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Breeding for resistance to Meloidogyne exigua in Coffea 
arabica by introgression of resistance genes of Coffea 
canephora 
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Breeding for resistance to root-knot nematode Meloidogyne exigua in coffee may help in controlling this nematode, 
which causes substantial harvest losses throughout Latin America. Accessions of Coffea arabica, C. canephora and 
lines derived from the Timor Hybrid (wild C. arabica x C. canephora interspecific hybrid) were tested in a 
greenhouse for resistance to gall formation by counting individual galls on the roots of plants inoculated with second- 
stage juveniles of a M. exigua population from Costa Rica. The level of introgression from C. canepbora was also 
assessed on 28 resistant and susceptible genotypes in a molecular study with amplified fragment length 
polymorphism (AFLP) markers. The frequency of resistant plants was very low or even nonexistent in C. uvabica 
and very high in C. canephora with > 78% immune plants and 100% resistant plants. Several lines derived from the 
interspecific hybrid revealed a high level of resistance similar to that observed in the parent C. carzephora species. A 
molecular study of Timor Hybrid-derived lines revealed high variability for the number of markers present in the 
study genotypes. A larger number of introgression markers was found in the group of resistant genotypes than in the 
susceptible genotypes. However, there were also lines with little introgression that had retained resistance. Based on 
genetic distances calculated from these markers, two groups of lines were revealed: those derived from Timor Hybrid 
CIFC1343, and those derived from Timor Hybrids CIFC832/1 and CIFC832/2, which may indicate the existence of 
different resistance genes in the two groups. The segregations observed in FI and Fz progeny may be explained by at 
least a dominant gene. The lines derived from the Timor Hybrid are a worthwhile source of resistance to M. exigua 
that can be exploited to improve C. arabica with the help of molecular-assisted selection. 
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Introduction 

Root-knot nematodes of the genus Meloidogyne are 
frequently and abundantly found on Arabica coffee 
trees (Coffea arabica) in Central America (Campos 
et al., 1990; Anzueto et al., 1993). Recent studies 
confirmed the great diversity of potentially pathogenic 
species in the region (Hernández et al., 1996), of which 
M. exigua is the most common. This species is wide- 
spread in South America (Sosa-Moss, 1985; Campos 
et al., 1990; Leguizamon, 1990) and is dominant in 
Costa Rica (Flores & López, 1989). In Costa Rica, the 
attacks cause general weakening of the tree with an 
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estimated drop in yields ranging from 10 to 20% 
(Bertrand et al. 1997). In Central America, all the 
cultivated varieties (namely, Typica, Bourbon, Caturra, 
Catuai, Costa Rica 95 and IHCAFESO) are susceptible. 

C. arabica is characterized by a relatively low genetic 
diversity that is attributable to its allotetraploid origin, 
reproductive biology and evolution (Lashermes et al., 
1999). In relation to resistance to M. exigua, Curi et al. 
(1970) has shown, with a Brazilian population, that 
most genotypes are susceptible. In contrast, resistance 
was discovered in the C. canephora species (Curi et al., 
1970; Morera & López, 1987; Chaverri, 1987). Since 
the second half of the 20th century, most breeding 
programmes implemented worldwide (Brazil, Colom- 
bia, Kenya, Costa Rica, Honduras) have attempted to 
transfer characters of resistance to rust (Hemileia 
vastutrix), root-knot nematodes (Meloidogyne spp.), 
and coffee berry disease (Colletotrichum kahazuae) into 
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cultivars of C. arabica from the Timor Hybrid. This 
tree, which originated from the island of Timor 
(Bettencourt, 1973), is derived from a wild interspecific 
cross between C. arabica (2n = 2x = 44) and C. 
canephora (2n = 2x = 22). Several progeny have been 
used in breeding programmes: origins CIFC832/1, 
CIFC83212 and CIFC1343. Those origins have been 
crossed with commercial varieties such as Caturra or 
Villa-Sarchi to produce Catimors or Sarchimors. The FI 
hybrid is selfed and a pedigree programme is imple- 
mented over more than five generations. Based on this 
strategy, several cultivars have been released in Brazil 
(IMAR 59), Colombia (Colombia cultivar) and Central 
America (IHCAFE 90 and Costa Rica 95) (Bertrand 
et al., 1999). Certain lines selected for their resistance to 
leaf rust are also resistant to M. exigua (Fazuoli et al., 
1977; Fazuoli & Lordello, 1978; Bertrand et al. (1997); 
Gonçalvez & Pereira, 1998; Silvarolla et al., 1998). 
With the recent development of molecular markers of 
gene introgression from C. canephora (Lashermes et al. 
2000), it is now possible to envisage genetic diversity 
studies, and the marking of resistance genes. The 
benefits obtained from marker-selection depend on 
several factors, such as the presence of independent 
single resistance genes and the degree of linkage 
between the markers and the target gene. 

