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ABSTRACT

Background: Breeding for salinity tolerance in open-pollinated crops depends on broad genetic variation
in order to selection for vigorous plants under salinity stress. Objective: To compare yield of some local
alfalfa cultivars under saline and non-saline soils and to develop molecular genetic markers associated
with salt tolerance using RAPD and ISSR analysis, thereby providing a basis for alfalfa salt-tolerance
breeding and research. Methods: A two years field trial was carried out during 2013/14 and 2014/15 in
Galbana Village at Sahl El-Tina site., North Sinai Governorate with 13 cuts after establishing period.
Three local parental cultivars, nine selected population for salt stress under different stress levels (three
initial EC’s :8.73, 10.63 and 12.43 dSm), a new tolerant pop, and three exotic varieties were included in
the experiment under initial EC’s (10.83). Results: Under Egyptian conditions local cultivars: Siwa and
Ismaelia were qualified as more adapted to salinity stress conditions than the exotic cultivars. New
tolerant pop. ranked as the top yielding across all tested parental populations followed by Siwa and
Ismaelia tolerant selected populations. New valley population had the lowest fresh, dry and protein yield
over all studied populations. The tolerant selected populations were out yielded than their parental
cultivars. A total of 16 alfalfa populations were analyzed at the molecular level to develop molecular
markers associated with salt tolerance using seven RAPD and five ISSR primers. All primers succeeded
to generate reproducible polymorphic DNA products. RAPD primers produced eight positive specific
markers and six negative specific markers for salt tolerance in alfalfa population Sinai-1, while ISSR
primers produced 12 positive specific markers and six negative specific markers for salt tolerance in
alfalfa. The dendrograms were generated using pooled RAPD, ISSR and the combined analysis of their
data divided the alfalfa populations into two main clusters. The first cluster consisted of population Sinai
1 alone, while the second one contains all other evaluated populations. Conclusion: The new tolerant
pop. could be considered as a new promising population and more adapted to salt stress.
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1. INTRODUCTION
Lucerne, alfalfa (Medicago sativa L.) has been
widely sown in productive livestock systems to
supply nutritious feed. It produces high forage
yield in a wide range of environments and highly
adaptabled to different climatic conditions
(Moreira and Fageria, 2010). It has other superior

forage qualities and high yields that can be
consumed by livestock (Soya et al., 2004; Geren
et al., 2009). Alfalfa is famed by its forage value,
long-term crop and high digestibility. From these
criteria alfalfa is considered to be the "Queen of
Fodder Herbs". High salt stress generally inhibits
growth of plants (Munns and Tester, 2008).
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Islam et al. (2001) reported that salinity may
reduce the crop yield by upsetting water and
nutritional balance of plant. Alfalfa was as
tolerant as barley (Hordeum vulgare L.) and
cotton (Gossypium spp.), however the growth of
alfalfa was still retarded in saline conditions
(Munns, 2005). Salinity had a great effect on
forage and dry yield of three alfalfa cultivars
grown at Sahl EI-Tina under saline-soil
conditions. Alfalfa can be successfully grown on
most soils, and can tolerate some level of salinity
during the germination stage, but once
established, it tolerates higher levels of salinity
up to 8 dSm, (Sheard, 2007, Shaban and El-
Sherief, 2007 and Abd EI-Naby et al., 2013).
Abd EI-Naby et al. (2013) reported that breeding
for salinity tolerance in open-pollinated crops
depends on broad genetic variation in order to
selection for vigorous plants under salinity stress.
AL-Khatib et al. (1993) reported that select
highly salt- tolerant genotypes between and
within cultivars could be expected to provide
useful materials for further breeding programs.

