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SUMMARI 

The importance of neem (Azadirachta indica A. Joss.) as a medicinal tree species has been acknowledged worldwide. 
Superior trees with desired traits such as high azadirachtin content have been identified and micropropagated. Somaclonal 
variants that may arise in vitro, however, pose limitations to large-scale micropropagation. It is, therefore, imperative to 
establish genetic uniformity of such plantlets by ensuring strict quality checks at various stages of in vitro culture. This is 
the first study that evaluates the applicability of amplified fragment length polymorphism (AFLP) markers in establishing 
clonal fidelity of tissue culture(TC)-raised neem plants. Seven AFLP primer combinations generated a total of 334 
amplified fragments across the mother plant, TC progenies, and other neem accessions that were included as controls. Two 
hundred and thirty-nine amplified fragments were monomorphic across the mother tree and its TC progenies. No extra 
hand was detected in the TC plantlets that was absent in the mother tree, indicating that the TC plantlets regenerated 
through nodal explants are indeed true-to-type. Ninety-five AFLP fragments were detected in the controls, which allowed 
their discrimination from the elite mother tree and its TC progenies. Similarity matrix based on Jaccard’s coefficient 
revealed that the pair-wise value between the mother tree and its ’1°C plantlets was ’I’, indicating perfect similarity. 
Phenetic dendrogram based on UPGMA (unweighted pair group method of arithmetic averages) analysis further confirmed 
the true-to-type nature of.TC progenies, since a tie was observed between the mother tree and its IC plantlets. On the 
contrary, the control neem accessions were distinct from the mother and its TC progenies. AFLP markers proved to be an 
ideal tool for routine analysis and certification of genetic fidelity of micropropagated plants prior to commercialization, 
especially in tree species because of their long generation time. 

Key worth: tissue culture; genetic fidelity; Azadirachta indica; molecular markers. 

Is rnouucrius 

Ncem (Azadirachta indica A. Joss.), a member of the Meliaceae, 
is a multipurpose tree species native to the Indian sub-continent 
and Mayanttmar. It is endowed with a number of medicinal and 
biopesticidal properties. More recently, neem has received 
international recognition owing to the increasing demand for a 
number of bioactive chemicals that are present in its kernel, leaves, 
and bark (Schmutterer, 1995), one of them being azadirachtin. This 
compound has been characterized extensively for its insecticidal 
properties which mainly stem from its antifeedant and growth-
regulating effects (Schmutterer, 1995). The growing demand for 
azadirachtin has prompted scientists to determine its content in 
naturally growing trees. This has led to the identification and 
selection of superior individuals (plus trees), that are endowed with 
high azadirachtin content (Ganeshkumar et al., 1994; Rangaswamy 
and Paramar, 1995; \rcnkateswarlu et al., 1997). Studies have also 
been undertaken to assess the genetic variation and identify elite 
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individuals in this medicinal tree for improvement programs. Our 
earlier studies, using amplified fragment length polymorphism 
(AFI.P) markers, have revealed a large genetic variation in 
provenances collected from 10 different states of India (Singh et al., 
1999). However, neem is a natural out-breeder and produces highly 
heterozygous progenies. Thus, it becomes meaningful to micro-
propagate the plus trees through tissue culture practices even 
though vegetative propagation and tissue culture methods have 
been optimized to produce true-to-type planting material in neem 
(Pal, 1995; Venkateswadu et al., 1998). Somatic embryos have been 
initiated from mature seeds in neem (Murthy and Saxena, 1998). 
Mieropropagated shoots have also been initiated from leaf explants 
(Eeswara et al., 1998). 

It has been extensively reported that tissue culture-induced 
genetic variations (somaclonal variations) are quite common in 
clonally propagated plants (Larkin and Scoweroft, 1981; Earle and 
Demarly, 1982). Somaclonal variations can pose a severe threat to 
the genomic integrity of regenerated plants. Since the sustainability 
of the micropropagation technique is dependent upon the 
maintenance of genetic fidelity of the regenerants, several strategies 
have been adopted to analyze the genetic fidelity of the TC-raised 
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progenies. Rigorous examination becomes all the more critical for 
perennials such as tree species where the reproductive cycle is 
long. 

