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Construction of genetic maps for Citrus aurantium 
and C. latipes based on AFLP, RAPD and RFLP markers. 

Abstract - Introduction. Citrus have a word-wide economic importance. Their breeding 
is a long process complicatecl by a long juvenile periocl , heterozygosity and nucellar emb1y­
ony. Molecular markers are an important cool for the identification of chromosomal regions 
carrying loci controll ing impo rtant agronomie traits in citrus and for marker assistecl root­
scock breecling. Then, they were testecl for the construction of linkage maps for C. auran­
tium and C. latipes. Materials and methods . Polymorphism of 50 Fl incl iviclual of a single 
controllecl cross becween C. latipes and C. aurcmtium were carriecl out from the stucly of 
AFLP markers (7 AFLP EcoRI/ MseI primer combinations), RAPD markers (280 primers) and 
the use of 50 RFLP probes, isolatecl from a Citrus Pst! genomic libra1y. Markers were scorecl 
accorcling to the pseuclo-testcross strategy and two linkage maps - one for C. latipes and 
one for C. aurantium - were constructecl using a suitable software. Results and discus­
sion. In C. latipes, 110 segregating markers (60 AFLPs, 46 RAPDs and 4 RFLPs) were iclenti­
fiecl. Among them, 92 formecl 12 linkage grou ps (7 majo r and 5 minor ones) spanning 
600cM, while 18 markers remainecl unlinkecl. In C. aumntium, 268 segregating markers 
(144 AFLP, 11 1 RA.PD and 13 RFLP) were iclentifiecl . Among them, 247 formecl 20 linkage 
groups (10 major and 10 minor o nes) spanning 1 OOOcM, while 21 markers resultecl 
unlinkecl. The typ ing of a larger number of incl ivicluals seems necessary to increase the 
robustness of the map and permit quantitative trait (QTL) analysis. (© Elsevier, Paris) 

Citrus aurantium / Citrus latipes / molecular biology / analytical methods / genetic 
markers / genetic maps 

Marquage par AFLP, RAPD et RFLP pour la construction de cartes 
génétiques de Citrus aurantium et C. latipes. 
Résumé - Introduction. Les agrumes ont, à l'échelle mondiale, une grande importance 
économique. Leur sélection est longue du fa it de la durée de leur période juvénile, de leur 
hétérozygotie et de l'embryonnie nucellaire. Les techniques de marquage moléculaire sont 
un outil important pour identifier les régions chromosomiques portant les loci des caractères 
agronomiques importants et pour effectuer une sélection, assistée par marqueurs, de porte­
greffes d 'agrumes. Ils ont clone été utilisés pour la construction de cartes de linkages pour 
C. aurantium et C. latipes. Maté rie l e t m éthodes . L'évaluation du po lymorphisme de 
50 individus Fl , issus d 'un croisement entre C. latipes et C. aurantium, a été faite à partir de 
l'é tude par marq ueu rs AFLP (sept combinaisons d 'amorces EcoRI/MseI), RADP (280 
amorces) et RFLP (50 sondes isolées d 'une bibliothèque génomique de Pst! d'agrumes). Les 
marqueurs ont été identifiés en utilisant une stratégie de pseuclo-testcross et cieux cartes de 
linkage - l'une pour C. latipes, l'autre pour C. aurantium - ont été construites en utilisant 
un logiciel adapté. Résultats et discussion. Pour C. latipes, 110 marqueurs de ségrégation 
(60 AFLP, 46 RAPD et 4 RFLP) ont été identifiés. Parmi eux, 92 ont formé 12 groupes de lin­
kage (7 principaux e t 5 mineurs) couvrant 600 cM, alors que 18 marqueurs sont restés non 
liés. Pour C. aurcmtium, 268 marqueurs de ségrégation (144 AFLP, 11 1 RAPD et 13 RFLP) 
ont été identifiés, dont 247 ont formé 20 groupes de linkage (10 majeurs et 10 mineurs) cou­
vrant 1 OOOcM, tandis que 21 marqueurs restaient non liés. L'étude d 'un plus grand nombre 
d 'ind ividus apparaît nécessaire po ur augmenter la fiabilité de la carte obtenue et entre­
prendre l'analyse des loci des caractères quantitatifs (QTL). (© Elsevier, Paris) 

