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Variety purity assessment of fifteen citrus rootstocks by isozymes 
prior to field trial implementation. 
Abstract- Introduction. Citrus rootstocks are usually propagated commercially by 
seed because facultative apomixis through nucellar emb1yony favors high levels of gene
tic uniformity. In each seed, one zygotic emb1yo usually coexists with several somatic 
emb1yos of nucellar origin. Dependent on the genotype and environment, the probabi
lity of development of zygotic emb1yos determines the rate of apomixis characteristic of 
each rootstock cultivar. Commercial varieties grafted on zygotic rootstocks would show 
lower growth and yield than those on nucellar individuals of the same variety. Selection 
against zygotic rootstocks is partially accomplished in nurseries by routinely discarding 
off-type seedlings after visual evaluation. However, for comparative field trials, seedlings 
need to be more accurately evaluated and individuals of sexual origin rigorously elimi
nated. Isozyme analysis readily distinguishes zygotic and somatic seedlings. Materials 
and methods. Forty plants from each of 15 rootstock cultivars, to be assayed under 
Algarve agricultural conditions, underwent isozyme analysis. Extracts for analysis were 
obtained by homogenizing leaf pieces in liquid nitrogen and resuspending the homoge
nate in an appropriate buffer. After starch gel electrophoresis of the leaf extracts , five iso
zyme systems were revealed : Pgi, Pgm , Idh, Mdh and Got. Results and discussion. 
Severa! plants, identified as originating from self-pollination or cross-pollination, were 
discarded. For the rootstocks analysed , apomixis rates varied from 88% to 100%. Mor
phological traits, as plant height or stem diameter, of zygotics and nucellar seedlings 
showed no significant difference. (© Elsevier, Paris) 
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Vérification, par la technique des isozymes, de la pureté variétale 
de 15 porte-greffes d'agrumes, en préalable à une expérimentation 
en champ. 
Résumé - Introduction. Les porte-greffes d 'agrumes sont habituellement multipliés 
par graines car l'apomixie facultative due à l'emb1yonnie nucellaire favorise la produc
tion d 'une descendance homogène . Dans une graine, un embryon zygotique coexiste, 
en général, avec plusieurs emb1yons somatiques d 'origine nucellaire. Selon le génotype 
et l'environnement, la probabilité du développement des embryons zygotiques déter
mine le taux d 'apomixie caractéristique d 'un cultivar de porte-greffe donné. Des variétés 
commerciales greffées sur porte-greffes issus d'embryons zygotiques auraient une crois
sance et un rendement inférieurs à celles greffées sur emb1yons nucellaires de la même 
variété. Un tri permettant d 'éliminer les emb1yons zygotiques par évaluation visuelle des 
hors types est couramment pratiqué en pépinière . Cependant, pour des essais de com
paraisons variétales en champ, les plantules doivent être contrôlées avec soin et les indi
vidus d 'origine sexuée doivent être systématiquement éliminés. Matériel et méthodes. 
Pour chacun de 15 cultivars de porte-greffes, 40 plants cultivés à Algarve (Portugal) ont 
été étudiés par électrophorèse. Les extraits analysés provenaient d 'homogénats de broyat 
de feuilles placés sous azote liquide, puis remis en suspension dans un tampon appro
prié. Après électrophorèse sur gel d 'amidon, cinq systèmes enzymatiques ont été obser
vés : Pgi, Pgm, Idh, Mdh e t Got. Résultats et discussion. Plusieurs plants , révélés 
comme provenant d 'auto- ou d 'interfécondation , ont été éliminés. Pour les porte-greffes 
analysés, le taux d 'apomixie a varié de 88 à 100 %. Les caractères morphologiques des 
plantules d 'origines sexuée ou nucellaire - tels que hauteur du plant ou diamètre du 
tronc - n'ont pas montré de différences significatives. (© Elsevier, Paris) 
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1. introduction 