DNA -based markers provide an efficient way for screening TC-

induced mutations since these markers are not affected by 
environmental factors and present more reliable and reproducible 

results. Restriction fragment length polymorphism (RFLP) markers 

have been utilized extensively for ascertaining the clonal fidelity of 

micropropagated plantlets (Shenoy and Vasil, 1992; Kidwell and 

Osborn, 1993; Nelke et al., 1993). PCR-based markers such as 

randomly amplified polymorphic DNA (RAPD) have also been used 

for detecting off-types from micropropagated plants such as rose 

(Matsumoto and Fukui, 1996) and sugar beet (Munthali et al., 

1996), and for ascertaining the clonal fidelity in Lilium (Varshney 

or at., 2000), turmeric (Salvi et al., 2001), and peach (Ilashmi et al., 

1997). Inter simple sequence repeat (ISSR) markers have been used 

for establishing the genetic fidelity in horseradish (Rostiana et al., 

1999) and in cauliflower to assess the stability of regenerants (Leroy 

et al., 2000). AFLP, a recently developed molecular marker, has 

now become a preferred technique as it combines the reliability of 

RFLP with the efficiency of RAPD (V05 et al., 1995). This excellent 

technique has been used for analyzing the genetic variation in 

pecan somatic embryoids (Vendrame et al., 1999). 
In the present study, an elite neem tree was micropropagated 

according to the protocol described by Venkateswarlo et al. (1998) 

involving culture of nodal explatats followed by axillary shoot 

multiplication. The objective of the study was to ascertain clonal 

fidelity of these micropropagated neem plumbers by employing 

AFLP marker techniques to verify the trueness of type in 

micropropagated plants of this long-lived tree. 

i\ttrEitivt,s AND f’.iler ttoos 

Plant material. The selected mother plant for micro1sropagation is a 14-
yr-old plus tree naturally growing at the Ilayathnagar Research Farm of 
CRIDA (Central Research Institute for Dryland Agriculture), Hyderabad 
(Andhra Pradesh). It contains 0.6% azadiraehtin, 43% oil in kernels, 9g per 
100 seed average weight, 40kg air-dried average fruit yield per yr, 2.4 m 
straight bole, and is tolerant to the partial stens parasite Lorandttss. The 
progenies were raised through tissue culture according to the protocols 
described by Venkateswarlu et al. (1998). The procedure briefly involved 
culturing of nodal explains front the juvenile shoots of the mother tree, 
axillary shoot multiplication in vitro, rooting ex vitro in artificial substrate, 
and hardening off in the greenhouse. When plants were 6 nto. old, young leaf 

material was collected and used for DNA extraction. For the present work, 
one elite mother plant (accession A, as described above) sIting with nine 
randomly selectedIC-raised progenies (accessions B�i) were analyzed. In 
addition, six Indian accessions (K�P) and two Thai accessions (9, R) were 
included as controls for the analysis. The characteristics of the four controls 
from Hyderabad are given below. Accession K is another plus tree with very 
high fruit yield (80-100 kg yr t) even in drought seasons. It is characterized 
as having 0.7% azadirachtin, 43% oil, and has 135cm girth at breast height 
(GBH). Accession L is a 20-yr-old mature plus tree with a very high 
azadiraehtin content of 0.85% but is highly susceptible to Loranthus, 
Accessions M and N are characterized by moderate to low levels of 
azadiraehtin, 0.5% and 0.3%, respectively. 
DNA extraction and AFLP analysis. Total genomic DNA was isolated 

