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Abstract: Problem statement: Very little is known about the genetic diversitgdamorphological
variability present in barley landrace in KSA, auntry experiencing loss of biodiversity because of
replacement of landraces with modern landra&eproach: The molecular markers RAPD and ISSR
were used as an efficient tools to estimateb@-andinter-cultivar polymorphism among six barley
KSA landraces collected from different geographicagions in order to assess the genetic
relationships and develop cultivar-specific molecdingerprints. The long term objective was to use
these fingerprints to identify molecular markerattlto-segregate and could be used in isolating
gene(s) which controlling some important traitgrtafter could be used in breeding programs (marker
assisted selectionResults: Out of 20 and 10 primers of RAPD and ISSR, respelgt a clear and
reproducible band profile of 13 RAPD primers ant83R primers were obtained. In RAPD analyses,
61 out of 111 bands (54.6%) were polymorphic. Timalper of alleles ranged from 5-15 per primer, with
an average of 8.54 per primer. In ISSR analysdstah of 53 alleles were detected, among which 16
alleles (30.2%) were polymorphic. The number aflal per primer ranged from 5-10 with an average of
7.57 alleles per ISSR primer. The mean Polymorphigormation Content (PIC) values were 0.45 and
0.37 for RAPD and ISSR markers, respectivelgnclusion: ISSR is better than RAPD to detect genetic
diversity among the barley landraces. The RAPD& I@BR’s have confirmed each other and the ISSR
results are more realistic comparing to RAPD resdyarding to the geographical distribution ofghe
barley landraces. The outcome of this investigatam help strengthen the exiting pool of informatim
barley that may help assess national barley pragmndSA.

Key words: Barley, Random Amplified Polymorphic DNA (RAPD),tér-Simple Sequence Repeat
(ISSR), Polymorphism Information Content (PIC), gitom of Saudi Arabia (KSA)

INTRODUCTION these landraces have developed abundant patterns of
variation and would represent a largely untapped
Barley was first cultivated 10,500 years ago ia th '€S€rvoir of useful genes for adaptation to biatitl
Fertile Crescent and is one of the founder crops Of\b|0t|c stresses (B_rush_, 1.995)' Assessment ofxtm\e
Eurasian agriculture (Saisho and Purugganan, 2007). of ggnetlc_vanablhty within barley, mcludln_g theild
some regions of the world, especially the sub-mesjio relatives, is fundamen_tal for barley bree_dmg a_hel t
barley landraces still cultivated. Barley landsege ~CONServation of genetic resources and is partitular
considered as the evolutionary link between wilddya ~ US€ful as a general guide in the choice of partarts
(Hordeum spontaneum K. Koch) and modern barley breeding hyb_rlds (Hoet al., 20.05)' .
landraces.  Barley landraces are genetically !N the Kingdom of Saudi Arabia (KSA), less than
heterogeneous populations comprising inbreedingslin 2 Percent of the land is used for cultivation. Grape
and hybnd Segregates generated by a low level ogrown malnly in the southwest of the klngdom, where
random out crossing in each generation (Shewry2)L99 there is rainfall sufficient for farming, or in @®where
Moreover, having evolved across thousands of yigars oases provide enough ground water for irrigation.
a multitude of environments and local farming syste  Landraces of important crops such as barley andaivhe
Corresponding Author: Mohamed El-Awady, Biotechnology and Genetic EngimgeResearch Unit, Scientific Research Center,
Faculty of Medicine, Taif University, KSA
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have persisted in situ because of the nature of the MATERIALS AND METHODS

farming systems. By growing a mixture of diversifie

local materials, farmers were always able to selecMaterials: Six barley landraces samples were collected

varieties adapted to local environmental conditionsfrom different locations of KSA and named according

Since the 1990s, many modern landraces of barleg weto the collection area as Hail; Qassem; Taif; Gizan

introduced to the kingdom to replace the local tands ~ Bahah and Asser.

resulted in the gradually decrease of these variabl ) o )

source of biodiversity. However, barley landracas ¢ Methods: Isolation and purification of genomic DNA

still be found in isolated and marginal areas, sash from the different barley landraces.