The majority of commercially impor
tant citrus cultivars are polyembryonie . 
Polyemb1yony is usually accompanied by 
facultative apomixis, characterised by 
simultaneous growth in the same seed of 
sexual embryos resulting either from self
pollination or cross-pollination, together 
with multiple embryos of somatic (nucel
lar) origin. Apomixis by nucellar embry
ony, impeding genetic recombination, is a 
major obstacle to genetic improvement of 
citrus. On the other band, apomixis is an 
important requirement for the citrus root
stock industry, since it allows rootstocks 
to be clonally propagated by seeds, assur
ing high genetic and phenotypic homoge
neity among progeny. However, depend
ing on genotype and environment, a 
certain number of zygotic plants can deve
lop from rootstock seeds. In commercial 
nurse ri es, phenotypic uniformity among 
plants is obtained by rouging off-type 
plants. This practice is also expected to 
increase genetic uniformity, reducing the 
number of zygotic plants. Visual selection, 
however, has been proved to be almost 
ineffective for chat purpose. 

Since Torres e t al. [1 , 2) successfully 
used the isozyme analysis to distinguish 
nucellar from zygotic plants, this method 
has become widely accepted to de ter
mine the sexual or somatic origin of citrus 
plants [3 , 4]. The main aim of this study 
was to determine the apomixis rate of 
15 citrus rootstock cultivars, and to 
confirm the somatic origin and variety 
authenticity of young plants of these root
stocks, by isozyme ana lysis. Selected 
plants wil l be tested under fie ld tria ls in 
Faro , Portugal, for tole rance to soi! sa l
inity , calcareous soi ls and virus diseases 
(e.g., citrus tristeza virus) which are major 
limiting factors to the citrus industry in 
the Algarve region. 

2. materials and methods 

2.1. plant material 

Forcy young plants each of 15 citrus 
rootstock cultivars were grown under 
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greenhouse conditions . These cultivars 
were Changsha mandarin, Cleopatra man
darin , Sunki mandarin , Sunki mandarin x 
Poncirus trffoliata 30590, Cleopatra man
darin x P trifoliata 30583, 30584 and 
30585, Cleopatra mandarin x Carrizo 
citrange 30575 and 30576, citrandarin 
31443, sou r orange Gou Tou B7, sour 
orange B6C-Tl, Troyer citrange B2 FAO 
31655, Troyer citrange 4AS and Bowman 
citrange 33821. 

2.2. plant extract preparation 

Afte r washing, 0.3 to 0.4 g of leaf tis
sue was ground to a fine powder in a 
mortar under liquid nitrogen and resus
pended in extraction buffer: 0.2 M Tris
HCl, pH 7.2; 20 mM cysteine, 0.2% Triton 
X-100 (10%), 5 mM Dithiothreitol, and 
1 mM PMSF. Polyvinylpyrrolidone (PVP) 
was added up to 2% (w/v) fina l concen
tration , to complex polypheno ls. After 
20 min centrifugation, at 4 °C in a micro
fuge (13 000 rpm) , supernatants were 
recovered and immediately analysed . 

2.3. electrophoresis 

Extracts were analysed by starch ge l 
e lectrophoresis. Tris-citrate buffe r, pH 7, 
was used , both as gel and electrode buff
er for separation of ail isozyme systems. 
Electrophoresis was performed at 180 V 
for 5 h at 4 °C. Bromophenol blue in 30% 
glycerol was used both to signalize 
sample well and to fo llow gel front pro
gression. 

2.4. staining and analysis of gels 

Gels were eut into six 1 mm thick 
slices. Five slices were stained for five 
enzymatic systems: malate dehydrogenase 
(Mdh; EC 1.1.1.37); isocitrate dehydroge
nase (Idh; EC 1.1.1.42); glutamate oxaloa
cetate transaminase (Got; EC 2.6.1.1) ; 
phosphoglucomutase (Pgm; EC 2.7.5.1) 
and phosphoglucoisomerase (Pgi; EC 
5.3.1.9). Staining procedures were carried 
out, w ith minimal modifications, accord
ing to Lebrun and Chevalier [51. Sta ined 
gels were fixed in 13% acetic acid glacial 
and photographed. 
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2.5. morphological study 

With the aim of cletermining the 
clegree of effectiveness of selecting zygo
tics by morphological characteristics, the 
stem height and width (at the fourth inter
node) of the 600 seecllings analizecl were 
measured. Average values of plant height 
or stem diameter of zygotics were then 
compared with the average va lues of 
nucellar seed li ngs using a statistical t test. 

