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A tolal of 28 accessions naked barley landraces mainly from north-western Indian Himalaya comprising (hece main
administrative regions, Jammu & Kashmir, Himachal Pradesh and Uttarakhand states together with five exotic
accessions, lour from Ethiopia and one from Nepal, were characterized using AFLP and STMS markers. The AFLP
markers resolved inter-population diversity better particularly discriminating accessions from Uttarakhand Himalaya
wilh specific adapiations, STMS markers used for studying population genetic parameters revealed that accessions
from Jammu & Kashmir and Himachal Pradesh were more diverse than accessions from Ultarakhand and the exotic
accessions, The group-wise F-statistics revealed that on average 68% of variation was apportioned among populalions
and 32% within populations. Understanding the population genetic parameters for in sitn (on-farm) management
of farmers’ landraces and use of landraces representing locally common alleles for specitic adaptations in crop
improvement is suggested,

Key words: Naked barley, Hordeum vulgare L., Genetic diversity, North-western Himalaya,

Moeolecular characterisation

Cultivated barley (Hordewm vulgare ssp. vulgare) can be
classified into covered (hulled), and naked (hull-less)
forms. Most barley varieties grown presently are of the
hulled form, and they are mainly used for brewing malt
and animal feed. By contrast, naked barley is produced
on a small scale and used mainly as human food because
of the ease in processing and edibility. Naked barley is
atwracting aliention in tecent years, as feed and as a healthy
food because of the high feed value and abundance of
dietary fibre, respectively (Liu er al., 1996). According
to a survey by Takahashi (1955), naked barley is
distributed widely, but its frequency greatly differs among
regions; naked barley accounts for more than 95% of the
domesticated barley in the highlands of Nepal and Tibet,
and almost 50% in China, Korea and Japan, but the
frequency decreases toward the west, becoming low in

Eurepe. In the regions where naked barley is grown at

high frequencies, it is an important staple food.

The Himalayan barleys, particularly naked forms, are
of great poteniial vtility, which require research and
marketing interventions. The Himalayas, Ethiopia, and
Moracco have all been considered as centres of barley
domestication (Aberg, 1938; Bekele, 1983; Molina-Cano
et al., 1987). The widespread distribution of naked barley
makes the hulled or naked caryopsis character a key trait
to follow the origin and domestication process of barley
(Harlan, 1995; Salamini et al., 2002). A recent study
(Taketa et al., 2004), however, indicates that naked barley
has a monophyletic origin, probably in southwestern ran,
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and all naked barleys are likely to share a common
ancestor,

In many areas in North-western Himalaya in
proximity of Tibet, naked barley was widely cultivated
till about 4 or § decades ago but its cultivation has gone
down constderably in recent years. Naked barley
landraces have gradually been replaced by wheat in these
areas as a cereal of direct human consumption.

About 400 barley landraces including naked types
have been collected recently from north-western
Himalaya during 1999-2004 and are being maintained
ex sitw in National Genebank at the National Bureau of
Plant Genetic Resources (NBPGR). These landraces are
yet to be systematically characterized/evaluated. Limited
information is, therefore, available on genetic diversity
of existing naked barley landraces grown in north-western
Himalayas. The extent of diversity between populations
adapted to the high altitude region of north-western
Himalayas would suggest need for their continuous
collection and devising strategies for both ex situ and in
situ (on-farm) conservation. It would also suggest
possibility of vtilizing the useful genetic variation in these
landraces for improved vield and a better use of these
products in agriculture and industry. Morphological
diversity in naked barley [andraces collected from north-
western Himalaya was studied (Venkatesan er al. 2005),
In the present paper, molecular diversity in selected barley
popuiations from north-western Himalaya was studied
using Amplified Fragment Length Polymorphism (AFLP)
and Sequence Tagged Microsatellite Sites (STMS)
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markers. While AFLP markers were used for inter-
population diversity, the STMS markers were used mainly
for study of population genetic parameters (intra-
population variation}.

Materials and Methods

The experimental material consisted of 28 naked barley
populations assembled from different parts of north-
western Himalayas and represented all agro-ecological
conditions of the region. The material also included 5
naked barley landraces from exotic sources including 4
from Ethiopia and one from Nepal. The passport
information on the origin of accessions is given in Table
t. Procedures involved in AFLP and STMS analyses are
detailed below:

DNA Extraction

Extraction of total genomic DNA was carried out using
method given by Saghat-Maroof et al. (1984) with minor
modification. In each accession, healthy young leaves of
same size were taken from 30 plants (6 weeks old) for
bulk DNA extraction for AFLP characterization. For
intra-population diversity analysis using STMS markers,
DNA was extracted from 10 individual plants from each
barley population.

