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Abstract 

Requirement of vernalization is an important factor which plays a serious role in cereals to transit from 

vegetative to reproductive phase. There are three types of growth habit in barley (winter, spring and 

facultative types) in which spring type does not require vernalization but winter and facultative 

genotypes need full and partial vernalization requirement, respectively. Combination of two loci, Vrn-

h1 and Vrn-h2, regulates vernalization in barley genotypes. To predict growth habit in barley by means 

of molecular markers, different primers have been developed for identification of these genes. In this 

study, we examined 24 barley genotypes using specific primers for detecting Vrn-h1 and Vrn-h2 loci. 

Results showed that among all different suggested primer combinations, a few markers are precisely 

correlated with seasonal growth habit in barley. The specific markers of 600, 600 and 200 bps were 

verified for ZCCT-Ha, ZCCT-Hb, ZCCT-Hc loci, respectively. Our field growth habit test showed that 

cultivar Bahman was a winter growth habit where all others genotypes exhibited spring growth habit. 

By using specific primers for Vrn-h1 only Bahman cultivar produced 616 bp and 830 bp STS-PCR 

fragments and spring genotypes showed 574 bp or 616 bp alleles without any amplification for 830 bp 

fragments. Therefore, presence of 616 bp and 830 bp alleles together in each genotype can be considered 

as an informative marker for winter growth habit in barley. These informative markers can be used 

easily in barley breeding programs for detection of growth habit types in the seedling stage. 
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Introduction 

Barley is the second most important cereal crop in Iran. This crop is cultivated in different locations of 

Iran and is widely spread across the country. There are four climate zones in Iran consist of cold, 

moderate, warm and humid, and warm and dry regions. Based on statistics of Food and Agriculture 

Organization of the United Nations (FAO) in 2015, barley has occupied a land base of about 1.7 million 
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hectares in Iran. Average annual production of barley in Iran in this year was around 3.4 million tons 

(FAO, 2015). Two major sources of Iranian barley cultivars are from national breeding program 

implemented within the country and selection from adapted germplasm introduced from the ICARDA 

barley breeding program. Knowledge on growth habit and vernalization of advanced genotypes in 

barley breeding programs is an essential factor for enhanced selection of breeding lines for different 

climates. Excluding few studies, the knowledge of germplasm growth habit in Iranian promising barley 

lines is limited only to flowering in spring sown nurseries. Allelic composition as well as distribution 

of loci which regulate vernalization in Iranian barley lines/cultivars has not been characterized widely 

and also effect of such allelic variations on the overall adaptation of the country’s barley germplasm 

through the adjustment of flowering time is unknown. Flowering time is an important agronomic 

character in cereal crops such as barley, as alignment of grain development with favorable 

environmental conditions helps maximize yield (Cockram et al. 2009). Warm areas of Iran are 

characterized by a Mediterranean climate, winter rainfall pattern, mild winters, short springs and warm-

to-hot summer temperatures. This agro-climatic zone includes Khouzestan, Boushehre, Golestan, parts 

of Kermanshah, Ilam, Lorstan, Kohgilouieh and Boyrahmad, and Fars provinces (Mohammadi and 

Karimizadeh, 2012). Fluctuation of rainfall in different years and the irregularity of its distribution 

within each season are important climatic features of this agro-climatic zone of Iran. Heat and drought 

are the major abiotic constraints that determine wheat yield and quality in the warm dry land areas of 

Iran (Mohammadi and Karimizadeh, 2012). Studies shows that cereal yield losses in the warm regions 

are mostly associated with some abiotic stresses such as heat and drought (Kosina et al., 2007). Grain-

filling often occurs when temperatures are rising and the moisture supply is decreasing. It has been 

reported that high temperatures significantly shortened the grain-filling period, particularly under 

delayed seeding (Sharma, 1992). Terminal heat stress during anthesis and grain-filling accelerates crop 

maturity and significantly reduces grain size and grain weight. Temperate regions with long growing 

seasons and sufficient water supply allow cereal crops to flower late in the year and accumulate more 

biomass, whereas early flowering avoids abiotic and biotic stresses such as drought and pathogen attack 

late in the season (Hill and Li, 2016).  

