Biochemical Markers of Variety in Cocos nucifera L. from Yucatan'

ABSTRACT

Isozyme and protein patterns were studied In local varicties
of Cocas nucifera from Yucatan. Two acld phoesphatases, two
esterases, ene malate dehydrogenase, and one alcehol dehydro-
genase, were detected in extracts from inflorescences by isoelee-
trofocusing, and observed to be moenomorphic for the four
varicties tested: Atlantic Tall, and Maluyan Green, Red, and
Yeliow Dwarves. Five acid phosphitases, three esterases, four
malate dehydropenases and four alcohol dehydropenases were
also found to be monomorphic for all four varieties in leaf tissue.
Peroxidase isozyme patterns from both types of extracts were
varisble among the varieties, but this was due to unknown
factors other than the genotype varicty. However, analysisof the
coconut endosperm of the dwarf varicties consistently reveaied a
pueroxidaseof pl ~ 4, and a silver-stained protein band of thesame
pl. Both of these were greatly diminished in the tall varfety.
Finally, sedium dedecy! sulfate-potyacrilamide gel clectropho-
resis revealed two polypeptides of Mrs ~ 18 000 and 38 000 that
were present in the three dwarf varicties, but greatly diminished
in the tall variety. ‘These results indicate that, although the dwarf
and the tall varteties of coconut are closely related, there are
slight differences that permit a cfear biochemical distinction
between the Malayan Dwarves and the Atiantic Tall trees,
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INTRODUCTION

ocos nucifera is a crop with a world-wide
distribution that predominales in the tro-
pics. The modern pattern of distribution
of the dilferent varictics is duc 10 the movement of the
sceds from their center of origin to Africa and the
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COMPENDPIO

Se anslizaron patrones de protefnas o iseenzimas en varie-
dades locales de Cocos nucifera de Yucatin, Se detectaron dos
fosfatasas &cidas, dos esterasas, una malato y vaa atcohol dehi-
drogenasa, en extractos de infloresconcias dospués dol isoelectro-
enfuque. Estas actividades fucron monumdérticas en las varieda-
des estediadas: Alto def Atlintico y enanos malayes Verde, Rojo
y Amarille. En o tefido proveniente de hojas, cince fosfatusas
Acldas, tres esterasas, ceatro malatos y cuatro alcoholes dehidro-
genasas fueron tambifn monomdarfices para tedas fas varieda-
des. Las pufrones de peroxidasas, en ambos tipos de extracto,
fueron variables entre variedades, pero dehido o factores dife.
rentes del pendtipo. Contrariamente, cf andlisis del endospermo
delas tres variedades enanas mostro conskstentemente una pero-
xidasa de pl ~ 4 y una profefna detectada con tincidn de plats con
idéntica movilidad. Ambas fueron muy débilmente detectables
en [a varledad Alto del Atldntico. Finalmente, una electroforesis
disociante en geles de polincrilamida muostrd dos polipéptides de
Mr ~18606 y 38 600 queestuvieron presenfes en fastres variedades
cnanas pere disminvidas en Alto def Atiintico . Estos resultados
indican yue, aungue &5ta como las enanas estin fntimamente
relacionadas, existon diferenclay bioguimicas que permilen una
clara distincién desde ese punto de vista entre elas,

American continent (6, 11) by the Spanish, Portuguese
and Chinese (7, 14). Mexico has a rich source of germ
plasm variation thal siill remains 1o be defined, and
cfforts have already been started (19). Classification of
existing germ plasm in Mexico has been carried out
through the measurement of physiological paramelers
(i.c., fruit form, husk/meal ratio, ctc ). These methods
would be greatly compiemented il biochemical mar-
kers for the varietics were available to aid in the csta-
blishment of germ plasm identitics and interrclation-
ships. This characierization is even more important in
view of the spread of lethal yellowing (1Y) discase in
Mexico (4) (rom the Caribbean coast. In Jamaica, LY
affected coconutvaricties dilferentially; Malayan Dwarf
showed almost 100% resistance {Zizumbo Villarreal,
pers. comm.}, Panama Tall close to 50% (20), and
Jamaica or Atlantic Tall almost no resistance (20) With
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these data, one could predic the impact of the disease on
a plantation if the origin and identity of the materials
were clearly cstablished.

It is shown here that, atthough the Dwarf and Tall
varicties are closely interrelated in Yucatan, one can
distinguish the Malayan Dwarl varicties from the
Atlantic Tatl variety through the biochemical analysis
of proicin and isozyme patierns.