Table I. List of selected barley accessions for detailed diversity

analysis
S.No. Accession Onigin
i. IC 260864 Uttarakhand
2 IC 266944 Uttarakhand
3 IC 355879 Uttarakhand
4. IC 356114 Uttarakhang
5. IC 356122 Uttarakhand
6. IC 362237 Uttarakhand
7. IC 362256 Uttarakhand
8. I 398291 Uttarakhand
Q. IC 406567 Uttarakhand
10. I 406568 Lltarakhand
11 IC 406569 Ultarakhand
12 1C 406570 bttarakhand
i3 IC 406571 Uttarakhand
14, IC 406572 Uttarakhand
15. PI 1760640 Uttarakhand
16, KC/PS 37 Uttarakhand
17, Pl 429907 Jammu & Kashmir
18. Pl 429885 Jammu & Kashmir
1S. Pl 429855 Jammu & Kashmir
20, Pl 429889 Jarnmu & Kashmir
21, Pl 4298%% Jaramu & Kashmir
22 Pl 42994] Himachal Pradesh
23, PI 572605 Himacha! Pradesh
24. CHHO 3228 Nepal
25, Pl 316813 Ethiopia
26. Pl 356131 Ethiopia
27 Pl 382537 Ethiopia
28. Pl 382556 Ethiopia
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AFLP Analysis

Plant mapping kit for regular plant genomes (500-6000
Mb) AFLP™ (PE Applied Biosystems, USA) was used
for the analysis. The technique developed by Vos
et al. (1995), was optimized for barley by modifying the
protocol provided by the manufacturers. The technique
is based on the selective PCR amplification of restriction
fragments from digestion of total genomic DNA. ABI
plant mapping protocol was fellowed for analysis of
barley populations. The recommended DNA
concentration was 500 ng per reaction. The DNA
concentration was optimized for barley by testing three
different DNA concentrations wiz., 500, 200 and 100 ng
per reaction. Similarly, two restriction enzyme
concentrations viz, SU and 3U of EcoR 1 per reaction
and 1U and 0.2U of Mse 1 were tested and finally 3U of
EcoR 1 and (.2U Mse ] enzymes were used. Pre-selective
amplification was performed to reduce the overall
complexity of the target DNA fragments by increasing
specific target sequences so that the double digested
fragments become predominant. This was performed by
using pre-selective primers {Table 2).

Each peak in the electropherogram was considered
as an AFLP marker. The scoring of bands was dene from
the electropherograms according to size {in bp.}. Presence
of band was treated as ‘1" and absence of band as ‘0,
The ‘Genescan’ and 'Genotyper’ software packages
{Applied Biosystems, USA) were used for processing and
scoring of the results. The -0 matrix of cultivars X AFLP
products was used to calculate pairwise Juccard’s
similarity coefficient.

The similarity coefficient matrix was subjected to
cluster analysis by Unweighted Pair Group Method of
Arithmetic Average (UPGMA) analysis and dendrogram
was generated with the help of NTSYS-pc software
version 1.70 (Exeter Software, New York, USA). The 28
selected barley Jandraces were used in the cluster analysis,

Microsatellite (STMS) Analysis

The procedure described below was used for carrying
out the PCR reactions for STMS analysis. The PCR
reaction mixture consisted of Tag DNA polymerase, 10x
PCR buffer, dNTPs, MgCl,, primer and genomic DNA,
Optimization of PCR component concentrations was
carried out for Tag DNA polymerase, MgCl,, genomic
DNA and primer. Concentration of dNTPs (200 iIM) and
PCR buffer (1x} was not varied. PCR reactions were
carried out in a Perkin Elmer Thermocycler with heated
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lid. Thermocycling conditions were as follows:
1} denaturation at 94° C for 3 minutes; 2) 45 cycles of
denaturation at 94° C for 1 minute, 3) primer annealing
at 55° C for | minute; 4) primer extension at 72° C for 2
minutes and 5) final extension step at 72° C for 10
minutes. The selected primers after screening and their
sequences are listed in Table 3. The selected five primers
were used for population genetic studies.

Electrophoresis was carried out at 90 V for one hour
30 minutes till the bromophenol blue dye travelied less
than 2/3" the length of gel. The resolved amplification
products were visualized under UV light after staining with
ethidium bromide on a UV-Transilluminator. The gel was
photographed using a Gel Documentation System.

The amplification products were scored across the
lanes comparing their respective molecular weights. Each
band was treated as one STMS allele. Scoring of bands
was done from photographs. Homology of bands was
based on distance of migration in the gel.

The STMS allele data for each population was used
to calculate frequency of occurrence of a specific allele.
The accessions x allele matsix for all 5 loci analysed was
used to calculate the genetic diversity parameters. Genetic
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diversity of the populations was described using the
parameters, per cent polymorphic loci, number of alleles
per locus, genetic diversity for each locus and population,
the level of heterozygosity, coefficient of gene diversity,
Shannon diversity index, fixation-indices and gene flow
for all loci.