The aims of the present study were: (i) to verify that 
resistance sources to M. exigua are very rare or 
nonexistent in C. arabica and that C. canephora is 
resistant; (ii) to confirm that the resistance genes present 
in the lines derived from the interspecific Timor Hybrid 
are widespread and came from C. canephora; (iii) to 
examine the possibility of developing a marker-assisted 
selection programme based on molecular markers of 
gene introgression from C. canephora. 

Materials and methods 

Nematode populations and inoculation 

The nematode population came from a severely infested 
plot in which the coffee trees had average infestation 
levels of 1700 second-stage juveniles (J2) per gram of 
roots. The plot was located at the CICAFE experimental 
station (Barva de Heredia, Costa Rica) at 1100 m above 
sea level in a humid tropical climate with a 3-4 month 
dry season and a mean temperature of 22-23°C. The 
population used in this study was characterized from 
three samples by enzymatic electrophoresis for four 
enzyme systems (esterase, malate dehydrogenase, super- 
oxide dismutase, and glutamate-oxaloacetate transami- 
nase) (Hernández et al., 1996). The samples revealed 
the esterase phenotype VF1 of M. exigua (Esbendhade 
& Triantaphyllou, 1985) and the enzyme phenotypes 
N1, N l a  and H1, respectively, for the malate dehy- 
drogenase, superoxide dismutase, and glutamate-oxa- 
loacetate transaminase systems. 

Nematodes were extracted from roots by the mist 
technique (Hooper, 1970). Once the coffee seedlings 

reached the two cotyledon leaf stage, they were 
transferred to 250-mL pots containing a 2 : 1 mixture 
of disinfected soil and sand (pH 5-2-5.6). The inocu- 
lum was applied to the collar of each coffee seedling 
using a micropipette when the plants were between 2 
and 3 months old (two pairs of leaves). Nematode 
inoculum concentration was determined from a I-mL 
aliquot and 3000 rt 200 J2 were applied per pot. 
Observations were carried out 5 or 6 months after 
inoculation. 

Experiments and plant material 

The trials were carried out in a greenhouse in Costa 
Rica at a relative humidity of 70-90% and a mean 
temperature of 25°C. The objective of trial 1 was to 
confirm that the species C. arabicu does not provide 
genes of resistance to M. exigua. The seeds came from 
Ethiopian accessions collected in the centre of origin of 
the species by Guillaumet & Halle, 1978) in 1966 or by 
the FAO in 1965 (FAO, 1968) and kept in the CATIE 
field genebank in Costa Rica. Twenty-nine accessions 
were assessed by taking at random the open-pollinated 
progeny of a single tree. In trial 2, the objective was to 
confirm that the species C. canephora is resistant to the 
nematode. The plant material came from C. cunephora 
accessions (2n = 2x = 22). Ten accessions kept in the 
CATIE genebank and six accessions from a genebank in 
French Guiana were tested using seeds taken at random 
for each origin from a single tree in the collection. The 
objective of trial 3 was to confirm that resistance is 
widespread in lines derived from different hybridiza- 
tions between accessions of Timor Hybrid populations 
(CIFC83211, CIFC832/2, CIFC1343) and commercial 
cultivars (Caturra, Villa-Sarchi). A study on progeny 
segregation was carried out in trial 4, by studying one 
pure line (IAPAR59 in Fs), one FI progeny obtained by 
crossing one resistant plant of cv. IAPAR59 by the 
susceptible cv. CR95, and one F2 progeny obtained by 
self-crossing a resistant FI hybrid, T5296 x T4759. The 
number of plants per family was in the range 13-25 for 
trials 1, 2 and 3 and 273-365 for trial 4. Cv. CR95, a 
Catimor line well-known for its susceptibility, was used 
as the susceptible control. 

