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The trnL—trnF mtergemc spacer of cpDNA has been
sequenced from 38 iree samples representing 23 Coffea
taxa and. the. related genus - Psilanthus. These se-
quences Were used for phylogenetlc reconstruction
"using’ parsmmny- analyses; The' results suggest a radial

mode of speciation 2 n
genus Coﬁ“ea Phy
the chNA anal

clinal vanetlo *anid corivergerice (Doebley, 1992; Rlese—
berg’ andS '1t1s, A1991 Rleseberg and ‘Wendel, 1993).
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Coffee trees (family Rubiaceae) are classified in two
genera, Coffea and Psilanthus, each genus being di-
vided into two subgenera (Bridson and Verdcourt,
1988). All Coffea species are native to the intertropical
forest of Africa, Madagascar, and islands of the Indian
Ocean (Mascareign and Comoro Islands), while species
belonging to the genus Psilanthus originate from either
Asia or Africa. The subgenus Coffea encompasses more
than 80 taxa so far identified, including the two species
of economic importance: Coffea arabica L. and Coffea
canephora Pierre (Charrier and Berthaud, 1985; Ber-
thaud and Charrier, 1988). Coffea species are diploid
(2n = 2x = 22), except C. arabica (2n = 4x = 44) which
is self-fertile and considered a segmental allotetraploid
(Carvalho, 1952; Grassias and Kammacher, 1975). Al-

-though showing considerable variation in morphology,
size, and ecological adaptation, Coffea species hybridize
readily with one another and produce relatively fertile
hybrids (Charner 1978 Louarn '1998). Success in
intergeneric hybmdlzatlon hass even been reported (Cou-
turon, . personal commumca‘aon) The" internal tran-
scribed spacer .(ITS 2) region: of: the nuclear ribosomal
DNA has been successfully used to establish a molecu-
lar phylogeny of Coffea spec1es (Lashermes et al., 1997).
Nevertheless, comparisons between phylogenies in-
ferred from both chloroplast and nuclear genomes
would prov1de a better bas1s for assessing species

d “relationships.

.. Exclusively maternal 1nher1tance of epDNA was ob-

'served in mterspecuﬁc hybrids between C. arabica and

C. canephora and in an intraspecific progeny of C.
canephora suggestmg that the mode of plastid inheri-
tance in Coffea is strictly maternal (Lashermes ef al.,

1996). CpDNA variation present in the subgenus Coﬁ“ea
was assessed by restriction fragment length polymor-
phism (RFLP) on both the total chloroplast genome and
the atpB-rbcl: intergenic: region (Lashermes e al.,
1996). Only 12 variable characters were evidenced,
indicating low cpDNA variation. To increase the num-
ber of polymorphic markers, comparative DNA sequenc-
ing seems particularly relevant. The technique is rela-
tively fast, convenient, and offers a large data set of
discrete characters. The sequence of a chloroplast gene
such as rbcL, which has been widely used for inferring
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phylogeny in plants (Clegg and Zurawski, 1992), is
likely to be changing too slowly to provide enough
characters for a phylogenetic analysis between conge-
neric species. Recent results indicate that chloroplastic

noncoding regions such as the intergenic spacer be-.

tween the trnL (UAA)3’ exon and the trnF (GAA) gene
can be used to address questions concermng relatlon-
ships among closely related species or genera (Van
Ham et al., 1994; Gielly and Taberlet, 1994).’

In the present study we have sequenced the-trnl~.

MATERIALS AND METHODS

Plant Material
Plant material was obtained from the ORSTOM

“collection, which resulted from ‘several expedltmns in

Africa and Madagascar (Anthony, 1992) The acces-

-sions surveyed ‘with their origins, aré’ mdlcated in
’Table 1. Thirty-six accessions ‘belonged to 23 Coffea

taxa.. The closely related genus Pszlanthus was also

trnF intergenic spacer of 38 tree samples representmg :.‘_represented by, two species, P.ebr dciéolatus and P.

i'.mann‘z Whlch belong to the subgenera Afrocoﬁ"ea, and

Taxa

,Cc{)tﬁ“ea' arabica L.

C. bertrandi Chev.
C. brevipes Hiern

tatzﬁ'ucta Bndson

C. humzlzs Chev.

liberica var. dewevrei Lebnin

C. sp. N'’koumbala
C.sp.X
C.'stenophylla Don

. Psilanthus ebracteolatus Hiern
P. mannii Hook. f.
Gardenia grandiflora
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that CTAB was replaced by MATAB (mixed alkyl
trimethylammonium bromide) in the extraction buffer.

PCR Amplification and DNA Sequencing

Primers designed by Taberlet et al. (1991) were used
for PCR amplification of the trnl—trnF region (5'-
GGTTCAAGTCCCTCTATCCC-3' and 5'-ATTTGAAC-
TGGTGACACGAG-3"). The primers are constructed
against distal regions of the highly conserved tRNA
genes and thus are suitable for amplifying this noncod-
ing region from a broad spectrum of higher plants.
Amphﬁcatlons were performed in a volume of 50 yl
containing 10 mMTns—HCl pH 9 0, 0.1% Triton X-100,

