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Molecular markers: a continuously growing biotechnology area 
to help citrus improvement. 
Abstract - Introduction. In order to apply a marker-assisted selection to the breeding 
programs, a review related to the application of the molecular marker technique, used to 
study the citrus genetic resources and the resistance to citrus tristeza virus (CTV), was 
undertaken. Citrus genetic resources. The citrus germplasm bank at Ivia (Valencia, 
Spain) was studied . Six isoenzymatic systems were assayed. A broad spectrum of hetero­
zygosity values was found in the collection. Two principal groups of Citrus species are 
clearly defined: the orange-mandarin group and the lime-lemon-citron-pummelo group. 
Genetie differences be tween species and genera are in general high, which suggest that 
adaptation has played an important role during the evolution of the orange subfamily. 
CTV resistance. There is an urgent need to diversify the genetic basis of CTV-resistant 
rootstocks by developing breeding programs from only CTV-resistant genotypes. Conse­
q uently, the first step was to find molecular markers wh ich allow to discard CTV­
susceptible genotypes with a minimum error from large progenies. At least two loci, Ctr 
and Ctm, control CTV resistance in Poncirus trifoliata. Utilization of citrus genetic 
resources for searching new CTV resistance genotypes. To find out new CTV-resist­
ant genotypes two searching strategies explained in this paper were evaluated, but only 
one has been truly successfu l. Perspectives and further remarks . The rapid advances 
of b iotechnology give citrus breeders no choice o ther than to design more efficient 
breeding programs. (© Elsevier, Paris) 

Spain / Citrus / plant breeding / plant biotechnology / pest resistances / 
viroses / virosis / genetic marker 

Utilisation des marqueurs moléculaires : une technique en perpétuelle 
évolution qui vient en aide à l'amélioration des agrumes. 
Résumé - Introduction. Afin d 'appliquer une sélection assistée par marqueurs à des 
programmes d 'amélioration, les diverses applications de la technique des marqueurs 
moléculaires à l'étude des ressources génétiques des agrumes et à celle de la résistance 
au virus de la tristeza des agrumes (CTV) ont été répertoriées. Ressources génétiques 
des agrumes. La collection d 'agrumes d 'IVIA (Valence, Espagne) a été criblée à partir de 
l'utilisation de six sytèmes isoenzymatiques. Un large spectre de structures hétérozygotes 
a é té trouvé. Deux groupes p rincipaux ont été clairement définis au sein du genre de 
Citrus : le groupe des orange-mandarine et celui des lime-citron-cédrat-pamplemousse. 
Les différences génétiques entre espèces et genres sont en général importantes, ce qui 
suggère que l'adaptation a joué un rôle capital lors de l'évolution de la sous-famille des 
oranges. Résistance au CTV. Il devient urgent d 'élargir la base génétiq ue des porte­
greffes résistants au CTV, par développement de programmes d 'amélioration à partir de 
génotypes résistants. Une première étape a donc consisté à trouver des marqueurs molé­
culaires permettant d 'éliminer, sans trop d 'erreurs, au sein de vastes descendances, les 
génotypes sensibles au CTV. La résistance au CTV serait contrôlée au moins par cieux 
loci, Ctr and Ctm. Utilisation des ressources génétiques des agrumes pour ch e r­
cher de nouveaux génotypes résistant au CTV. Afin de trouver de nouveaux géno­
types résistant au CTV, deux stratégies de recherches présentées dans le document ont 
été évaluées ; seule l'une d 'e lles a donné des résul tats satisfaisants. Perspectives e t 
remarques. La rapide p rogression des biotechnologies oblige les sé lectionneurs 
d 'agrumes à prendre en compte ces techniques pour la définition de programmes 
d 'amélioration plus performants. (© Elsevier, Paris) 

Espagne / amélioration des plantes / biotechnologie végétale / résis tance aux 
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Figure 1. 
Phosphoglucoisomerase 
zymograms to distinguish zygotic 
/rom nucellar Poncirus trifoliata 
seedlings. 
Contrai: mother plant zymogram. 

M.J. Asfns et al. 