Compared with  conventional  phenotyping
methods, molecular markers have numerous
advantages as they are easily detectable and
stable in plant tissues regardless of
environmental influences (Reddy et al., 2002).
Molecular markers can be identified by a range
of molecular techniques such as restriction

fragment length  polymorphisms  (RFLPs),
randomly  amplified polymorphic  DNAs
(RAPDs), amplified fragment length

polymorphism (AFLP), DNA amplification
fingerprinting (DAF), sequence characterized
amplified regions (SCARs), microsatellites
(Simple Sequence Repeat) (SSR) etc, (Lin et al.,
1996). DNA molecular marker technology has
been applied to screen and identify salt-tolerant
alfalfa germplasm and analyze genetic diversity.
Domestic and foreign scholars have successfully
applied simple sequence repeat (Diwan et al.,
1997; Mengoni et al., 2000; Liu et al., 2006) and
amplified fragment length polymorphism marker
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techniques to analyze the genetic diversity of
different salt-tolerant cultivars of alfalfa (Julier et
al., 2003). Random amplified polymorphic DNA
(RAPD) technology is frequently used in tested
germplasm, variety identification, polymorphism
analysis, and breeding assistance. Also, there are
several DNA analytical procedures that have
been used to identify, characterize and determine
genetic diversity among cultivars. They are a
reliable method of genetic fingerprinting and
have been successfully used for characterization
and evaluation of genetic relationships in several
species (Negi et al., 2000). Inter simple
sequence repeat marker (ISSR) is highly
polymorphic and is useful in studies of genetic
diversity, genome mapping and evolutionary
biology (Reddy et al., 2002).

The present study was carried out to compare
yield of some local alfalfa cultivars under saline
and non-saline soils and to test the performance
of the new population (Sinai-1) related to its
parents under the same conditions. Moreover, to
develop molecular genetic markers associated
with salt tolerance using RAPD and ISSR
analysis, thereby providing a basis for alfalfa
salt-tolerance breeding and research.

2. MATERIALS AND METHODS
An experiment was conducted in this study; field
experiment was carried out, in sandy clay loamy
soil and salty soil, in a private farm at Gelbana,
East Suez Canal, North Sinai Governorate during
two successive seasons from 10" March 2014 to
11" June 2015. Three Egyptian alfalfa cultivars,
i.e., Ismaelia, New Valley and Siwa with new
promising population (Sinai-1) produced by Abd
El-Naby et al. (2013) three parental alfalfa
cultivars, Ismaelia, New valley and Siwa, and
three exotic varieties, CUF 101, Siriver and US
storm, were tested under initial levels of salinity
10.83 dSm*, as shown in Table 1. The soil of
experimental field was subjected to continuous
leaching process. After leaching EC level was
decreased to 7.30 dSm then seeds were sown.
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The experiment was laid out in a randomized
complete block design with four replications.
The plot area was 2 x 3 m? and 1 m between
populations. Each variety was seeded at the rate
of 30 g/plot (20 kg/fed.). Super phosphate (15.5
% P,0s) was applied at a rate of 200 kg fed*
during tillage then 100 kg super-phosphate was
added every four months. Urea (46% N) was
applied as N fertilizer at a rate of 30 kg N fed™
on three equal doses after 21, 42 and 62 days
from planting. Potassium sulphate (48% K;0)
was applied at a rate of 100 kg fed? with two
doses, after 21and 42 days, and then 50 kg fed
were added every four months. The first
irrigation applied eight days after sowing. The
following irrigations applied at ten days in
summer and fifteen days in winter. At each cut,
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data were recorded for 10 randomly plants to
estimate some agronomic traits such as plant
height cm, number of tillers per plant and crude
protein yield as average overall cuts also, fresh
forage and dry yield (t.fed?) as total cuts. Alfalfa
was harvested sixteen times, the first, second and
third cuts were ignored (established period),
yield was evaluated over thirteen cuts after
established period (125 day) from sowing then,
populations left for harvesting and set seeding.
Dry matter percentage, where dry matter
percentage was determined from random samples
200 g from each plot, after drying in oven at
70°C. Some physical and chemical properties of
the soil of the experimental site are presented in
Table 2.

