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Ability of 'Flying Dragon' trifoliate orange to maintain high in vitro 
regenerative potential and polymorphism analysis by RAPD markers. 
Abstract - Introduction. The 'Fl ying Dragon ' trifo liate o range (FD) has been 
consiclerecl a tru ly clwarf rootstock, able to recluce , with most citrus scions, tree size by 
75% of stanclarcl combination. The low ava ilability of seecls, as well as the high produc
tion of zygotic seecllings macle its micropropagation inte resting. The results of 14 years 
of in vitro micropropagation of this rootstock are reportecl in this paper, in relation to 
genetic stability and regenerative capacity . Materials and methods . The explants were 
maintainecl in vitro on a moclifiecl MS medium supplementecl w ith 6-benzylaminopu rine 
and inclo le-3-butyric ac icl , through perioclica l cultures . To tal DNA was extractecl from 
leaves of 11 cultures grown in vitro and of a tree FD grown in the field as contrai. Ran
dom amplifiecl polymorphie DNA analysis was performecl using 60 clecamers with arbi
trary seq uences . Results. In spite of the 14 yea rs of micro pro paga tio n , the explants 
savecl unalterecl the ir morphological aspect and ca pacity of multiplication and rooting, 
but , in some cultures , RAPD analysis revea lecl the presence of polymo rphism du e to 
somaclonal variations. Discussion. According to the results obtained , in the first years of 
subculture, somaclonal va riations cl ic\ no t occur. Micropropagation woulcl be a reliable 
technique for germplasm preservat ion. Appliecl also in commercial laborato ries for FD 
and o the r citrus cultivars, the micropropaga tion technique could be usefu l to propagate 
monoembryonic hybricls potentially interesting as rootstocks and rare Citrus species for 
ornamental uses. (© Elsevier, Paris) 
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Capacité de l'oranger Flying Dragon à maintenir un fort potentiel 
de régénération en culture in vitro et analyse de son polymorphisme 
à l'aide de marqueurs RAPD. 
Résumé - Introduction. L'oranger Flying Dragon (FD) est cons idéré comme un 
porte-greffe véritablement nanisant, capa ble de réduire de 75 % la taille de la plupart des 
variétés d 'agrumes. Sa fai ble production de graines, associée à son aptitude à produire 
un fort taux de plantules zygotiques , rend sa micropropagation intéressante . Cet article 
permet d 'analyser les résultats de 14 années de micropropagation in vitro de ce porte
greffe à la lumière de la stab ilité gé né tique et de la capacité régénérative du maté riel 
obtenu. Matériel et méthodes. Les explants de FD ont été maintenus en culture in vitro 
par cultures successives sur un mileu MS e nrichi en 6-benzylaminopurine e t en acide 
3-inclole-butyrique. Du DNA total a été extrait des feuilles de 11 cultures issues d 'in vitro ; 
l'extra it témoin provena it d 'un arbre du cultivar FD suivi en verger. Une analyse par 
RAP D a é té e ffectu ée sur le DNA à l' aide de 60 cl écamères à séquences arbitra ires . 
Résultats . Malgré les 14 années de micropropagation, l'aspect des explants et leur capa
cité à se multiplier et à raciner sont restés intacts, mais, clans certaines cultures, les ana
lyses par RAPD ont révélé du polymorphisme clü à des variations somaclonales. Discus
sion. D'après les résultats obtenus , les variations somaclonales ne se produisent pas 
penda nt les premières années de culture . La micropropagation pourrait clone être une 
technique fiable pour la conservation du matériel génétique. Utilisée également en labo
rato ires commerciaux pour la multiplication de FD et d 'autres cultivars d 'agrumes, cette 
technique pourra it s 'avére r util e po ur la propaga tion cl 'hybricles mo noembryonnés 
potentie llement in téressants e t celle d 'espèces rares d 'agrumes explo itables en plante 
d 'ornement. (© Elsevier, Paris) 
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1. introduction 