mountains and oases where traditional landraces are Fresh young healthy barley leaves were collected

still grown. Very little is known about the genetic 'om the studied barley landraces and grounded to

diversity present in these barley landrace. powder with liquid N using a mortar and pestle.
Molecular markers have been proved to peGenomic DNA was_|solated from Iea_f samples_ using

valuable tools in the characterization and evatuatf  the procedure described by the plant isolatior(Jena

genetic diversity within and between species andBioscience, Germany).

populations. It has been shown that different marke

might reveal different classes of variation (Russel RAPD analysis:

al.,, 1997). It is correlated with the genome fractionPCR reaction and condition: A total of 20 random

surveyed by each kind of marker, their distributionprimers were used to detect the polymorphism. The

throughout the genome and the extent of the DNAsequence of the 13 primers that produce a clear

target which is analyzed by each specific assayi(®a scoriable and reproducible banding pattern is shimwn

et al., 1999a; 1999b) The advent of the Polymeras%'rame 1) The amp“fication performed in a 25

C_hain Reaction (PCR) fa\_/ored the development ofgaction volume containing about 3 pl (10 ng )L
different molecular techniques such as Rando

Amplified of Polymorphic DNA (RAPD), Simple
Sequence Repeats (SSR or microsatellite), Sequen

Myenomic DNA, 3 pL primer (Operon Technologies
Inc.) and 12.5 pL master mix (Promega) and 6.5 fiL o

. y : . R water. The PCR temperature profile was applied
LR SIS (ST o ATPTed e 0saelt iy gi i Rad 1000 hermal cycier (Gemany
Repeat (ISSR) and so on (Nagaoka and Ogihara, 1997’!"]‘5 pfogf"?‘m”?ed with an initial step_of > min at_@,4
These molecular markers had been used in barley fgP€ amplification reaction was carried out using 40
detecting genetic diversity, genotype identificatio CYcles of 60 s at 94°C, an annealing step of 1 atin
genetic mapping (Tanyolac, 2003). Of these techesiqu 37°C and an elongation step of 1min at 72°C; and
RAPD has several advantages, such as simplicity dfnally a 7 min extension at 72°C. The amplificatio
use, low cost and the use of small amount of planproducts were resolved by electrophoresis in a%, 5
material. RAPDs were proved to be useful as genetiagarose gel containing ethidium bromide (0.5 ug™nL
markers in the case of self-pollinating specieshvat in 1X TBE buffer at 95 volts. PCR products were
relatively low level of intra specific polymorphism visualized on UV light and photographed using a gel

such as hexaploid wheat (Joshi and Nguyen, 1998) arjocumentation system (Bio-Rad® Gel Doc-2000).
cultivated barley (Tinkeet al., 1993). ISSR markers,

which involve PCR amplifications of DNA using a
primer composed of a microsatellite sequence amdhor
at 3’ or 5’ end by 2-4 arbitrary, could be usedssess . )
genetic diversityy(Qiaret al., 2y001). ISSRs have been (Table 2).. PCR reactions were performed in a volume
used for cultivar identification in maize (Pejet al., ©f 20ul Bio-Rad C1000 thermal cycler (Germany). The
1998), potatoes (Prevost and Wilkinson, 1999), whea©action mixture contained 0,8 of each primer, 100
(Nagaoka and Ogihara, 1997), bean (Metai., 2000), uM of each deoxinucleotide, 0.5 units of Go Taq
Diplotaxis (Martin and Sanchez-Yelamo, 2000) andpolymerase (Promega), £0aq buffer containing 2.5
barley (Houet al., 2005). mM MgCI2 and 10 ng of template DNA. Amplification

The major objectives of this work were focusing onreaction was 94/5 min, followed by 30 cycles of
estimating of polymorphism among six barley KSA 94°C/1 min, 4-60C (specific for each primer)/1 min
landraces, Hail; Qassem; Taif; Gizan; Bahah ancAss and 72C/2 min and ending with an extension step of
using RAPD and ISSR molecular markers, as efficien7°C / 7 min. PCR products were analyzed using agaro
tools in order to assess the genetic relationships (2% wi/v) electrophoresis gels stained with ethidium
develop genotype-specific molecular fingerprintsbt®®  bromide and only bands with high intensity and well
used in barley breeding programs. separated were selected.
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Table 1: List of random primers that have been ufedRAPD MW1 1 2 3 4 5 6 MW2
analysis with their sequence, polymorphism % and - — —
Polymorphic information content value (PIC) for leaarker

Prime Primer Primer Number of  Alfigd Polymorphism PIC 1 kb P

No name sequence total bands fragments (bp)%)