Results
AFLP Analysis
Primer Screening

Twelve selected primer pairs were used for detailed
genetic diversity analysis for 28 barley landraces. They
were selected from the list published in literature. The
properties of AFLP amplicons generated by 12 primers
in selected barley landraces are listed in Table 2. The
selected primer pairs generated a total of 1517 amplicons
ranging from 36 (E-ACC/M-CAC) to 188 (E-ACA/M-
CTT) among 28 barley landraces analyzed. Of the 1,517
amplicons generated 1,318 amplicons {86.9%) were
polymorphic and ranged from 34 (E-ACC/M-CAC) to
159 (E-ACG/M-CAA). The per cent polymorphism
ranged from 81.1% to 98.0%. Among twelve primer pairs,
four primer pairs generated above 90% polymorphism
(B-ACC/M-CAA, E-ACC/M-CAC, E-ACG/M-CAA and

Table 2. Propertics of AFLP amplicons generated by 12 primers in selected barley landraces

§.No. Primer sequence Total no. of No. pelymorphic % polymorphism Average no. of
amplicons amplicons amplicons per accession

1 E-ACA/M-CAA 176 153 869 934

2 E-ACGM-CAA 172 139 924 20.7

3 E-ACC/M-CAA 51 30 98.0 1.2

4 E-ACA/M-CAC 157 143 a1l 68.4

5 E-ACG/M-CAC 127 114 £9.8 58.0

6 E-ACCM-CAC 36 34 94.4 8.6

7 E-ACA/M-CTG 127 id6 835 68.3

3 E-AAG/M-CTG 102 89 873 47.8

9 E-ACC/M-CTG 127 103 RL.1 618

19 E-ACAM-CTT 188 153 814 99.6

I E-AAGM-CTT 127 107 343 59.8

12 E-ACC/M-CTT 127 107 84.3 55.0
Total 1517 1318 84.0 2.6

Table 3. rimer sequences, repeat maolif, allele size ranges (bp), and chromosomal location of 5 microsatellite primers

Priner 1D Primer sequence (3'-3") Core motif Allele size Annealing temperature Chromosoma! locution*

HVBKASI allggegigacegatattiatgica (CA)n 176-204 56 2(2H)
CaLACIZCagClangCag g gganca

HVM9 ¢itcgacaccaleaccoag (TCT)4 218-230 54 M3IH)
accaaualcgeeatcgaucat

HvVM43 gpatittctcangaacactt (CAY, 239 50 5(1H)
geplgagigcataacalt

BMSO0 acatcaaccoteetgete (Ac]zu 221 55 51H)
ccgeacataglggttacate

HYMG6 catggalgoatgattggting (GA), 175 52 F{5H)

cEcglecplalgtgtalgagtaa

* Chromosome numbering follows barley nomenclature with the homologous chromosome group given in parenthesis (IBGS, 1996}
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E-ACA/M-CAC). The average number of amplicons per
accession ranged from 8.6 (E-ACC/M-CAC) to 99.6
(E-ACA/M-CTT) per primer. Of the 12 primer pairs, two
primer pairs showed the average number of amplicons
per accession as above ninety. AFLP profiles of two
primer pairs are presented in figure 1.

Diversity Analysis

The Jaccard’s similarity coefficients ranged from 0.37 to
0.72. The UPGMA dendogram (Fig. 2} constructed from
Jaccard’s similarity co-efficients indicated presence of two
major clusters, when cuat-off value was considered as
0.546, the average simitarity coefficient. The cluster I
included 23 barley populations representing all regions,
Uttarakhand, Jammu & Kashmir, Himachal Pradesh,
Nepal and Ethiopia. The cluster could be further divided
into two sub-clusters, sub-cluster Ia comprising only two
accessions from Uttarakhand (IC-266944 and IC-406570).
The cluster 1] comprised only two populations, IC-356122
and IC-406567, both from Uttarakhand, The Jaccard’s
similarity co-efficient between these accessions is 0.53.
The three accessions, from Uttarakhand (IC- 260864 and
IC-406572) and one accession from Ethicopia (P1- 382556}
were not included in any of the clusters.

Microsatellite (STMS) Analysis
Primer Screening

Five primers were used for detailed population genetic
diversity analysis for 28 barley landraces. These primers
were selected from the list published in literature. The
properties of STMS bands generated by five primers are
listed in Tabte 3. This Table included the core moiif, allele
size etc. The Alleles had simple core repeat motifs viz.,
(C},. (TCT) | (GA} ,, (CA) jexcept two, (AG), .(GA),
and (GA)g. (GT),.(GA),.

The Allele frequency per locus generated by five
STMS primers among populations s [isted in Table 4. The
primer HVBKASI identified two alleles per locus with
average allelic frequency of 0.21 and 0.79. The primer
BMS90 identified two alleles per locus with average allelic
frequency of 0.38 and 0.62. The primer HVM43 identified
threealleles with average allelic frequency of 0.028,0.567
and 0.003. The primers HYM9 and HVM6identified only
single allele with allelic frequency of 1.00. A representative
profile generated by two STMS primers is presented in
figure 3.

