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Biotechnology for triploid mandarin breeding. 
Abstract - Introduction. As seedlessness is a majo r cri te ria for the citrus fresh fruit 
market, breeding triplo id inclividuals appears promising. Three strategies are cu rrently 
under development by Cirad-flhor and Inra (France) fo r triploid citrus breeding with the 
support of biotechnology. Materials and methods . Spontaneous triplo ids were resear
ched in clementin zygotic embryos coll ected in mature fruit small seeds (st rategy 1). 
Somatic hybridization was used either to obtain allotetraplo ids fo r subsequent hybridiza
tion with diploids (strategy 2) or, directly, for haploid and cliploid protoplast fus ion (stra
tegy 3). Regenerated plants, embryos or calli were studied by flow cytometry and by iso
zyme ana lysis to assess their p lo idy level and the o rig ins of their nuclear genomes. 
Results and discussion. 1) A total of 85 triploid hybricls is currently being propagated 
in greenhouse for further evaluation unde r med ite rranean and tropical conditions. As 
several mechanisms appear to be at the origin of triploicl progenies , additiona l molecular 
marker studies are necessary to correctly assess the rules of the spontaneous triploid for
mation in citrus. 2) Tetraplo id somatic hybrids were selectecl from 16 intraspecific, inter
specific and inte rgeneric combinations. They w ill be used fo r pollination of diploid 
monoemb1yonic mandarins and should generate heterozygous and polymorphie triploid 
progenies. 3) Somatic hybridization between haplo id and diploid protoplasts was achiev
ed with a haploid emb1yogen ic callus line of clementine and several diploid call us lines 
o r mesophyll protoplasts. Conclusion. A proper cho ice between these strateg ies , 
according to specific objectives and heterozygosity of d iploid genitors, will result in large 
triploid populations with a high potential fo r the selection of new easy peeler seedless 
citrus cul tivars. (© Elsevier, Paris) 

Citrus / plant biotechnology / protoplast fusion / somatic hybridization / 
tetraploidy / triploidy / diploidy 

Sélection de mandarines triploïdes à l'aide des biotechnologies. 
Résumé - Introduction. Les fruits sans pépin étant un atout majeur pour le marché 
des agrumes fra is, la sélection de triploïdes, actuellement poursuivie par le Cirad-Flhor et 
l'Inra (France), apparaît intéressante. Trois stratégies basées su r les biotechnologies sont 
utilisées . Matériel et méthodes . Des triploïd es spontanés ont été recherchés clans les 
embryons issus de croisements s ur clémentiniers et prélevés clans les pe tits pépins de 
fruits mâtures (stratégie 1). L'hybridation somatique a été utilisée soit pour créer des allo
tétraploïdes pouvant être ensuite hybridés avec des diploides (s tratégie 2) , soit d irecte
ment par fu sion des protoplastes haploïdes et dip lo1des (stratégie 3) ; les plants, 
emb1yons ou cals régénérés, ont été étudiés par cytométrie de flu x et ana lyse cl 'isoen
zymes afin de déterminer leur nivea u de ploïclie et l'origine de leur génome nucléaire . 
Résultats et discussion. 1) Actuellement, 85 hybrides triploïdes sont multipliés en serre 
pour évaluation ultérieure en cond itions méditerranéenne et tropica le. Comme plusieurs 
mécanismes semblent impliqués clans la formation des individus trip loïdes , des études 
complémentaires par marqueurs moléculaires sont nécessai res pour déterminer l'o rigine 
des triploïdes spontanés d 'agrumes. 2) Des hybrides somatiques tétraplo 1cles ont été obte
nus à partir de 16 combinaisons intra- ou interspécifiques, ou intergénériques. Ils seront 
utilisés pour la pollinisation de mandarines monoembryonnées cliploïcles et devraient 
engendrer des descendances tri ploïdes hétérozygotes et polymorphes. 3) L'hybridation 
somatique entre protoplastes haploïdes et d iploïdes a été effectuée à partir d'une lignée 
de cals emb1yogènes haploïdes de clémentiniers et plusieurs lignées de cals cliplo1cles ou 
de protoplastes de mésophylles. Conclusion. Un cho ix judicieux cle la stra tégie utilisée. 
ada pté à des o bjectifs spécifiques et à l'hétérozygotie des gén iteurs d iploïdes , devrait 
aboutir à la création d 'une vaste population cle triploïdes propice à la sélection de nou
veaux cultivars d'agrumes sans pepins, faciles à éplucher. (© Elsevier. Paris) 

