ nf nucleic acull jor a/1 genory¡gs. PEA: Pwtm satil'um. C!IT. Coffeil arahica n•. Carwnt. CAN: Coffco 
ccmrplrom, CON: Coff('(J Cllngemi.~. EUG: Coffra crrgenioirh•s. 
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Clwraclerization tJj a parlial sN¡uencc• of !he p-.wbunit of rile glyci/1(:: decarhoxylase ~ene jiom four cohea genotype~ 

Ta.ble 4. Restnctum onalysis from Sludied cajfee genotypes ond Pisum StJ/il'/1111. 

Genot e 
Re~tnc1ion Coffca araiJ1cu Cv. Ca/fea Cojfea Coj)ca Pi su m 

Enzymc CaHI(T'11 canepllora congemis rugenioidt·s san I'IW1 

A ce/ 21!6. 295 286,295 286, 295 286, 295 286. 295 
Acdl 170 
Acyl 3,83.327 3,83,327 3. 83. 327 3,83,327 3 
¡l{ul 184,3 10 
Be// 16.5 165 165 165 
Csp451 un 

12,149, 188 12,149,188 12.149,18R 12,149,188 
O del 290. 311 290,311 290,3 11 290.311 12.3 11 
D11pl 167,368 167. 368 167, 368 167. 368 36!.! 
écfiRV 317 
Haelll 326 
llaplf 22 
1-1 gol 11. 91 11.91 11,91 11. 91 ll 

H1ndl 
Hinfl 56, 70 56. 70 56. 70 56. 70 46. 70, 237, 

26 1,334 261.334 261. 334 261. 334 334 
M (JI JI 165. 366 165, 366 165,366 165, 366 366 
MuiJ/1 37 37 37 37 
Mspl 22 
Nlalll 174.360 174, 360 174.360 174, 360 174.241 

270,360 
N sil 396 396 396 396 
Nsp/ 174 174 174 174 
Psrl 426 
Rsal 4 14 414 141 414 414 
Taql 59, 187 
Xho/1 366 366 ~66 366 

CROUI'I I.ROUP2 

Toble 5. Homology percenlage s of tire nucleic a cid sequence 
among genorypes accOIYJing ro eltmol anol)'!ois. 

Cojfea Cojfeu Coffea Pisum 

Genoty~e cauephom COII
1
f!,fiiSÍS fll.fl.t!/1/0ides SOIÍ\'UIII 

e u !fea ara/Ji ca cv. 
Üllurr;~ 98 98 98 79 
e u !fea caueplwra 100 9S 79 
Coffea congensis 98 79 
Coffea eugenioides 79 
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Table 6. Homology percenwges of nuclei(' oculs omong geno-
rypes according 10 Clu.wal cmalys's 

Cojfca Cvjf('{f Cojfea Pi su m 
Genotype cwwphom COII,t:i!ll.\ i S ('11

1
f!,CIIioides sa/Í\'11111 

e O /fea (1/'(1/)ÍCO ( V . 

Ca curra 99 Y9 89 83 
Coffea canephora 100 98 83 
Coffva congensis 98 83 
Coffea eugenioides 83 
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