Table (1): Population codes as will be referred and its characterization

characterization

Population codes
P1 Ismailia 1-1: selected under initial EC=8.73
P2 New Valley -1: selected under initial EC=8.73
P3 Siwa-1: selected under initial EC=8.73
P4 Ismailia 1-2: selected under initial EC=10.63
P5 New Valley -2: selected under initial EC=10.63
P6 Siwa -2: selected under initial
P7 Ismailia 1-3: selected under initial
P8 New Valley -3: selected under initial EC=12.43
P9 Siwa -3: selected under initial
P10 Ismailia 1: Local parental control
P11 New Valley: Local control
P12 Siwa: parental Local parental control
P13
P14 CUF 101: Exotic variety
P15 US Storm: Exotic variety
P16 Siriver: Exotic variety

New tolerant pop.: Selected per ECs by Abd El-Naby et al. (2013)

EC=10.63
EC=12.43

EC=12.43

Table (2): Some physical and chemical soil characteristics of the experimental site

Soil characteristic

. . Coarse sand Fine sand Silt Clay Textural
_Par_tlcle_ size class
distribution % 2.16 65.83 10.60 2141
pH EC dS/m (1:5) .
Chemic_al (suspension Initial After leaching mgtrt%?rl&) Sandy clay
properties 1:2.5)
8.07 10.83 7.30 0.42
N P K
Available macro- | Before sowing After Before After | Before sowing| After sowing
nutrients (mg L) sowing sowing sowing
37.0 50.23 3.69 3.37 188 172
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Statistical analysis

The combined analyses of means for all studied traits
were subjected to regular statistical analysis of
variance of the split plot design (SPD) according to
Gomez and Gomez, (1984). SAS 9.2 (2004) Software
was used for statistical analysis. Mean comparison
were performed using least significant difference
(L.S.D.) at 0.05 level of probability.

MOLECULAR GENETIC MARKERS USING
RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD)
AND INTER SIMPLE SEQUENCE REPEATS (ISSR)

A total of 16 alfalfa populations Table 1 were
analyzed at the molecular level to develop molecular
markers associated with salt tolerance by using seven
pre-screened RAPD primers and five pre-screened
ISSR primers. All primers succeeded to generate
reproducible polymorphic DNA products. Table 3 lists
the base sequences of these DNA primers for both
RAPD and ISSR markers that produced informative
polymorphic bands.

DNA was extracted from leaves of two weeks old
seedlings, 1.5 ml of extraction buffer (Tris-HCI 100
mM, pH 7; EDTA 100 mM, pH 7; NaCl 3M) and SDS
at a final concentration of 1% were added. Each
sample was shaken and 1.5 ml of equilibrated phenol
was added. The phases were separated by
centrifugation at 13,000 rpm for 30 min then 500 ml of
supernatant transferred to 1.5 ml eppendorfs and 2
volume of 100% ethanol and 50 ml of 3M sodium
acetate were added to the supernatant for DNA
precipitation. The pellets were washed with 70%
ethanol and re-suspended in 200 ml of Tris EDTA.
Samples were treated with RNase. DNA

concentrations and their purity were determined by
taking A260 and A260/A280 values in UNICO UV-
2000 Spectrophotometer (Shanghai, China). The
amplification reaction was carried out according to the
protocol proposed by Williams et al. (1990).
Polymerase chain reaction (PCR) was performed in
Gradient Cycler (BioRAD, USA). Reaction mixture
for PCR (25 pl) consisted of 1X Taq assay buffer
(Bangalore Genei Pvt. Ltd., Bangalore, India), 200 uM
of each dNTP (Promega, Madison, USA), 0.2 uM of
primer (Bio Basic Inc, Canada), 10 ng genomic DNA
and 1U Taq polymerase (Promega, Madison, USA),
The PCR protocol was as follows: initial denaturation
at 94°C for 4 min, 35 cycles’ 94°C/30s, 37°C/45s,
72°C/60s and final extension at 72°C/10min.
Amplification product was checked on 1.25% agarose
gels in 0.5 X TBE buffer and visualized by staining
with 0.01% ethidium bromide. For comparison of
molecular size of amplicons 100 bp ladder (GeneRuler
100bp Plus DNA Ladder and SibEnzyme 100bp) were
also run along with each genotype. Gels were
photographed under UV light and score using gel
documentation system manufactured by Alpha Ease
FC (Alphimager Tm 2200), U.S.A. Only reproducible
and distinct bands were scored as 1/0 (presence
/absence) for data analysis. The data of RAPD and
ISSR analyses were entered in a computer file as
binary matrices. Similarity coefficients were calculated
according to Dice matrix (Nei and Li, 1979).