1. introduction 

The use of polymorphie single genes 
to facilitate the process of plant breeding 
was proposed by Sax [l]. The basic prin­
ciple is that selection for characters with 
easily cletectable phenotypes can simplify 
the recovery of genes of interest linkecl to 
them and mo re cli fficult to score such as 
those govern ing clisease resistance or 
yielcl uncler a stress conditio n . The first 

Control 

Zygotic 

Zygotic 

Zygotic 

Zygotic 

294 Fruits, vol. 53 (5) 

marker loci available were those with an 
obvious impact on the morphology of the 
plant, like the trifoliate leaf inheritecl from 
Poncirus tr/foliata. New sources of genet­
ic markers basecl on the identification of 
po lymo rphisms in proteins (isozymes) 
and DNA have been clevelopecl cluring 
the last three decacles . They have been 
te rmecl 'molecular marke rs'. Therefore a 
molecular marker is a clifference, that may 
exist between two p lants , visualized by 
means of biochemical methods , and is 
locatecl at a certa in chromosomal posi­
tion. 

When the genotype for one or more 
marker loci is known for two plants, infer­
ences can be macle about the genotypes 
that might appear in the progeny. Hence, 
given an inclividual of dubious origin, it is 
possible to determine by its marker geno­
type w hether it might derive from a cer­
tain cross or not. Many practical problems 
in citrus breeding respond to situations as 
simple as this. The most common appli­
catio ns of molecular markers in citrus 
breeding are: identification of true hybrids 
o r zygotic individuals from apomictic 
(nucellar) seedlings (figure 1); identifi­
cation of new varie ties (figure 2); chec­
king the genetic composition of p roto­
p last fusion products; and checking the 
stability of ciyogenic calli. 

The quick and wide clevelopment of 
molecular markers bas provided ve1y use­
fu i tools to help p lant breeders. They 
allow the study of genetic variation, the 
search of new sources for agronomically 
important genes, the identification of cul­
tivars and the efficient management of 
segregant generatio ns d uring the p lant 
breeding programs through marker-assist­
ed selection. 

The purpose of this paper is to review 
our most important results related to the 
application of molecular markers for 
evaluating, among o ur citrus genetic 
resources, the resistance to citrus tristeza 
virus (CTV) in o rde r to apply marker­
assistecl selectio n in the breecling pro­
grams and the utilization of citrus genetic 
resources in an efficient search of new 
CTV resistance genotypes. 



2. citrus genetic resources 

How much genetic va riabili ty should 
the citrus genetic resources contain? 
Given that economical changes, evolution 
of pathogens and environmental changes 
are unforeseen, there are no clear-cut 
rules about what should be neecled in the 
future; the refore, the maximum genetic 
cliversity sho uld be conservecl and charac­
terized. Sorne authors (i. e., [2]) suggest 
that this open-endecl task will no longer 
be important when progress in genetic 
engineering may allow transfer of useful 
genes from any species into citrus. Howe­
ver, it is clifficult to imagine that tech­
niq ues usecl for specific loci might 
replace the natural association of genes as 
a source of co-adaptecl gene complexes. 
In fact, as genetic engineering progresses, 
there will probably be an increasing 
demancl for germplasm resources as 
source materia l for gene transfer. On the 
other banc!, many important traits in plant 
breeding exhibit continuo us va ria tion 
(yield, maturity, biotic and abiotic stress 
tolerance , etc.). Fo r these traits, germ­
plasm resources and established breecling 
methocls, aicled ac selection by molecular 
markers, have no current alternative. 

After clarifying the neecl for germplasm 
conservation the next q uestio n is: How 
much genetic variability is contained in a 
citrus germ-plasm bank? The answer has 
been reportecl recently by Herrera et al. 
[3, 4] 

We have studied the genetic cl iversity 
containecl in the citrus germplasm bank at 
IVIA (Valencia , Spain). It consisted of 
198 cultivars and accessions of 54 species 
of Citrus and 13 relatecl genera of Auran­
tioicleae subfamily. They are mature, virus 
and virus-like free plants grown in contai­
ne rs kept uncle r a screenhouse [5]. Six 
isoenzymatic systems (seven loci as de­
scribed by Herrero et al. [3]) were assayecl 
following methocls describecl in Asins e t 
a l. [6]. The cho rcl distance [7] and the 
neighbour-joining methocl of aggregation 
[8] were used to obtain the clendrograms 
where genetic relationships were studiecl 
at the genus and species level. 