A field assessment was carried out on 28 trees that 
were more than 10 years old, representing 28 Catimor 
and Sarchimor lines, in generations F4 to F7. These trees 
were assessed on two occasions, in November 1996 and 
October 1999, in trials at the CICAFE experimental 
station, under conditions of severe infestation (800- 
4000 nematodes per gram of roots), using the protocols 
described by Bertrand et al. (1997). For each tree, the 
first 5-10 cm of soil were removed in a radius of 
= 80 cm from the trunk. The unit observed was one 
secondary root around 30 cm in length with a diameter 
of 3-5 mm, with its root hairs. Each tree had four to six 
root units that could be observed in the first few 
centimetres of soil. Following these observations, the 
genotypes for which no galls were observed were scored 
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as resistant (R), and those for which at least one gall 
was found were scored susceptible {S). 

AFLP protocol 

Leaf samples were taken from the 28 trees characterized 
for their resistance in the field and representing 28 
introgressed lines. The amplified fragment length 
polymorphsm (AFLP) procedure was performed as 
described in Lashermes et al. (2000). Aliquots of 500 ng 
genomic DNA were digested using two restriction 
enzymes, EcoRI and MseI. The linker-adapter and 
primer sequences were as described by Vos et al. 
(1999, with minor adaptation for coffee DNA. Pre- 
amplification was carried out with 1-bp extension 
primers. Selective amplification of restriction fragments 
was conducted using primers with three selective 
nucleotides. One of these primers (€com primer) was 
end-labelled with y-[33]-ATP using T4 polynucleotide 
kinase. A total of 42 AFLP primer combinations was 
used (sequences indicated in Lashermes et al. 2000). 
Amplification products were separated on 6% denatur- 
ing polyacrylamide gels. The gels were dried and 
exposed to Kodak Bio Max X-ray film. Amplification 
products were separated on 6% denaturing polyacrila- 
mide gels. The gels were dried and exposed to Kodak 
Bio Max X-ray film. 

Histological techniques 

Histological sections were cut to observe plant reactions 
to the parasite. The samples were fixed in FAA 
(formaldehyde alcohol, acetic acid and distilled water) 
for 48 h. They were then dehydrated in a series of 
ethanol (70-loo%), 1 h in each bath, embedded in 
HistoresinÔ at 4°C overnight, and then moulded. 
Sections 3 mm thick were cut and stained with toluidine 
blue or naphthol blue black. 

Analysis of data 

Numbers of root galls were assessed using a six point 
gall index (GI) scale; the classes were GI = O, O galls; 
GI = 1, 1-2 very small galls; GI = 2, 3-10 very small 
galls; GI = 3, 11-30 small and large galls; GI = 4, 31- 
100 small and large galls; GI = 5, over 100 small and 
large galls. It was considered that plants scoring O, 1, 2 
in this index were resistant (R) and those classed in 3 ,4  
and 5 were susceptible (S). Chi-squared tests were 
carried out when necessary, based on plant frequencies 
on the six-point scale, to compare groups of plants. 

The AFLP amplification products were designated 
according to the restriction enzymes, the primer 
combination used and in order of decreasing fragment 
size. Only AFLP bands showing a clear polymorphism 
were scored as present (1) or absent (O). As previously 
described (Lashermes et al. 2000), the additional 
marker band (i.e. not detected in any of the accessions 
of C. arabica and observed in accessions of C. 
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canephora) detected in the Timor Hybrid-derived 
genotypes analysed were considered as introgressed 
markers from C. canephora. Genetic distances (GD) 
between genotypes were estimated as follows: 

GDxy = (Nx -t Ny)/(Nx + N y  + Nxy)  

where N x  is the number of introgressed bands in line x 
and not in line y, Ny is the number of introgressed bands 
in line y and not in line x, and Nxy is the number of 
introgressed bands in lines x and y. Analysis by the 
neighbour-joining tree construction method (Saitou & 
Nei, 1987) was performed with the TREECOM software 
package (Van de Peer & Wachter, 1994). 