Citrus aurantium / Citr us latipes ! biologie moléculaire / technique analytique / 
m arqueur génétique / carte génétique 
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1. introduction 

Citrus is a fruit tree crop o f word-w ide 
econo mic importance. Its breeding is a 
lo ng process that req uires large invest­
ments in land and time for the eva luation 
o f proge nies. ln additio n , it is compli­
ca ted by a long juvenile periocl , hete rozy­
gos ity and nucellar embryony. Citrus cul­
tivars suscept ible to root disease a re 
propagated by grafting o nto to le rant 
high ly he terozygous and vigo ro us seed­
ling rootstocks . ln spire of their heterozy­
gosity, seedling popu lations of many root­
stocks a re genetica lly uniform , because 
they largely derive from apomicti c seed 
through nucellar embryony. 

Sour orange ( Citrus cturctntium L. ) is 
tolerant to Phytophthora highl y vigo ro us 
and has g rafting compatibility w ith most 
Citrus spec ies and cultivars. This species 
is widely usecl as rootstock, however, the 
susceptibility to tristeza virus limits its use 
in countri es w he re this virus is endemic . 
C. aurcmtium is polyemb1yonic and prop­
aga tes through apomictic nucellar embry­
ony. On the one band this represents an 
acl va ntage for its multipli ca ti o n , o n the 
o the r, the sca rc ity of sexua l embryos 
imposes severe limits to the breecling of 
this species. 

Sorne taxa of Citrus are entire ly sexual 
in reproduction and their use as rootstock 
is problema tic due to the segrega ti o n o f 
heterozygous loci and traits occuring dur­
ing their mu ltip lication. However, their 
use in breeding programmes as females 
ma y be advantageous beca use it w ill 
e liminate apomictic seedlings. C. lcttipes 
Swing (Tar. ) [l , 2] is a sexual monoem­
b ryonic species res ista nt to severa l dis­
eases , including tristeza virus. The intro­
gression of di sease res ista nce into 
po lyembryonie species and of po lyembry­
ony in disease resistant species ma y g ive 
rise to agronomica ll y and econo mica ll y 
improvecl Citrus rootstocks. 

The advent of rn o lecular ma rke rs, in 
particular of those based o n polyme rase 
cha in react io ns (PCR), now pe rmits the 
construction o f linkage maps, the in vest i­
ga ti o n and mapp ing of agro no mie traits 
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(3-5] and the marke r ass istecl selection in 
several crop tree species, inc lucling 
Citrus. To date , three linkage maps have 
been proclucecl w ithin Citrus, basecl o n 
RFLP and RAPD markers. All we re con­
structecl fro m inte rgene ric hybricl crosses 
(6-9] The richest map contains 109 RAPD 
marke rs and covers 70-80% of the Citrus 
genome [8]. The rnost recent [10] contains 
also microsatellite markers, together w ith 
RFLPs. 

The pu rpose of this paper is to report 
preliminary data o n C. cturcmtium and 
C. !cttipes linkage maps, producecl aclopt­
ing a two-way pseudo-testcross mapping 
strategy [11 , 12]. The F 1 progeny ana lysecl 
was obta ine cl by the testc ross mating 
be twee n the two Citrus s pec ies. We 
report the linkage ana lysis o f AFLP, RAPD 
and RFLP marke rs and the maps o f the 
major linkage groups. 