front young leaves using a modified CTAB method (Doyle and Doyle, 1990). 
The ArtY protocol employed is based on the protocol developed by Zabeau 
and Vos (1993) with some minor modifications (Das et al., 1999). Briefly, 
genomie DNA (300n& was restricted with EcoRl and MacI followed by 
ligation with EcoRl and MacI specific adapters. Pre-amplification of the 
adapter-ligated DNA was performed using A and C as selective nucleotides 
(EcoRl + A and MacI + C, respectively). Cycling parameters employed were 
as follows: 20 cycles of 30s at 94CC, 60s at 56°C, and 60s at 72°C. For 
selective amplification, the pre-aniplified library was diluted 50-fold and 
used as template DNA. EcoRl and MacI printers with three selective bases at 
the 31 end were employed for selective amplification. For detection, 
EcoRl + 3 primer was end-labeled. The following cycling parameters were 
utilized for selective amplification: 1 cycle of 30s at 94°C, 30s at 65°C. and 
72°C for 60 s. Starling from 65°C, the annealing temperature was reduced by 
0.7°C per cycle during the first 12 cycles, and then 23 cycles were performed 
at 94CC for 30s, 56°C for 30s, and 72°C for 60s. The samples were 
electrssphoresed on 6% polyaetylanade gel and autoradiogra1shed according 
to the standard conditions (Zhu et al., 1998). 

Darts anaiyai.s. The size of amplification products generated with seven 
primer combinations (Fable I) ranged front 50 to 350 bp. The AFLP 
amplification products were scored for their presence (1) and absence (0) 
across the 18 individuals tested. The genetic similarity (GS) between pairs 
was estimated according to Jaecard’s coefficient çJaccard, 1908, GS,  = 
ala + Is + c, where GS, is the measure of genetic similarity between 
individuals i and), a is the number of polymorphic bands shared by i andj, 
is the number of hands present in i and absent in), and a is the number of 
bands present inj and absent in it. The statistical analysis was carried out 
using the NTSYS-pc software (version 2.0, Rohlf, 1998). The 1thenetic 
dendrogram was constructed by employing UPCMA (unweighted pair group 
method of arithmetic averages; Sneath and Sokol, 1973) in order to group 
ittslividuals into discrete clusters. 

RESULTS AND Dtsccssiox 

The present study aimed at ascertaining the genetic uniformity of 

the nuclear genome of the mother plant and its TC-raised progenies, 

in order to establish true-to-type character by employing the AFLP 

TABI.E I 

INFORMATION OBTAINED FROM VARIOUS PRIMER COMBINATIONS 

Total number of amplification 
Total number of amplification products in negative control 

Total number of products in the mother and the which are absent in the mother 

Primer, combinationt used atts1sliiication products tissue culture progeny and the tissue culture progeny 

E-ACG >< M -CAC 54 37 17 

E-ACC N M -CAA 49 35 14 
E-AAC x M-C-rr 61 39 22 
E-AGC N M-C’I’I 48 39 9 

E-AGC x M -CAC 35 26 9 
E-ACTX M -CAT 37 26 11 
E-AAC N M -CAC 50 37 13 

Total 334 (nsean = 47) 239 95 
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de 
la Decision 486 de la ComisiOn de la Comunidad Andina, se le comunica: 

1. Documentos estudiados 

DescripciOn: Folios: 9 a 22 coma se radico inicialmente. 

Reivindicaciones: Folios: 23 a 28 como se radicO inicialmente. 

2. Objeto de la invención 

Titulo do la solicitud: "MØtodo para la detección de la estabilidad genØtica de 
embriones somÆticos de Aliso andino". 

El objeto de la presente solicitud de patente de invenciÆn consiste en suministrar un 
metodo para evaluar por medio de AFLPs la estabilidad genØtica de plantas de Aliso 
andino (A/ntis acuminata spp acuminata), regeneradas a partir de embriones 
somÆticos. 

El problema planteado en esta solicitud es la variaciOn genØtica e inestabilidad 
genØtica que pueden presentar las especies arbOreas que son regeneradas a partir 
de cultivo de tejidos a partir de embriones somAticos 0 por organogØnesis en 
general. 
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Para solucionar este problema tØcnico la solicitud en estudio proporciona un mØtodo 
que permite detectar la estabilidad genØtica del material de A/ntis acuminata 
subespecie acuminata a partir de embriogØnesis somÆtica. 