Molecular markers to help citrus improvement 

Herrera et al. [3] founcl chat the species 
with the lowest genotypic variability are 
C. myrtif'olia, C. deliciosa (Willow leaf 
mandarin), C. paradisi, C. limon and 
C. sinensis while Severinia huxif'olia shows 
the highest value. Not ail citrus are highly 
heterozygo us but a broad spectrum of 
heterozygosity values was founcl in the 
collection. Lemons, limes and C. herga­
mia show a very high percentage of hete­
rozygosity which inclica tes an o rigin 
through interspecific hybridization. Regard­
ing the intraspecific variability, its main 
limiting factor is the apomictic reproduc­
tion , where nucellar embryos are much 
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Figure 2. 
RAPDs identifying a lemon cultivar. 
Arrow indicates the genetic 
difference. 
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mo re vigorous than the zygo ti c o nes . 
Additio na lly, se lf po llin atio n appears in 
sorne species mainly used as rootstock 
which woulcl explain the ir low hete rozy­
gosity va lues . 

Two principal groups of Citrus species 
are d ea rly defined (figure 3) : the orange­
mandarin group and the lime -le mo n­
citro n- pumme lo group whe re the pum­
me lo and the lime-le mon-citron groups 
duster. Jl1icrocitrus is doser to Citrus than 
Fortune/la , however, a mo re rea listic 
situ atio n is fo und whe n spec ies a re 
cons ide red separate ly give n chat the 
Citrus genus is ve1y broad frorn the genetic 
po int of view. Thus, Microcitrus spp. are 
re lated to the citro n-lime group w hil e 
Fortune/la spp. are relatecl to the orange­
mandarin group. Poncirus, altho ugh 
ind udecl in the true citrus group , is locat­
ecl fa r from the rest o f gene ra of this 
group. Atalantia is o ne of the most 
va ri ab le genera , even fo r he te rozygosity . 
Both Atalantia species are very clistantly 
placecl; thus A . ceylanica cl uste rs w ith 
S. huxifolia w hile A. citroides cluste rs 
w ith Pamhurus missionis. We cons icl e r 
these three some how re latecl genera Ata­
lantia, Seuerinia and Pamhurus as impor­
tant genetic resources for citrus rootstock 
breecling. Their sexual isolation coule! be 
overcome by the use of protoplast fu sion 
methoclo logies o r trying Microcitrus spp . 
as a bridge species towarcls Citrus. 

Three subgroups were fo uncl in the 
orange-mandarin group. The sour orange 
subgro up inducles C. clementina, C. tan­
gerina and C. nohilis mandarins together 
with C. myrtifolia and C. aurantiwn. The 
sweet o range ( C. sinensis) subgrou p 
ind ucles C. temple and C. unshiu manda­
rins. The thircl subgroup inducles the rest 
o f the manda rin species . C. madurensis 
cluste rs with this subgroup. If sweet and 
sour orange are consiclered cl iffe rent spe­
cies, it cloes not seem logica l to pu t to­
gether ail manda rins in a single species , 
C. reticulata, as Sw ingle and Reece [9] 
do . The o range-fruitecl Citrus species 
form a compact group that we have 
namecl the orange-mandarin group which 
is connectecl with Fortunella spp. (a lso 
with orange-colo urecl fruits) and C. hali-
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m ii. This situation dosely resembles that 
fo un cl in Lycop ersicon spp . whe re the 
three red-fruited species fo rm a natural 
assembly w ithin the genus [10]. A . cheva­
lieri is d osely re latecl to the pumme lo 
subgroup . The citron , the pu mme lo and 
the ancient lemon subgroups form a dus­
ter to which the species belonging to sub­
genus Papecla and the cultiva ted limes, 
lemons and bergamots are re lated . Micro­
citrus spp ., to which S. buxifolia and 
A . ceylanica seem to be related , are d oser 
to the lime-lemon-citron-pummelo group 
than to the orange-mandarin o ne. These 
relationships suggest the fu1ther prospect­
ing of certain key species such as C. hali­
mii, Aeglopsis chevalieri, C. ichangensis, 
C. hystrix, S. huxifolia and C. tachibana. 

In conclusio n , genetic clifferences be­
tween species and genera are in general 
high , which suggests that adaptation has 
played an important role cluring the evo­
lutio n of the orange subfam il y. As fa r as 
citrus improvement is concernecl , a broacl 
d istributio n o f species has been fo uncl 
that sho ulcl be taken into account to 
sample genotypes in the sea rch of new 
genes contro lling desire cl fea tures in 
o rcl er to full y and e ffi cie ntly use citrus 
genetic resources. 