Citrus / biotechnologie végétale / fusion de protoplaste / hybridation 
somatique / tétraploïdie / triploïdie / diploïdie 
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1. introduction 

Easy peeling citrus have rece ived 
increasing attentio n fro m the European 
consumer over the last 20 years [1]. Cle
mentin e is presentl y o ne o f the most 
po pu lar fresh citrus easy peele rs' but 
the re is a co nsiste nt d e rn and fo r ea rli e r 
and later ripening cultivars of this type of 
mandarin. As seedlessness is a major cri
te ria fo r the fresh fruit marke t, breeding 
triplo id individuals is a pro rnising avenue 
for easy peeler diversification [2]. 

In the ea rly 1970s, occasional triplo id 
o ffsprings had been se lected fro m 
conventio na l dip lo id crossing 2x x 2x 
[3- 51. The authors demonstrated that tri
p lo id progen ies are more like ly to be 
fo und in small seeds of monoernbryonic 
cultiva rs . This spontaneous natural proc
ess , probably at the o rig in of trip lo id 
limes (Tahiti , Bears, etc.), can be worked 
o ut in breecling strategies combining the 
techniques of e rnbryo rescue and fl ow 
cytometry [6] 

Another possible way is endosperrn in 
vitro culture that has a lso enabled the 
recovery of triplo id plantlets [7]. However, 
th is technique seems poorly adapted for 
large sca le breeding programs (Gmitte r, 
persona! communication). 

Recently, protoplast fu sion has proven 
also very promising for plo idy manipu la
tion in ci trus. As a rnatte r of fa ct, the rnost 
classic way of breeding triplo id citrus was 
crossing diplo id and tetraploicl genotypes 
[8, 91. Bu t, so fa r, this s trategy has been 
lirn itecl by the scarcity of tetraplo icl geni
to rs . The latte r were gene rally auto tetra
plo ids arising from spontaneous chromo
some do ubling of nuce ll ar embryos [2 , 
10]. Today, the pool of tetraplo id genitors 
could be enrichecl considerably with new 
highly heterozygous tetraplo id genotypes 
o bta ined by so rn ati c hybricliza tion 
[11-16]. Moreover, fertility can be restored 
in somatic hybrids obta ined fro m ste rile 
cultivars (1 7], thus enabling the introgres
s io n of o rigina l tra its . Finally, somati c 
hybridi za ti on o pens the direct synthesis 
o f trip lo id hybrids by the fu sio n o f 
haploid and diplo id protoplast. 
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This paper presents the updated results 
obta ined w ith three strategies curre ntly 
be ing developed by Cirad-Flhor and Inra 
(France) for triplo id citrus breeding with 
the support of biotechnology: 

- the research of spontaneous triplo id 
in progenies of diploid x dip lo id sexua l 
hybridization, 

- the dive rsifica ti o n o f the allo te tra 
p lo id gene poo l ded icated to further 
sexual hybridization be tween diplo id and 
allotetraplo id plants, 

- the somatic hybridiza tion be tween 
diplo id and haploid protoplasts. 

2. materials and methods 

2.1. small seeds embryo rescue 

Small seeds were collected from 
mature fruits of clementine evolving from 
contro lled po llination carried out at SRA, 
sa n Giuliano (Corsica), and Pocq uere ux 
(New Ca ledon ia) o rcha rds . These small 
seeds were cul tiva ted in vitro in MT 
nutrient solid medium [18] added w ith 
30 g -L-1 sucrose and 1 mg·L-1 GA3. The 
dishes were rna inta ined at 26 °C w ith 
16 h light daily. 

2.2. protoplast fusion 
and plantlet regeneration 

2.2.1. isolation of protoplasts 
and electrofusion 

Isolation of mesophyll o r callus proto
plasts was achieved according to Grosser 
and Gmitte r [19] and protoplast density 
adjusted at 3.105 protoplasts·mL-1 in 0.8 M 
manito l + 0.5 mM CaC12 solution . Proto
plast suspensions of the two parents were 
mixed and 1 rnL o f the mixture w as 
poured into a 55 x 10 mm petri dish for 
electrofusion . Protoplast suspensions were 
submitted to an AC e lectric fi e ld (20 V, 
1 Mhz) for 10 to 20 seconds. Then two to 
fo ur pu lses (35 µ s) of 225 V (DC) were 
emitted to induce protoplast fusion. 