1 OP-A06 GGTCCCTGAC 5.0 200-1700 20.0 0.32
OP-A07 GAAACGGGTG 9.0 500-2000 25.0 0.38

3 OP-A08 GTGAGGTAGG 9.0 600-1500 33.3 0.45

4 OP-A10 GTGATCTCC 7.0 350-1600 43.0 0.50

5 OP-B01 TGATCCCTGG 8.0 400-3000  100.0 0.90

6 OP-B02 GGACTGGAGT 6.0 500-2500 50.0 0.50

7 OP-B03 TGCGCCTTC 5.0 400-1600 40.0 0.48

8 OP-B04 TGCGCCCTTC 6.0 700-2000 17.0 0.28

9 OP-B05 CTGCTGGGAC 11.0 400-2000 64.0 0.46

10 OP-B10 TTCGAGCCAG 11.0 200-1500 42.0 0.49

11 OP-CO1 GATGAGCCAG 6.0 100-2000 50.0 0.50

12 OP-C02 GATGACCGCC 7.0 600-1500 70.0 0.42

13 OP-C03 TGGACCGGTG 13.0 300-1700 93.0 0.13

Average .8 498 945 Fig. 1:RAPD fingerprinting of 6 KSA barley landes

Table 2: List of Primers that have been used f@R%nalysis with (Hordium vulgare L.). MW1.: is 1 kb. ladder and
their sequence, Amplified Fragments (bp), Numbetotsl MWL is 100 bp. ladder. (1) Taif; (2) Hail; (3)
bands, Polymorphism % and PIC value for each marker Qassem; (4) Asser; (5) Bahah; (6) Gizan. (A)

uidber of  Amplified Polymorphism PIC H _ . H _
Prime prime total bands ~ fragments (%) Primer OP Bloa and (B) Primer OP-C08
Name sequence (bp)

1-UBC80 ATATATATATATATATT -
2-UBC807 AGAGAGAGAGAGAGAGT 5.0 500-2000 - -
3-UBC828 TGTGTGGTGGATGTGGAT 6.0 400-1700 33.30 410

MW1 1 2 3 4 s 6 MW2

4-UBC878 CATGGTGTTGGATGGAT 6.0 400-1000  33.30 0.45
5-UBC899 CATGGTGGTCGATTGTTCA - - -

6-UBC822 TCTCTCTCTCTCTCTCA 8.0 500-1800 25 0.47
7-UBC814 CTCTCTCTCTCTCTCTA - - -

8-UBC835 AGAGAGAGAAGAGAGAYT 10.0 800-1000  30.00 @4
9-UBC840 GAGAGAGAGAGAGAYT 10.0 100-2000  30.00 0.42
10-UBC847 CACACACACACACACARC 6.0 300-500 33.30 0.45
Average 7.4 25.80 0.37

Data scoring and statistical analysis’To ensure the
absence of artifacts, bands were carefully seleftted
replicated amplifications (three times). Amplifibends
designated by their primer code and their sizeaseb Fig. 2: ISSR fingerprinting of 6 KSA barley landeac
pairs. Data recorded as discrete variables: 1 lier t (Hordium wulgare L.). MW1: is 1 kb. ladder and
presence and O for the absence of a similar banty. O MW1 is 50 bp. ladders. (1) Taif, (2) Hail; (3)
intense and reproducible bands appearing on the gel Qassem; (4) Asser; (5) Bahah; (6) Gizan. (A)
were scored. Band scoring was analyzed using Gene Primer UBC840 and (B) Primer UBC847
Tools-gel analysis software of SPSS ver. 16. The
Polymorphic Information Content value (PIC) reféds  Only 13 primers produced a clear, scoreable banding
the value of a marker for detecting polymorphismpattern. Number of bands obtained with each primer
within a population and depends on the number 0Bolymorphism % and PIC value of each primer were
detectable alleles and the distribution of theirjjystrated in Table 1.
frequency. PIC was calculated using the equation: Total of 102 bands were obtained with the average
N of 7.8 bands for each primer. The highest band mumb
i . was produced with primer OP-C08 (15 bands) whi¢e th
PICi=1-3  Pij2 lowest was produced with primers OP-A06 and OP-
j=1 B03 (5 bands). The RAPD banding obtained with
primers OP-B10 and OP-CO05 are illustrated in Fig. 1
The size of the amplified fragments was ranged
. - between 100 and 3000 bp length (Table 1). Primer OP
marker i and the summation extends over n patterngny showed the highest polymorphism (100%), while
(Andersoret al., 1993). primer OP-B04 showed the lowest with only 17%
RESULTS (Tabl_e_ 1). Remarkably, primer (OP-B05) has showed
specific product for Qassem and Bahah landraces,
RAPD-PCR fingerprinting of barley landraces: between 300 and 400 bp. length. While primers OP-
The use of RAPD’s molecular markers was aiming toB10 has showed a specific product for Qassem laadra
show fast and reliable discrimination of any between 400 and 500 bp. length (Fig. 1). The primer
variations. The DNA of the six landraces of KSA OP-C08 has showed a specific product for Gizan
barley was used as templates for 20 RAPD primersultivar, with 800 bp. length.
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Fig. 3: Phylogenetic analysis among the six baldraces using RAPD and ISSR. (A) the analysiRAPD’s
data; (B) the analysis of ISSR’s data and (C) tralmned RAPD’s and ISSR’s data