3. citrus tristeza virus resistance 

Citrus tristeza virus (CTV) is the causal 
agent o f o ne o f the most impo rtant 
cl iseases of citrus [11]. This phloem-limit­
ecl d osterovirus exists in a great variety of 
isolates cliffe ring in biological properties 
such as symptoms in the fi e ld [12-14], 
reaction on indicator plants [1 5, 16], and 
aphid transmissibility [1 7, 18]. Since its 
outbreak in the early 1930 's, tristeza has 
caused the cleath of millions of trees graft­
ed o n sour orange ail arouncl the worlcl 
(11]. This d isease has fo rcecl growers to 
use o nly CTV-resistant o r tole rant root­
stock cu ltivars which have strongly nar­
rowecl their gene tic cl iversity, increasing 
so the vulnerability of citriculture to future 
pathogens and environmental changes . 
The refore, the re is an urgent neecl to 
diversify the genetic basis of CTV-resistant 



rootstocks by developing breeding p ro­
grams from only CTV-resistant genotypes. 
Consequently , the first step was to find 
molecular markers which allow to cliscard 
CTV-susceptible genotypes w ith a mini­
mum error from large progenies . 
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Most, if not all , citrus species and culti­
vars are hosts of CTV [11 , 19, 20], but some 
citrus relatives (S. buxifolia, S. glutinosa 
and P. trifoliata) have been repo rtecl as 
resistant to CTV [19- 21]. Only P tri/àliata is 
sexually compatib le with Citrus spp. , 
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Figure 3. 
Dendrogram of Aurantioideae 
species based on the chord distance 
and the neighbour-joining clustering 
method (group 1 = orange-mandarin 
group; group Il = lime-lemon-citron­
pummelo group). 
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the refo re it is the source o f CTV res ist­
ance in rootstock breecling programs. In 
o rcl e r to analyze the inhe ritance of this 
characte r and to fine! out markers linkecl 
to the respo nsible gene(s) , two popula­
ti o ns were obtainecl : one populatio n by 
o pe n po llinatio n of P. tri/oliata va r. 
'Flying Drago n ' (FD populatio n); the 
other population resultecl from an intergen­
e ri c cross be tween Citrus medica va r. 
ethrog 'Arizona' (female parent) and P tr//à­
liata va r. 'Flying Dragon ' (C x P popula­
tion) . Isozyme analysis of plants from FD 
populatio n was ca rri e cl o ut in o rde r to 
distinguish zygotic fro m nuce lla r seecl­
lings (ligure 2) . Inoculation was macle by 
pro paga ting bucls of each plant on root­
stocks infectecl with CTV isolate T-346, a 
common tristeza isolate . The presence of 
virus was checke cl by Double Anti bocly 
Sa ndwich Enzy me-Linke cl Assay and 
Direct Tissue Blot Immunoassay at 3, 6 
and 12 months after inoculation. 

Segregation data are consistent with a 
monogenic control o f the tra it where 
resistance alle le is do minant. The scree­
ning o f 260 rando m primers aga inst sus­
ceptible and res istant p ools resultecl in 
the identifica tio n of fi ve new ranclo m 
amplifiecl polymorphie DNA (RAPD) mar­
kers linked to the CTV- res istance gene 
[22]. Marke rs o bta ined w ith p rimers 
OPW18, OPE20, OPK16 and OPG18 were 
successfull y clone cl and named cW18, 
cE20, cK1 6 and cG 18 . Hybricliza ti o n o f 
these clones to Southern blo ts containing 
digestio ns o f geno mic DNA from plants 
from the FD population revea lecl a single 
copy ba ncling patte rn for cW18 and low 
copy bancling patte rns for cE20, cK1 6 and 
cG 18. Ali fo ur clones proviclecl hybricliza­
tio n pa tte rns tha t a llowecl the ide ntifi­
cation of the two alleles at the RFLP locus 
linkecl to the CTV-resistance gene conver­
ting the dominant into a codominant mar­
ker. Nowaclays, these rnarkers are used to 
perform marker-assistecl selection (MAS) 
in the seeclling p roge nies cl e ri ve cl fro m 
P. tr(!àliata, to clisca rcl up to a 50% o f 
them, those that lack th e CTV-resistance 
gene (namecl Ctr-R) . Therefore, these mar­
kers allow us to run field experiments with 
only elite (putative CTV-resistance) trees. 
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However, nothing was known abo ut 
the mechanism uncle rlying this resistance 
Ctr-R. Altho ugh the do minance o f thi s 
gene and its e ffi ciency aga inst CTV­
aggress ive iso lates makes P. tri/oliata a 
suitable candidate fo r citrus breeding, it 
hacl to be taken into account that citrus is 
a pe re nnial crop ; then , resistance genes 
causing just a recluction in virus multipli­
cation or movement might not be so sui­
table in breeding for a durable CTV resis­
tance as those causing a complete suppres­
sion of virus multiplication or movement. 
Bette r knowle cl ge of the mechanism of 
resistance is neecl ecl to ensure long-te rm 
protection of citrus against CTV. 