MATERIALS AND METHODS
Plant material

All dwarl varicties were collected from commer-
cial plantations located in San Crisanto, Yucatan. The
tall varicty was collected from different plantations
along the coast of Yucatan where LY symptoms were
absent (4). The internal rachillac from the oldest
unopened inflorescences and basal pinnag from basal
lcaves were used for the analysis. In addition, mature
fruits were collected from all varicties following the
criteria described by Harrics (6), and from which the
solid endosperm was used for the analyses.

Tissue extractions

Two tissue cxiraction were employed. Nondena-
turing exiractions methods were carried out by grinding
1 goftissucin 1 miof 10% (v/v) glycerol, 1 mM sodium
ascorbate, 3 mM l-cysteine, 10 mM Tris-HCL, pH 6 .0,
in a mortar and pestle at 4°C. The homogenales were
centrifuged at 14 000 x g, for 5 min at 4°C and the su-
pernatants stored at -70°C until analyzed. Denaturing
extractions were performed by a modification of the
procedure of Wu and Wang (18). One gram of tissue
was frozen with liquid nitrogen and ground in a mortar
and pestie 1o a fine powder. The powder was added (o
10 vol of 10% (v/v) wichloreacetic acid (TCA) and
incubated 30 min in darkness.  After incubation, the
slurry was filtered through two layers of cheese-cloth
and the flowthrough was centrifuged at 27 000 x g, for
15 min al 4°C. The pellet was washed three times by
resuspension in 1:1 ethanol-cther and recentrifuged at
27000 x g. Proteins in the pellet were resolubilized in
1% (w/v) sodium dedecy! sulfate (SDS), 1.5 mM B-
mercaptoethanol, 10% (v/v) glycerol, 10 mM Tris-HCY,
pH 6.8, and the 27 000 x g supernatant collected for
further analysis.

Protein determination

The protein content in the extracts was determined
by the method of Markwell et al. {9), which is designed
1o detect the presence of SDS in the samples.

Isoelectrofocusing-polyacrylamide
gel electrophoresis

Isoelectrofocusing-polyacrylamide gelelectropho-
resis (IEF- PAGE) was carried out by blotting the
nondenatured extracts on to 5 x 10 mm squares of
Whatman paper and placing them on LKB isoelectrofa-
cusing polyacrylamide gels (LKB Bromma) with am-
pholytes with a pH range of 3.5 10 9.5. The gels were
run at 400 v, 25 mA, for 2 h 30 minutes. Enzyme
activities were detected on the gels as follows: estera-
ses, acording to Shaw and Prasad (12); acid phosphata-
ses, Scandalios (13); peroxidases, Villanueva and
Malek—Hedayat(15); malate (MDH) and alcohol (ADH)
dehydrogenases, Brown, Zohary, and Nevo (3); and
phasphoglucoisomerases (PGI), Valiejos (16).

Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis

Samples for sodium dodecyl sulfate-polyacryla-
mide gel electrophaoresis (SDS-PAGE) were adjusted
10 2.3% (wfv) SDS, 5% (v/v) B-mercaptoethanol, 10%
{v/v) glycerol, 10 mM Tris-HCI, pH 6.8, and boiled for
5 minutes. The samples were run on 15% polyacrilami-
de gels according to Laemmli (8). The proteins were
stained with 0.1% {w/v) Brilliant Coomassie Blue in
5:5:2 water- methanal-acetic acid (10}, or with ammo-
niacal silver (17},

RESULTS

Although minor bands sometimes appeared in the
gel patterns, our assessment of differences among the
varieties were focused on major, reproducible bands,

The pattern of the four enzyme activities in inflo-
rescence extracts analyzed by IEF-PAGE was identical
for all four varieties studied. The acid phosphatase
ispzymes consistently showed two bands with enzyma-
tic activity in all four varicties studied (Table 1), al-
though one band of pl-4 showed inconsistendy in
either the Malayan Green or the Malayan Red Dwarf
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varieties (data not shown). The esterase isozymes also
showed an identical pattern of two bands in all four
varicties analyzed (Table 1), but only one ADH and one
MDH with identical pls were detected (Table 1). The
activity of peroxidase isozymes was also sludied in the
same extracts, but the patterns were very dilferent in
each of five experiments (data not shown), suggesting
that, rather than polymorphism due to variety, external
factors influenced the expression of these enzyme acli-
viues,