Diversity Analysis of STMS Data

The summary statistics of diversity analysis of selected
barley landrace populations is listed in Table 5. Of the
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five loci analysed by selected primers, three loci were
polymorphic and two loci were monomorphic. The
percentage of polymorphic loci is 60%. Of the observed
number of alleles (1.8+0.82) among populations, the
effective number of alleles is 1.25 £0.34. The populations
with more effective number of alleles possessed higher
diversity than the others. These populations were CHIO
3228 (Nepal}, PI 572605 (Himachal Pradesh), P1 429885
(Jammu & Kashmir}, PI 310815 (Ethiopia}, IC 398291
(Uttarakhand), IC 356114 (Uttarakhand}, IC 260864
(Uttarakhand} and PI 429941 (Himachal Pradesh}. The
expected heterozygosity was 0.16x0.20 among
populations and the observed heterozygosity was .01 =
0.20. Of the 28 barley populations, only four populations
namely, PI-429885 (Jammu & Kashmir), PI-176040
(Uttarakhand), PI-316815 (Ethiopia) and PI-336131
(Ethiopia} showed higher chserved heterozygosity.

Shannon’s information index was high for
populations CHIO 3228 from Nepal, PT 572605 and PI
429941 from Himachal Pradesh, PI 429885 from Jammu
& Kashmir, and IC 260864 and IC 362256 from
Uttarakhand indicating greater diversity of these
populations.

The UPGMA dendrogram from population analysis
(Fig. 4} constructed from Nei's genetic distunces
indicated presence of two major clusters [ and 11. Cluster
I could be further divided into two sub-clusters. The sub-
cluster Ia included 21 barley populations, representing
accessions from all areas, Uttarakhand, Jammu &
Kashmir, Himachal Pradesh, Ethiopia and Nepal. The
sub-cluster Ib included only three populations, two from
Uttarakhand and one from Ethiopia. The cluster I
included three populations, ail from Jammu & Kashmir.
One accession from Uttarakhand {IC-355879} was not
included in any of the clusters.

Grouped Popalation Descriptive Statistics

The group-wise allelic frequency per locus gencrated by
5 STMS primers is listed in Table 6. The group | included
the accessions collected from Uttarakhand and one
accession from adjoining Nepal, in these three loci out
of five were polymorphic. The group Il included the
populations assembled from Jammu & Kashmir in which
two loci out of five loci identified by selected primers
were polymorphic. The group Il comprised the
populations from Himachal Pradesh and only two loci
out of five loci were polymorphic. The group TV
comprised the populations from Ethiopia where only one
locus cut of five loci was polymorphic.
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Fig IA,B): AFLF profiles of four burley landraces each generated by differenr primer pairs indicating the quality and extent of
polymorithism for amplification products. The dark coloured filled bands are polymorphic and rest are monomorphic among the populations

The summary statistics for selected populations
group-wise is presented in Table 7. The populations from
group 1 (Uttarakhand and Nepal), group II (Jammu &
Kashmir} and group III (Himachal Pradesh) contributed
more for representation of diversity of populations with
more effective number of alleles. The group I populations
had all the three polymorphic loci out of five loci
identified by selected primers. The per cent polymorphism
of group I population is 60% and both group II and group
Il is 40%.
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The group I, group 11 and group IV showed higher
observed heterozygosity which was possibly the result
of natural crossing among the populations. The Shannon’s
indices were more for group 11 and group III showing
greater diversity of the populations in these groups.

The summary of group-wise F-statistics and gene
flow for all loci identified by 5 STMS primers is tisted in
Table 8. The proportion of diversity among and within
populations indicated that, on average 68% (Fst) of the
variation was among populations and 32% (1-Fst) was .
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IC-260854  Uttarakharwi
la [ PC-P08E84  Unarwkhand
IC4065T0  Utiarnkchand
[eal AR Litmrnkhasnd
IC-3ITIT  Unemkhand
a2z WC-MIZSE  Uittarakhand
KOPSIT  Utarkhand
[ ICA06568  Utinemkhand
IC4065T1  Utarnhhand
PLAZSARS  Jaemu & Kaskmi
IC4DESE0  Unttarmkhand
P 473855 Janimid & Kaafuna
| PIGT2008  Himachal Pradesh
PATE0  Uittsektand
100 PIIGATS  Ethiapia
G-I Uitseskband
P ARG5S Jarnired & Fassfema
1 PLAZOMAT  Himachal Pradesh
IC-155AT Uit anad
P 4Fa00T Jwmireni & s
P assan Ethanpsa
i: P382537T  Ethiopa
CHO J228  Mepal
ol PIAZ88S  bamewi & Mashimir
100 IC406577  Usakhund
49 -5 Uit Pl
Il IC4DSSET  Umarmihand
PIIEISSE  Edhiopa

Fig. 3: STMS profiles of barley populations generated by the primers, HVM 43 (A) and HVBKASI (B) indicating inter-population
diversiry

within populations. High Fst values in group Il (Jammu
& Kashmir) and group I (all populations from
Uttarakhand and one accession from Nepal) were
indicative of high population differentiation in these
groups. The negative Fis values in group II, Il and 1V
were indicative of high degree of inbreeding among
populations of these groups. High Fit values in group 1,
[1 and 111 also indicate greater population differentiations
between populations.