In o rcl e r to stucly the uncle rl ying 
mechanism to Ctr-R, the presence of CTV 
was checkecl not only in the new flu shes 
but mainly aro uncl the inoculation site, 
1 yea r a fte r the inoculation of 24 plants, 
17 bea ring Ctr-R (CTV res istant) and 
7 lacking it (CTV susceptible), P tri:fàliata 
var. 'Flying Dragon ' (the mature parental 
plant) and two nuce ll ar plants (i. e ., w ith 
the sa me genotype as P. tr(/oliata va r. 
'Flying Dragon ', but juve nile). As expec­
tecl, analysis of the new flushes of the FD 
plants revealecl o nly CTV p resence in 
those plants lacking Ctr-R. Analysis of 
sweet orange graftecl onto the FD segre­
gants at Ctr always revealecl CTV pres­
ence. There fore, the presence of o ne o r 
even two gene closes o f Ctr-R cl oes not 
avo icl the passive movement of CTV 
through the phloem, from the inoculum 
up to a susce ptible genotype where it 
unloacls, replicates and spreacls unifo rmly. 

Analys is o f patches surro uncl ing the 
inoculum in FD plants showecl short dist­
ance virus accumulatio n in al! 7 plants 
Ctr- r and in 5 o ut of 17 plants Ctr-R; in 
the remaining 12 plants , CTV was never 
cletectecl o r it was barely cletectecl in only 
o ne o f the three patches stucliecl . Citrus 
tristeza virus was never fo uncl anywhere 
in the pare nta l no r in the two nuce llar 
p lants stucli e cl . This result ca n not be 
explainecl onl y by a gene-closage clepen­
cl e nce of the res istance, beca use sho rt 
distance accumulation of CTV has never 
been fo uncl in FD (the he te rozygous 
pa rental) no r in its two nu ce ll a r plants . 



Therefore, this result suggests that Ctr is 
not the only gene responsible for resis­
tance to CTV in FD, but there must exist 
at least another dominant gene involved 
in this resistance. The FD population 
would be heterozygous at both loci , Ctr 
and a new locus we have namecl Ctm. 
From the group of plants bearing Ctr-R, 
pools of plants cliffering in CTV short dist­
ance accumulation were made . Screening 
of 180 ranclom primers resultecl in the 
identification of five RAPD markers linked 
to Ctm [23]. 

Therefore , o ur results suggest that at 
least two genes are responsible for CTV 
resistance in P trifoliata var. 'Flying Dra­
gon'. The more resistance genes a plant 
has, the more unlikely the virus will over­
come the resistance. CTV isolates able to 
multiply in P. trifoliata have never been 
fou nd. Our results open the question of 
whether this broad spectrum resistance is 
due to the interaction of a ve1y conserved 
viral domain with Ctr, or it is due to the 
impossibility of CTV to overcome two or 
more different resistance genes present in 
P trifoliata. The possibility of short dist­
ance accumulation of the virus must be 
taken into account in breeding for d isease 
resistance, because citrus is a perennial 
crop and, if CTV is able to move at short 
distance (cell-to-cell movement), it would 
infect the whole plant after a more or Jess 
long periocl of time. The finding of Ctm 
shoulcl be taken into account in the 
breeding program, and inclividuals with 
the appropriate alle les at both regions of 
the genome (Ctr and Ctm) should be 
selected in order to ensure a durable 
clisease resistance. The screening of mar­
kers linked to these loci will allow now to 
discard up to 75% of the seedling proge­
nies derived from P trifoliata at an early 
stage cluring the rootstock breeding pro­
gram because they Jack Ctr-R and Ctm-M. 