2.2.2. culture medium and conditions 

After e lectrofusio n , five volumes of 
BH3 0.6 M medium [20] modified by Gros
ser and Gmitter [19] were added to one 
volume of protoplast suspension. After
wards 1 mL of this new protoplast suspen
sion was poured into a MT 0.6 M sucrase 
[1 8] solid medium in 90 x 15 mm petri 
dishes. Protoplasts were cultivated under 
dark condition over 3 weeks at 28 °C. 
Then, they were transferred in a culture 
room, at the same temperature, with 12 h 
of light daily. One month after electrofu
sion, the proemb1yos and cell lines were 
subcultured in MT 0.15 M sucrase or 
MT 0.15 M galactose solid medium for fur
ther development. When cotyledonary 
embryos were obtained, they were sub
cultured on the embryo rescue medium 
for root and shoot elongation. 

2.3. analysis of nuclear genome 

To assess their ploidy level and the ori
gins of their nuclear genome , regenerated 
plants, embryos or ca lli were studied by 
flow cytometry according to Ollitrault et 
al. [21], and by isozyme analysis (isocitrate 
dehydrogenases , malate dehydrogenases, 
phosphoglucose isomerase and phospho
glucomutases) according to Ollitrault et al. 
[22]. For flow cytometry, Tahiti lime o r 
pe tunia were used as internai contrai. 

2.4. acclimatization and grafting 

The selected somatic hybrids and allo
plasmic in vitro plants have been acclima
ti zed o r grafted onto one yea r Citrus 
macrophylla o r C. volkameriana. Good 
results have been obtained with the shoot 
grafting technique (figu re 1) . 

3. results and discussion 

3.1. research of spontaneous 
triploids 

Clementine controlled pollinations yield 
different kinds of seeds (/ïgure 2). Seed 
production and small seed rates are affect-
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ed by the male and female parents and 
the environmental conditions. Therefore , 
the average numbe r of small seeds per 
fruit varies between O and 3.3. As estimat
ed by fl ow cytometry, about 20% of the 
plantlets obtained in vitro from the small 
or atrophied seeds are triploids. If we 
consider that al! the normal seeds would 
have produced diplo id plants (as we 
confirmed for several progenies; data not 
shown), the estimated rate of triploids per 
total progenies is about 0.7%. This result is 
similar to those of Geraci et al. [5 , 23] who 
found 1 % of triplo id for clementine 
crosses conducted respectively in Florida 
and Sicily. In our experiment , the global 
yield of triploid progenies per pollinated 
flower was about 9% which is quite reaso
nable for managing a breeding strategy. 

The triplo id in vitro p lantle ts grafted 
onto 1 year old C. macropbylla or C. vol
kameriana rootstocks are vigorous as 
previously described fo r triploids arising 
from 2x x 2x crosses [2]. A total of 85 tri
ploid hybrids (table I) are currently being 
propagated in greenhouse fo r further eva
luation under mediterranean and trop ica l 
conditions. 

Figure 2. 

Figure 1. 
Haploid clementine + Shamouti 
sweet orange triploid hybrid shoot 
grafting. 

Different kinds of seeds raised in clementine issued of controled pollinations 
(n: normal seed; a: atrophied seed; s: small seed). 
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Table 1. 
List of spontaneous tr iploid hybrids propagated for evaluation under 
mediterranean and tropical conditions. 

Parent A Parent B 

Type Variety Type Variety 

Clementine Caffin Mandarin Hansen 
Imperia! 
De Chios 

MA3 Hansen 
Anana 
Willow leaf 

Murcott 
Kinnow 
Satsuma 

Oroval Hansen 

Clementine MA3 Sweet Sanguinelli 
Orange Tarroco Rosso 

SRA 63 Sokotoro 

Clementine Caffin Pomelo Star Ruby 
MA3 Star Ruby 
SRA 63 Star Ruby 

Clementine SRA63 Lemon Meyer 

Clementine MA3 Fortune/la crassifolia 

p cxm p cxwl 
m C •• 

Figure 3. 