The number of markers for each Timor Hybrid group 
was statistically analysed by a one-way analysis of 
variance (ANOVA) and compared using the least sig- 
nificant difference test (LSD) at P = 0.05. 

Results 

C. arabica (trial 1) 

None of the accessions of C. arabica tested were 
resistant. All had a majority of plants in classes 4 and 
5 of the gall index. Of the 523 individuals tested, only 
nine (2%) had a gall index of <3 .  That represented 
either resistant plants or plants for which inoculation 
was a failure, Some accessions appeared as susceptible 
as the coritrol. It should be noted that 22 accessions had 
more than two plants in class 3, as opposed to none for 
the control. The histological sections cut according to 
plant class did not reveal any differences between the 
different classes of susceptible plants (GI = 3-5). The 
histological patterns were identical. The sectioned galls 
revealed several females deeply buried in the vascular 
bundles. These females were associated with large to 
very large egg masses. The giant syncytial cells were 
well formed and abundant. 

C. canephova (trial 2) 

All the C. canephora progenies tested proved to be 
100% resistant. Of the set of 387 plants tested, 303 
(78%) did nor show any symptoms, 67 (17.3 %) were in 
class 1 and 17 (4%) were in class 2. Sections cut from 
small galls in classes 1 and 2 showed that different 
situations were apparent, namely poor nematode 
development with a single female per gall and poorly 
developed egg masses or abnormalities due to incom- 
plete development of the giant cells when compared 
with that observed in controls. 

Lines derived from the Timor Hybrid (trial 3) 

Evaluation for resistance to M. exigua of Catimor and 
Sarchimor lines, derived from the Timor Hybrid, 
revealed a highly comrasting response. Six lines were 
classed as resistant and two as susceptible. Among the 
resistant plants (193 plants), a majority were in class O 



(72%:/.), and a snialler proportion of plants in class 1 or 2 
(29%). in the two susccptiblc lines, there were a few 
plants in class 3, unlikc the control, wbich had rione. 
The histological sections rcve:iled similar behaviour to 
rliosc prcvioasly observed in C. ~:uirq~I”î for the groiip 
of resismnr planrs or in C. mybicd for the group of 
SUsCepKibk plants. 

Rclntions betwwn introgresscd markers and resistancc 
to M. exìgt4a 

A total of 113 introgrcsscd niarkcr bniids (i.e. additional 
hands inherired from c. curwphorir) wcrc obscrvcd 
among the ’YÏmor Etybrid-derived gcnotypes studied. 
%lie mean ntinibcr of mnrkcrs introgrcssed per gcnotypv 
was 20-9, wich  csrccines of onc insrkcr only for 
genotype ’1*17929-37 introgrrssion markrrs for geno- 
rype TI7336 (Table 1). The genotypcs divided into 12 
susccptiblc and Ili rcsiscant. A larger number af 
niarkcrs was found in che grc)up of resistant genotypes 
tlian in clic susceptible gcnotypcs. OI the 3 6 resistant 
genotypes, 11 (kc. 69%) bad 20 or niorc markers, 
whcrcas aifilmg dic. susceptible plants, the proportion 

No. Cadc Markers (u) Parem HdT” R/S” 
1 
2 
3 
4 
c7 
c 
7 
o 
9 
10 
I I  
12 
13 
14 
16 
16 
17 
If3 
19 
25) 
21 
22 
23 
24 
25 
26 
27 
28 

2 
32 
P3 
o 

25 
14 
32 
i4 
28 
30 
20 
1 

16 
37 
33 
19 
21 
12 
6 

31 
17 
14 
30 
16 
20 
20 
27 
2a 

I 
3 
3 
1 
2 
a 
3.  
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
1 
1 
1 
1 
3 
3 
3 
2 
2 
2 
2 

s 
4; 
S 
s 
s 
s 
Fi 
Fi 
R 
R 
s 
6 
R 
FI 
n 
n 
R 
S 
fi 
R 
S 
R 
R 
f? 
S 
R 
H 
n 

“Parent HdT. tlonved from the Timor Hybrid: 1, CIFC83211; 2, 
CIFC83212: 3. CIFC3343. 
”R, tcsistant; S, susceptible. 