3. results and discussion 

The rationale of using isozyme analysis 
to distinguish between nucellar and zygo
tic plants was describecl by Torres e t al. 
[2] The probability (P) of identifying 
plants resu lting from se lf pollination is 
obta inecl by the formula: P = l -l / 211; 
(n = number of ana lysed heterozygous 
loci). This equation makes ev iclent that 
discrimination between zygotic (arising 

Table 1. 

from self pollination) and somatic emb1yos 
by isozyme analysis clepend on the num
ber of revealecl heterozygous loci. Zygotic 
inclivicluals which arise by selfing can be 
easily detected provided they are homo
zygous at least at one locus at which the 
materna i progenitor is heterozygous . 
Plants originated by outcrossing can be 
iclentified by the occurrence of new 
alleles not present in the seecl parent. 

3.1. isozyme loci 

A total of seven heterozygous loci 
were cletectecl from the analysed root
stock cultivars: Pgi-1 , Pgm-1, Pgm-2, Mdh-
1, Mdh-2 , Idh and Got-1 (table l) Eigh
teen alleles were scored for the five 
isozyme systems (/ïgures 1, 2; table!). 
Pgm-1 was scorecl only for Sunki manda
rin. For the rernaining rootstock varieties, 
enzymes corresponding to this locus were 
often lightly sta ined and as a resu lt an 
accurate analysis was almost impossible. 
At the Pgm-2 locus , only four alleles were 

Genotypes of seven loci analysed, in 15 citrus rootstock cultivars and probability of identification of zygotics 
resulting from self pollination (P). Rootstock genotypes. 

Rootstocks Loci 

Pgi Pgm1 Pgm2 Mdh1 Mdh2 ldh Got 

Changsha mandarin FF 5.5 FF FF MM SS 

Cleopatra mandarin FF 5.5 FF FF MM SS 

Sunki mandarin FF 2.3 5.5 FF FF MM SS 

Sunki mandarin x Poncirus trifo/iata 30590 FF 3.5 FS FF FM SF 

Cleopatra mandarin x Poncirus trifoliata 30583 FF 3.5 FS FF FM SF 

Cleopatra mandarin x Poncirus trifoliata 30584 FF 3.5 FS FS FM SF 

Cleopatra mandarin x Poncirus trifoliata 30585 FF 3.5 FS FS FM SF 

Cleopatra mandarin x Carrizo citrange 30575 FS 3.5 FS FS Ml SM 
Cleopatra mandarin x Citrange carrizo 30576 FS 3.5 FS FF FM SM 
31443 Citrandarin FS 2.3 FS FS FM SM 
Sour orange Gou Tou B7 FS 1.5 FF FF MM SS 

Sour orange B6C - T1 FS 2.5 FF FF MM SM 
Troyer citrange B2 FAO 31655 SS 2.3 FS FS FI SM 
Troyer citrange 4 AS SS 2.3 FS FS FI SM 
Bowman citrange 33821 FF 2.3 FS FF FM SF 

Alleles are designated by letters or numbers [2, 4] . Pgi: phosphoglucoisomerase; Pgm: phosphoglucomutase; 
Mdh: malate dehydrogenase; ldh: isocitrate dehydrogenase; Got: glutamate oxaloacetate transaminase. 
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Figure 1. 
Zymograms of two isozymatic 
systems 
a) phosphoglucoisomerase or PGI, 
and 
b) phosphoglucomutase or PGM, 
of 15 rootstock cultivars: 

a. Changsha mandarin; 
b. Cleopatra mandarin; 
c. Sunki mandarin; 
d. Sunki mandarin 
x Poncirus trifoliata 30590; 
e, f, g. Cleopatra mandarin 
x Poncirus trifoliata 30583, 
30584 and 30585; 
h and i. Cleopatra mandarin 
x Carrizo citrange 30575 
and 30576; 
j. 31443 citrandarin ; 
k and 1. Sour oranges Gau Tou B7 
and B6C-T1 ; 
m and n. Troyer citranges B2 FAO 
31655 and 4AS; 
o. Bowman citrange 33821 . 
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cl e tecte cl , however the fas te r all e le is 
refe rrecl to as number 5. Alle le number 4 
can be founcl in some mandarins, such as 
the commo n Meclite rranean mandarin 
(Will owlea f; Citrus deliciosa Teno re) or 
th e Po rtugu ese mandarin 'Carva lhais' . 
Locus Got-2 is only revealecl in some cul
tiva rs . Got-3 was not score cl beca use ail 
the 15 rootstock va rieties at this gel zone 
o f acti vity cli spl aye cl a mo no mo rphic 
three-banclecl pattern . This monomorphic 
pa tte rn ca n be o bservecl also amo ng 
several Citrus x Poncirus hybricls and 
scion Citrus cultiva rs (not shown). Such a 
constant patte rn can be explainecl by the 
presence o f two inclepencle nt ho mozy
gous loc i w ith which enzyme p roclu cts 
can inte ract forming a thircl , inte rmecliate 
band. 