Triploid hybrid 
number 

5 
2 
2 

9 

19 
7 
7 

8 

4 
4 

2 

2 

5 

4 

-- WI ·,-
Study of the ori gi n of spontaneous cit rus triploid hybrids by isozymes analys is 
(m: Meyer lemon; c: clementine; wl: Willow leaf mandarin ; p c x m: progeny clementine x 
Meyer lemon; p c x wl: progeny clementine x Willow leaf mandarin). 
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Most of the triploid plants were analy
zed with isozyrnes to assess their origin. 
The data (figure 3) clearly indicated that 
dip lo id ovules do no t result fro rn total 
di plo id nucle us restitution either of cle
mentine o r o f the male parents . Severa! 
rnechanisms appear to be at the origin of 
trip lo id progenies . As proposed by Esen 
and Soost (31, the p rodu ctio n o f diplo id 
ovules is the rnost frequent event but 
diplo id pollen grains can also occur. The 
doubling of ovule chromosome set seems 
to be the major rule, however some cases 
of heterozygous diploid ovules were also 
iclentified. For other crops, several mecha
nisms have been desc ribed concerning 
the formation of 2n gametes (24]. Moreo
ver, for some species, 2n male and female 
ga metes aris ing fro m cliffe rent mecha
nisms have been observed (251. Conse
quently, additional molecular marker stu 
dies are necessa1y to assess correctly the 
ru les of the spontaneous trip loid forma
tion in citrus and then improve the manag
ement of this natural phenomena in breed
ing programs. 

3.2. somatic hybridization for triploid 
easy peeler citrus breeding 

3.2.1. establishment of a callus line 
library 

Embryogenic calli play a major role for 
somatic hybridization (26], since the rege
ne rati o n fro m heterofusio n pro to p lasts 
strongly depends on emb1yogenic poten
tial of the callus. Moreover, it is easier to 
isolate protoplasts fro m callus lines than 
from leaves of aclu lt trees, while meso
phyll protoplasts from in vitro seed lings 
could be heterogeneous (zygotic). Thus, 
the establishment of a callus libra1y of the 
potential genitors is a prerequisite for an 
efficient somatic hybridization program. 
The callus induction has been o btainecl 
by ovule cu lture o n MT + 1 mg·L-1 o f 
kinetine or BAP. The established emb1yo
genic callus lines ( table If) can be ampli
fi ed in hormo ne free MT med ium for 
several yea rs or cryoprese rved in liquid 
nitrogen and efficient regeneration proto
cols have been clevelopecl according to 
Cabasson et al. [27]. 



3.2.2. diversification 
of the allotetraploid gene pool 

Electrofusion of mesophyll protoplasts 
+ nucellar callus protoplasts or callus pro
toplasts + callus protoplasts was used. In 
the best case , proembryos have been 
obtained in less than 1 month after 
fusions (figure 4). 

Tetraploid somatic hybrids were select
ed using flow cytometry (figure 5) and 
isozymes (figure 6) from 16 intraspecific, 
interspecific and intergeneric ( Citrus + 
Fortune/la) combinations (table JI[) and 
the regenerated material of 10 additional 
combinations will be soon characterized. 
Most of the regenerated plantlets are 
diploids with one of the parental nuclear 
genome, or tetraploid combining two 
parental nuclear genomes. The major 
exception is the combination between 
Mexican lime and Murcott which is dis
playing a broad range of ploidy varia
tions. 

Furthermore, cytoplasmic genome ana
lysis by RFLP of some of these combina
tions [data not shown] has proved that 
alloplasmic diploid plants associating the 
nuclear genome of one species with the 
mitochondrial and chloroplastic of ano
ther one can be obtained by this tech
nique. Similar results have been obtained 
formerly by Tusa et al. [28], Saito et al. 
[29] and Moriguchi et al. [30]. Such allo
plasmic diploids might have some interest 
for vigour and tolerance to different types 
of stress [31l. 

The selected allotetraploid plantlets or 
shoots have been grafted (figure 7) and 
the somatic hybrids are currently being 
propagated under mediterranean and tro
pical conditions for agropomological eval
uation. They will be used for pollination 
of diploid monoembryonic mandarins as 
has already been done for lemon breed
ing by Tusa et al. [13] and for pummelo 
and mandarin breeding by Deng et al. 
[32]. This strategy will generate the most 
heterozygous and polymorphie triploid 
progenies; however, two cycles of hybri
dization (one somatic and one sexual) 
will be requirecl. 
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Table Il. 
Citrus embryogenic callus lines with potential interest for triploid breeding, 
present in the Cirad-flhor and lnra library. 