4. utilization of citrus genetic 
resources for searching 
new CTV resistance genotypes 

Germplasm collections of major crop 
p lants continue to grow in number and 
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size arouncl the world. Toda y, better 
access to and use of the genetic resources 
in collections have become important 
issues. However, the very large size and 
heterogeneous structure of collectio ns 
have hindered efforts to increase the use 
of gene bank material in plant improve­
ment. Efficient searching strategies would 
enhance the use of genetic resources. 

P. tr{foliata is far related to citrus [4]. 
This fact has negative impact on the via­
bility of some genetic combinations in the 
progenies of crosses involving citrus and 
Poncirus, and on the ratio genetic/ physic 
distance between agronomically impor­
tant genes and marker loci. The search of 
new CTV-resistant genotypes more clo­
sely re lated to the cultivated Citrus spe­
cies would provide genetically d iverse 
sources for durable resistance and allow 
citrus breecling programs and map-based 
cloning experiments to be more effic ient; 
therefore, we tried to find out new CTV­
resis tant genotypes and to evaluate two 
searching strategies. One is a sampling 
strategy based o n choosing only those 
species related to previously known CTV­
resistant species following a study of 
genetic relationships among Citrus and 
Citrus-related species [41 and the other is 
a marker-assisted screening using molecu­
lar markers known to be linked to the 
CTV-resistance locus of P trifoliata [22]. 
Only the first one has been really shown 
to be successful and it additionally proves 
the quality of the previous phylogenetic 
analysis [4] on which the sampling stra­
tegy was based. Ail cultivars of P. trifo ­
liata tested , S. buxijolia and A . ceylanica 
behave as resistant against the three CTV 
isolates and Fo11unella crassifolia (Meiwa 
kumquat) resists two of them [24]. Thus, 
two accessions sampled, using this stra­
tegy, were fou nd CTV resistant. This aclcli­
tio nally confirms the re la tionships be­
tween A . ceylanica and S. buxijolia and 
amo ng P. trijoliata, F. crassifolia and 
F. /Jindsii and suggests that these resist­
ance genes, from A. ceylanica and S. glu­
tinosa, and from P trifoliata, were lost at 
the arising of M. australis and F. /J indsii, 
respectively. Confirming the efficiency of 
this searching strategy, Yoshida [25] faune! 
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no evidence of CTV infection in Murraya 
paniculata which completely agrees with 
its location next to Swinglea glutinosa in 
our phylogenetic analysis. 

To o ur knowledge, this was the first 
time CTV resistance had been reported in 
F. crassifolia [24]. The plant-pa thogen 
inte raction between F. crassifo lia and 
CTV seems to be complex and ve ry 
va riable; thus, Yoshida e t al. [21] a lso 
reported an accession of F. crassifolia as 
susceptible to a severe CTV-SY (seedling 
ye llows) strain. Altho ugh the res istance 
found in the accessio n we have used 
seems to be ineffective against ail severe 
CTV isolates, there rnay be other acces­
sions that resist a wider spectrum of CTV 
isolates like the va riability re po rted fo r 
CTV resistance amo ng access io ns o f 
S. buxifo lia [24]. Given that the genus 
Fortune/la is mo re close ly related to 
Citrus than Poncirus and that it is the 
closest to most important scion cultiva rs, 
sweet o range and mandarins [4], a new 
possibility is opened fo r their CTV resist­
ance improvement by mea ns of sexual 
hybridization, because, unlike P trifoliata, 
F. crassifolia (Me iwa kumquat) yields 
edible fruits. 

5. perspectives 
and further remarks 

The use of marker loci in plant breed­
ing has evolved mainly o n two fro nts . 
First, by devising new applica tio ns o f 
these tools to unexplo red areas. This is 
the case o f o ne approach known as 
'reverse genetics' . It is a methodology to 
clone genes involved in the expression of 
agriculturally important characters such as 
the CTV-res istance gene, Ctr-R. The first 
step of this method consists in identifying 
marke rs fl anking the ta rge t gene . This 
ste p has alread y been developed by 
Gmitter e t al. [26] and Mestre e t al. [22] . 
The next step is to move from one of the 
markers to the o the r through the target 
gene by means of a 'chromosome walk'. 
With this technique , partially overlapping 
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DNA probes covering the entire 'physical' 
distance between both markers are identi­
fied. The final step will be the localization 
of the gene by transformation of CTV-sus­
ceptible citrus plants. 