The trifo liate o range 'Flying Dragon ' 
(FD) [Poncirus trijoliata va r . monstrosa 
(T. lto) Swing.] is considered a genetica lly 
d wa rfing spec ies [1], ab le to reduce the 
size o f most citrus cultiva rs grafted on it. 
Its effectiveness in high density plantings 
has been widely demonstrated [1-3]. Even 
if the FD is cons idered able to generate 
nucellar embryos, erect seedlings (zygo
tic), diffe rent fro m the typica l zigzag 
vegetative habitus o f the true-to-type 
trees, are often obtained . In some cases, 
th is pe rcentage can reach the 76% mark 
[4] The lack of uniformity is a drawback 
to its diffusion. This stimulated the appli
cation of microp ropagation technique to 
this rootstock w hich not o nly led to the 
unifo rmity o f the mate rial o bta ined but 
was also able to satisfy the demand of the 
market when consistent amounts of seed 
were not ava ilable. Furthermo re , micro
p rop aga tio n allows to o btain grea t 
amo unts o f p lants in little time in small 
areas , even in areas far from the cultiva 
tion sites, avo id ing high expe nses fo r 
maintaining numerous seed mother trees . 

This paper refe rs to a work , started in 
1983 at the lstituto Sperimentale per 
l'Agrumicoltura of Acirea le, on the study 
o f the in vitro multiplicati ve and rooting 
capacity of the FD explants and the verifi
ca tio n of the ir gene tic stab il ity by RAPD 
analysis afte r 14 yea rs of subcultures . 

2. materials and methods 

2.1. in vitro culture 

The sta rting mate ria l used fo r micro
propagation was excised in 1983 from a 
nuce ll a r FD seedling , grown in the 
sc reenho use . lt was made up of no dal 
stem segment about 1- 2 cm long, contai
ning only one bud . The medium utili zecl 
was a moclifie cl MS medium [5] supple
mented with 500 mg ·L-1 malt extrac t, 
25 mg· L-1 acle nine, 50 g ·L- 1 sucrase and 
8 g ·L-1 agar. The pH of the medium was 
adjustecl at 5.7 before autoclaving for 20 min 
at 120 °C. 
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Afte rwa rcls , shoots 1 cm long arising 
from the axilla1y bucls of nodal stem seg
ments were usecl for multiplication in the 
a lreacly mentio ned MS medium supple
mente cl with 1 mg ·L-1 6-benzylamino pu
rine (BA) and 0.5 mg ·L-I 3-inclo lbutyric 
acid (IBA). 

Eve ry 5 or 6 weeks, each 'multiple 
shoots' formation was clivicled into single 
shoots that were multiplied through sub
cultures in the same fresh medium. Each 
subculture , at transferring time, was regis
te red by numbering progressive ly and 
inclica ting the o rigin , the substrate, the 
culture d ate and the to tal number of 
exp lanted shoots derived fro m each 
single 'multiple shoots' formation. 

To incluce rooting, single shoots 1.5 cm 
long were placed onto the modifiecl MS 
medium supplemented with 1 mg·L-1 naphta
leneacetic acid (NAA). 

The cultures were incubated in a 
growth-chambe r at 27 ± 1 °C w ith 16 h 
pe r cl low inte nsity light (1 000 lx) fro m 
40 w ·77 L Fluora fluorescent lamps. 

The 5 cm high rootecl-shoots were 
transplantecl into pea t pots fi ll ecl w ith 
ste rili zed so i! and grown in a hotbe cl 
frame uncler 100% humidity and tempera
ture 25-27 °C, fo r abo ut 1 mo nth and 
then transp lanted in 21 cm cliamete r pots 
and cultivatecl in greenhouses. 

2.2. DNA amplification 

For DNA analysis, samples were select
ed on the bas is o f the ir diversification 
pe ri od , taking into account the most 
representative available material. 

A RAPD analys is was perfo rmed o n 
genomic DNA extracted from each 'mul
tiple shoots' fo rmation de rived fro m cul
tures grow ing in vitro and fro m mothe r 
tree of FD growing in the field as contrai. 
The explants, macl e up o f single shoots 
without leaves, which instead were used 
for DNA amplifi ca tio n , we re maintained 
in vitro. 