2. materials and methods 

2.1. plant material 

The testecl mate ri al consistecl of a s in­
g le cont ro lle d cross macle in Acireale 
(S icily) during 1970. The monoembryonic 
C. latipes was usecl as fema le in a c ross 
w ith the polyembryo nie C. aurcmtium, 
used as male . Two hunclred and fifty F1 
inclividuals we re p lanted as seed lings at 
the expe rime nta l fi e ld at Fonti Ciane 
(Sy racuse , Sic ily). Fifty F1 indi viclu a ls 
we re ge notypecl for the constru ction o f 
linkage maps . 

2.2. DNA extraction 

Total DNA was extractecl from 3.5 g of 
fresh leaves accorcling to the procedure 
clescribed by Doyle and Doyle [1 31. 

2.3. AFLP assay 

The proceclure fo r the production and 
detect io n o f EcoRI/MseI AFLP ma rke rs 
fo llowed the protocol described in deta il 
by Vos et al. [14]. Genom ic DNA was 



digested with EcoRI and MseI restriction 
endo nucleases; synthetic EcoRI and MseI 
adapters were ligated to restriction frag­
ments; the produ cts o f liga tion were 
di luted and amplified with primers com­
plementa ry to the adapters and ca rrying 
one se lective nucleotide beyond the 
restriction site; the products of amplifica­
tion were diluted aga in and amplifi ed 
with a 33p labelled EcoRI primer and an 
unlabe lled MseI primer, both ca rrying 
three se lecti ve nucleotides . Finally, 
labelled fra gme nts were resolved o n 
seque ncing ge ls and auto rad iographed. 
Nine primers were designed following the 
indica ti ons of Vos et al. [1 4]: E31 (exten­
sion AAA), E38 (extension ACT) , E40 
(extension AGC), M33 (extensio n AAG), 
M34 (extensio n AAT), M37 (extensio n 
ACG), M38 (extension ACT), M39 (exten­
sion AGA) and M44 (extension ATC). The 
following primers pairs were used: 
E31/ M33, E31 / M38 , E3 1/ M39 , E3 1/ M44, 
E38/ M33, E38/ M37 and E40/ M34. 

2.4. RAPD assay 

A total of 280 deca mer of random 
sequence (kits A, B, C, D. F, H. I, J, K, L, 
N, P, W, Z; Operon Technologies Inc., 
Alameda, CA, USA) were used as primers 
to amplify geno mic DNA fro m the two 
parents and a sample of four progenies. 
Twenty-five ng of ge no mic DNA were 
used in each amplifica tio n reactio n 
acco rding to Wi ll iams et al. [15] . The 
amplification products were separated on 
1.3% agarose gel and detected by ethid­
ium bromide sta in ing. 

2.5. RFLP assay 

Approximately 2 µ g of DNA was 
digested with 10 U of the appropriate 6-bp­
recognitio n restri ctio n e nzymes (EcoRI, 
H indIII and XbaI) . Restriction fragments 
were separated on 1 % aga rose ge l and 
transfe rred to nylon membranes Hybond 
N+ acco rding to manufa ctorer 's instruc­
tions (Amersham, Arlington , IL, USA) . The 
50 probes tested were isolated from a PstI 
genomic libra1y obtained from a C. latipes x 
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C. aurantium hybrid , 32p_Jabelled using a 
'prime-a-gene ' labe lling system kit 
(Promega Co. , Madison , WI, USA), and 
hyb riclised according to Feinberg and 
Vogelstein [1 6]. 

2.6. scoring of markers 
and statistical analysis 

In the 50 F 1 individuals o bta ined , 
marke rs we re scored fo llowing the 
pseudo-testcross mapping strategy sug­
gested by Grattapaglia and Sederoff [1 Il. 
Only bands polymorphie between parents 
(p resent in C. aurantium and absent in 
C. latipes, or vice-versa) were considered. 
Po lymorphie bands that were hete rozy­
gous in e ither parent segregated in the F1 