Citrus type 

Mandarin and Tangor 

Sweet orange 

Sour orange 

Grapefruit 

Lemon 

Lime 

Limequat 

Variety 

Willow leaf 

Chios 

Cleopatra 

Sunki 
King of Siam 

Beauty 

Murcott 

Kinnow 

Fortune 

Dihaploid clementine 

Haploid clementine H1 
Haploid clementine H2 

Hamlin (from J . Grosser laboratory) 

Valencia late 

Navel late 

Shamouti 

Bigaradier (from L. Navarro laboratory) 

Star Auby 

Lemon apireno (from J. Grosser laboratory) 

Mexican lime 

Lakeland 

3.2.3. production of triploid citrus 
by somatic hybridization between 
haploid and diploid 

Somatic hybriclization between diploid 
and haploid protoplasts was achieved 
with an haploid emb1yogenic callus line 
of clementine obtained from haploid 
embryos generated by induced gynoge
nesis [33] and several diploid callus lines 
or mesophyll protoplasts. In both cases, 
the development of embryos from the 
protoplast was ve1y fast. Triploid hybrids 
have been obtained for each combination 
as well as some tetraploicls , pentaploicls 
and aneuploids (table [(/ ). Therefore, 
nuclear genome instability seems to be 
much more imp0I1ant than for the combi-
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Figure 4. 
Protoplast isolation, electrofusion 
and embryo regeneration. 

a) parental callus line; 
b) mixture of Willow leaf callus 
protoplasts and Marumi kumquat 
mesophyll protoplasts; 
c) alignment of protoplasts under 
electric field ; 
d) mixture of Willow leaf protoplasts 
and Marumi kumquat protoplasts 
alter electrofusion; 
e) regeneration of embryos 2.5 months 
alter fusion . 

P. Ollitrault et al. 

a) 

b) 

c) 

natio ns be tween two diplo ids. The pro
duction of allotriplo icl from somatic hybri
di za tion between haplo id pota to and 
diplo id to mato has been previo usly cles
cri becl [34] while triplo icl somatic hybricls 
p lants of Nicoticma have been obta ine cl 
by gametic (n) + somatic (2n) protoplast 
fusion [35l. 

The po lyplo id hybrid plantl e ts have 
been grafted onto C. volkameriana root
stocks and are currently being propagated 
under greenhouses for further evaluation. 

This metho d e nables to add , witho ut 
recombination, an haploid genorne to the 
whole cliploid genome of high organolep
tic q uality mandarin cultiva rs . Tripl o id 
hybricls should be exploited directly while 
te traplo id hybrids w ill jo in the pool of 
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d) 

e) 

allo te traplo ids . Moreover, this strategy 
o pe ns the perspective o f developing a 
broad range of transgenic triplo id culti
vars by adding a haplo id transgenic 
genome to the diploid genome of several 
citrus cultivars . 

4. conclusion 

Consistent results have been obtained 
with the three strategies usecl by the 
Cirad-Flhor and Inra team. Biotechnologi
ca l tools have enabled the effici ent 
explo itatio n of spo ntaneous rare events 
but also the developme nt o f new w ays 
for the crea tion of triplo icl cultiva rs . The 
three strategies are comple mentary w ith 
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Figure 5. 
a) b) Study of ploidy level of citrus 

25 25 somalie hybrid by flow cytometry 
(petunia is used as triploid contrai). 
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HC: haploid clemenl ine 
WL: willow leaf mandarin 
SH 1: somalie hybrid (trip loid) 
SH2: somalie hybrid (letraploid) 
pe: pelunia (contrai) 

1000 

pe 

1000 

Progeny 

Figure 6. 

CM 

regards to 1) the usable germplasm, 
2) the level of genome recombinatio n, 
and 3) the level of he terozygosity of the 
final triploid progenies. A proper cho ice 
between these three strategies, accorcling 
to specific objectives and heterozygosity 
of cliploicl genitors, will result in large tri
p loid po pulatio ns w ith a high potential 
for the selection of new easy peeler seed
less citrus cultivars. To date, one-hundrecl 
triplo ids have been propagated by o ur 
group for evaluation under mediterranean 
and tropical field conditions. 

lsoenzymatic profiles (phosphoglucomutases: PGM) of Star Ruby pomelo (SRP), 
Commune mandarin (CM) and their somalie progeny. 
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Table Ill. 
List of citrus tetraploid somatic hybrids with potential interest for triploid cultivar 
breeding. 

