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18 RAPD markers where successfully amplified wviithurartu and T. boe-
oticum populations. The marker system proved to be @éffedn genetic asses-
sment of 10 populations analysed. In the RAPD aisly total of 114 bands were
screened among which 55 were polymorphic acrospoplations of T boeoticum
and T. urartu Dendrogram using UPGMA was originated from Nejsnetic
distance. The RAPD dendrogram showed genetic €iftms among populations
from the nearby geographical areas. Obtained sesult showing importance of
further investigations of genetic structure andegjendiversity within and between
populations of studied plants with more valuablengang to conclude more
precisely the relationship between diversity armbgaphical origin.

Triticum boeoticum - Triticum urartu — PCR - RAPRnkers - dendrogam

18 RAPD wphtpubp bwgnqmpunip unfuphbhljuglly Gu  Zwaru
T. boeoticum winuymjjughtuph pmyubiph Fu@-ubkphg: Ctunpyus dupljbpughtt hundwljuipgp
upyniiun]tn k10 mumdtuuhpynn wnumjpughwtbph hunfwip: RAPD Jkpimémpiuil
wpryniipnud. quwhwunfly £ 114 widuphphljugdus hunnmjwsubp, npnughg 55 wnjuinpd
Ehti: ‘Ukh ghtlinhljuljut hbpunnpni pjuit qurhuinuwh wipnyniipnid jummgyt E UPGMA
nkunpngnuit: Cunn RAPD  phmpngpunih wwpplp,  dnin - wiphouphwigpualjun
ununiugguhibph  uhol, pugwhugndly Bu  ghibnhljuljut  wwppbpmpmniikp:
Uunwugquws  wpymbpubpp gnyg G wwghu mumdbwuppynn - pogubph tbp- b
Uhounumiuughnt qhttnhljuljut jummgiudph nunuluhpmipmiibph jupbnpmpmniin
ghtbinhljuljut  puquuquimputt b wphmuphugpuljul  wpusfusmput  thel
thnpuunuipd Juwtph puguhuynuwi hudwp:

Triticum boeoticum ( Triticum urartu ( NC(} ( RAPD wplkphkp ( nkigpngpund

18 RAPD mapkepoB Obumn ycmemso ammuduuuposansl ¢ JJHK momy-
Jsiui pacrenunit T. urartu u T. boeoticum BeiGpannasi cucreMa MapKepoB OKa-
3anach dddexruBHOl M1 oneHkn 10 mccnemyeMbIx momyisnuii. B pesynbrare
RAPD ananu3za 0buto oneHeno 114 amminuunpoBaHHbIX (parMEeHTOB, U3 KOTO-
pbix 55 okaszamucs nonuMmopdHeME. Ha OCHOBE OLICHKH I'€HETHYECKOrO PaccTos-
uust Hen Obuta noctpoena UPGMA npennporpamma. [To RAPD penaporpamme
OBbUIM BBISBJICHbl T€HETHUECKUE PA3IMYUsl CPEAU HOIYJISALHH, IPOU3PACTAIOIMX B
reorpauuecku OIU3KO PACHOIIOKECHHBIX paifoHax.
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TTonmy4ueHHBIC PE3yabTAThI MOKA3BIBAIOT BAXKHOCTH JAIBHEHIINX HCCIIeq0Ba-
HUH BHYTPU- M MEXKIIOMYJSIHHOHHON I'€HETHYECKON CTPYKTYPhl M I'€HETHYECKOTO
pa3HOO0pa3us UCCIeyeMbIX pacTeHHil it 00Jiee TOYHOTO OIPEICICHHUs] B3aHMO-
CBsI3CH MEXIy T€HETHYECKUM pa3HOoOOpa3neM U reorpadiyeckiM pacripocTpa-
HEHUEM.

Triticum boeoticum - triticum urartu I[P - RAPDuapkeput - 0endpocpamma

Armenia is one of the main centers of distributighwild wheat sites and
domestication of common and emmer wheat [12, 3¢ JénusTriticum comprises spe-
cies of different ploidy levels from diploid (2nH) to hexaploid (2n = 42).

Triticum boeoticumBoiss. with the genome AbAb has been reported zalumble
source of desirable genes conferring protein gualihino-acid content or resistance [8].

The habitats of wild wheat in Armenia are potehji#the ideal areas to explore
germplasm for suitable genes for introgression utitivated wheat [11]. Therefore, it is
supposed that the populationsToboeoticunin this region contain high levels of genetic
diversity and can be potential donors of usefulegefior abiotic and biotic stress
tolerance for breeding purposes.