The other fro nt of marker research has 
been towards the improvement o f 
methods in order to o btain either mo re 
markers of better quality or more efficient 
procedures than those previo usly avai­
lable . The po lymerase chain reactio n 
technique [27] has accelerated the devel­
opment of new DNA marker systems. As 
a result , a potentially bewildering array of 
marker systems, including RAPD, simple 
seque nce repeat pomo rphism (SSR o r 
microsa tellite), cleavable amplified poly­
mo rphie sequ ences (CAPS), amplified 
fragme nt length po lymo rphism (AFLP), 
and inter-simple sequence repea ts (ISSR) 
are now ava ilable for citrus genetic map­
ping and identification. Each method dif­
fe rs in application , in the type and 
amount of polymorphism detected and in 
the cost and time requirements. The level 
of polymorphism is an important feature 
of the marker system of choice for culti­
va r identification and germplasm manage­
me nt , and w he n compared [28], w ide 
va riations have been found , ranging from 
a maximum of 100% (SSR.s) to only 48.6% 
(AFLPs). Whenever SSRs have been com­
pared to other systems, they have always 
revea led the highest leve ls o f polymo r­
phism. However, AFLPs are the most effi­
cient beca use they have the capac ity to 
revea l many p o lymo rphie bands in a 
single lane . The ISSRs jo in bo th desired 
fea tures - high level o f po lymorphism 
and effi ciency of polymorphie bands per 
lane . Thus, Fang and Roose (29] have 
recently achieved the ide ntifi ca tio n o f 
closely related citrus culti va rs w ith this 
system. 

In summary, despite the large number 
of problems that citrus breeding and culti­
var identification present - long juvenility 
period , apomixis, size of the plant, etc. -
the rapid advances of biotechnology give 
citrus breeders no choice o ther than to 
design more efficient breeding programs. 
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Marcadores moleculares: un area de la biotecnologfa en continuo 
desarrollo para la mejora de cftricos. 
Resumen - Introducciôn. Se ha realizaclo una revisi6n de la utilizaci6n de marcaclores 
moleculares en e l estuclio de la resistencia de los citricos al virus de la tristeza (CTV) y el 
manejo de sus recursos genéticos con objeto de aplicar la selecci6n asisticla por marcaclores 
en los programas de mejora de citricos. Recursos genéticos de citricos. Se estucli6 el 
banco de germoplasma de citricos ciel IVIA (Valencia, Espaii.a) mecliante el analisis de 6 sis­
temas isoenzim{tticos. De ntro de los citricos se pueclen clefinir claramente clos grupos de 
especies: el grupo naranjas-manclarinas y el grupo lima-lim6n-ciclro-pummelo. Daclo que en 
general existe una gran cliferenciaci6n genética entre especies y géne ros parece q ue la 
aclaptaci6n a habitats concretos ha teniclo un pape! evolutivo un importante. Resistencia a 
CTV. Existe una necesiclacl urgente de ampliar la base genética de los patrones de citricos 
resistentes a CTV para combatir la vulnerabiliclacl actual del cultivo. El clesarrollo de progra­
mas de mejora partienclo de s6lo genotipos resistentes ayuclaria en este objetivo. Conse­
cuentemente , el primer paso fue la büsquecla de marcaclores moleculares que permitieran 
iclentificar precozmente genotipos susceptibles al CTV, con un error minimo, clentro de 
grandes progenies. Al menos clos loci, Ctr y Ctm, estan implicaclos en la resistencia de Pon ­
cirus tr//oliata al CTV. Utilizaciôn de recursos genéticos de citricos en la bûsqueda de 
nuevos genotipos resistentes al CTV. Se pro baron clos estrategias de büsquecla de nue­
vos genotipos resistentes al CTV. Una basacla en los marcaclores ligaclos al Ctr que fue s6lo 
efectiva clentro de la especie P. trifoliata y la o tra, basacla en el conocimiento de las rela­
ciones filogenéticas ha permiticlo localizar 2 nuevas especies resistentes al CTV. Perspecti­
vas. El avance de la biotecnologia es tan rapido que los mejoradores de citricos deberian 
aprovecharse d e su utiliclacl en e l desarrollo de programas de mejora mas eficientes. 
(© Elsevier, Paris) 

Espafia / Citrus / fitomejoramiento / biotecnologia vegetal / resistencia a las 
plagas / virosis / marcadores genéticos 

302 Fruits, vol. 53 (5) 