ISSR-PCR fingerprinting of barley landraces:In this  with around 2000 bp. Length was produced by the
study, we have used the DNA of six KSA barley primer UBC840 has showed a specific (Fig. 2-A)
landraces, as templates for 10 ISSR primers. Homweve
only seven primers showed clear and scorable band&enetic relationships as revealed by RAPD and
The ISSR-PCR reaction of primer (UBC807) hasISSR markers: The RAPD’s product showed a genetic
recorded 5 fragments that with the molecular sizesimilarity ranged from 59.6-84.4% (Table 3). The
ranged from 500-2000 bp. All five bands were obedrv highest genetic similarity revealed by the RAPD's
in all landraces and exhibited 100% monomorphismainalysis was 84.4% between landraces Asser andh Giza
(data not shown). The other six ISSR primers extibi and 80.9% between landraces Hail and Bahah. On the
a polymorphic banding pattern. other hand, the lowest genetic similarity was 59.6%

The total of 51 bands were obtained with thebetween landraces Qassem and Taif.
average of 7.4 bands for each primer. The highesd b The ISSRs data revealed a genetic similarity
number was produced with primers UBC835 andranged from 76-93.6% (Table 3). The highest genetic
UBC840 (10 bands) while the lowest was producedsimilarity revealed by the ISSR analysis was 93.6%
with primers UBC807 (5 bands). The size of thebetween Bahah and Gizan landraces and 93.6%
amplified fragments was ranged between 300 and 2000etween landraces Hail and Qaseem. On the othel han
bp length (Table 2). The three primers UBC828,the lowest genetic similarity was 76% between Asser
UBC878 and UBC847 showed polymorphism % ofand Taif landraces. The ISSR data was very closeeto
(33.3), while primer UBC822 showed the lowest with geographical distribution of the six landraces.
only 25% (Table 2). The ISSR banding pattern  The RAPD’s and ISSR’s combined data were close
obtained with primers UBC840 and UBC847 areto RAPD data and showed genetic similarity ranged
depicted in Fig. 2. A specific band for Gizan laack, between 68.2 and 84.6% (Table 3).
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Table 3: Genetic dissimilarity (GS) matrices conepliaccording to  and Bahah), with similarity of 93.6%. While the thix
Dice coefficient fromRAPD and ISSR markers of si8AX landrace Asser is falling outside of both of two
barley landraces. (Taif; Hail; Qassem; Asser; Balaid .
Gizan). (A): is the analysis of RAPD's data; (B3 the Subclusters. The ISSR results confirmed the

analysis of ISSR’s data and (C): is the combine®PR&  geographical distribution, when the Hail, Taif and

and ISSR's data : Qassem falled together in one group, also the other
Case Taif  Hail Qassem Asser Bahah  Gizan three landraces, Gizan, Asser and Taif recordeti hig
?a'?fAPD data similarity, but some speciation pressures couldseau
Hail 0745 the genetic differences among the three landraces.
Qassem 0596 0.710 Although the ISSR data is logically close to théuna
Asswer 0.644 0750 0.692 distribution of the studied landraces, the combined
Bahah  0.695 0.809 0.774 0.701 i
oo 0836 0797 0685 0844 0.713 EQEB darld IFSSR3 results was relatively close to the
B ISSR'data ata (Fig. 3).
Tai_f
Hail 0898 DISCUSSION