Molecular markers provide a good estimate of genditrersity since they are
almost unlimited in number and are not influencegdttie environment [10]. Different
DNA markers have been developed in resent yeats asi&RFLPs Restriction Fragment
Length Polymorphisms), AFLPs (Amplified Fragmeninbéh Polymorphisms), RAPDs
(Random Amplified Polymorphic DNAs) and microsate SSRs (Simple Sequence
Repeats) which can be used either separately arombination, to assess genetic
diversity. Molecular markers and their combinatiomere widely used for measuring
genetic diversity in wheat cultivars and relatetbvepecies [1,4,5,6] but, our knowledge
regarding molecular genetic variation in wild wheslatives in Armenia is limited.

The main goal of this study was to evaluate genstciability among
populations ofT. boeoticum and T. urartudm Armenia using RAPD.

Materials and MethodologyAccessions of wild wheat were obtained from seatkba
of the Armenian State Agrarian University, ICARDAAIPK (Gatersleben, Germany) and from
wild (Table 1)

Table 1. List of studied diploid wheat Friticum boeoticunandTriticum urartu

Accession numbers
N Species Geographical region Gaterdeben (TRI),
ICARDA (IG)
1 | T.boeoticum Armenia (Erebuni Res.) Erebuni Res.
2 | T.boeoticum Armenia (Yerevan) 1G126246
3 | T. boeoticum Armenia (Eghegnadzor ) -
4 | T. boeoticum Armenia (Kotayk) IG 44938
5 | T.boeoticum Armenia (Ararat) 1G126286
6 | T.boeoticum Armenia (Vayots Dzor) IG 137411
7 | T.urartu Irag (Ninawa) IG 109084
8 | T.urartu Iran (East Azerbaijan) IG 45777
9 | T.urartu Turkey (Gaziandep) IG 116203
10 | T.urartu Armenia TRI6735
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DNA isolation. DNA from young seedling was extracted by applicativo CTAB
modified protocols [2]. DNA extracted by modifiedofle protocol with addition activated
charcoal was used for RAPD analysis. DNA from youdng day-old seedlings were extracted by
application a modified CTAB method [2].

PCR amplification and gel electrophoresior RAPD analyses 18 10 mer primers were
used: OPAO1, OPAQO2, OPA03, OPA0O4, OPAO5, OPAll, ARAOPA 18, OPE03, OPE04,
OPEO07, OPE11, OPE15, OPE20, OPC 02, OPC 05, OPGP@19 (Operon technologies).

Each sample contained 0.03 of Taq polymerase (Gatersleben, Genomzentrurb)p 2.
PCR buffer, 1QuM of forward/reverse primers, 2.5 mM of each dNTl about 50 ng of plant
DNA. PCR conditions Biokom PCR amplifier the P@Rograms were well workable on all
machines. PCR amplification programs for RAPD meslee described in table 2.

Table 2. PCR amplification programs for different primer dumations
used in 11 wild accessions Bfiticeae

PCR programsfor amplification RAPD markers
OPAO01, OPA02, OPA03, OPA04,
OPAO05, OPA11, OPA 13, OPA 18,
OPEO03, OPE04, OPE07, OPE11,
OPE15, OPE20, OPC 02, OPC 05,
OPC 11, OPC19

94°C — 1.5 min, 40 cycles (8 - 30 sec.
36°C — 1 min, 72C — 1 min), 73C — 10 min

PCR amplified RAPD DNA fragments were electrophetem 2% agarose gels at 110 V
for about 2 hours, stained with ethidium bromidsualized under UV light and photographed.
Gel images were captured in TIF files and analywét the POPGENE32 software. The bands
were scored in binary notation, with 1 and O foesgnce and absence of bands, respectively.
Binary matrix was used to estimate the geneticlanities between pairs, by employing Nei index.

These coefficients were used to construct dendnograing the unweighted pair group
method with arithmetic averages (UPGMA), employting Popgene 32 and treeview software.

Results and Discussiorl8 RAPD markers were amplified with 4 accessions of
T. urartu and 6 ofT. boeoticum The marker system have proved highly effective i
genetic assessment of 10 populations analysedhdnRAPD analysis by using 18
primers, a total of 114 bands were screened amdnghwb5 were polymorphic (50%)
across 10 populations of. BoeoticumandT. urartu (average of 6,2 bands per primer).
The highest and the lowest number of polymorphiedsaper assay unit were 2 and 15
respectively.

The observed number of allele, effective numbeallgie, Nei's gene diversity,
Shannon's Information index and percentage of poipitic were calculated and
dendrograme was originated. The results obtainegasented in tab.3.

The amplified DNA fragments normally ranged from01® 2000 bp. An
example of RAPD pattern, obtained with primer OPAB8Zhown in Fig. 1.

The genetic similarity was estimated between pafrgpopulations (Tab.4).
Estimates of genetic identity of RAPDs ranged frorhl to 0.98 with an average of
0.58.