The probability of icle ntifying zygotic 
inclivicluals arising fro m selfing (ta ble I) 
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rangecl from zero for highly homozygous 
mandarins : Changsha and Cleopatra , to 
98% for hybricl Cleopatra mandarin x Car
rizo citrange 30575 and citranclarin 31443 
which are he te rozygous at ail analysecl 
loci. 

Inclepenclent of the low probability of 
clistinguishing zygo tic plants resulting 
fro m se lf po llination among see cl lings of 
the almost homozygous Sunki mandarin, 
we coule! cle tect o ne zygotic plant which 
was gene rate cl by se lfing . In addition , 
four zygotic plants, which resulte cl from 
outcrossing, were also cletectecl among its 
progeny. 

3.2. apomixis rate 
and selection of nucellars 

In the first step of our stucly, 40 seecl l
ings of each rootstock cultiva r, ranclo mly 
chosen , were analysecl for the ir isozyme 
patte rns and the ir a po mixis rates were 
computecl. In genotypes characterisecl by 
fa cultative apo mixis , the ratio zygotic / 
somatic embryos cl epencls o n e nviron
mental conditions [6]. However, a charac
te risti c va ria ti o n for such paramete rs 
sho ulcl be expectecl fo r each genotype . 
The apo mixis rate rangecl fro m 88% to 
100% amo ng the 15 rootstock cultivars 
stuclie cl (table II). Amo ng 600 seecl lings 
analyse cl , 15 hacl zygotic o rigin. Five o f 
them resulte cl from se lfing and ten from 
outcrossing. Zygotics were cle tectecl only 
in fi ve rootstock cultivars: Sunki manda
rin , Cleopatra mandarin x P tr(foliata 
30585, Cleopatra mandarin x Carrizo 
citra nge 30575 , Sour orange B6C-Tl and 
Bowman citrange 33821 (table JI) . 

3.3. morphological selection 
of zygotics 

Comparison between average values of 
plant he ight or stem cliamete r of zygotics 
and nucellar seedlings showed no signifi
cant differences (figure 3) . Thineen out of 
the identified 15 zygotic plants have stem 
diamete r values lying within the frame of 
its variation on nucellar plants . Only one 
zygotic plant exhibits a stem height out of 
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the range of the variation of this parame
ter in nucell ars . These results agree with 
those previo usly obtained by Khan and 
Roose [6] and Moore and Castle [7] who 
have not found any consistent correlation 
between genetic origin (zygotic or nucel
lar) of rootstock seedlings and morpho lo
gica l tra its . Despite the ir lower mean 
height, the zygotic plants identified by the 
above authors were sirnilar to nucellars in 
height , leaf size, tho rn length , pe tio le 
length and stem diamete r. Our analysis 
confirmed that the identification of zygo
tic seedlings using morphological traits is 
highly unsuccessful. Isozyme analys is 
remains a re liable method fo r this pur
pose. 
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Table Il. 
Detected zygotic seedlings among 40 plants analysed for each 
of the 15 citrus rootstock cultivars and corresponding apomixis rates. 