progenies acco rding to an 1: 1 expected 
ratio were used for map construction. 
Segregating markers were scored fo r their 
presence or absence in each F 1. Two 
datasets and two maps were constructed 
(one comprising al! markers heterozygous 
in C. aurantium and the other comprising 
all markers he terozygous in C. la t ipes). 
The softwa re MAPMAKER 3.0 [17] was 
used to construct linkage maps . Data 
were treated as backcross data. Since, in 
the pseudo test- cross strategy, marker 
configuratio n remains unknown , two 
point analysis was performed on a dupli­
ca ted data -se t, with a il markers having 
e ithe r norma l and inve rted all e le score . 
This enabled the identifica tio n of linked 
markers even when showing band pres­
ence in repulsion phase. The preliminary 
grouping was perfo rmed at LOD score 
4.0 and 30 cM maximum distance. Mark­
ers from each linkage group were used to 
create a framework map using full multi­
po int ana lysis and a LOD score of 2.0 . 
Markers not o rclerecl at this LOD in multi­
po int ana lys is were map pecl re lative to 
the framework map using the Place com­
mand , but were not included in the map 
ske le ton. The use o f a thresho ld LOD 
score of 2.0 in mu ltipo int analysis incli­
cates that the relative order of markers in 
the framework map is at leas t 100 folcl 
more likely than any alternative orcler. 
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3. results and discussion 

The to ta l number of AFLP, RAPD and 
RFLP markers used for linkage maps con­
structio n is listed in table 1. In the AFLP 
assay, fou r EcoRI and f ive MseI primers 
were used in 7 different combinations. In 
the 50 F 1 progenies, 144 and 60 AFLP 
markers ,;.vere scored for C. aura11lium 
and C. lct!ipes, respectively . The efficiency 
o f AFLP techno logy, in terms of the aver­
age number of polymorphie bands pro­
duced per assay , w as 17.8 and 7.7 for 
C. aura11tium and C. la!ipes, respectivel y. 
In C. aurantium, on average, 106 bands 
p er primer pa ir w ere observed , w i th a 
range between 51 and 161. O n average, 
34.7 bands per primer pair were polymor­
phie and 17.8 segregated in the Fl p roge­
nies. ln C. latipes, values o bserved for 
these parameters were lower: on average, 
92.6 bands 'vVere observed per primer 
pair, w ith a range between 62 and 142, 
25 .3 bands were polymorp hie and 7.7 
segrega ted . T he ra tio between the nu m­
ber o f segrega ting bands and the tota l 
num ber o f po lymorphie D NA bands can 
be considered as an estimate o f the p ro­
portio n o f heterozygous loc i. T h is esti ­
mate rangecl from 51 .3% (17 8/ 34 7) for 
C. auranlium to 30.5% (7.7/ 25 3) for 
C. latipes. 

ln the RAPD assay, 170 (61%) o u t of 
the 280 primers testecl were discarded , 
due to Jack of polymorp hism or low 
am p lification intensity . T he rernain ing 
11 0 primers p rod ucecl 157 segrega ti ng 
RAPD markers that were mapped (111 in 
C. aurantium and 46 in C. latipes). The 
efficiency of the method, in terms of mean 
number o f po lymorp hie bands produced 
per assay, was 0.4 and 0.16 for C. auran­
lium ancl C. latipes, respectively. 

The screening o f 50 genomic clones 
resulted in the identification of 6 probes 
(12%) that identi fied 17 segregating RFLP 
bands 0 3 in C. auranlium and 4 in 
C. latijJes). Two PstI clo nes hybridised to 
sing le cop y sequences Cl- 2 bands per 
lane) and 4 Pstl clo nes probably identi­
fied multiple-copy sequences (3- 6 bands 
per Jane). The efficiency of RFLP markers, 
in terms of mean number of polymorphie 
bands produced per assay, was quite low : 
0.26 and 0 .08 for C. aumntium and 
C. latipes, respectively. 