Genetic distances were calculated and constructions of
the dendrogram trees were performed using the un-
weighted pair group method based on arithmetic mean
(UPGMA) as implemented in the SPSS Program
Version 14.

Table 3: List of the primer names and their nucleotide sequences used in this study in RAPD

and ISSR molecular types.

Molecular Primer Codes Sequence 5—'3
Type
OP-AQ08 GTGACGTAGG
OP-All CAATCGCCGT
OP-B05 TGCGCCCTTC
RAPD OP-B15 GGAGGGTGTT
OP-B20 GGACCCTTAC
OP-CO07 GTCCCGACGA
OP-C17 TTCCCCCCAG
HB-10 GAG AGAGAGAGACC
HB-11 GTGTGTGTGTGTGTGCC
ISSR HB-12 CACCACCACGC
HB-14 CTCCTCCTCGC
HB-15 GTGGTGGTGGC
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3. RESULTS AND DISCUSSION

EFFECT OF SALT STRESS ON ALFALFA
POPULATIONS

The results of the analysis of variance of the 13 cuts
from 16 cuts, 4 replications under salinity stress are
shown in Table 4. It can be seen that total fresh forage
yield (TFY), total dry yield (TDY) and total protein
yield (TPY) were high significant effects.

The tolerant selected populations with code numbers
from P1 to P9 exceeded higher fresh, dry and protein
yield under salinity stress with mean average (35.12,
8.79 and 2.01 t.fed?) than their parental cultivars (P10,
P11 and P12) with mean average (33.05, 8.45 and 1.97
t.fed?). The exotic populations (P14, P15 and P16)
produced less fresh, dry and protein yield than all the
studied populations with mean average (32.90, 8.44 and
1.85 t. fed?). Populations are varied in their
performance according saline stress tolerant. Under
Egyptian conditions the local cultivars specially Siwa
and Ismaelia cultivars indicated the best total fresh, dry
and protein yield than the exotic varieties. Siwa.1 2 and 3
showed the highest yield production over all tolerant

selected populations under salt stress condition Table
4. New tolerant pop. (P13) gained the top vyield
production of fresh, dry and protein (38.72, 10.38 and
2.55 t/fed, respectively) followed by Siwa-3 (P9)
tolerant selected pop. (38.59, 9.54 and 2.28 t/fed,
respectively) and Ismaelia 1-3 pop. (P7) with (36.72,
9.48 and 2.20 t/fed, respectively). Monirifar et al.
(2004) found phenotypic variation between some
Azarbaijan alfalfa cultivars at different salinity levels
and reported that changing in forage yield resulting
from saline stress. These results were in harmony with
Longenecker and Lyerly (1974), who reported that
alfalfa has been characterized as tolerant to salts with a
range of EC values from 6.0 to 8.0 dSm-! at which some
reduction in growth characters and yields might occur.
Alfalfa cultivars were varied in tolerant to salt stress,
considerable variation in salt tolerance appears among
and within alfalfa populations (Allen et al., 1985;
Rumbaugh and Pendery, 1990). Abd EI- Naby et al.
(2013) mentioned that Siwa and Ismaelia local cultivars
are moderate to salinity stress.