Tablo 2 Mfm7 number of inlroQrassion rnrirkors encf distribution of 
genolypes suscephbfo arid insistant to lhe nematode M. e.r;Yua. 
clepentling on lhe origin ol lhe Timor Hybrid. CIFCtf32/f, CIFCP3212 
ana CIFC1343. 

Numbur of Mean Number of 
rosiSmnt susceptible Timor numbcr of 

Hybrid markers’ gonolypcs genotypes 

CIFCß32Y ‘13.00 b 5 1 
c IFc83212 22414 ab 3 4 
ClFC I343 23 40 a 4 11 

--. 

“Moans lolloured by the same letler do not (filler siynlticenlly 
(P -. 0-05) according to the LSR toei. 

\viis 33.3%. Tlic origins derivctl from Timor EIylzrid 
CIFC832/3 hnd statistically fccwer markers, 011 ;~vcragc, 
than the Qtlicr two origins (Tnlalc a). The ntimbt:r of 
~1iarker.s was 13.0 for CIPC:8321f, as opposed to 22.1 
and 234 lor origins CIIX832/2 and CXFC1343, 
Itesistunt genotypcs wcrc found among the tliree 
Tiniar Hybrid origins (Table 2), It should IIC noted 
tltat some gcxiorypcs liad few introgression mnrkrrs, but 
dlcy were nonethclcss resistant (T17925, T17830). The 
propoxtion of rcsistanr gonotypes was highcr in the 
p u p  of liucs derived from “I’imor Hybrid CIFC1343, as 
shown in Table 2 {chi-squiired II= 5.61; 1’ < 0.06). 

The denclrogr;m (Fig. 1) ciilculatcd from the genetic 
iiistaticc esdmatcd front the introgression markers 
illusiratcd the ilistanccs cdculntcd bertvccn the gcno- 
typcs derived from the &ree Tisnar Ilylarid origins. The 
lines dcrìved from origin CIIX133.3 are grouped 
together except for TI7929 which lias only one 
iiitrngrcssian rnarker. The Sarchimors T I  SI41 and 
TI8130, wliicb arc very closc gcitccicitlly (same genera- 
tion zixxtil F.?) cliffercd in their rssisrance reaction, 

Resistance trait segregation 

A study of the reaction crf one purr line, orle i-’l progeny 
niid one f;L progeny is shown in Table 3. Plants derived 
from the fixed line were all. resistant. Of t h  plants 
derived from the FI  progeny of a resistam plant crossed 
with a susccptiblc plmit, tlierc was only am suscrlsriblc 
p h t  out of the 27’4 p h h  tested. Among the Fz 
progenics, segregation was seen that was similar tn :I 
3 : I ur 12 : 4 type Mendelian inndel (chi- 
squared = 0.07, f’ > 0.9.;) ii.t&cntiyig the existence of 
a t  least one domiunnt gene for resif;tanrc against M, 
cx&4iz. 

Discussion 
n i e  rcsul~s reveaied vcsy different levcls of rcsistancc to 
M. exigm in die IWO species studied. In C. arirbica, 98% 
of the piants tested proved to ho susceptible and 100% 
ofthe C. ~ilnt?phora progenies were rcsist:~~it. This result 
c o n f i n ”  the uhservations by Curi et ui. (1970) irr 
BrxLiL A low percentage of plants was found in class .3 
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for a large number o f  Ethiopian accessions 01 C. 
arabica, wlwreas there were none €or che coiitrol. 'f'he 
rcsisrancr evlrluatioix scale greatly influaxes the inter- 
pretation o€ the results. Presence of minor genes ia chc 
Etltiopian accessicms cc~uld accourir for class diffcraiccs. 
'I-Iowevcr, microscopic symptoms did not diffcr hctween 
class 3 aiid clasm 4 or 5. it. should he also nnred Thar 
the amtrrri was a particulnrly earlly sclccred line,  hos se 
dcvdopmcnr in the iiurscry was vigutous. 1x1 contrasr, 
dir accessions of Ethxnpiart origin mostly gsve raclter 
weak mees, wìdi rrrlarively lare development (unpub- 
lished data). The difference ia vigour could explain the 
differences in reaction EO the nematode. The mort roots 
the plant had, the tncxe the nematode develapcd. 

