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Abstract
Regenerated plants derived
from somatic embryogenesis,

using immature male flower
technique of two banana Caven-
dish cultivars namely 'Grand Na-
ine' and 'Williams', were used for
somaclonal variation analysis.
Thirty primer combinations of
the amplified fragment length
polymorphism marker system
(AFLP) were used. A total of
1293 and 1302 bands were gen-
erated, of which 1275 (98.6%)
and 1281 (98.4%) were mono-
morphic, and 18 (1.4%) and 21
{1.6%) bands were polymorphic
in '‘Grand Naine' and 'Williams',
respectively. Both cluster analy-
sis of unweighted pair-grouping
method with arithmetic averages
{(UPGMA) and principal coordi-
nate (PCO) analysis separated the
two cultivars, and grouped each
cultivar with s regenerated
plants. AFL.P analysis showed 8
and 16 bands specific to the re-
generated plants of 'Grand Naine'
and 'Williams', respectively,
these were absent in their par-
ents, in addition, we found evi-

dence of the absence of 10 and 5
bands in the regenerated plants,
respectively, which were pre-
sented exclusively in their paren-
tal plants. Such specific bands
presented in the regenerated
plants could be useful for further
investigation on the genetic iden-
tification of somaclonal variation
in banana. On the other hand,
regenerated plants of both culti-
vars were transferred to the field;
no gross phenotypic alteration
has been detected until the be-
ginning of the flowering period.
However, further field evaluation
of individual plants is required
for the observation of possible
phenotypic somaclonal variants
that may show useful characters,
¢.g. resistance to biotic or abiotic
stress as well as high yield and
fruit quality.
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arithmetic averages.
Introduction:

Plants regenerated from so-
matic cell cultures may exhibit
variation which may have a ge-
netic or non-genetic basis. Ge-

netic variation that occurs
through plant tissue culture has
been termed as ‘somaclonal

variation' {Larkin and Scowcroft,
1981). For obtaining true to type
plants from a selected genotype,
somaclona!l variation is undesir-
ablee. On the other hand,
somaclonal variation offers pros-
pects for the recovery of useful
mutants in tissue culiure and for
genetic improvement of banana
(Sahijram et al, 2003).
Somaclonal variants derived
from banana and plantam mi-
croprpoagation  with different
types of plant morphology and
genetic  variation have been
widely reported (Sahijram er ol,
2003; Giménez er al, 2005; Bairu
et al, 2006; Mohamed, 2007 and
Sheidai et al, 2008). Unlikely,
few studies have been published
on the occurrence of off-iypes
banana plants produced through
somatic embryogenesis (Strosse
et al, 2003). In this regard, Cote
et al, (2000a) found that, a num-
ber of plants derived from so-
matic embryogenesis, in 'Grand
Naine', were true to type and
have agronomic characteristics
comparable to in vitro plaatlets
derived via wmicropropagation.
Similar findings were obtained
with 'IRFAS03' plants derived
from seven months old cell sus-
pensions {Cote er al, 2000b).
Contrary to these results,

Shchukin er al, (1997) found that
3.6% of somatic embryogenesis-
derived regenerants of 'Grand
Naine' were off-types.

Several molecular mark-
ers have been used for detecting
somaclonal variation at the mo-
lecular level in banana and plan-
tains including; randomly ampli-
fied polymorphic DNA {Bairu ef
al, 2006; Mohamed, 2007; Shei-
dai et al, 2008 and Vida! and
Garcia, 2000), inter simple se-
quence repeats (Lakshmanan es
al, 2007), sequence characterized
amplified region (Suprasanna er
al, 2008), representational differ-
ence analysis (Oh er al, 2007),
selective amplification of mi-
crosatellite polymorphic loci
{Giménez et al, 2005), amplified
fragment length polymorphism
(AFLP) and methylation-
sensitive amplification polymor-
phism (Engelborghs er al, 1998,
James er al, 2004; Engelborghs et
al, 2004 and Bhatia ef al, 200%).