Rootstocks Number of zygotic seedlings Apomixis rate (%) 

Changsha mandarin 

Cleopatra mandarin 

Sunki mandarin 

Sunki mandarin x Poncirus trifoliata 30590 

Cleopatra mandarin x Poncirus trifoliata 30583 

Cleopatra mandarin x Poncirus trifoliata 30584 

Cleopatra mandarin x Poncirus trifoliata 30585 

Cleopatra mandarin x Carrizo citrange 30575 

Cleopatra mandarin x Citrange carrizo 30576 

31443 Citrandarin 

Sour orange Gou Tou B7 

Sour orange B6C -T1 

Troyer citrange B2 FAO 31655 
Troyer citrange 4 AS 

Bowman citrange 33821 
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Figure 2. 
Zymograms of two isozymatic 
systems 
a) malate dehydrogenase or MDH, 
and 
b) isocitrate dehydrogenase or IDH, 
of 15 rootstock cu ltivars: 
a. Changsha mandarin; 
b. Cleopatra mandarin; 
c. Sunki mandarin; 
d. Sunki mandarin 
x Poncirus trifoliata 30590; 
e, f and g. Cleopatra mandarin 
x Poncirus trifoliata 30583, 
30584 and 30585; 
h and i. Cleopatra mandarin 
x Carrizo citrange 30575 and 30576; 
j. 31443 citrandarin ; 
k and 1. Sour oranges Gau Tou B7 
and B6C-T1 ; 
m. and n. Troyer citranges B2 FAO 
31655 and 4AS; 
o. Bowman citrange 33821. 
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Figure 3. 
Mean va lues and range of plant 
height and stem diameter 
(4th internode) of nucellar 
and zygotic seedlings (18 months 
old) of 15 rootstock cu ltivars: 

a. Changsha mandarin ; 
b. Cleopatra mandarin ; 
c. Sunki mandarin ; 
d. Sunki mandarin 
x Poncirus trifoliata 30590; 
e, f and g. Cleopatra mandarin 
x Poncirus trifoliata 30583, 
30584 and 30585; 
h and i. Cleopatra mandarin 

E 

E 

x Carrizo citrange 30575 and 30576; 
j. 31443 citrandarin; 
k and 1. Sour oranges Gou Tou 87 
and B6C-T1; 
m and n. Troyer ci tranges B2 FAO 
31655 and 4AS; 
o. Bowman citrange 33821. 
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Verificaci6n, por la técnica de las isozimas, de la pureza varietal de 
15 porta injertos de agrios, previamente a una experimentaci6n en campo. 
Resumen - Introducciôn. Se acostumbra rnultipli ca r los porta injertos cle agrios por 
semillas claclo que la apomix ia facu ltativa clebicla a la embrionia nucelar favorece la produc
cion de una descenclencia homogénea . En una semilla , un embrion zigotico coexiste, por lo 
general , con varias embriones somaticos de origen nucelar. Acorcle al genotipo y al meclio 
amhiente, la probabiliclacl ciel desarroll o de los embriones zigoticos cletermina la tasa de 
apomixia ca racteristica cle un cu ltivar cle porta injerto claclo. Va rieclacles comercia les injerta
clas en porta injertos proceclentes cle embriones zigoticos tenclrian un crecim iento y un ren
climiento inferiores a los injertaclos en embriones nucelares de la misma va rieclacl. En v ivero, 
se suele practica r una selecc ion que permite eliminar los embriones zigoticos mecliante eva
luacion visual cle los fuera de tipo . Sin embargo, para ensayos de comparaciones va rietales 
en campo, las plantulas deben contro larse cuidaclosamente y cleben sistematicamente elimi
narse los indivicluos de origen sexuaclo. Material y métodos. Para cada uno cle los 15 culti
vares cle porta injertos, se estucliaron 40 p lantas cu ltivaclas en Algarve (Portugal) mecl iante 
electroforesis. Los extractos ana li za c.l os provienen cle ho mogenaclos de trituraclo de ho jas 
colocaclas hajo nitrogeno liquido, y luego en suspension en un tampon apropiaclo. Después 
de electroforesis en gel de almido n , se observaron cinco sistemas enzimaticos : Pgi , Pgm , 
Idh , Melh y Got. Resultados y discusiôn. Se eliminaron va rias plantas, revelaclas como pro
cedentes de auto o de interfecunclacion. Para los po rta injertos anal izaclos, la rasa cle apo
mixia vario de un 88 a un 100%. Los ca ra cteres m orfol ogicos de las plantulas c.l e o rigenes 
sexuaclo o nucelar - ta les como la altura de la planta o cli{imetro ciel tronco - no mostraron 
cliferencias significa tivas. ( © Elsevier, Paris) 
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