Table 1. Isoelectric points of acld phosphatases, esterases, MDH
and ADH from laflorescence extracts of different va-
rieties of Cocos nucifera from Yueatan.

acid
phosphatase  esterases MDH  ADH

Matayan Yellow Dwarf 66 69 6,69 69 69
Malayan Green Dwarf 66,69 6,69 69 69
Malayan Red Dwarf 66,69 6,69 69 69

Atlantic Tall 66,69 6,69 69 69

The same enzyme activitics were analyzed in
extracts of pinnac from leaves. Although the number of
major bands varied in some cases compared to the ones
detected in inflorescence extracts, the patterns of MDH,
ADH, esterases and acid phosphatases were identical in
all four varieties analyzed (Table 2). Five acid phos-
phatase bands were observed in all four varieties (Table
2). Contrary to the inflorescence extract patterns, three
esterase bands consistently observed in the leaf extracts
of the four varieties analyzed (Table 2). Finatly, four
bands with ADH and MDH activitics with identical pls
were detected in all four varicties (Table 2). The
proteins with peroxidase activity in these extracts were
also irreproducible in all four varietics tested.

Table 2. soclectric points of acid phosphatascs, esterases, MDH
and ADH from leaf extracts of difTerent varieties of
Cocos nueifera from Yucatan

acid
phosphatase esterases  MDH  ADH

Malayan Dwarves 26,66, 6871, 29,69 308,67
All varictics 76,73, 74 73,75 72,75
{Yellow, Green, Red) 75

Addantic Tall 26,66 6871 2969 310,67
70,73 74 13,75 72,715
75

Due to the high degree of monomorphism found
with the enzyme activities tested in inflorescence and
leaf extracts, and the high variation that the peroxidase
activities displayed, analysis was focused on fruit en-
dosperm, since it is the organ with the most coastant
physiclogical stage at maturity. Mature fruits of all four
varieties were analyzed and selected according to the
criteria described by Harries (6). The extracts from the
endosperm were extracted under nondenaturing
conditions and analyzed by IEF-PAGE. The resulting
gels were incubated in substrates to detect PGl and
peroxidase activities. The pattern obtained for the PGI
activities was identical [or all four varietics analyzed

(Fig. 1).

Fig. 1. Isozyme pattern of phosphogluco-isomerase activities from
mature solid endosperm from Cocas nucifera after isoeiectric
focusing on polyserylamide gels  The lanes correspond to
extracts from the varicties: 1, Atlantic Tall; 2, Malayan Red
Dwarf; 3, Malayan Green Ddwarf; and 4, Malayan Yellow
Dwarf ‘The symbols represent the acidic (+), and basic ()
ends of the gel
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However, the peroxidase activity patiem showed a
band with a pl-4 that was present only in the three
Malayan Dwarf extracts (Fig. 2, lanes 1-3), and com-
pletely absent in the Tall variety (Fig. 2, lane 4). This
pattern was consistent in five independent experiments.
In a parallel analysis, IEF-PAGE gels were stained with
ammoniacal silver to detect tolal protein. A protein
band of pi-4 that was present in all three Malayan
Dwarf varietics was again observed (Fig, 3, lanes 1-3),
but absent in the Tall varicty (Fig. 3, lane 4), 1t is
important 1o note that ali three Malayan Dwarf varictics
had identical paterns in all the analyses.

Fig. 2. Isozyme pattern of peroxidase activilics from mature solid
endosperm {rom Cocos aucifera afler isoelectric focusing on
polyacrylamide gels. The lanes correspond to extracts {rom
the varieties: 1, Adantic Tall; 2, Malayan Red Dwarf; 3,
Malayan Green Dwarf; and 4, Malayan Yellow Dwarf, The
arow indicaies the position of glectrofocusing of a protein of
pl—4 0 The symbols represent the acidic (+), and basic ()
ends of the gel

In addition to the analysis carried out by IEF-
PAGE, differences at the level of total protein on SDS-
PAGE gels were studied. The proteins were run and
stained with Coomassic Blue. The analysis showed
consistency in the protein patterns of the Malayan
Dwarf varieties; however, all three varieties consisten-
tly showed two polypeptides of Mrs ~18 000 and 38 000
(Fig. 4, lanes 2-4) that were almost not able to be
detected in the Tall variety (Fig. 4, lane 1}.