To tal DNA was extracted fro m 
20-40 mg of shoots, accorcling to Yu and 
Pauls [6]. 



The polymerase chain reaction (PCR) 
was performed in a volume of 25 µL 
containing 2.5 µL buffer l X, 3 mM MgCl2, 

10 mM of dNTPs, 5 pM primer 1.0 unit of 
Taq polymerase (Perkin Elmer) and 25 ng 
of genomic DNA. Reactions were 
performed in a thermal-cycler Perkin 
Elmer Gene Amp PCR System 9600, with 
a step of denaturation at 94 °C for 5 min , 
45 cycles, each of them performed at 
94 °C for 15 sec, 36 °C for 15 sec and 
72 °C for 80 sec followed by a step of 
elongation at 72 °C for 10 min. A total of 
60 random decamer oligonucleotide pri
mers CH - K - P from Operon Technolo
gies Inc., Alameda, USA) were used to 
amplify genomic DNA. Amplification pro
ducts were separated on 1.5% agarose gel 
in TAE buffer and visua lised with ethi
dium bromide staining. 

3. results 

3.1. in vitro culture 

Three or four shoots were produced 
from a primordial nodal stem cultured on 
MS medium without cytokinin and auxin [7]. 
After 4 weeks, they were excised and pla
ced on the already mentioned MS medium 
supplemented with BA and IBA. In this 
first phase, each of them produced an aver
age of five new shoots after 8 weeks [8). 

From then, the explants produced 
numerous and vigorous 'multiple shoots' 
formations w ith we ll developed inter
nodes and leaves. The shoots were separ
ated individually and used for multiplica
tion or for rooting when longer than 1.5 cm. 
At this point a single shoot expiant, sub
cultured on the same fresh propagation 
medium, yielded an average of 19 shoots 
every 35- 40 d. Roots developed eas ily 
when the shoots were placed on MS 
medium added with 1 mg·L-1 of NAA [9). 

After 115 subcultures, the multiplica
tion ability of the explants remains very 
high. 
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3.2. DNA amplification 

The data saving procedure allowed to 
ascertain the explants origin and the 
period w hen each of them divers ified 
(figure 1). In the frame of 11 cultures 
examined, number 5238 diversifi ed in 
1987, the others in more recent time. For 
such reason , presumably, this culture 
accumulated a greater number of muta
tions. Thus it was chosen together w ith 
no. 5409 and with an FD grown in field , 
for a prelimina1y RAPD ana lysis, based on 
a screening made with 60 primers. 

Among the primers examined, K09 , 
K16, Kl 7 and Hl 7 highlighted polymor
phie fragments. RAPD analysis was per
formed on the other nine cultures as well , 
using the same primers , but only the 
amplification with K09, repeated three 
times , expressed satisfying reproducible 
or sufficient intensity polymorphisms. 

Thus RAPD ana lysis performed with 
K09 demontrated chat in vitro culture is 
able to induce somaclonal variations 
Vzgure 2a). In fact, the no. 5409 (lane 2; 
.fzgure 2a, b) presents a band (988 bp) 
absent in the control. The subculture 5271 
(lane 3; figure 2a), having in 1993 the 
same common origin as no. 5409, shows 
the same polymorphism and, in add ition, 
a band of 928 bp, absent in 5409 and pre-
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Figure 1. 
Origin of citrus subcu ltures used 
for the DNA amplification in order 
to study the polymorphism of plants 
micropropagated in vitro. 
The bold numbers indicate where 
presence of polymorphism has been 
revealed. 
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Figure 2a, b. 
Citrus subculture DNA amplification 
by OPK09 primer. 
O = molecular marker 1 kb (from 
Gibco BRL); 
control: Flying Dragon tree growing 
in the field. 
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sent in the contrai and in the other sub
culture; the cu ltu re no . 5414 (Ja ne 5; 
figure 2a) presents a unique polymo r
phism of 810 bp ; the culture no. 5238 , 
w hich clifferentiatecl from the other sub
cultures in 1987, presents the same poly
morphisrn as the contro l and the six 
others (no. 5401 , 5268, 5398, 5270, 5406 
and 5405) (Jzgure 2a, b) . 