The dendrogram using UPGMA as the clustering mettwad originated from
Nei's genetic distance (Fig. 2 and Tab. 4) basetherRAPD. Cluster analyses have
separated 10 populations into two major groups dase their RAPD fragment
similarities, and within group off. boeoticumpopulations’ three sub clusters was
formed. The RAPD dendrogram showed the genetierifices among populations from
the nearby geographical areas. These results ageoith agreement with other analyses
on genetic diversity carried out in different cspecies and their wild relatives [6,7,9].
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Table 3. Genetic diversity offriticum boeoticunandTriticum urartupopulations
by RAPD markes

Observe| Effectiv

. The
) d e Nei's gene| Shannon's
N Population number | number | diversity | Information percentage o
name - polymorphic
of of index ioci %
alleles | alleles °
T. boeoticum
1 Yerevan 1.7500 1.3446 0.2069 0.3209 55.34
T. boeoticum
2 Ararat 2.0000 1.6032 0.3497 0.5217 54.16

T. boeoticum
3 Vayots Dzor 2.0000 1.6286 0.3673 0.5455 53.94

T. boeoticum

4 o 1.9583 | 1.6481| 0.3735 0.5493 50.00
T. boeoticum
5 | Veghoonadroy 19583 | 16446 03735 0.5498 54.61
6 | T-PoSolCUM | 53 | 16503 0.3754 0.5513 52.50
7 | T-Doeoticum | g5e3 | 16192| 0.3633 0.5391 54.17
Erebuni
T. urartu
8 Aot | 20000 | 1.5881|  0.3495 0.5267 55.68
T. urartu
9 Eropnt | 2.0000 | 1.6377|  0.3799 0.5646 53.46
0| T I‘ﬁ;‘]”“ 1.9583 | 1.6737|  0.3899 0.5705 55.00
11 | WA 20000 | 1.6097| 03656 0.5462 51.67

M 12 3456 7 8 910

-
-
—
—
-
o~

Fig. 1. RAPD patterns of 10 genotypes within the T. baroti (lines 1-7)
and T. urartu (8-10) obtained with primer OPA02. M:
DNA size markers (DNA Molecular Weight Marker, Femtas, 100 bp ladder).

Although a limited number of accessions for eadtigs was considered, there
was a clear separation between and within accessibh .boeoticumandT. urartuin
the study. It is possible that this separation ketw populations may be due to
predominance of self fertilization and geographstrébution.
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Table 4. Nei's Original Measures of Genetic Identity and &gndistance

pop ID 1

2 3 4

5

6

7

8 9 10 11

*kkk

0.0321
0.0445
0.0800
0.2817
0.2350
0.0909
0.8867
0.8917
0.9182
0.9388

P ~
RBoo~Noorwn e

0.9684 0.9565 0.9231.7Q16
x0.9845 0.9683 .7668
0.0156  **** 0.9832 .9824
0.0322 0.0170  **** 9086
0.0338 0.0177 0.0014**
0.0602 0.0370 0.01940189
0.0370 0.0256 0.01420097
0.0473 0.0563 0.06530605
0.0462 0.0602 0.07200645
0.0572 0.0676 0.06770684
0.0634 0.0760 0.06820689

0.7737
0.9415
0.9637
0.9807

0.9842 0.9903 0.1413 0.1375 1876
0.9754 0.1097 0.1189 P8b

*kkk

0.0249
0.0946
0.0846
0.0741
0.0728

0.9131
0.9637
0.9747
0.9859

*kkk

0.0478
0.0486
0.0447
0.0452

0.1113
0.1538
0.1453
0.1368

0.1124188%
0.154814
0.14161346
0.13061346

0.1704
0.1386
0.1268
0.1341
0.1381
0.1298
0.1558
0.9538
0.9644
0.9867

Fhkk

0.1533 0.1525 1863
ek 0.9776 9916
0.0227  *** 9079
0.0496 0.0224**
0.0473 0.0362018%4

Nei's genetic identity (above diagonal) and gergitance (below diagonal).

o

Triticum boeoticum (Yerevan)

Triticum boeoticum (Ararat)

Triticum boeoticum (Vayots Dzor)

Triticum boeoticum (Van)

Triticum boeoticum (Erebuni reservation)

Triticum boeoticum (Kotayk)

Triti

cum boeoticum (Yeghegnadzor)

Triticum urartu (Armenia)

Triticum urartu (Erebuni reservation)

Triticum urartu (Iraq)

Triticum urartu (Iran)

Fig. 2 Dendogram of 7 T.boeoticum and 4 T.urartu poputetioased on Nei genetic distance
using UPGMA as the clustering method

According to our results the specidsboeoticumshows a high diversity
comparable with the results obtained in West Ir8h From the results obtained, it
becomes evident that geographically close regiongdcbe ecologically quite different,
which is the main driving factor in the high siteesific diversity in the close region.

Obtained results are showing importance of furtineestigations of genetic
structure and genetic diversity within and betwgepulations of studied plants with
more valuable sampling to conclude more precisetyrelationship between diversity
and geographical origin.
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