The objective of this part of
the present study was to detect
the extent, if any, of somaclonal
variation in plants derived from
somatic embryogenesis, using
immature male flowers method,
of two banana cultivars namely
'Grand Naine' and 'Williams'
{(Musa acuminata Colla, AAA),
using AFLP marker system.
Materials and methods:

Plant materials:

Plants were derived via so-
matic embryogenesis using the
immature male flowers from the
two Cavendish cultivars 'Grand
Naine' and 'Williams' (Y oussef er
al, 2010a). Young cigar leaves
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from; 50 randomly selected re-
generated plants and 20 mother
plants from each cultivar were
collected from the Instituto Na-
cional de Investigacion Fore-
stales, Agricolas y Pecuaries
{INIFAP) experimental research
farm at Uxmal, Yucatan, México
(Lat. 20° 24" 40.10" N, Long.
89° 45" 2490 E, 8m altitude
above sea level). Tissues were
disinfected for one minute each
step, with sodium hypochlorite
6% (v/v) and ethanol 70% (v/v),
rinsed with distilled water, and
excess of water removed with
paper towel. Subsequently, leaf
samples (100 mg) were weighted,
wrapped in aluminium foil and
frozen using liquid nitrogen and
stored at -80°C until their use.
DNA extraction:

Total genomic DNA from all
samples under study was ex-
tracted according to Dellaporta et
al, (1983} with some modifica-
tions. DNA concentration was
determined using a spectropho-
tometer according to Stulnig and
Amberger, (1994).

AFLP analysis:

AFLP analysis was per-
formed according to Vos ef al,
{1995} with some modifications.
Two DNA-buik samples from 20
mother plants of ecach Williams
and Grand Naine genotypes, and
two DNA-bulk samples from 50
regenerated plants from each cul-
tivar, were used. Each bulk was
made by mixing constant concen-
tration of DNA from a mother or
regenerated plants. Two hundred

and fifty nano-grams of DNA
from each bulk was digested with
the restriction enzymes; Eco-R1
and Mse-1 (Invitrogen), followed
by adaptor ligation using DNA-
Ligase (Invitrogen} to generate
template DNA  for  pre-
amplification. PCR pre-
amplification was carried out
using AFLP primers each having
one nucleotide. The PCR pre-
amplified products were diluted
to 1:25 in H,O and used as tem-
plates for AFLP selective ampli-
fication using two AFLP primers
each containing three selective
nucleotides. Thirty primer com-
binations were used to detect the
somaclonal variation in this study
{Table 1). The final AFLP-PCR
products were separated on a 6%
sequencing gel (urea-PAGE) and
visualised by staining with silver
nitrate according to Bassam ez
al., (1991) with some modifica-
tions.

Data analysis:

The polymorphic bands were
scored independently as being
either present (1) or absent (0) in
each cultivar parentat plants-bulk
and regenerated plants-bulk.
Only strong, reproducible and

‘clearly distinguished bands were

used for the analysis. A bipary
data matrix indicating the pres-
ence (1) or the absence (0) of
bands was made from AFLP pro-
files. The percentage of poly-
morphism was calculated by di-
viding the number of polymor-
phic bands with the total number
of regenerated bands.
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Tabte (1): Sequences of thirty AFLP primer combinations