4. discussion and conclusion 

After 14 years of micropropagation, the 
single shoot explants maintain their rege
nerating and rooting ability; plants obtain
ecl w ith this methocl do not show any 
apparent variation in the vegetative habi
tus. 

The absence of polymorphism in cult
ure no. 5238 cleriving from no. 1650 lecl 
us to think that cluring the first 5 yea rs of 
propaga tio n no mutations sortecl. Poly
morphie fragments were founcl o nl y in 
cultures no. 5408, 5409, 5414 and 5271 , 
cli versifiecl afte r 1993. This a llowecl to 
establish that, even if they originatecl from 
the same strains (no. 3770), the cultures 
accumulatecl mutations of cliffere nt 
nature, but in more recent time . 
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At present , we cannot affirrn if these 
somaclonal va riations are solicl o r chime
ri c, he ritable o r epigenetic, and if the 
po lymorphisms are loca tecl in areas of 
geno me cocling for physio logica l charac
te risti cs of re leva nce o r for repetiti ve 
sequences not cocling. 

From our experience, we can conclucle 
that, in order to avoicl the appearance of 
somaclonal mutations, a 5-year periocl of 
micropropagation couic! be consicle recl 
re li ab le for germplasm conservat ion. 
Thus, the micropropagat io n technique 
can be used as an alte rnative methocl o f 
gerrnplasrn conservation paying attention 
to limiting the number of subcultures and 
to frequ e ntly renewing the prirnary 
source . 

The micropropaga tio n technique bas 
also been appliecl in commercial laborato
ries fo r 'Flying Dragon ' and 'BA 300' 
citrange [7], an interesting partial clwarfing 
rootstock iso la tee! in seeclbecl o f Troye r 
citrange, afte r 19 yea rs still w itho ut 
fl owering. It coule! also be useful to pro
paga te monoernbryonic hybricls poten
tia lly interesting as ca ndidate rootstocks 
and rare Citrus species, also for ornarnen
tal uses. 
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Capacidad del naranjo Flying Dragon a mantener un fuerte potencial 
de regeneracién en cultiva in vitro y analisis de su polimorfis mediante 
marcadores RAPD. 
Resumen - Introducciôn. Se considera al naranjo Flying Dragon (FD) como un porta 
injerto con verdadera capacidad a producir enanos, capaz de reducir de un 75 o/o el tamaii.o 
de la mayoria de las variedades de agrios. Su baja producci6n de semillas, asociada con su 
aptitud a producir una importante tasa de plântulas zig6ticas , hace su micro propagaci6n 
interesante. Este articulo permite analizar los resultados de 14 an.os de micropropagaci6n in 
vitro de este porta injerto a la luz de la estabilidad genética y de la capacidad regenerativa 
del material logrado . Material y métodos. Se mantuvieron las explantes de FD en cultivo in 
vitro mediante cultivos sucesivos en un medio MS enriquecido en 6-benzilaminopurina y en 
âcido 3-indole-butirico. Se ha extraido DNA total de hojas de 11 cultivos procedentes de in 
vitro; el extracto testigo provenia de un ârbol del cultivar FD estudiado en huerto . Se realiz6 
un anâlisis por RAPD en el DNA mediante 60 decameros de secuencias arbitrarias. Resulta
dos. A pesar de los 14 an.os de micropropagaci6n , el aspecto de las explantes y su capaci
dad a multiplicarse y en enraizarse se quedaron intacta, pero, en ciertos cultivos, los anâlisis 
por RAPD revelaron polimorfismo debido a variaciones somaclonales. Discusiôn. Acorde a 
los resultados logrados, las variaciones somaclonales no ocurren durante los primeros an.os 
de cultivo. La micropropagaci6n podria por lo tanto ser una técnica fiable para la conserva
ci6n del material genético. Utilizada también en laboratorios comerciales para la multiplica
ci6n de FD y demâs cultivares de agrios, esta técnica podria revelarse ütil para la propaga
ci6n de hibridos monoembrionados potencialmente interesantes y la de especies ra ras de 
agrios explotables en planta de adorno. (© Elsevier, Paris) 
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