Table (4): Comparisons of total fresh, dry and protein yield of 16 alfalfa populations under

salinity stress

Population codes Total yield t/fed :
Fresh Dry Protein
P1 34.17 8.55 1.97
P2 30.38 7.09 1.54
P3 37.70 9.99 2.35
zg P4 36.35 9.01 2.03
b= P5 32.25 7.77 1.56
28 P6 36.58 9.46 2.26
3 8 P7 36.72 0.48 2.20
P8 33.35 8.22 1.86
P9 38.59 9.54 2.28
Mean 35.12 8.79 2.01
_ . P10 33.62 8.4 1.89
g § P11 28.90 7.97 1.76
53 P12 36.64 8.93 2.27
Mean 33.05 8.45 1.97
g % = P13 38.72 10.38 255
. P14 33.55 8.63 1.95
2 % P15 32.29 8.35 1.75
i P16 32.87 8.35 1.86
Mean 32.90 8.4 1.85
Mean 34.94 9.01 2.11
L.S.D (0.05) 3.925 0.4065 0.0922
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Figure. 1 and 2 showed the effect of salinity effects
on plant height and number of tillers /m? over all tested
populations and over cuts. Tolerant promised
population (P 13) indicated the best performances under
the salt stress followed by Siwa-3 and Siwa-2 tolerant
selected populations (P 9 and P6) for plant height (62,
62 and 60 cm), whereas tolerant selected pop. New
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valley-1, 2 and exported cultivar Siriver were the
shortest with the same height (56 cm) . The highest
number of tillers /m? recorded for new promised pop.,
Siwa-1 and Siwa-3 populations (283,283 and 282
tiller/m?). New valley local cultivar (P11) had the
lowest tillers number per m? (232 tillers). Siwa local
cultivar was more adapted population to salt stress
followed by Ismaelia cultivar (Abd EI-Naby et al.,
2013).
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Figure.1: Average of plant height over all cuts per each population under three

salinity Levels (£SE).
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Figure .2 : Average of tillers number/m? over all cuts per each population under

salinity stress (£SE).

MOLECULAR MARKERS RELATED TO
SALINITY STRESS USING RAPD

RAPD-PCR technique was used to develop molecular
markers for salinity using seven 10-mer random
primers. All primers successfully amplified DNA
fragments for all genotypes and produced different
bands number ranging from 3 to 14 bands. Six of them
showed some molecular markers for salinity tolerance.
Primer OP-AQ8 showed one band with molecular sizes
of 582 bp presented in the salt tolerant population Sinai-
1 and could be considered as positive molecular marker
for salinity tolerance in alfalfa. Whereas one band with
molecular size of 334 bp absented in the tolerant

population Sinai-1, it could be considered as negative
molecular marker for salinity tolerance in alfalfa plants
(Figure. 3).

Also, primer OP-B05 showed two bands with molecular
size of 665 and 595 bp, which presented in the salt-
tolerant population Sinai-1, while it were absent in all
other populations. So, these bands can be used as
positive molecular marker for salinity tolerance in
alfalfa plants.

Primer OP-B15 showed one band with molecular size
of 1482 bp, which presented in the salt tolerant
population Sinai-1, it could be considered as positive
molecular marker for salinity tolerance in alfalfa, while
one band with molecular size of 280 bp, that was absent
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in the tolerant population Sinai-1, and could be
considered as negative molecular marker for salinity
tolerance in alfalfa plants.

Primer OP-B20 showed one band with molecular size
of 399 bp, which presented in the salt-tolerant
population Sinai-1 and could be considered as positive
molecular marker for salinity tolerance in alfalfa, while
four bands with molecular sizes of 1803, 1410, 1204
and 836 bp were absent in the salt-tolerant population
Sinai-1 and appeared in all other populations, and could

msepw M 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16

1500

1000
28
700

600

OP-A08

msw M 1 2 3 4 5 6 7 8 9 1011 12 1314 15 16

mep M 1 2
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be considered as negative molecular markers for
salinity tolerance in alfalfa plants.

Also, primer OP-C07 showed two bands with

molecular size of 2137 and 1835 bp, which presented
in the salt-tolerant population Sinai-1, while it were
absent in all evaluated populations. So, these bands
could be used as positive molecular markers for salinity
tolerance in alfalfa plants, as well as, the band with
molecular size of 734 bp that appeared with primer OP-
C17 (Figure. 3).