Fig. 3. Total protein pattern {rom mature solid endosperm from
Cocas nucifera afier isoclectric focusing on polyacrylami-
de gels, and subsequent silver staining. The lanes corres-
pond to extracts from the varieties: 1, Malayan Yellow
Dwarf; 2, Malayan Green Dwarf; 3, Malayan Red Dwarf;
and 4, Atlantic Tall. The arrow indicates the position of
electrofocusing of a protein of pl-4.0. The symbols repre-
sent the acidic {+), and basic (-} ends of the gel
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Fig. 4. Totl protein pattem from mature solid endosperm from
Cocosnucifera after sodivm dodecyl sulfate-polyacrylamide
gel electrophoresis, and subsequent coomassie bluc stain-
ing. The lanes correspond to extracts from the varieties: 1,
Atantic Tall; 2, Malayan Red Dwarf; 3, Malayan Yellow
Dwarf; and 4, Malayan Green Dwarf 'The arrows on the
right indicate, from top 1o bottom, the molecular weight
markers: carbonic anhydrase, 29 000; cytochrome ¢, 13
000 The arrows on the lefl indicate, from top 1o botom,
proteins with a relative mobility of 38 000, and 18 000

Resuits demonstrate aclose interrelationship among
all four varieties of coconut, especially among the Ma-
layan Dwarf varietics. However, slight differences in
the protein expressionallow the researchertodistinguish
between a Malayan Dwarf and an Atantic Tall tree.

DISCUSSION

Among the varieties of Cocos nucifera in Yucatan,
the Malayan Dwarf and the Adtantic Tall varictics
predominate, In addition to the phenotype, biochemi-
cal criteria for the assessment of the particular variety
are necessary. Further, a catalog of biochemical mark-
ers can be most helpful in the establishment of a taxon-
omical system that will allow the classification of all
existing germ plasm in Mexico.

In this study, the existence of such biochemical
markers of variely in the coconut trees that predominate
in the coast of Yucatan were sought. Two types of
analyses were carried out: one Lo determine isozyme
patterns in the four varieties mentioned, in order to
observe differences in the expression of these proteins;
the other, to ook for differences at the level of total
proteins, both under nondenaturing and denaturing
conditions.

Analysis of isoenzyme patterns in both inflores-
cence and Jeaf extracts showed that in all four varicties
of coconut the expression of these proteins is well
conserved, indicating a close evolutionary interrcla-
tionship, The acid phosphatases and the esterases
showed a similar pattern in the extracts from inflores-
cences, suggesting that they may be cquivaleatenzyme
activitics, asesterases have a broad substrate specificity
(13). On the other hand, the ADH and MDH identical
isozyme patterns may be distinct proteins, unless they
are the result of general dehydrogenase activitics with
a broad substrate specificity. The peroxidase activitics
seemed to show a high degree of polymerphism at firsy,
but subsequent experiments showed that the patiems
were not consistent. This suggests that the cxpression
of these enzymes is highly influcnced by external
factors and/or the physiological stage of the plant, Due
to this, and based on a previous report of taxonomical
studics carricd owt on the Palmaccac plant, Astro-
caryum mexicanum (5), analyses were [ocused on {ruil
which was less susceptible to variation in protcin ex-
pression due to external factors.

Since all four enzyme aclivilics excepl peroxi-
dases, prescnicd monomorphism, the analysis of the
activities of PGIs and pcroxidases by IEF-PAGE in
fruit endosperm was chosen. In five independent ex-
periments, it was found that the PGl activity bands werc
identical in the four varictics analyzed. However, the
peroxidase activitics, although identical in all three
Malayan Dwarl varietics, showed an activity band of
pl~4 that was present in the dwarves but absent in the
tall variety. A similar result was obtained when tatal
protein was analyzed in paralicl gels; a protcin band of
pl-4 was also detected in all three Malayan Dwarf
varictics, but was absent in the tall varicty. Aithough
they have similar pls, we do not know whether the
protein detected by the silver stain is the same one that
displays peroxidasc activity.