All the C. cdrrepbmz iarrodi crions were classed as 
resistant, with a very large prop rtion (78-3%1) (>f plants 
in class O firnmanc). However '17.3% and 3.6% of 
plants were found in ciasses 1 and 2, resppctively. 
Microscopy rcvcaird that cknsf i s 1 and 2 had varying 
symptoms reflected by the existence oF a siirglc kmale 
and giant ccfls: dcvelapcd to varying degrees. Derailed 
studies of hosdnematodu rcacriutis should emhie a 
more precise description ~ C J  he made u€ the pliy~it'~loglcal 
bases OF resistailce. This would be p;trticuIarly useful for 
finding out whether rhcsc varivus reactinns are cnn- 
trolled by different genes. Plants from the variety 
Nemayn dcrived from the crms between T3.561 (2-1) 
itad T3751 (1-2) were 91% of symptom-free plam, 
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suggesting low nctnarode invasion. Thcse progenies 
bave also bccti scicctcd for their resisuticc ro Mefoido- 
,qwc spp. in El S;ilv:idor arid to IV. ìmxyittî  in 
Guateniala arid are distrihutecl as rootstocks for 
ciiltivateci G nrnliìca varieties (Bcrtrnnd et ni., 1999). 

Catinior ancl Sdii tnor  hic? are frcqucntly resistllrit 
ru Al. exigw, which confirms earlier results (Bertmid 
E /  al., 1997; Conqalvcz tk Pcrcira, 1998; Si1vnroll:i et al., 
1998). l 'hc results o l>ta inrd  here showed thnt the lcvcl 
of rcsistance involved cnulcl bc qaitr similar to that 
Ioitnd in C cancpiiorrr. Thc Arabica pnrenu of these 
liiics JO nor rcveal resistarice to M. CA-~~SIICI, aiid sqqiorcs 
die suggestion by Goii~:~Ivtr~. 8~ I'ercua (1398) imd 
Silvnroll:i CI u¡. { 19.38) th:it tlic rcsisrance gene? were 
introgressed from C;. cuneplzow and gave rcsistaiice tLi a 
large proportion o l  lincs dcrivccl from the intcrspccilic 