O ur results suggest that AFLP is by fa r 
the most efficient techno logy for genera t­
ing po lymorphie markers in Citrus. Th is 
o bservation is in agreement with d ata 
reported in other p lant species where d if­
ferent m arker tech no logies have been 
compared for their capacity of iclentifying 
polymorphisms [18, 19]. The very lmv level 
of RFLP polymorph ism found in the pre­
sent investigation is in agreement w ith 
data reported in C. grandis and Poncirus 
trifoliata (6, 7] No statistical differences in 
the number of bands amplified and in the 
number of polymorphie bands detected 
were identified between the two species. 
Conversely, a significantly (P;;: 0.05) larger 
number of segregating AFLP markers 
have been o bse rved in C. aurcmlium , 
com pared to C. latipes. This result is 
attribu table to the higher level of het­
erozigosity (51.3% versus 30.5%) observed 
in C. aumntium cornpared to C. latipes. 
Est imates of heterozygosity at AFLP loci 
investigated indica ted h igh values for 
bo th spec ies, in agreement with RAPD 
data reported by Cai et al. [8] for C. gran­
dis and P trzfoliata. 

In C. aurantium, the two point ana ly­
sis grouped 247 o ut o f the 268 AFLP, 

AFLP, RAPD and RFLP markers used ta construct linkage maps of Citrus aurantium and C. latipes. 

Citrus species 

C. aurantium 

C. !atipes 

Total markers 

268 
110 

Markers unlinked 

21 
18 
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Markers used for linkage analysis 

247 
92 

Markers in the core map 

130 

55 
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Figure 1. 

GR1 GR2 GR3 GR4 GR5 The ten major framework linkage 

0 L13096 maps of Citrus aurantium based 

7 M E31M39a on AFLP, RAPD and RFLP markers. 
0 E40M34g 0 E31M33d 0--E38M33f 15 E40M43c 0 P17070 Map distances in centiMorgans 
0 E40M34h 15 H04131 are listed on the left and loci on the 

20 N20133 
24 E38M33h 10 E31M431 right of each linkage group (GR). 

24 E38M33m AFLP loci are labeled with 

20 E31M43a 18 E31M44r 
24 A18078 the primer combination from which 

19 H04053 24 K07163 
20 B03204 23 F10133 24 E31M39p 

they are produced, followed by 
24 E40M43d a number indicating the relative 

E31M33b 24 E38M33r 
32 H03051 N15048 24 E31M33o 

position detected in the gel lane. 
35 E40M34f 34 N14030 24 E31M33q RAPD markers are identified by 

33 L20087 41 E31M33zb 
24 E31M33s the primer designation and the size 

44 E31M39h 43 L01 204 42 L19095 24 E31M39e 41 K06303 in base pairs of the segregating 
49 E31M44z 53 E31M33a 
53 E38M33u 54 E31M39s 30 E31M33z 53 E31M44b alle le scored. RFLP nomenclature 

53 N09040 59 E31M39b 35 E40M34o 60 E31M33e includes, from left to right, the probe 
53 E31M44f1 59 E40M34b 42 E31M39u 67 E31M39i number and the size in base pairs. 
59 E31 M43p 62 L1 3072 57 N01087 67 E31M43e ln bath cases, a zero must be added 
64 N10147 62 H03076 67 E31M39q to obtain the size in bp. 
64 N07074 62 N1 5072 71 E38M33z 
71 E40M34v 64 N1 2124 73 E31M39v 
71 E38M37a 73 H14260 73 E31M44s 