Genitors 

Willow leaf mandarin + Eureka lemon 

Willow leaf mandarin + Mexican lime 

Willow leaf mandarin + Star ruby grapefruit 

Willow leaf mandarin + Marumi kumquat 

Willow leaf mandarin + Shamouti sweet orange 

Murcott + Mexican lime 

Star Ruby grapefruit + mexican lime 

Star Ruby grapefruit + Shamouti orange 

Star Ruby grapefruit + Apireno lemon 

Dihaploid Clementine + Willow leaf mandarin 

Dihaploid Clementine + Shamouti orange 

Dihaploid Clementine + Sunki mandarin 

Dihaploid Clementine + Kinnow 

Dihaploid Clementine + Mexican lime 

Dihaploid Clementine + Marumi kumquat 

Shamouti orange + Mexican lime 

+: confirmed allotetraploid. 
- : material not available. 

Table IV. 

ln vitro plantlets Grafted plants 

+ + 

+ + 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

Different kinds of citrus individuals regenerated (embryo level) from the fusions 
between diploid cultivar protoplasts + haploid clementine protoplasts. 

Parental diploid Progeny 

1 X p 2 x P 3 x H 4 x H 5 x H AH 

Willow leaf mandarin 0 14 19 2 0 5 

Sunki mandarin 0 3 8 2 1 4 

Murcott 0 0 1 3 1 2 

Shamouti orange 0 0 15 2 0 0 

Star Ruby grapefruit 0 13 35 5 3 

Mexican lime 0 0 5 10 0 0 

Marumi kumquat 3 6 5 0 4 

Kinnow ? ? ? ? ? ? 
Valencia late orange ? ? ? ? ? ? 

Total 21 67 59 7 18 

1 x P: haploid parental genome; 2 x P: diploid parental genome; 3 x H: triploid hybrid genome; 
4 x H: tetraploid hybrid genome; 5 x P: pentaploid hybrid genome; AH: aneuploid hybrid genome; 
? : materiel to be tested to assess the genetical origin . 

314 Fruits, vol. 53 (5) 



references 

[1] Rastoin J.L., The strategic positioning of 
citrus by the product-market pairs model , 
in: Symposium sur les mandarines, 
Cirad / SRA, San-Giuliano, France, abs
tracts, 1995, pp. 2-7. 

[2] Starrantino A. , Use of triploids for produc
tion of seedless cultivars in citrus improv
ment programs, in: Proc. of 7th lnt. Citrus 
Cong., lnt. Soc. of Citriculture, vol. 1, 1994, 
pp. 117-121. 

[3] Esen A., Soost R.K., Unexpected triploids 
in citrus: their origin, identification and pos
sible use, J. Hered. 62 (1971) 329-333. 

[4] Esen A. , Soost R.K., Precocious develop
ment and germination of spontaneous tri
ploid seed in Citrus, J. Hered. 64 (1973) 
147-154. 

[5] Geraci G., Esen A. , Soost R.K. , Triploid 
progenies from 2x x 2x crosses of citrus 
cultivars, J. Hered. 66 (1975) 177-178. 

[6] Ollitrault P., Dambier D., Jacquemond C., 
Allen! V., Luro F., ln vitro rescue and selec
tion of spontaneous triploids by flow cyto
metry for easy peeler citrus breeding, in: 
Proc. lnt. Soc. Citriculture , 1996, pp. 
254--258. 

[7] Gmitter F.G., Ling X.B., Deng X.X., Induc
tion of triploid citrus plants from endosperm 
calli in vitro, Theor. Appl. Genet. 80 (1990) 
785-790. 

[8] Esen A., Soost R.K., Relation of unexpec
ted polyploids to diploid megagameto
phytes and embryo: endosperm ploidy ratio 
in citrus, in: Carpena O. (Ed.), 1st Cong. 
mundial de Citricultura, Murcia, Valencia, 
Vol. 2, 1977, pp. 53-63. 

[9] Starrantino A., Recupero G. , Citrus hybrids 
obtained in vitro from 2x females by 4x 
males, in: Proc. !nt. Soc. Citriculture, 1981, 
pp. 31-32. 

[10] Barret H.C., Hutchison D.J., Spontaneous 
tetraploidy in apomictic seedlings of citrus, 
Econ. Bot. 32 (1978) 27--45. 

[11] Gmitter F.G., Grosser J.W., Moore G.A. , 
Citrus, in : Hammmerschlag & Litz (Eds.), 
Biotechnology of perennial fruit crops, CAB 
International, 1992, pp. 335-369. 

[12] Grosser J.W., Gmitter F.G. , Louzada E.S., 
Chandler J.L., Production of somalie hybrids 
and autotetraploid breeding parents for 
seedless citrus development, HortScience 
27 (1992) 1125-1127. 