No. | Code Sequence (5°-37) No. | Code Sequence (5°-3°)
| | Eeol | GACTGCGTACCAATTCAAC |~ ™| Ecod | GACTGCGTACCAATTCACG
Mse-1 | GATGAGTCCTGAGTAACAA Mse-] | GATGAGTCCTGAGTAACAA
, | Eco-l | GACTGCGTACCAATTCAAC [~ "1 Eco4 | GACTGCGTACCAATTCACG
Mse-3 | GATGAGTCCTGAGTAACAG Mse-3 | GATGAGTCCTGAGTAACAG
, | Eco-l [ GACTGCGTACCAATTCAAC | | Eco-4 [ GACTGCGTACCAATICACG
Mse-15 | GATGAGTCCTGAGTAACTC Mse-15 | GATGAGTCCTGAGTAACTC
4 | Eeol | GACTGCGTACCAATTCAAC | 7| Ecod | GACTGCGTACCAATTCACG
Mse-16 | GATGAGTCCTGAGTAACTT Mse-16 | GATGAGTCCTGAGTAACTTY
s | Eeo-T | GACTGCGTACCAATTCAAC | Eco4 | GACTGCGTACCAATICACG
Mse-14 | GATGAGTCCTGAGTAACYTG Mse-14 | GATGAGTCCTGAGTAACTG
o | Eco2 | GACTGCGTACCAATTCAAG | , [ Eco5 | GACTGCGTACCAATICACT
Mse-I | GATGAGTCCTGAGTAACAA Mse-1 GATGAGTCCTGAGTAACAAJ
o | Eco2 [ GACTGCGTACCAATTCAAG |, | Eco-5 | GACTGCGTACCAATTCACT |
Mse-3 | GATGAGTCCTGAGTAACAG Mse-3 | GATGAGTCCTGAGTAACAG
g | Eeo-2 | GACTGCGTACCAATTCAAG [ " Eco-5 GACTGCGTACCAATTCACT |
Mse-15 | GATGAGTCCTGAGTAACTC Mse-15 | GATGAGTCCTGAGTAACTC
”*9 Eco2 | GACTGCGTACCAATICAAG [ | Eco-5 | GACTGCGTACCAATTCACT
| Mse-16 | GATGAGTCCTGAGTAACTT Mse-16 | GATGAGTCCTGAGTAACTTYT
0 I Eco-2 | GACTGCGTACCAATTCAAG 55 | Eco-S [ GACTGCGTACCAATTCACT
| Mse-14 | GATGAGTCCTGAGTAACTG Mse-14 | GATGAGTCCTGAGTAACTG
11 ]—Eco-il GACTGCGTACCAATTCACA 26 Ece-8 | GACTGCGTACCAATTCACC
Mse-1 | GATGAGTCCTGAGTAACAA Mse-1 | GATGAGTCCTGAGTAACAA
1 | Eeo-3 | GACTGCGTACCAATTCACA | .| Eco-8 | GACTGCGTACCAATTCACC
Mse-3 | GATGAGTCCTGAGTAACAG Mse-3 | GATGAGTCCTGAGTAACAG
13 | Eco3 [ GACTGCGTACCAATTCACA | | Eco-8 | GACTGCGTACCAATTCACC
Mse-15 | GATGAGTCCTGAGTAACTC Mse-15 | GATGAGTCCTGAGTAACTC
14 | Eeo-3 | GACTGCGTACCAATTCACA | | Eco-8 | GACTGCGTACCAATICACC
Mse-16 | GATGAGTCCTGAGTAACTT Mse-16 | GATGAGTCCTGAGTAACTT
|5 | Eco3 | GACTGCGTACCAATICACA | | Eco8 | GACTGCGTACCAATTCACC
Mse-14 | GATGAGTCCTGAGTAACTG Mse-14 | GATGAGTCCTGAGTAACTG
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The software NTSYSpc ver.
2.20s (Applied Biostatistics Inc.)
was used to calculate the genetic
similarities using Jaccard’s coef-
ficient {Jaccard, 1908) of similar-
ity. Cluster analysis was carried
out on similarity estimates using
the  unweighted  pair-group
method with arithmetic averages
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(UPGMA). Genetic distances
were calculated as [(1- Jaccard's
similarity) x 100]. One thousand
repetition counts were used to
generate the bootstrapping using.
Free Tree program. A 3D Scatter
plot of the principal coordinate
analysis (PCO) was also carried
out, using NTSYSpc program. .
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Results:

Regenerated plants from so-
matic embryogenesis, using im-
mature male flowers method, of
two banana cultivars namely
'Grand Naine' and 'Williams'
were used in this study to detect
the somaclonal variation using
AFLP molecuiar marker tech-
nique. AFLP primer sets (Table
1) generated a range of 31 to 62
bands with an average of 46
bands per primer combination. A
total of 1293 and 1302 bands
were scored for Grand Naine and
Williams, respectively (Tabie 2).