Alicrnatively, the analysis on SDS-PAGE geis ol
the tolal proteins of all four varictics under denaluring
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conditions showed an identical pattern in the throe
Malayan Dwarf varictics; however, two polypeptides
of Mrs 18 000 and 38 000 were virtually absent in the
tall varicty,

Our results indicate that the four varictics of C.
nucifera are closcly interrelated, with the @l variety
diverging slightly in the expression of some proleins.
We do not know that the significance of extra proteins
in dwarl varictics is, afthough we might speculaie that,
for example, the extra peroxidase activily provides
protcction against the atack of pathogens (2). This
nitial finding of biochemical differences between dwarf
and tall varicties of C. nucifera indicates that differen-
ces among varictics and ccotypes can be established
further by two-dimensional gel clectrophoresis or by
molecular analysis at the gene level, In addition, these
data could be used (o certify cither Malayan Dwarf or
Atlantic Tall trees, as well as estabhish a taxonomical
calalog for coconut varietics in Mexico.

CONCLUSIONS

1. IEF-PAGE analysis of leal and inflorescence
extracts yiclded acid phosphatase, esterase, malate
dehydrogenase, and alcohol dehydrogenase isory-
mes which were monomaorphic in Atlantic Tall,
and Malayan Red, Green and Yellow Dwarf varie-
tics of coconut from Yucatan,

2. IEF" and SDS-PAGE analyses [rom {ruit endos-
perm extracts showed that the Atlantic Tatl can be
distinguished from the three Malayan Dwar{ varic-
tics by the following: a) a peroxidase of pl~4
predominantly present in the Malayan dwarves; b)
a silver-stained polypeptide of the same pl also
present in the dwarf varicties; and ¢) two polypep-
tides of Mrs-18 000 and 28 000 predominantly
present in the dwarl variclics.

3, Malayan Red, Green and Yellow Dwarl variclics
were indistinguishable among themscelves by any
of the analytical procedures.

4, Although all four varictics are closely related,
slight differences in their isozyme and prolein
patterns could be detected (i.c., one protein band by
[EF page and two by SDS-PAGE), which suggests
that further analysis could be used for classilica-
tion of other varicties.
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Estc volumen prescnta ol progreso de los estudios
sobre materia orgdnica en suclos y su aplicabilidad
agricola. Los aspectos bisicos y ¢l impacto ambicnital,
especialmente en condiciones de las zonas templadas,
son también considcrados.

El material cstid organizado en cinco secciones,
cada una con un comentario introductlorio acargo de un
conocido especialista en cl campo,

En 1a primera scceidn, casi una cuarta parte del vo-
lumen, se examina la informacion recienle sobre la
composicidnquimica y cstructurade la materin orginica.
Se dedica gran atencidn al estudio de los métodos ins-
trumentales recientescomo elde laresoranciamagnética
auclear,

En una scgunda scceion mds breve se trata de la
relaciGn entre materia orgdnica y calidad de agua. Se
examinan los problemas ocasionados por los plaguicidas
ent ¢l agua y, especialmente, el transporte de nitralos.

19.ZIZUMBO VILLARREAL, D ; ARELLANO MORIN, j. 1989,
Establecimicnto de una eoleccién de plasma germinal de
Cocos nucifera L. de México en condiciones de vivero en
Temozdn Norte, Yucatin: Reporte Técnico. Mérida, Yucatin,
Méx., Centro de Investigacién Cientifica de Yucaidm,
Comisién Nacional de Fruticultura

20 ZIZUMBO VILLARREAL, V D.; HARRIES, 1.C. 1990 El
amarillamiento leiak del cocotero en México M.E- Roben, D
Zizumbo Villarreal {Eds ). Mérida, Yucatén, Méx., Centro
de Investigacién Cientifica de Yucatin 197 p

En la tercera scocion sc analiza la relacidn entre
materia orgdnica en suclos y su estruclura, con énfasis
especial en la estabilidad de agregados secundarios,
ianto en suclos de regiones templadas como en los
udpicos. Este, como los otros capitulos, se distinguen
porcontener un gran volumen de resultados experimen-
tales de campo, citados en apoyo a las presentaciones
principales.

En I3 cuarta seccién se informa sobre las transfor-
maciones de la materiaorganica en suelos. Se examinan
aspectos novedosos come el efecto de niveles aumen-
tados del CO2 atsmosférico y el uso del C14 producidos
por explosiones nucleares, como indicador de la des-
composicidn de la maleria orgdnica.

La quinta seccidn examina el efecto de la materia
organica sobre la fertilidad de sueclos; cl efecto de
residuos agricolas como de los urbanos ¢ industriales.
Se examina tambicn cl papel central desempefiado por
la materia orgdnica en la agriculiura orgdnica.

El volumen concluye con un amplio indice de
materiales; bien documentado y editado sobre el estado
actual de la investigacién sobre materia orgdnica.
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