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16

ms b M

1500

1000

OP-All

345 6 7 8 9 10 11 1213 14 15 16

OP-B05

M M 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16

3 4 5 6

OP-B15

M 1 2 34 5 6 7 8 910 11 12 1314 15 16

OP-C07

7 8 910 1142 13: 44 15 16

OP-C17
Figure.3: Amplification profile of 16 alfalfa populations, (with the same order as in Table 2)
employing primer OP-A08, OP-All, OP-B05, OP-B15, OP-B20, OP-C07and OP-C17.
Note: M=100 bp Ladder.

The RAPD derived data were subjected to calculate the
genetic similarity as shown in Table 5. The genetic
similarity coefficients varied between 0.96 and 0.39.
The minimum GS (Genetic similarity) value derived
between populations of Ismailia-1 and Siwa, while the
maximum GS value derived between populations Sinia-
1 and both of Sea River and US Storm, respectively.

Cluster analysis was conducted to generate a
dendrogram elucidating for relationships among alfalfa

populations. The dendrogram was generated using
pooled RAPD data divided the alfalfa populations into
two main clusters (Figure. 4). The first cluster
consisted of population Sinai 1 alone, while the second
one contained all other evaluated populations.

These results are in agreement with those reported by
Fahmy et al. (1997) who used RAPD technique to
differentiate between drought tolerant and drought
sensitive genotypes of berseem clover (Trifolium
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alexandrinum L.) and obtained two positive molecular
markers under stress. Also, Wenzel (1992) emphasized
the potential for DNA markers- based diagnosis of
abiotic stress tolerance in plants. Echt et al. (1992)
reported that RAPD markers appeared to be useful for
the rapid development of genetic information in alfalfa.
Also, Dias et al. (2004) reported that the RAPD markers
were efficient in separating all the accessions analyzed
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individually. Bortolini et al. (2006) used RAPD
molecular markers for white clover, and their results
highlighted the high genetic diversity present between
the accessions from different origins and breeding
status. Also, Azzam et al. (2007) revealed that the
chosen RAPD markers are distributed in the peanut
genome and may be useful to investigate the genetic
diversity among the studied peanut genotypes.

Table (5): Similarity value (Pairwise comparison) of the 16 alfalfa populations based on RAPD data.

Populaton] P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 Pl4 P15
P2 0.70
P3 0.85 0.78
P4 086 082 0.92
P5 088 077 093 0094
P6 084 079 092 095 0.89
P7 079 073 085 086 084 0.86
P8 082 079 083 08 085 086 0.89
P9 081 069 082 083 079 083 080 081
P10 084 076 092 088 087 088 088 081 0.88
P11 083 075 088 089 08 089 084 080 0.84 0094
P12 080 077 088 087 08 087 08 080 084 096 093
P13 058 041 063 056 057 059 058 060 049 058 057 056
P14 079 061 078 079 080 076 08L 079 075 084 077 082 056
P15 075 069 077 075 08 073 08 075 074 08 076 084 049 0.87
P16 064 056 061 065 066 062 064 067 068 061 060 062 039 059 062
iz T —
P
- 1

LS

1=

Figure. 4: A dendrogram illustrates the genetic distance among the 16 alfalfa populations based on
RAPD data. Where: 1=P1, 2=P2, 3=P3, 4=P4, 5=P5, 6=P6, 7=P7, 8=P8, 9=P9, 10=P10, 11=P11,
12= P12, 13=P13, 14=P14, 15=P15 and 16=P16

MOLECULAR MARKERS

SALINITY STRESS USING ISSR
ISSR primers analysis was used to obtain molecular
genetic markers for salinity tolerance from the 16
populations using five primers (Figure. 5). All ISSR
primers succeeded in amplifying DNA fragments.
Among the 46 amplified fragments across the five
primers, 44 were polymorphic (95.6%). Primer HB-10
showed bands with molecular size of 703, 526, 472 and
422 bp, which presented in the tolerant population of
Sinai-1, while it were absent in all other populations.