Out of the 30 AFLP primer
sets used in this study, 14 prim-
ers {46.7%) showed polymor-
phism, of which 8 primers (i.e. 2,
5,8, 12,14, 18, 20, 27) were po-
lymorphic for Grand Naine and
generated 18 (1.39%) polymor-
phic bands, while 12 primers (i.e.
2,3,4,6, 8,12, 13, 14, 16, 18,
20, 22) were polymorphic for
Wiiliams, and generated 2!
(1.61%} polymorphic bands (Ta-
ble 2). The number of polymor-
phic bands ranged from 1 to §
and ! to 3 bands in Grand Naine
and Williams, and the percentage
of polymorphism ranged from
1.89 to 10.20% and 1.72 to
8.57%, respectively (Table 2).

In addition, regenerated
plants of Grand Naine and Wil-
liams represented § and 16 addi-
tive bands, respectively, which
were specific and not found in
their parents' bulk profile, mean-

whife 10 and 5 bands, existed
only in the parenats' bulk profile
{Table 2 and Fig. 1}. The maxi-
mum number of specific bands
for regenerated plants of Grand
Naine and Williams was five and
three, respectively. These were
generated by Eco-ACA/Mse-
CTT, and by both of Eco-
ACC/Mse-CTT and Eco-
AAG/Mse-CAA primer combi-
nations, respectively (Table 2).

On the other hand, the UP-
GMA. dendrogram showed the
relationship between each donor
parent and its regenerated plants,
in which the similarity between
the parents and their regenerated
plants were $8.6 and 98.4% ,
with genetic distance of 1.4 and
1.6% in Grand Naine and Wil-
liams, respectively (Fig. 2 and
Table 3). Moreover, scatter plot
of PCO analysis demonstrated
the association of these parents
with their regenerated plants, in
which the two cultivars were
separated from each other and
each cultivar was placed near to
its regenerated plants (Fig. 3).

Regenerated plants of the
two cultivars were transferred to
the field for phenotypic evalua-
tion and comparison to their pa-
rental plants. No gross pheno-
typic alteration, e.g. mosaics,
variegation, dropping leaves and
dwarfs, etc., has been detected, in
both cultivars, until the beginning
of the flowering period.

292



Assint J. of Agric. Sci., 42 (Special Issue )(The 5™ Conference of Young

Scientists Fae. of Agric. Assivt Univ. May,8, 2011) (287-301)

Table (2): Levels of polymorphism between parents and their regenerated plants, and a
survey of unique bands in two banana cultivars as revealed by AFLP analysis

Primers* Grand Naine ] Williams
TNB [ NPB | +/-REG | %P_ | TNB [ NPB [ +/-REG [ %P
1 [ Eco-1/Mse-1 41 0 0.00 | 42 0 0.00
2 | Eco-1/Mse-3 52 1 -1 1.92 | 52 i -1 192
3 | Eco-1/Mse-15 57 1 0 0.00 | 58 1 +1 1.72_r
4 | Eco-1Mse-l6 | 3i 0 0.00 | 35 3 +3 8.57
5 [Fco-1/Mse-14 | 56 | 3 [ +1,-2 | 536 | 58 0 0.00
6 | Eco-2/Mse-1 44 | 0 | | 000 | 44 [ 3 3| 6.82
7| Eco-2/Mse-3 45 [ 0 | 000 | 45 | 0 0.00
8 | Eco-2Mse-15 42 2 2 476 | 42 1 +1 238
9 | Eco-2Mse-16 | 40 | © 000 [ 39 | 0 0.00
10 | Eco-2/Mse-14 | 38 1 0 | 000 [ 38 ] 0 0.00
11| Eco-3/Mse-1 43 ] 0 0.00 | 43 0 0.00
12 | Eco-3/Mse-3 46 | 3 | +2,-1 | 652 | 46 1 +1 2.17
13 | Eco-3/Mse-15 44 0 0.00 43 1 +1 2,22
14 | Eco-3/Mse-16 | 49 | 5 +5 1020 | 49 | 2 +2 4.08
i5 | Eco-3/Mse-14 | 31 0 000 | 31 0 0.00
16| Eco-4/Mse-1 38| 0 000 [ 37 [ 3 +1,-2 | 811
17 | Eco-4/Mse-3 45 1 0 000 [ 47 | 0 0.00
18 | Eco-4Mse-15 | 32 [ 2 2 6.25 1 31 i -1 3.23
19 TEco-4/Mse-16 | 62 | 0 000 | 62 | 0 0.00
20 | Eco-4/Mse-14 | 53 1 -1 1.89 | 52 3 +2,-1 | 5.77
21| Eco-5/Mse-1 50 | 0 0.00 ! 50 0 0.00
22 | Eco-5/Mse-3 35 | 0 0.00 | 36 1 +1 2.78
23 | Eco-5/Mse-15 45 0 0.00 45 0 0.00
24 | Eco-5/Mse-16 38 | 0 0.00 | 38 0 0.00
25 | Eco-5/Mse-14 50 0 0.00 51 0 | 0.00
26 | Eco-$/Mse-1 4 | 0 000 | 40 | 0 0.00 |
27 | Eco-8/Mse-3 39 1 -1 256 | 39 0 0.00
28 |Fco-8Mse-15 | 37 [ 0 | 000 | 37 1 0© 0.00 |
29 | Eco-8/Mse-16 34 0 | 0.00 | 34 0 ] 0.00
30 | Fco-8/Mse-14 | 36 [ 0 000 | 36 | © 0.00
Total 1203 18 | +8,-10 | 139 |1302| 21 | +16,5 { O
| I