The contribution of geneflow (Nm values) i1s more
in group I (Himachal Pradesh) populations as compared
to other groups.
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Discussion
AFLP characterization

The AFLP characterisation of selected barley landraces
indicated enough polymorphism to fully differentiate the
inter population diversity (Table 2). The bootstrap tests
on the data of figure 2 fully supported the resolution
shown. Though, at the major cluster level there was no
strong association between geographical origin and
genetic diversity, yet at sub-cluster level this association
was better revealed. Some of the Uttarakhand accessions
were clearly discriminated in distinet clusters/sub-
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POPZ  1C-266944  Uttarakhand
POP1Z JCADSST]  Uttarnkivand
IC-356114  Unarakhand
PRl 1C 46569 Uitzrakhand
pord |C356E21 Uitarakhamd
PORE Pl 362556 Eibiopis
PR JC-ABGS5EE  Ultnrakhusd
I Pop?5 Pp3SELNl Fthiopia
PoeM {86570 WHInrakhand
;'j popth Pt 429095  Jammu & Kashmle
popB 10362256 Uliarakhinwd
POPI3 [Cof06ST  Ttiarubhand
Boel4 |09A791  Guarakhand
pofl 1 260864 AMharakheed
- PO PlAAHT  Jammu & Kxxhmle
POE20 10063237 Uniaeakhand
1a Pm“i P1LA29941  Himachal Pradesh
W" PIS72605  Himachal Pradesh
Pe023 C1HO 3228 Nepal
[ [ POR22 PP 76048 Litarnkband
Lo popr I 342537 Ethiopin
|: POPE 1o 66T Unerakband
1b #%25 p3 316815 Ethiopin
L‘"_—‘"‘PDD" K537 Uitarakhand
01T Pl y2ouoh  Jamowe & Kustmir
1l POO by y29x8  Jammu & Kashmic
PRSPy 4z08R8  Juminu & Kashmir
T POO22 ¢ 355H79 Utinrakband
Fig. 4: UPGMA dendrogram of 28 barley lundraces based on STMS daia
Table 4. Allelic freguency per locus generated by 5 STMS primers
$.No.  Accession HYBKASI HYM9 BMSO0 HVM43 HVMG
Allele A Allele B Allele A Allele A Alieic B Allele A Allele B Allele C Allele A
1. 1C-260864 0.90 0.1¢ 100 0.20 0.80 - 1.00 - 1.0X)
2 1C-266944 - 1.00 1.00 0.106 0.90 - 1.00 - 1.00
kX 1C-356114 - 1.00 L0 0.30 0.70 - 100 - 1.0
4, IC-356122 - 1.00 .00 - 1L.00 - 1.00 - 1.00
5. 1C-362237 - 1.00 1.00 0.20 0.80 - 1.00 1.00
6. 1C-362256 - 1.0 1.00 (.90 .10 - 0.9 .10 1.00
7. KC/PS-37 - 1.00 1.00 - 1.0G - 1.00 - 1.00
8. [C-406567 - 1.00 L.00 - .00 0.10 0.90 - 100
9. 1C-406568 - 100 1.00 (.10 0.90 - 1.00 - 100
10. 1C-406569 - 1.00 1.00 0.20 .80 - 1.00 - 1.00
1. WC-406570 - 1.00 1.00 1.00 - - 1.00 - 1.00
12, [C-406571 - 1.00 1.00 £.00 - - 1.00 - 1.00
13 1C-406572 - 1.00 1.00 0.20 0.80 - 1.00 - 1.00
14. 1C-398291 - 1.00 1.00 .70 0.30 - 1.0 - 100
i5. Pl 426885 0.70 0.30 1.00 .90 .10 - 1.00 - 1.00
16. P1 429895 0.10 0.90 1.00 1.00 - - 1.00 - 1.00
17, Pl 429896 0.90 0.10 LOG 1.00 - - 1.0 - 100
18. Pl 425839 1.0 - 1.0G 1.00 - - 1.00 - 100
19 PL 429907 1.00 - 1.00 - 1.00 - 1.00 - L.00
20, Pl 42994] 0.2 0.80 1.00 0.20 0.80 - £.00 - 1.0
21. Pl 572605 0.50 0.50 1.00 0.20 0.30 - 1.00 - 1.00
22. 1C-355879 - 1.00 100 .00 - - 1.00 - 1.00
23 CIHO 3228 .50 0.50 1.00 0.50 0.50 - 100 - 1.00
24, PI 176040 - 1.00 1.00 - 1.00 0.15 .85 - 1.00
25. Pl 316815 - 1.00 1.00 - 1.00 0.30 0.70 - 1.00
26. PI 356131 - 1.00 1.00 - 1.00 0.25 0.75 - £.00
21 P1 382537 - . 100 1.00 - 1.00 - 1.0¢ - 1.00
28, Pl 382556 - 100 1.00 - 1.00 - 1.0 - 1.0Q
Qverall allelic frequency 0.21] 0.79 L.O0 0.38 0.62 0.028 0.967 0.003 L.00