RELATED TO

So, these bands could be considered as positive
molecular markers for salinity tolerance in alfalfa
plants. Also, primer HB-11 gave two bands with
molecular size of 2204 and 1139 bp, which were
exclusively present in Sinai-1. So, these bands can be
used as positive molecular markers for salinity
tolerance in alfalfa plants. While one band with
molecular size of 776 bp was absent in Sinai-1, while it
presented in all other tested populations, and could be
used as negative molecular marker for salinity tolerance
in alfalfa (Figure. 5). On the other hand, Primer HB-12
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exhibited one positive and one negative molecular
marker for salinity tolerance in alfalfa with molecular
size of 2368 and 507 bp, respectively.

Primer HB-15 showed five bands with molecular size of
1513, 1142, 821, 695 and 294 bp, which were
exclusively present in Sinai-1 (the salt-tolerant
population). So, these bands can be used as positive
molecular markers for salinity tolerance in alfalfa., as
well as, four negative molecular markers with 1052,
768, 570 and 342bp that were absent in Sinai-1 while
they presented in all other tested populations, and could
be used as negative molecular markers for salinity
tolerance in alfalfa (Figure. 5).

The ISSR derived data were subjected to calculate the

MM 1 2 345 6 7 8910111213 141516
1500

i

HB-12

M 1 2 3 4 5

Ms bp

HB-15

msbp M 1 2 3 4 5 6 7 8 910 111213141516

424

genetic similarity Table 7. The genetic similarity
coefficients varied between 0.98 and 0.26. The
minimum GS (Genetic similarity) value derived
between Sinai-1 population and P1, while the maximum
GS value derived between P2 and P3, as same as,
between P6 and P10 Table 6.

Cluster analysis was conducted to generate a
dendrogram elucidating for relationships among alfalfa
populations. The dendrogram generated using pooled
ISSR data divided the alfalfa populations into two main
clusters (Figure. 6). The first cluster consisted of
population Sinai 1 alone, while the second one
contained all other evaluated populations.

HB-11

M 123 456 7 8:9.1011.12.13 14 15 16

HB-14
10 11 12 13 14 15 16

Fig 5: Amplification profile of 16 alfalfa population, (with the same order as in Table 2)
employing ISSR primer 14A, HB-10, HB-11 and HB-12. Note: M=100 bp Ladder.
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Table (6): Similarity value (Pairwise comparison) of the sixteen alfalfa populations based on ISSR data.

Populations| ) py  p3 ps  ps  ps  P7 P8 P9 PO PIl P12 P13 Pl4  PI5
P2 0.74
P3 072 0.98
P4 082 092 0.0
P5 068 079 082 081
P6 068 088 091 081 087
P7 077 086 089 084 081 0.89
P8 072 067 070 069 067 072 075
P9 069 080 083 077 079 088 082 0.78
P10 065 086 088 078 089 098 087 074 091
P11 067 078 081 075 086 091 080 076 088 0.93
P12 071 082 080 074 076 081 079 074 082 083 080
P13 026 037 041 038 044 044 038 041 042 044 046 0.38
P14 072 068 067 070 068 068 071 076 073 069 071 085 041
P15 069 075 073 072 075 074 077 067 070 076 073 082 042 0.88
P16 070 071 074 068 080 076 078 074 076 077 079 083 044 084 0.86

These results are in agreement with those Wei
(2004) who reported that DNA fingerprinting can
be applied to variety identification and genetic
diversity evaluation of Medicago sativa. Hassan
(2005) reported that ISSR marker is the best choice
for the evaluation of diversity and assessing the
genetic relationships between M. oleifera and M.
pregrina genotypes with high

s

Pt j—|_|
11

accuracy. Also, Said (2005) stated that ISSR
markers were useful tools to assess the genetic
variations in  Capparis spp. (caper) and
Solenostemma arghel (arghel) species, which is
considered as an important prerequisite for the

improvement of these species and for the
conservation of their germplasm.