73 E38M33s 

86 C05229 87 E40M34n 73 E31M33c 

87 E31m44v 79 E31M39t 

93 E31M43q 93 E31M43n 
94 F08051 

101 E31M33r 100 H01102 

106 B03373 108 013050 
108 E40M34a 

120 E40m43f 117 N08034 

126 B17096 
120 E40M43g 

GR 6 GR? GR 8 GR 9 GR10 
0 A19074 
6 N10234 0 B01143 0 N14143 0 E31M44n 0 E40M43h 

12 E31M33za 7 E40M34c 

12 E31 M43c 9 B03220 11 E38M33d 

12 E40M43e 12 W06204 11 E38M33b 13 K06101 
17 L01050 18 F10 ~51 

14 E31M44f 16 E40M34d 
17 E40M34r 20 W09063 19 E38M331 

21 E38M33t 
19 E31 M44o 31 E31M44za 

21 E38M33e 
23 J07077 28 N10090 24 E31M441 26 E38M33za 

36 E31M331 
34 E31 M43h 45 E31 M44e 

45 E31M441 
45 J13086 41 Ll44a 40 E31M39f 
45 K10089 41 E31M43d 

45 E40M34u 50 Z03090 
45 E31M39r 

56 E31 M43b 45 E31M33g 
55 Lll73b 

73 N09148 

RAPD and RFLP markers in 20 linkage The whole map spanned approximately 
gro ups . Among the m, 10 major groups 1,000 cM. The 10 major linkage grou ps 
were formed by 5-21 markers and 10 small (/ïgure 1) contain 132 markers and span 
linkage groups comprised 2-4 markers. approximatively 795 cM (range from 40 to 
Twenty-one markers remained unlinked. 126 cM). Thirty-eight markers (14% of the 
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GR 1 
0 

13 
15 
15 
17 
17 
17 
17 
17 
17 
20 
22 
27 
36 

48 

71 
71 

Figure 2. 

E38M37b 
220164 
A07170 
N03095 
E31M39d 
E40M431 
E31M44e 
E38M331 
E40M43a 
E31M33c 
E38M33b 
E31 M381 
E31M44a 
E40M34g 

W1011 9 

A11124 
A1102 

GR 2 

0 E31M33g 

15 E40M43c 

20 E31M38e 

30 216177 

50 219083 

The seven major framework linkage 
maps of Citrus latipes based on 
AFLP, RAPD and RFLP markers. 
Map distances in centiMorgans 
are listed on the left and loci on 
the right of each linkage group (GR). 
AFLP, RAPD and RFLP loci are 
labeled as reported in figure 1. 

M. De Simone et al. 

GR3 GR 4 GR5 GR6 GR 7 

0 E40M34C 0 D08094 
0 E31M33h 

0 E40M34b 5 E40M34i O~ E38M37d 
8 E31 M33e 5 E40M43g 
8 E38M33e 7 E40M43h 18 E40M43b 

11 P02153 14 A1611 9 8 E40M34a 
18 E31M39a 9 C07280 

14 A16130 11 E31 M38b 
18 E31M391 9 220051 

18 E31M44C 14 A07140 13 L10102 
18 E38M37c 

13 N10126 

18 E38M37e 
28 E40M43E 18 L19153 

33 A17111 33 W18080 29 C07190 

37 A03127 37 F05163 

to ta l) showed segregation d istortion and 
12 of these mappecl to group 6. 

In C. latipes, the grouping o f the 110 
scored AFLP, RAPD and RFLP bands pro­
d uced 12 linkage grou ps, spanning 
approx imately 600 cM, and 18 unl inked 
markers. Among the 12 l in kage groups, 
7 are m ajo r gro ups tha t incl ude 5- 17 
m arkers and 5 are rninor o nes, w ith 2- 4 
markers each. The 7 major groups (figure 
2) contain 55 markers and define approx­
im ately 270 cM of tota l m ap d istance 
(range 13-71 cM). Three AFLP and three 
H.FLP markers (5.4%) show ed segregation 
distortion. 

The low number of progenies analysed 
( 50 Fl ind iv id uals) and the tight cr iteria 
adopted to consider linkage as significant 
(LOD 4.0 and 30 cM maximum d istance) 
influencecl the number of linkage groups 
(20 in C. aurantium and 14 in C. fettipes) 
identified in the species investigated , 
h igher than the Citrus basic chromosome 
number (n = x = 9). Marker distribution 
on the major linkage groups is sometimes 
uneven (figures 1, 2) , 1:v ith AFLP and 
RAP D m arkers that have a tenclency to 
forrn clusters ( i .e. , group 4 in C. aurcm­
lium and group 1 in C. latipes). No corn-

m ent m ay be clone on RFLP behavio ur, 
since only two RFLP m arkers founcl sig­
n i ficant association to the m ajor linkage 
groups. 