Biotechnology for triploid mandarin breeding 

[13] Tusa N. , Fatta Del Bosco S., Nardi L. , 
Lucretti S. , Obtaining triploid plants by cros
sing Citrus limon cv. Feminello 2n x 4n allo
tetraploid somalie hybrids, in: Book of abs
tracts 8th Cong. !nt. Soc. Citriculture , Sun 
City, South Africa, 12-17 May 1996, p. 38. 

[14] Mourao-Fo F.A.A., Gmitter F.G. Jr. , Grosser 
J.W. , New tetraploid breeding parents for 
triploid seedless citrus cultivar develop
ment, Fruit Varieties J. 50 (2) (1996) 76-80. 

[15] Kobayashi S., Ohgawara T., Saito W., Naka
mura Y., Shimizu J., Fruit characteristics 
and pollen fertility of citrus somalie hybrids, 
J. Jpn. Soc. Hortic. Sei. 64 (2) (1995) 
283-289. 

[16] Ollitrault P., Dambier D., Sudahono, Luro F., 
Somalie hybridization in citrus, some new 
hybrid and alloplasmic plants , in: Proc. of 
8th Cong. !nt. Soc. Citriculture, Sun City, 
South Africa, 12-17 May 1996 (in press). 

[17] Ohgawara T. , Kobayashi S. , lshii S. , Yoshi
naga A.K , Oiyama 1. , Fertile fruit trees 
obtained by somalie hybridization: Navel 
orange ( C. sinensis) and Troyer citrange 
(C. sinensis x Poncirus trifoliata) , Theor. 
Appl. Genet. 81 (1991) 141-143. 

[18] Murashige T. , Tucker D.P.H. , Growth factor 
requirements of citrus tissue culture, in: 
Chapman H.D. (Ed.), Proc. 1st !nt. Citrus 
Symp., vol. 3, 1969, pp. 1155-1161 . 

[19] Grosser J.W. , Gmitter F.G., Protoplast 
fusion and citrus improvement, Plant Breed
ing Rev. 8 (1990) 339-374. 

Figure 7. 
Shoot grafting of citrus somalie 
hybrid (Star Auby pomelo 
+ Mexican lime). 

Fruits, vol. 53 (5) 315 



P. Ollitrault et al. 

[20] Kao K.N. , Michayluck M.R. , Nutritional 
requirements for growth of Vicia hajastana 
cells and protoplasts at a very low popula
tion density in liquid media, Planta 126 
(1975) 105-110. 

[21] Ollitrault P., Dambier D. , Luro F. , Duperray 
C., Nuclear genome size variations in 
Citrus, Fruits 49 (5--6) (1994) 390--393. 

[22] Ollitrault P. , Faure X., Normand F. , Citrus 
rootstocks characterization with bark and 
leaf isozymes; application for distinguishing 
nucellar from zygotic trees, in : Proc. lnt. 
Soc. Citriculture, vol. 1 . 1994, pp. 338-341 . 

[23] Geraci G., De Pasquale F. , Tusa N., Per
centages of spontaneous triploids in proge
nies of diploid lemons and mandarins, in: 
Proc. lnt. Soc. Citriculture , vol. 2, 1977, 
pp. 596-597. 

[24] Bhat S.R., Gill S.S. , The implications of 2n 
egg gametes in nobilization and breeding of 
sugarcane, Euphytica 34 (1985) 377-384. 

[25] Harlan J.R., De Wet J.M.J., On ô. Wing and 
a prayer: the origins of polyploidy, Bot. Rev. 
41 (4) (1975) 361-390. 

[26] Ollitrault P. , Dambier D., Cabasson C., 
Allent V., Engelmann F., Optimized mana
gement of citrus embryogenic calli for bree
di ng programmes. Fruits 49 (5-6) (1994) 
394-397. 

[27] Cabasson C., Ollitrault P., Cote F.X., Michaux
Ferriere N., Dambier D., Teisson C., Cha
racteristics of citrus cell cultures during 
undifferentiated growth on sucrase and 
somatic embryogenesis on galactose, Phy
siol. Plantarum 93 (1995) 464-470. 

[28] Tusa N., Grosser J.W., Gmitter F.G. , Plant 
regeneration of Valencia sweet orange, 
Femminello lemon, and the interspecific 
somalie hybrid following protoplast fusion , 
J. Amer. Soc. Sei. 116 (1990) 1043-1046. 