Indian 1. Plant Genet. Resour. 19(1): 19-29 (2006)



26 Indian Journal of Plant Genetic Resources, Yol. 19, No. | (2006)

Table 5. Summary diversity analysis of selected barley landraces

SNo.  Accession Sample  No.of %of Observed Eflective no. Shannon’s Observed Expecixl

No. size polymorphic  polymotphic no. of of alletes Infonuation heterozygosily heterogyosity
loci Toci alleles Inndex

i. IC-260864 10 2 40 1.4040.55 1. 144021 {(.1740.23 3.0 Q12015

2. IC-266944 1O 1 20 1.2040.45 1.04+0.10 0.0740.15 0.00 {44+008

3. 1C356814 10 1 20 1.20+0.45 144032 0.1240.27 0.00 0.12+0.27

4. IC-356122 10 0 [V} 1.0G 1.00 0.00 0.00 (1%}

5. IC-362237 1 1 20 1.20+0.45 1.09+0.21 0.1043.23 .00 87+0.15

5. IC-362256¢ 10 2 40 1.40+0.55 1.09+0.12 0.1340.18 9.00 0084016

7. KC/PS-37 19 0 0 L.0G 1.00 000 900 .00

3. 1C-406567  I¢ t 20 [.2040.45 1.04+0.10 C.07+0.15 (.00 0.04 +0.08

9. 1C-406568  IC L 20 1.20+0.45 1.04+0.13 0.0740.15 .00 0044008

0. IC-406569  IC I 20 1.2040.45 1.09:0.21 3104022 0.00 G075

[ 1C-40657¢ 10 0 ¢] 1.00 1.00 .00 {1.00 {100

12 IC-406571 10 0 0 1.00 i.00 5.00 0.00 0.00

13, IC-406572 1 1 20 12040345 1.09+0.21 0.10+0.22 .00 [EREEE I

14, IC-398291 10 I 20 1.20+0.45 1.14+0.32 0.1240.27 0.00 0.09+0.19

L5. PI 429885 Lt 2 40 1.40+0.55 1.1940.31 0.1940.28 004000 0.1230.19

16. PI 429895 i 1 20 1.2040.45 1.9440.09 074014 0.00 L4008

17 PI 429896 IO 1 20 1.2040.45 1.0440.10 0.07+0.15 0.00 O0.K+0.08

8. P1 429889 10 0 4] 1.00 1.00 .00 0.00 .00

9 P1 429907 10 4] o 1.00 1.00 .00 600 0.00

2C. P1 429941 10 2 40 1.4040.55 1.1940.26 £.20+0.27 060 0134018

21, PI 572605 18 2 40 1.40+0.55 1.29+0.44 0.2440.33 0.00 {17025

22 IC 355879 I¢ 0 Q 1.0G LG 0.00 0.00 0.4

23. CIHO 3228 D 2 40 1.40+0.55 1.40+0.55 0.28+0.38 (EX0 43 0.21+00.29

24. PT 176040 13 1 20 1.20+0.45 t.07+0.15 0084019 0064013 0.05+0.12

25 PE316815 (O 1 20 1.2040.45 1144532 0.122027 0124027 0.0940.3}

26. PE 356131 1% 1 20 1.20:0.45 1.1245.27 G.11+0.25 G.10+022 04083018

27. P1 382537 10 0 0 .00 1.00 .00 0400 4.0

28. P1 382556 10 i 0 LOG 1.00 0.00 000 .00

Overall 280 3 60 1.80+0.82 1.25+0.34 0244029 0.0140.20 $0.16+0.20

Table 6. Group-wise allelic frequency per locus generated by 5 STMS primers

5. Accession HYBKASI HVM9 BMS50 ’ HVM43 HVMo

Na. Allele A Allele B Alicle A Allele A Allele B Allelc A Allelc B Allele C Adlele A

I. Group | (UA & Nepal} 0.08 092 1.00 .32 0.68 {01 .94 9006 1AM

2. Group 11 {J&K) 0.42 038 1.00 o 0.28 - 1.00 - 1.00

3 Group 11 (HP} .35 .85 1.00 020 0.80 - 1.00 - REY

4. Group [V {Ethiopia} - 1.09 1.00 - 180 0.14 .86 - 1.6
Overal!l allelic frequency 0.26 0.74 1.00 0.31 0.69 (.04 0.96 0002 1.0