Qassem 0.917 0.936
Asswer 0.760 0.776 0.830

Bahah  0.843 0.860 00917 0.872 It is obvious that the varieties landraces inatiéht
Gizan ~ 0.820 0.837 0894 0848  0.936 ecological conditions of KSA have attained diffdren
?a(i]fomb'”ed RAPD’s and ISSR'data genetic profiles during the time. Most importaritezia

Hail 0.796 for the selection of marker are: Amount of avaiabl
Qassem 0.704 0.786 information, simple process or work, less expenses,
Asswer  0.682  0.758 0.739 high rate of doing work. In attention to the fabat
Bahah  0.747 0826 0.826  0.757 RAPD marker don't need the use of radioactive

Gizan 0.698 0.764 0.657 0.846 0.787

elements and having sample sequence in plant
] o genome such as possibility of the use of general
The highest genetic similarity was 84.6% betweer imers those can be applied in every speciesanftpl
Asser and Gizan, while the lowest genetic simyarit therefore RAPD marker is the suitable marker fa th
was 68.2% between Taif and Asser landraces. study of genetic variations and relativity rate and
also it has the ability to assess the reservoirs of
Cluster analysis as revealed by RAPD and ISSR inheritance of the plant species.
markers: Although barley landraces, Hail, Qassem and  Due to its worldwide distribution, the assessment
Taif were collected from the same geographicalaegi of the genetic diversity among barley germplasm
of KSA and Bahah, Asser and Gizan were collectedrom different countries was performed (Fernandez
from another geographical region, RAPD’s product inét al., 2002; Fenget al., 2003). In fact, it has been
Fig. 3 showed that in a dendrogram the six barleyound that the average genetic diversity based on
landraces cluster comprised two major sub clusterRAPD analysis of 18 barley accessions from
with 19% dissimilarity. One subcluster includes {Ha Netherlands, France, Great Britain, Germany and
Bahah and Qassem), with genetic similarity with!taly was 0.521 (Russelbt al., 1997). In other
similarity starts from 71% until 80.9%. The other cOnducted work on 30 barley American landraces

subcluster includes two barley landraces (Gizan and!llen €t al., 2000), the average genetic diversity
Asser), with similarity of 84.4%. While the sixth Was 0.682. Whereas, the genetic diversity between
cultivar, Taif, is falling outside of both of two tea populations (Kaundun and Park, 2002) was 0'18-'
subclus’ters ,(Fig. 3). This means that the In the present study, the average genetic

) tal and bioti diti brf dissimilarity of barley landraces was 0.42. Thessilts
environmental and DIOYC cONAItions are very power suggest that the selected barley landraces havewar

in causing genetic variations among barley landsace genetic diversity, despite the high PIC value omers
Moreover, the classification of these varieties mig | sed. Correlation between RAPD markers and the
be was based on morphological traits which is mot s geggraphic origin is low: In deed Bahah landracenfr
powerful comparing with the molecular markers.  the south of KSA was closely related to Hail and
ISSR results in (Fig. 3) showed that in aQassem landraces which is from north regions of KSA
dendrogram the six landraces cluster comprised tw@he landraces Taif and Qassem, collected from the
subclusters  with almost 16% dissimilarity. One same region, showed an important Genetic Diversity
subcluster includes (Hail, Taif and Qassem), with(GD) of 0.59%. However, Hail and Qassem belonging
genetic similarity starts from 89.8% until 93.6%hel to the same bioclimatic stage showed a low GD. This
other subcluster includes two barley landraces dGiz study corroborate with those found in Korean tea
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populations (Kaundun and Park, 2002). This relstive Brush, S.B., 1995. In situ conservation of landsade
poor relationship observed between RAPD markers and  center of crop diversity. Crop Sci., 35: 346-354.
the geographic origin of KSA barley landraces iis th payila, J.A., Y. Loarce and E. Ferrer, 1999a. Malac
study may be explained by the neutrality of moiacul characterization and genetic mapping of random

markers compared with adaptive traits under harsh o ) . ' .
conditions. This study revealed the efficacy of RAP ampliied microsatellite polymorphism in barley.