* Primer numbers relate to table 4.1, TNB: total number of bands, NPB: number of
polymorphic bands, +/-REG: addition or missing of specific bands in regenerated
plants, % P: pereentage of polymorphism.
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Fig. 1: Unique bands (arrows), specific for Williams parental plants
(P) and their regenerated plants (R), generated by some AFLP primer
combinations.
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Fig. 2: AFLP-UPGMA dendrogram of the donor parents of Grand
Maine (GN-P) and Williams (W-P) and their regenerated plants (GN-
R and W-R) based on the data of all tested primers, numbers indicate

the bootstrapping.
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Table (3): Jaccard's similarity coefficient matrix (above diagonal) and
genetic distance (below diagonal) between the donor parents
and their regenerated plants calculated form data of all tested

primers

GE-P GE-R W-P W-R
GE-P - 98.6 93.4 98.0
GE-R 1.4 - 97.8 98.1
W-p 1.6 22 - 08.4
W-R 2.0 1.9 1.6 -

GE-P: Grand Enain Parental plants, GE-R: Grand Enain Regenerated
plants, W-P: Williams Parental plants, W-R: Williams Regenerated
plants,

Dim-3 g a0

001 Dim-2  0.01

-
1.96

Dim-1 ‘ 1.98

Fig. 3. Scatter plot showing the relationships amongst banana donor
parents of Grand Naine (GN-P) and Williams (W-P) and their regen-
erated plants (GN-R and W-R) based on principal coordinate analysis
using AFLP.

Discussion: variation which may be induced

Somaclonal variation has by tissue culture conditions
been classified to either that (Skirvin er al, 1994). Addition-
which arises from pre-existing ally, there are several factors af-
variation in the explant or the fecting somaclonal variation, in-
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cluding;  genotype,  explant
source, in vitro period, number of
subcultures and cultivation con-
ditions in which the culture is
established (Bordallo et ol
2004). Variation may occur in
chromosomes (structure or num-
ber), DNA rearrangement, or
point mutations.

In this study, plants derived

from somatic embryogenesis
were used for detection of
somaclonal variation. Only a

small number of studies have
been published on the occurrence
of off-types banana plants pro-
duced through somatic embryo-
genesis in comparison to other
tissue culture techniques (Strosse
et al, 2003). In this regard,
Shehukin er af., (1997) found
that, the rate of somaclonal varia-
tion in plants produced via so-
matic embryogenesis was less
than that in shoot-tip-propagated
plants, using 'Grand Naine'. Fur-
thermore, Cabrera-Garcia et al,
(2009) evaluated Cavendish
plants regenerated from prolifer-
ating inflorescence-derived em-
bryogenic suspension cultures,
and reported that no off-types
were observed among the em-
bryogenesis-derived plants dur-
ing either the in vitro phase or the
acclimatization period in the
nursery.