UA=Uunarakbimd, J&K = Jammu & Kashniir, H.P.= Himachal Pradesh

Table 7. Group-wise summary diversity analysis of selected barley Iandraces

5 Group Sample  No.of % of Ohrerved Effectiveno.  Shannon's  Observed Fxpucted
No. size polymorphic  polymorphic no.of of alicles [nformation beterwygosily  heterozygosity
foci loci atleles Incdex

i Group 1 {UA and Nepal} 17¢ 3 60 [.80+0.84 [.19+0.33 0.20+0.26  O.00Bx0.18  0.13+0.1%

3. Group 1T (J&K} 50 2 40 [.4040.55 1324044 0.25+0.35  {.007+0.01 {.18+0.24

5. Group [I1 (HP) 20 2 40 1.40+0.55 E26+0.38 0.2210.32 (.00 £.16+0.22

6. Group [V (Ethiopia) 40 I 20 1.20+0.45 1064014 008018 0.06+0.12 0.48+0.11
Overali 280 3 50 1.4540.59  1.2040.32 (.19:0.28  (3.02+040 23019

UA=Uttarakhand, J&K = Jammu & Kashmir, HP= Himuchal Pradesh

clusters. This provides the opportunity to select diverse  study. The AFLP markers have also been successfully
accessions from distinct microclimatic niches for specific  used for cultivar identification and genetic diversity
morphological adaptations. Grouping of accessions from  analysis in barley (Ellis e al., 1997, Schut ef af., 1997,
all regions in sub-cluster Ib indicates preponderance of  Powell et al., 1997; Davilia et al., 1998, Treuren and van
widespread common alleles in barley landraces under  Hintum, 2001: Turpeinen et al., 2003).
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Table 8. Summary of group-wise F-statistics and gene fiow for all loci
in selected barley tandraces [Sec Nei (1987} Molecnlar
Evolutionary Genetics {p. 159-164)}

Group Sample  Fis Fit Fst Nm*
Size

Group T{UA & Nepalj 170 G.803 0934 65808 0.180

Group 11 {J&K} 5 —leden 0562 07269 0004

Group IH (HP} 286 16301 1000 00581 4056

Group IV (Ethiopia) 43 81939 0159 41621 1.293

Mean 280 0755 0920 (0675 0.120

* Nm : Gene Now estimated from Fst 0 §.25(1 - FstyFst
UA: Unarukhand, JI&K © Jomme & Kashmir, HP: Himachal Pradesh

STMS Characterisation

At the level of the population, any particular allele at a
locus occurs with a certain frequency and in self-
fertilizing species like barley may attain any frequency.
The amount of polymorphism within populations, the
alletic richness {the total number of alleles in the
population}, the gene diversity or probability that two
random copies of the gene will have dissimilar alleles,
and the heterozygosity (the percentage of heterogeneous
genotypes in a population) are all measurements of genetic
diversity within a population. The informative value of
microsatellite markers for genetic studies and as a
powerful tool for linkage maps and barley breeding was
confirmed in several studies (Saghai-Marcof ef al., 1994,
Becker and Heun, 1995; Liu er al., 1996; Struss and
Plieske, 1998; Ramsay et af., 2000; Pillen ef af., 2000,
Kunzel et af., 2000; Kunzel and Waugh, 2002; Holten
et al., 2002; Li et ad., 2003; Thiel et al., 2003).

Among the five STMS loct, two (HVMS and HVM6)
were entirely invariant as only one allele was observed
in the total 280 individuals from 28 populations analysed
(Table 4). The alleles at these toci can be categorised as
common and widespread according to Marshail and
Brown (1975). Of the three rematning loci, BMS90 was
most variant foilowed by HVBKASI and HVMA43. All
the alleles at these loci occurred with frequency P>0.1
for individual poputations. At locus HVBKASI, allele A
was common and tocalized and was present in only one
population (IC 260864) of the 16 populations of
Uttarakhand region studied. This allele was, however,
common and widespread in populations of Jammu &
Kuashmir and Himachal Pradesh, and also occurred in one
population of Nepal (CIHO 3228). The above population
from Uttarakhand (IC 260864) was collected from the
adjeining overlapping areas of Uttarakhand and Himachal
Pradesh. Similarly at locus HYM43, allele A and C were
commoen and localized. Allele A at this locus occurred in