markers in detecting the polymorphism among barley ~ 'ne€ror. Applied Genet, 98: 265-273. DOL
landraces and establishing relationship among tHem. 10.1007/s001220051067
demonstrated the potential efficiency of molecatarkers ~ Davila, J.A., Y. Loarce, L. Ramsay, R. Waugh and E.

in landraces classification and indicated the Faiitgi of a Ferrer, 1999b. Comparison of RAMP and SSR
comprehensive effort to determine the relationshipsng markers for the study of wild barley genetic
barley landraces using molecular markers. Further diversity.  Heredities, 131: 5-13. DOl

collection, evaluation and utilization of local ggrasm, 10.1111/}.1601-5223.1999.00005.x

is clearly a high priority in barley improvement. -
In this study, it was obvious that the dendrogramFeng’ogéY" 2(3.2. Z.han%,. L'L'. Zhangdand H.Q. Lr:pg,l
based on RAPD markers was not in accord with the : enetic versity — an geographica

dendrogram based on ISSR markers. The dendrogram differentiation — of ~ Hordeum vulgare  ssp.

generated by the ISSR matrix agrees better with the ~Spontaneum in Tibet using microsatellite markers.
geographic origins of the genotypes than the High Tech. Lett., 10: 46-53.

dendrogram generated by the RAPD results. FoFernandez, M., A. Figueiras and C. Benito, 2002 Th
example, three landraces Hail, Qssem and Taif uyse of ISSR and RAPD markers for detecting DNA

(originating from north KSA), while the other three  holymorphism, genotype identification and genetic
landraces, Bahah, Gizan and Asser (from south KSA) diversity among barley cultivars with known

were closely clustered in the dendrogram generayed L . . ~ .
the ISSR matrix and agrees better with the geodgraph iggllgb;?gg iz'gp(%lle%g 4eSr1(Zt., 104:845-851. DOL:

distribution, comparing with the RAPD dendrogram X
(Fig. 1a and b). Moreover, (GS) matrices computediou, Y.C., Z.H. Yan, Y.M Wei and Y.L. Zheng, 2005.
according to Dice coefficient from ISSR markerstuf Genetic diversity in barley from west China based
six KSA barley landraces were high between those on RAPD and ISSR analysis. Barley Genet. News
landraces that collected from the same geographical 35:9-22.
region of KSA (Table 3). Joshi, C.P. and H.T. Nguyen, 1993. RAPD (random
amplified polymorphic DNA) analysis based
intervarietal genetic relationships among hexaploid
In this study local six barley landraces (Hail; wheats. Plant Sci., 93: 95-103. DOI: 10.1016/0168-
Qassem; Taif; Gizan; Bahah and Asser) were cotlecte 9452(93)90038-2 )
from two different regions of KSA. Although RAPD’s Kaundun, S.S. and Y.G. Park, 2002. Genetic stractur
reactions have showed high average of polymorphism of six Korean Tea populations as revealed by
(49.8%) comparing with ISSR markers polymorphic RAPD-PCR markers. Crop. Sci., 42: 594-601.
average (25.8%), the ISSR results were trustableviartin, J.P. and M.D. Sanchez-Yelamo 2000. Genetic
repeatable even.for mFra-sp_ecmc purposes anddcou relationships among species of the genus
reflect real genetic relationships among barleyltaces Diplotaxis  (Brassicaceae) using inter-simple

and correlated with the geographical distributibthem. sequence repeat markers. Theror. Applied Genet
They are potentially useful markers to identify lear ) i ' ' "
landraces and might be used for cultivar identiiica In 101: 1234-1241. DOI: 10.1007/s001220051602

according to other molecular markers was low. The Description and analysis of genetic diversity

existence of polymorphic markers was an excellent between commercial bean lines (Phaseolus vulgaris

choice in order to use in different breeding aims. L.). Theror. Applied Genet., 101: 1207-1214. DOI:
10.1007/s001220051599

Nagaoka, T. and Y. Ogihara, 1997. Applicability of

Anderson, J.A., G.A. Churchill, J.E. Autrique, S.D. inter-simple sequence repeat polymorphisms in
Tanksley and M.E. Sorrells, 1993. Optimization =~ Wheat for use as DNA markers in comparison to
parental selection for genetic linkage maps. RFLP and RAPD markers. Theror. Applied Genet.,
Genome, 36: 181-186. DOI: 10.1139/9g93-024 94: 597-602. DOI: 10.1007/s001220050456
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