PC: A01H 1/04; AO1H 5/10; C12N 15/66. 

3. De la solicitud de Patente 

3.1. Reivindicaciones (articulo 30 D 486) 

El capitulo reivindicatorio presentado carece de concision y claridad por cuÆnto: 

1) A lo largo de todo el capitulo reivindicatorio se evidencia que la materia que se 
pretende proteger corresponde a Ia estandarización de una tOcnica 
ampliamente conocida, como son los marcadores AFLPs, para determinar la 
estabilidad genØtica de embriones de Aliso andino. Varias reivindicaciones se 
limitan a presentar las condiciones especificas con las cuales se realiza un 
protocolo experimental conocido, como es: extracciôn de DNA (reivindicacion 
5), digestion y Ugaciôn en AFLP (reivindicaciOn 10-14), amplificaciOn 
(reivindicaciOn 15,17-19), visualizaciôn en geles de agarosa (reividicaciôn 16), 
visualizaciOn y tinciOn de geles de acrilamida (reivindicaciones 20-28). 

2) Una etapa de la reivindicaciOn principal y algunas reivindicaciones 
dependientes (29-32) hacen referenda a mØtodos estadisticos o de anªlisis 
filogenetico que permiten analizar los resultados obtenidos, pero que no 
corresponden a caracteristicas tØcnicas esenciales de la invenciôn. 

3) Las reivindicaciones 9 y 26 mencionan kits y marcas comerciales, este tipo de 
informacion no se debe incluir en las reivindicaciones. 

4) La reivindicaciOn 33 trata sobre el objeto de la invenciOn o el resultado que se 
pretende alcanzar con la misma. 

De esta manera, el capitulo reivindicatorio presentado no cumple con los requisitos 
establecidos en el art. 30 de la Decision 486. 

4. No es una invención (articulo 15 D486 literal a) 

Las reivindicaciones 8 y 32 tratan sobre ecuaciones con las cuales se realiza un 
cÆlculo particular, debido a que las ecuaciones matemàticas no son materia que se 
considere una invenciOn, asi como tambien que estas ecuaciones no han sido 
desarrolladas pore! inventor sino que son metodos de cÆlculo ampliamente utilizados 
en la tŁcnica, no pueden ser consideradas como objeto patentable. 

De esta manera y de acuerdo a lo establecido en el articulo 15 de la DecisiOn 486 el 
contenido de las citadas reivindicaciones deberÆ excluirse. 

5. Determinación del Estado de  la TØcnica 

La fecha que se ha tenido en cuenta para determinar el Estado de la TØcnica es: 
Fecha de presentaciOn de la solicitud 15/06/2005. 

Teniendo en cuenta la fecha indicada se realizo la bUsqueda en el estado de la 
con la solicitud encontràndose los siguientes 
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No Documento Titulo Fecha de 
publicación 

Gonzaga L. Scientia et Technica "Marcadores moleculares AFLP de DI Ano X, No 25, pp 285289. plantas donadoras de Aliso Alnus Ago/2004 
acuminata H.B.K." 

A. Singh etaL In Vitro Cell. Dev. "Molecular analysis of micropropagated 
02 Biol.-Plant 38:519-524 Neem plants using AFLP markers for Sep/2002 

ascertaining clonal  

El Documento de Gonzaga L (Dl) aunque hace parte del estado de la tOcnica no 
serÆ tenido en cuenta como anterioridad debido a que se trata de un documento 
realizado por el inventor de la solicitud, el cual tue divulgado durante el aæo anterior a 
a fecha de presentacion de la presente solicitud. 