Indian f. Plant Gener. Resour 19(1); 19-29 {2006}

two populations of Uttarakhand {IC 406567 and PI
176040} and two populations from Ethiopia {(P] 316815
and PI 358131). Allele C was present in only one
population of Uttarakhand (IC 362256). The common and
localized alleles occur in only one or few habitats, where
they normally reach a high frequency. These alleles may
be biologically specialized alleles that enhance adaptation
only in certain habitats. These are often the class of aHeles
of most interest to breeders, because breeders are
concerned with improving performance in the specialized
habitats of their own ecogeographical regions.
Widespread, common alleles have almost certainly been
introduced inte all habitats, whereas introduction of the
localized alleles of special habitats is tikely to have been
sporadic. Such considerations led Marshali and Brown
{(1975) to suggest that locally common alleles are, at Icast
conceptually, the key class of alleles in formulating
sampling stratcgies, whether for capturing the maximal
amount of useful variation within populations (within
practical limits of sample size) or determining the
distribution of environmentally influenced genetic
variation within species. Alleles whose frequencies vary
widely from population to population (common aad
localised calegories) appear to be responsible for most
of the allelic variation that exists within and among
populations of bartey landraces studied. Such variations
in allelic frequencies are often correlated with readily
observable and measurable environmental factors
(rainfall, temperature, slope, exposure, soil type, etc.).

The population genetic parameters revealed high
alielic richness in four of the 16 landraces from
Uttarakhand (1C 260864, IC 356114, IC 398291 and IC
362256) together with high Shannon diversity indices
{Table 5}. Of the five populations of Jammu & Kashmir,
one accession, Pl 429885 had high allelic richness
together with high Shannon diversity index, The two
accesstons from Himachal Pradesh displayed relatively
high allelic richness and high Shannon diversity index.
The cne accession from Nepal included in the study had
the highest allelic richness {effective number of alleles
1.40+0.55) and Shannon diversity index (0.28+0.38) of
all the accessions studied. Among the four Ethiopian
accessions, two accessions P1 416815 and PE356131 had
high atlelic richness together with high Shannon diversity
indices. Five accessions from Uttarakhand (IC 356122,
KC/PS 37, 1C-406570, 1C-406571, IC-355879), two
accessions from Jammu & Kashmir {P1-429889, PI-
429907) and two accessions from Ethiopia (P1-382537,
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P1382556), did not show any polymorphism for the five
STMS marker loci studied.

Group-wise summary statistics (Table 7) for various
population genetic parameters indicated that accessions
from Himachal Pradesh {group III) and Jammu &
Kashmir {group 11} had relatively more number of
effective alleles and high Shannon diversity index
followed by accessions from Uttarakhand and one
accession of Nepal clubbed in group [ and the accessions
from Ethiopia in group IV. Observed heterozygosity is
more for Ethiopian accessions followed by accessions
from Uttarakhand and Jammu & Kashmir.

Group-wise F-statistics (Table 8} revealed greater
population differentiation in group II and 1. On average
68% of variation was apportioned among populations and
32% within populations. The contribution of geneflow
was more for two populations from Himachal Pradesh
{group III) followed by landrace populations from
Ethiopia, Uttarakhand and Jammu & Kashmir.

Understanding the population genetic structure of
farmers’ landraces may be helpful for in situ (on-farm)
management of these landraces. Farmers’ decisions
regarding the size and relative placement of their fields
impact significantly on local crop diversity. Fields may
be large or small, close together or widely spaced.
Depending on the reproductive biology of the crops in
question, this structuring can have a range of effects on
the genetic diversity of the crops. It is not known whether
common landraces used throughout the village or region
tend to be more variable than less common varieties. It
could be that the differences are related much to character
differences (and possibly to the distribution of diversity)
and all landraces have about the same allelic richness.
Neither is known whether increasing richness of farmer
varieties or number of farmer varieties and increasing
genetic diversity {allele richness) are positively correlated.
[t could be that the genetic diversity contained in a few
landraces in some villages is similar to the amount of
genetic diversity contained in villages with many
varieties. To make rational conservation plans, it is
important to test whether villages with a few landraces
are conserving as much diversity as villages with many
varieties. Locally common landraces are those landraces
that appear to be particularly important for conservation
and particularly interesting for users.

Farmer management of geneflow impacts genetic
diversity over time and space. Landraces may hybridize
with other farmers’ landraces. Farmer management of

Indian J. Plant Genet, Resour. 19(1): 19-29 (2006)

crop populations according to flowering dates is another
action with relevance for geneflow between varicties.
When new genetic combinations arise through
introgression, farmers select and maintain new
combinations under specific situations,

The UPGMA dendrogram presented in figure 4
provides opportunity for selecting distinct populations
from different microclimatic niches for use in crop
improvement. Diversity analysis will provide information
on the genetic distinctiveness of farmer-named varieties.
Measurement of diversity can determine whether rare
varieties are selected from common ones and whether
locally common varietics have the greatest number of
locally common alleles for different breeding systems.
Diversity analysis at different spatial scale will enable
comparisons at community and regional levels, such as
whether the crop populaticns of one village represent all
the genetic diversity in the region.

The above population genetic parameters can help
measure the average genetic diversity of a field/village/
region, the differences in allele frequencies among
different populations, and the differences in level of
polymorphism among populations.
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