JAEUNUY

1
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Figure. 6: A dendrogram illustrates the genetic distance among the sixteen alfalfa populations based

on ISSR data. Where:

1=P1, 2=P2, 3=P3, 4=P4, 5=P5, 6=P6, 7=P7, 8=P8, 9=P9, 10=P10,

11=P11, 12= P12, 13=P13, 14=P14, 15=P15 and 16=P16

COMBINED GENETIC RELATIONSHIPS

Genotypes distribution on the consensus tree according
to the banding patterns of ISSR shuffled from that
based on RAPD (banding patterns) consensus tree due
to the coverage of each technique to different parts of
the genome. So that it is better to use a combination of
the two techniques of the banding patterns to cover as
much as possible of the genome that will increase the
validity of the consensus tree. The similarity matrices
resulting from the combined DNA markers data were

performed to generate correct relationships based on
large and different genome regions.

The RAPD’s and ISSR’s combined data were close to
RAPD data and showed genetic similarity ranged
between 0.40 and 0.92.

The closest relationship obtained by the RAPD’s and
ISSR’s combined data analysis was between P10 and
both P6, P11 and P12, as well as, between P3 and P6.
On the other hand, the lowest genetic similarity of the
RAPD’s and ISSR’s combined data analysis was 40%
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and occurred between Sinai-land both of P2 and P16,
as shown in Table 7.

The dendrogram built on the basis of combined data
from RAPD and ISSR analysis represents the genetic
distances among the 16 alfalfa populations (Figure.
7). The combined marker analysis dendrogram was
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more comparable to that obtained separately by RAPD
and ISSR analysis. The dendrogram separated alfalfa
populations into two main clusters. The first cluster
included only Sinai-1, the salt-tolerant population,
while the second one comprised all other evaluated
populations, as shown in Figure. 7.

Table (7): Similarity value (Pairwise comparison) of the sixteen alfalfa populations based on RAPD and

ISSR data.
Population | P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15
P2 0.72
P3 0.81 0.85
P4 0.85 0.85 0.91
P5 0.81 0.78 0.89 0.90
P6 0.79 0.82 092 091 0.89
P7 0.78 0.78 0.86 0.85 0.83 0.87
P8 0.79 0.75 0.79 081 0.79 0.82 0.84
P9 0.77 073 082 0.81 0.79 0.85 0.81 0.80
P10 0.78 0.79 0.91 0.85 0.88 0.92 0.88 0.79 0.89
P11 0.78 0.76 0.86 0.85 0.86 090 0.83 0.79 0.86 0.92
P12 0.77 079 0.86 0.83 0.82 0.85 0.86 0.78 0.83 0.92 0.89
P13 0.47 040 055 050 052 053 050 054 046 0.53 053 0.50
P14 0.77 0.64 0.74 0.76 0.76 0.73 0.77 0.78 0.74 0.79 0.75 0.83 0.50
P15 0.73 0.71 0.76 0.74 0.79 0.73 0.79 0.72 0.72 0.79 0.75 0.83 0.46 0.85
P16 0.66 0.62 0.66 0.66 0.71 0.67 0.70 0.69 0.71 0.67 0.67 070 041 0.69 0.71
O 5 1O 15 et ] >S5
1
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=
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Figure. 7: A dendrogram illustrates the genetic distance among the sixteen alfalfa populations
based on RAPD and ISSR data. Where: 1=P1, 2=P2, 3=P3, 4=P4, 5=P5, 6=P6, 7=P7,
8=P8, 9=P9, 10=P10, 11=P11, 12= P12, 13=P13, 14=P14, 15=P15 and 16=P16

CONCLUSION

Breeding for salinity problem by producing moderate
populations to salt stress with low depressing in
productivity was and still the first important objective
of alfalfa breeders. The present findings revealed
variations among the ten tolerant selected alfalfa
populations compared with their local parents and three
exported populations. The highest fresh yield was found
for New tolerant promised pop. (P13). New valley local
cultivar was more sensitive for salinity stress. These
results confirm the influential of individual selection of

vigorous between and within alfalfa populations under
saline soil. Consequently, the selection will be more
advantageous for fresh forage yield and thus for dry
forage vyield under fertile soil. Under Egyptian
conditions, local cultivars were out yielded than the
exotic populations. New tolerant pop. could be
considered as a new promising population and more
adapted to salt stress. However, further researches are
required to test this new population under different
environmental conditions before register.
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