csmt lrom rhc rhrcc Timor Hybrid origins, sirbstantial 
v:iri&ility ¡II t e rm of introgrc~ssion marker contcnr was 
rcvealrd. Some gcn~typcs, such as 1'17929, liad 
virtunllp ao introgrcsssd content. Morcovcr, this gent>- 
type is susccptihlc to leaf r t i~t ,  Coffee Berry Disease and 
M. a&ru (Ucrtraud cf cif. 1397). Dcspitc a few 
iicsrc\vortliy rxceptio~~s, sclcll 3s gcIKJtypC 'I78 123, it 
wcruld  s c m  that the genotypil)es thar l ind rhe lnrgcst 
11 tinilwr of: introgression markcrs were nlw those rhat 
had the grearese dintice of having tetaincd rlre rcsistlriice 
geiics. Comvcrscly, for l h e  geiiatypcs with limircd 
in trogressim, rfiistnricc WJS less lreqtient. f-[awever, i t  
slinuld bc noted rhíit rwstant genotypeu mist that 
rc:w;iled litrle introgrrssion, which suggests that gcncs 
of rcsiaancc to hf. ex&n do w t  have strong liiikagcs 
\vitIl the iiitrogrcsscd cbroinosoinc fr3g111.7~11ts from 
tvliich rfiey came. if it is cwnsírimd t h n t  die study 
genorypcs eficctivcly represented the lines irorn which 
rticy were drrivrcl, it can lx talcen that al l  or part of the 
resistancc gencs woiild hnvc bccn conscrvrcl in tiiorc 
than liaIf w! rhc lincs. To rhc autltors' l<nowlcdgc, clicre 
hm not been any rational selcctiori of ilic lines for 
rcsisrmce to the ncmatodc M. exig14n. The loss or 
cc>nservatioi1 of iiiuogressed resistance geiics is doubt- 
less due more to the rancltrmncss of choices made by 
breeders and tlic nambcr of gciieration diiriiig the 
pedigree selection process tltan ro a rational choice by 
breeders. For ex:i~q~lc, gcncirypus Tjl7.5 u i c l  T8667, 
wlkh represent cultiviirs RICAFE90 ;ind CW5, 
rrspcctively, ori which consiciera hlcs sclcctioii presssiires 
have bzcn exerted (sclectioa for praductivity and 
resistancc to Lcaf rust up to F7), revealed few inrragrcs- 
sion markers and wert susceprible to N .  exigcrcr. On rl~e 
other l m d ,  resistance t6 hr. cxipo lias bccn fixed in 
cultivar IAPAIW. In chis case, the frequcnt exisrcnce of 
the xmnatode in the trials in 15rail would havc f a v ~ ~ ~ c d  
plants possessing such resistaim, For lines derived from 
CIFC1343, mosr of wlricli malre up clic miildine 
Coloail3ia vawiery, conservaticm ai rcsistaiice in niosc 
of the lines h largely due to the few gonc~nti~nl; U[ 
sekction a t  rhc time of their distribution (Castillo & 
Morena, 1986). 

hpl,rid, Mowcvcr, nlllollg the 2s study (jcnorypcs, wltich 

ßnscd o11 gcnetic distances calculnted from molccular 
itiarkers, two groups of lines dcpoiiding 011 the origins c ~ l  
thr 'rmior I-Iybrid were rcve:iled: firstly the group of 
lines derived from C:IZ;C I 343, and secoutfly the groups 
of lilies derived from CIFCH32fl and CIFC832/2, 
Differencrs bcnvce~i the two groups inay havc becri 
tluc to ixitrctgrcssed chromosumc fragmenis of :i 

different rin~urc. In tlic latter c:m, nutnhly whcn seeking 
rcsisrance markers, thc posuilility will have to be 
cot~si~lctcd chat thc rcsistnnce gencs in CIFC134.3 arc 
ciiffcrcnt from rhose in CIFCS32lJ and CIFC8322. 
C;ciietîc studics of host-lmasite rel;itions in  cultivated 
plants with respect tu resistailcc to MeloirloApc very 
ofteil revealed ihílr :i liniired number of genes ore 
operating (Sidhu & Webster, 1981) ancl morc recently 
iIic S ~ J I I C  lias been sltown b y  Itoherrs et R I .  (1996) i11 
Vipnr m g t m t d m ,  Waiig & Coldmm ( 1996) in timt 
md C:ap et ai. (1993) III tomaro. In coffee, Anzueto CC d. 
(2flflO) ;ilso suggcsrd the cxisrence of only two 
coinpleiiictitary genes for resistance to Af. itzco,tph in 
Guatcmnla. TIK results prcsciitcd licrc iiidicarc che 
cxisreiice o€ nt least wie cloniiomt gene for rcsisfiuicc co 
hl. cxigiur. 'I*hc high freqrncncy <if resistant l i r m  suggest 
the possibility of cither using liiies derived from the 
l ' i i i i s r  IIybrid directly as a wricty, or intraspecific 
csoviiig programies, notably with ilte Ethiopiítn 
accesions, whkli d i e n  tewal wesiscaitcc to M. t~tcugtiitir 
(A:izuctu c f  d, 2000) (ir to M. izrrrhicirfrr (iinpublislied 
cinta), 90 as to create vigorous arid resistant hybrids 
(licrtrnnd r/ ,I/,, 1999). IC should bib pcmibk to rletccr 
DNA tiurkers linked with qualitative rcsistmcc to h.f. 
ex igm auci otic q m m h ,  namely bulk segregant 
analysis (í%ildm et d,  I937), is currcndy hehg 
piirwcd. 
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