316 Fruits, vol. 53 (5) 

[29] Saito W., Ohgawara T., Shimizu J., lshii S., 
Kobayashi S .• Citrus cybrid regeneration 
following cell fusion between nucellar cells 
and mesophyll cells , Plant Sei. 88 (1993) 
195-201 . 

[30] Moriguchi T. , Hidaka T., Omura M., Moto
mura T., Akihama T. , Genotype and paren
tal combination influence efficiency of 
cybrid induction in Citrus by electrofusion, 
HortScience 31 (2) (1996) 275-278. 

[31] Vardi A., Breiman A., Galun E. , Citrus 
cybrids: production by donor-recipient pro
toplast-fusion and verification by mitochon
drial-DNA restriction profiles, Theor. Appl. 
Genet. 75 (1987) 51-58. 

[32] Deng X.X., Yin H.L., Li F. , Guo W.W., Ye W.-M., 
Triploid citrus plants obtained from crossing 
the diploids with allotetraploid somatic 
hybrids, Acta Bot. Sinica 38 (8) (1996) 
631--636. 

[33] Ollitrault P., Allent V., Luro F. , Haploid plant
lets and embryogenic calli of Citrus reticu
lata (clementine) obtained by induced gyno
genesis, in: Proc. of 8th Cong. lnt. Soc. 
Citriculture, Sun City, South Africa, 12-17 
May 1996 (in press). 

[34] Schoenmakers H.C.H. , Wolters A.M.A., 
Nobel E.M. , Koornneef M., The production 
of triploid somatic hybrids via protoplast 
fusion of diploid tomato (Lycopersicon 
esculentum) and haploid potato ( Solanum 
tuberosum), Physiol. Plantarum 82 (1) 
(1991) 24. 

[35] Pirrie A., Power J.B., The production of fer
tile, triploid somatic hybrid plants [Nicotiana 
glutinosa (n) + N. tabacum (2n)] via game
tic: somatic protoplast fusion , Theor. Appl 
Genet. 72 (1) (1986) 48-52. 



Biotechnology for triploid mandarin breeding 

Seleccién de mandarinas triploïdes mediante biotecnologfas. 
Resumen - Introduccion. Las frutas sin pepino siendo un triunfo mayor para el mercado 
de los agrios frescos, es considerada interesante la selecci6n de triploides, que el Cirad-flhor 
y el Inra (Francia) llevan ahora a cabo . Se utilizan tres estra tegias con bases en bio tecno
logias . Material y métodos. Se buscaron triploides espontaneos en los embriones oriundos 
de cruzamientos en frutales de clementina y tomados en los pequenos pepinos de frutos 
maduros (estrategia 1). Se utiliz6 la hibridaci6n somatica, ya sea, para generar alo te tra
ploides pudiendo ser luego hibridados con diploides (estrategia 2) , ya sea , directamente 
mediante fusion de los protoplastos haploides y diploides (estrategia 3) ; se estudiaron las 
plantas, los embriones o callos regenerados mediante citométria de flujo y analisis de isoen
zimas a fin de determinar su nive! de ploidia y el origen de su genoma nuclear. Resultados 
y discusion. 1) Actualrnente, se rnultiplican 85 hibridos triploides en invernadero para su 
evaluaci6n ulterior en condiciones rnediterranea y tropical. Corno varios rnecanisrnos pare
cen implicados en la forrnaci6n de los individuos triploides, es preciso realizar estudios adi
cionales rnediante rnarcadores molecul ares para de te rminar e l origen de los triplo ides 
espontaneos de agrios. 2) Se lograron hibridos somaticos tetraploides a partir de 16 combi
naciones intra o inter especificos, o inter genéricos. Se utilizaran para la polinizaci6n de 
mandarinas monoembrionadas diploides y deberian generar descendencias triploides hete
rozigotas y polimorfas. 3) Se realiz6 la hibridaci6n somatica entre protoplastas haploides y 
diploides a partir de una descendencia de callos ernbriogenos haploides de frutales de cle
mentinas y varias descendencias de callos diploides o de protoplastos de mesofilos. Conclu
sion. Una selecci6n juiciosa de la estrategia empleada, adaptada a los objetivos especificos 
y a la heterozigotia de los genitores diploides, deberia llegar a la creaci6n de una arnplia 
poblaci6n de triploides propicia para la selecci6n de nuevos cultivares de agrios sin pepi
nos, faciles de pelars. (© Elsevier, Paris) 
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