6. Anàlisis de patentabilidad (articulo 14 D486) 

6.1. Nivel inventivo (articulo 18 D486) 

La solicitud divulga un mOtodo que permite la detecciOn de la estabilidad genØtica a 
partir de embriogØnesis somÆtica del material obtenido de Alnus acuminata 
subespecie acuminata, a partir del uso de marcadores AFLPs (reivindicaciones 1 a 
32) 

El documento de Singh et.aL (D2), divulga un anÆlisis de valoraciOn de fidelidad o 
estabilidad clonal de micropropagados de plantas de Neem, usando marcadores 
moleculares AFLPs. Teniendo en cuenta que: 

� El documento D2 tambien toma material vegetal a partir de micropropagados, 
tales como explantes de raiz, yemas axilares y apicales, que presentan 
inestabilidad genØtica debido al proceso de desdiferenciaciOn que representa 
la formaciôn de callo (ver pÆg 520, columna izq); 

� TambiØn se utilizan metodos de extracción de DNA y AFLPs para la valoraciôn 
de la estabilidad clonal (ver pÆg 520, columna derecha); 

� Las enzimas a partir de las cuales se realiza la digestion del DNA vegetal son 
las mismas, una combinaciOn de enzimas MseI y EcoRl (ver pag 520, 
columna derecha); 

Las diferencias entre D2 y la solicitud en estudio son dos: 

1) la especie sobre la cual se realiza la valoracian de la estabilidad genØtica, 
puesto que D2 trabaja con Azadirachta indica, mientras que la solicitud lo 
hace con Alnus acuminata subespecie acuminata en ambos casos se trata de 
especies arbóreas. 

Sin embargo, Ia estandarizacian de una tØcnica ya conocida, tal como son los 
AFLPs para valorar la estabilidad genØtica, aplicada a una especie en 
particular Unicamente requiere determinar las condiciones particulares en las 
cuales se puede realizar un protocolo. Por tanto, una estandarizacion se 
considera una actividad que carece de nivel inventivo. 

2) El material vegetal a partir del cual se realiza la propagaciOn, puesto que en 
D2 se realiza a partir de explantes de raiz, yemas axilares y apicales, mientras 
que en la solicitud se hace a partir de callos embriogenicos, embriones 
somªticos, plÆntulas in vitro, plantulas de vivero a Ærboles adultos. 



45 

Sin embargo, el material a partir del cual se realiza la propagación no 
representa ni un cambio sustancial en la tecnica ni da lugar a un efecto 
tØcnico, puesto que en ambos casos se logra el mismo objeto: regenerar Ia 
planta (con mayor o menor variabilidad gen(§tica) de la cual se toma el 
material a partir del cual se extrae el DNA. 

Como se observa, el metodo planteado en la solicitud consiste en una 
estandarizaciôn de una tØcnica conocida (uso de marcadores AFLP5), que ademØs 
ya ha sido empleada para solucionar el mismo problema tØcnico. For tanto, el 
mØtodo planteado en la solicitud es una derivacion obvia del estado de la tØcnica. 

De esta manera, el mØtodo reclamado carece de actividad inventiva de acuerdo con 
lo establecido en el articulo 18 de la Decision 486. 

7. Conclusion: 

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi: 

Requisito 
queA.

 

Documento N° Reivindicaciones afectadas 

[D2 

afecta 
Singh etal. In Vitro Cell. 1-33 I Nivel inventivo 

Dev. Biol.-Plant 38:519-524 I I 

En cumplimiento del artIculo 45 de la Decision 486 de la Comision de Ia Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de 60 dias contados 
a partir de la fecha de notificaciôn de  la presente comunicación. En caso de no dar 
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los 
impedimentos para la concesión, se denegara la patente. 

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del 
capitulo quinto del titulo primero de la Circular Unica No 10 de 2001. 

ALIX CARN)ENZA CESPEDES DE VERGEL 
Jefe de Di/sión de Nuevas Creaciones 

El anterior requerimiento fue notificado por fijacion en lista, de fecha 

CONCEPTO TECNICO No. EXAMINADOR TECNICO 
1516 Côdigo No.202052 