1,5 mM MgClz, 50 mM KCl 150 yM each dATP, dCTP, =
dGTP, dTTP, 0.5 pM of each pnmer 50 ng of total DNA,
‘and 1 U'of Taq polymerase ‘(Promega). Reactloris ‘were
‘thermal’ ycler MJ Research) :

performed ina PT

intergenic spacer (Fig. 1). Alignment of coffee tree
sequences required the introduction of six gaps, two of
which were 1 bp in length and one each of 8, 11, 20, and
30 bp. Alignment including the outgroup species, G.
grandiflora, results in two additional gaps of 1 and 10
bp, respectively. The nature of these gaps (insertion or
deletion) was hypothesized on the basis of outgroup
comparison. All inferred gaps in coffee tree sequences
were found to be deletions except for a gap 1 bp in
length which could correspond-to a putatlve insertion.
The length of the trnl~¢rnF spacer varies between 314
(accession 14) and 343 bp in individual accessions, the
multiple, ahgmnent being 344 bp inlength. -

Identical sequences were found for several accessions

Jbelongmg 'to, the ‘same or “different Coﬁ"ea spec1es
Sequence types were shared by up to 10 accessions.
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Ss1 (acces. 1,2, 13, 31)

S2 (acces. 28)

83 (acces. 29)

S4 (acces. 14)

S5 (acces. 17)

S6 (acces.23, 24,?5, 25, 27

$7 (acces. 12)

S8 (acces.4,5,6,7,8,9,10, 11,20, 33)
S9 (acces.21,34)

S10 (acces. 30)

S11 (acces.32)

$12 (acces. 18, 19)

S13 (acces. 35, 36)

$14 (acces.'16)

815 (acces.22)

S16 (acces. 3)

817 (acces. 15)

s18 (acces. 38 i.e. P. mannii)

$19 (acces. 37 ie. P. ebracteolatus)
S20 (acces. 39 ie. G. grandiflora)
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TTTGATCCCCCAACTATTTATCCTATCCCCCTTTCGTTAGCGGTTCAAA
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FIG. 1. Aligned nucleotide sequences of the intergenic spacer between the trnl. (UAA) 3’exon and the trnF (GAA) gene (see Table 1 for
accession code). Dashes denote alignment gaps and dots denotes bases in common with the first sequence. The arrow indicates the beginning of
trnF (GAA). The —35 and —10 promoter elements are overligned.
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FIG.2. One of the most parsimonious trees (97 found) derived from parsimony analysis of cp)NA polymorphism. Characters appearing
only once on the tree are solid boxes; parallel and reversal changes are designated with open boxes. The characters coded rl torll, d1 to d6,
and sl to s25 correspond to restriction site changes of ¢pDNA, indels, and nucleotide substitutions on the trnl-trn¥ intergenic spacer,
respectively. Numbers below branches are bootstrap values (100 replicates). Clades present in the strict consensus topology are indicated by

grey lines. The letters following each clade indicate the geographical distribution of the relevant species: W (west Africa), WC (west and central
Africa), C (central Africa), B (east Africa), and M (Madagascar and the Comoro Islands). |
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(0 to 3. 4%) are much higher than the maximum Se-

.quence d1vergence value of 0.6% previously estimated

by RFLP on the overall chloroplast genome (Lashermes
et al., 1996). The mutations, nucleotide substitutions,
as well as short insertion/deletion events appeared
randomly distributed along the trnl—trnF sequence.

The ‘observed transition/transversion ratio is equiva- .
Jent to those prev10usly reported in different genera : for

m;tergemc regions,of chloroplast genome (Zurawskl and

‘Clegg, 1987; Gielly'and Tabérlet, 1994).

Evolutionary rates of nucleotide substitution differ

‘-between the dlfferent genomes (i.e. chloroplast mito-

chondrial, nuclear) and vary dependmg upon the spe-

enies involve taxa from west Africa. CpDNA of C.
stenophylla appears closely related to that of C. humi-
lis, while the nuclear ribosomal DNA sequence analysis
as Well as a preliminary RFLP analysis using nuclear
single-copy probes (Lashermes et al., 1995) associdted

'C. stenophylla with C. sp. Ngongo and C. sp. Mayombe.

The taxa C. sp. X, which could correspond to the
recently documented - species Coffea’ heterocalix from
Cameroon (Stoffelen et al., 1996), has a chNA identi-
cal to that of an accession of C. liberica, while nuclear
genome analyses indicated a close relationship among

-C. sp. X, C. eugenioides, and C. sp. Moloundou, These
‘discrepancies could be interpreted as the result of
. mterspec1es transfer of chNA med1ated by hybndlza-

( le"m coﬁ'ee trees :
tAfncan taxa comphcates phy-

mvesugated using DNA-based markers (Lashetmes et - vati

al., 1995). ‘The present results’ strongly support the:
hypothes1s that a species related to C. ‘eugenioides and"
- 'C.sp.-Moloundou was the maternal'i :
In’addition, the lack of chNA dlvergence observed
betwéen those putative cytoplasmic:denors and ‘C.

arabica could argue for a relatively: recent origin of C.

 arabica.

Other inconsistencies with the: ITS der1ved phylog—

ogemtor species.: .’

“DNA’ seqnences (Lashermes ot al “1997). Both molecu-

lar‘ hanalyses 1nd1ca_te a close relatlonsh;lp of spemes

iR the’ adopted clas51ﬁcat10n based oxi flowering and
' ﬁower ‘characteristics (Leroy,; 1980 Bridson, 1987).

A general conclus1on ‘emerging from - the ‘present
study is that no single source of. information should be
used unequivocally to détermine phylogenetlc relatlon- ‘
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ships among the closely related but thhly diversified
taxa associated with the genus: Coﬁ“ea The combined
use of chloroplast and nuclear molecular markers is
invaluable for | assessmg ‘the' occurrence .of genetic ex-
change - among- related . forms Nevertheless farther

mic markers (Rieseberg and Brunsfeld 1992) Would be

“Coffee,” Vol 4, Agronomy” (Rf
1—42, lglsevier‘“L'on’don L
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