In Citrus, genetic mo lecu lar maps wil l 
become an important too l to locate mark­
ers linkecl to in teresting agronomie traits 
to be used in assisted rootstock breeding 
p rograrns. We are now using the pseuclo­
testcross rnapping strategy to analyze the 
q uantitati ve trait loci (QTL) for nucel lar 
ernbryony in which ma jor genes are 
p robably in vo lved in the quantitat ive 
exp ression o f this trait [2, 20] . T he p ro­
duction of nucellar seedlings is one of the 
m ost impo rtant tra its in rootstock b reed­
ing al thought it l imits the number o f 
zygotic individua ls ava ilable from a cross 
and red uces the effic iency of se lection . 
To iden tify genes invo lved in apornixis 
and to const ruct a more robust linkage 
map, a larger num ber of F l inclivicl uals 
are being analyzecl. 

Further rnarker applications in Citrus 
breecling coule! be seen in the localisation 
of genes controlling resistance to pathogens, 
cold and sait tolerance, plant ju venil ity , 
and vigor. 
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note 

This resea rch paper follows a commu­
nication presentecl at the V ISCN Congress, 
March 1997, Montpellier, Fra nce. 
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Marcado mediante AFLP, RAPD y RFLP para la construccién de mapas 
genéticos de Citrus aurantium y C. latipes. 
Resumen - Introducciôn. Los agr ios tienen , a n ive! muncl ial, una gran importancia eco ­
n6mica. Su selecci6n es larga clebiclo a la cluraci6n cle su perioclo juvenil , de su heterozigo­
tia y cle la em br io nia nucelar. Las técnicas cle m arcado molecu lar son una herramien ta 
im portante para iclentificar las reg iones cromos6micas llevanclo los loci de los caracteres 
agron6micos importantes y para efectuar una selecci6 n , asisticla por marcaclo res, cle porta 
injerros cle agr ios. Por lo tanto, se uti l izan para la construcci6n de mapas cle enlaces para 
C. au rantiu m and C. latipes. Material y métodos. Se realiz6 la evaluaci6n ciel polimorfismo 
de 50 incl iv icluos Fl , o riunclos cle un cruzamiento entre C. latipes y C. auranlium, a partir 
ciel estucl io por marcaclores AFLP (siete comhinaciones cle cebos EcoRl/Msel), RADP (280) y 
RFLP (50 sondas aislaclas cle una biblioteca geon6m ica cle Pst 1 de agrios). Se iclentificaro n 
los marcaclo res al u ti l izar una estrategia de pseuclo-testcross y clos mapas cle enlace - uno 
para C. la!ipes el otro para C. au ra ntium - fueron construiclos al util izar un programa aclap­
taclo. Resultados y discusiô n . Para C. latipes, se iclentificaron 110 marcaclores cle segrega­
ci6n (60 AFLP, 46 RAPD y 4 RFLP). Entre ellos, 92 formaron 12 grupos cle enlace (7 princi­
pales y 5 mino res) cubrienclo 600 cM, m ien tras q ue 18 marca clo res se queclaron no 
en lazaclos. Para C. a u rantium, se iclenti ficaron 268 m arcaclo res cle segregaci6 n (1 44 AFLP, 
11 1 RAPD y 13 RFLP) , cle los eu ales 247 formaron 20 gru p os cle enlace ( 10 mayo res y 
10 menores) cubrienclo 1000cM, mientras que 21 marcaclo res permanecîan no enlazaclos. Es 
consicleraclo necesario estucliar un mayor nC1mero cle incl iv icluos para aumentar la fiabi liclacl 
ciel mapa lograclo y emprencler el analisis cle los loci cle los caracteres cuantitativos (QT L). 
( © Elsevier, Paris) 
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