The percentage of polymor-
phism detected between regener-
ated plants and their parents, in
this study, was significantly less
than previous reports. For exam-
pie, Bairu et al., (2006) reported
55% of RAPD-polymorphism in
Cavendish banana plants derived

from the tenth subculture of mi-
cropropagation.  While, Mo-
hamed, (2007) found that the
polymorphism  percentage in
plants of sixth subculture of Wil-
liams, using RAPD markers,
ranged from 9.1 to 100%. In ad-
dition, Sheidai er /., (2008) ana-
lyzed the somaclonal variation in
the first, third, fifth, seventh and
ninth subculitures of meristem tip
cultures of M acuminata and
they found in total 51.40% of
polymorphism  detected by
RAPD. On the other hand, our
results here are different from
those of Abu Harrirah and
Khalid, (2006) who used male
inflorescences of M agcuminata
cv. Berangan (AAA) for direct
regeneration (via organogenesis)
and found no genetic variations
among regenerated plants in
comparison to their mother
plants, using RAPD molecular
markers. This difference could be
attributed to the use of different
growth regulators, since they
have used Benzylaminopurine for
direct regencration and we used
2, 4-dichlorophenoxyacetic acid
for embryogenic callus induction.

Although somaclonal varia-
tion is undesirable in the context
of micropropagation, but it can
be used to get an advantage for
genetic improvement of banana
(Sahijram et al, 2003). In this
regard, several useful somaclonal
variants for various attributes
have been identified, e.g. TCi-
229, semi-dwarf and resistant to
Fusarium wilt, derived from
Cavendish banana (Tang et dal,
2000), Tai-Chiao No.1 and For-
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mosana, which are reported to be
tolerant to Fusarium wilt Tropi-
cal Race 1V, and were derived
from Giant Cavendish (Hwang,
2002). However, the majority of
somaclonal variants are undesir-
able such as the mosaic type het-
erogeneity in Cavendish banana
{Reuveni and Israeli, 1990).

Our AFLP results showed the
presence and absence of unigue
bands specific for parental plants
as well as regenerated plants in
each cultivar. The presence of
these specific bands in the paren-
tal plants and loss of them in the
regenerated plants indicates the
loss or alteration of certain loci
during tissue culture due to
somaclonal variation, while the
occurrence of specific bands in
the regenerated plants and their
absence in mother plants may
indicate the occurrence of genetic
changes leading to formation of
new binding sites in these plants
(Sheidai et af, 2008).

When there is no observation
of phenotypic alteration in plants
derived through tissue culture,
genetic variation could be de-
tected by molecular markers
(Rani ef al, 1995 and Youssef er
al, 2010b). Our results can be
compared with those of Cote er
al., (2000a,b) who found that, in
'‘Grand Naine' and 'IRFAS03', a
number of plants derived from
four or seven months old em-
bryogenic cell suspensions, re-
spectively, were observed pheno-
typically to be true to type and
have agronomic characteristics
comparable to in vitro plantlets.

However, our AFLP analysis was
successful in detecting the ge-
netic variation between regener-
ated plants and their mother
plants. This phenomenon could
be present because these genetic
variations may occur in non-
coding regions in the genome.
Additionally, since the banana
cultivars used in this study are
triploid 'AAA' and have three
copies of each chromosome, the
genetic alteration might be re-
dundant.

In conclusion, the AFLP
marker technique was shown to
be a good tool for detection of
genetic variation in somatic em-
bryvogenesis-derived plants.
However, further field evaluation
of individual plants is required
for the observation of possible
phenotypic somaclonal variants
that may show useful characters,
e.g. resistance to biotic or abiotic
stress as well as high yield pro-
duction and fruit quality. Fur-
thermore, such specific bands
presented in the regenerated
plants may be of importance in
understanding the genetic basis
of somaclonal variation in Musa.
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