The major stages of development in plants are influenced by the combined effects of genotype, 

environment and their interaction (Obsa et al. 2016). Differences in vernalization requirement are due 

to gene regulation and not to difference in the coded polypeptide (Chen et al. 2005). 

Barley varieties could be divided into, winter and spring (von Zitzewitz et al. 2005) and the main 

difference between these two classes is that winter barleys need a period of cold temperature to initiate 

reproduction, whereas spring barleys do not require this circumstance to start reproductive stage. Winter 

varieties need exposure to cold temperature to initiate flowering, a process referred as vernalization, 

while others initiate flowering without any requirement to vernalization (Fettell et al. 2010, 

Mohammadi et al. 2013). A third growth class –facultative type occurs in the barley germplasm which 

is a subclass of the winter growth habit. The facultative growth habits normally employed to refer to 

genotypes that are as low temperature tolerant as winter varieties, but lack a vernalization requirement 

(von Zitzewitz et al.2005). In the warm regions of Iran, spring type barleys with no vernalization 

requirements, flower early and fill their grain in a shorter period of time compared to facultative and 

winter types, and therefore avoid two major constrains of production, heat and drought. 

Three loci determine vernalization requirement in barley; Vrn-h1 on chromosome 5H, Vrn-h2 

on chromosome 4H and Vrn-h3 on chromosome 1H (Kóti et al. 2006; Yan et al. 2006). Vrn-h loci are 

major determinants of flowering time under long-day photoperiod (Szücs et al. 2007). Transition from 

vegetative to reproductive growth stage in cereal is triggered by vernalization and/or long photoperiod 

(Cuesta-Marcos et al. 2010). Expression of Vrn-h1 is important for the transition to reproductive growth 



 

 

(Benedikt D.g.B. 2010). Under long-day photoperiod conditions, Vrn-h1 does much more significant 

role in affecting flowering time than Vrn-h2 (Dubcovsky et al. 2005; Kóti et al.2006 and Szücs et 

al.2007). Takahashi and Yasuda (1971) proposed a three–locus epistatic model of vernalization 

sensitivity for this crop. However, because of the limitation in the allelic variation in Vrn-h3, the 

vernalization genetic model for barley genotypes has been reduced to two factors, consist of only Vrn-

h1and Vrn-h2 (Yasuda et al. 1995). The two-locus epistatic Vrn gene interaction has been supported by 

extensive phenotypic data in barley populations derived from crosses of vernalization sensitive by 

vernalization-insensitive growth habits (Fu et al. 2005; Karsai et al. 2005; Kóti et al. 2006; Laurie et 

al.1995; Takahash and Yasuda 1971; Yan et al. 2003; Cockram et al. 2004a, 2004b). Degrees of 

dominance and epistatic interaction of alleles at the two loci are presenting differently (Takashi and 

Yasuda 1971). According to this model and based on the allele nomenclature of the Vrn genes, true 

winter barley has the allele composition of VRN-H2VRN-H2/ VRN-H1VRN-H1 (Kóti et al. 2006; 

Danyluck et al. 2003). Two candidate genes for vernalization in barley are represented as HvBM5 (Vrn-

h1) and HvZcct (Vrn-h2) (von Zitzewitz et al. 2005; Danyluck et al. 2003; Yan et al.2003; Cuesta 

Marcus et al. 2008). Characterization of allelic variation in vernalization genes has resulted to the 

discovery that large deletion within Vrn-h1 intron І correlated with spring growth habit, and that the 

most widespread spring allele at Vrn-h2 co-segregates with a deletion of the entire locus spanning the 

three candidate genes (ZCCT-Ha, ZCCT-Hb, ZCCT-Hc) (Cockram et al.2008). The Vrn-h2 locus is 

deleted in spring and facultative growth habit genotypes (von Zitzewitz et al. 2005). 

The candidate gene, that is liable for the Vrn-h1 in barley, is a MADS-box floral meristem identity gene 

(HvBM5A) (Mohammadi et al. 2013). Vrn-h1, located on the long arm of chromosome 5H, encodes a 

MADS- BOX transcription factor which has a high similarity with Arabidopsis meristem identity genes 

APETAL, CAULIFLOWER and FRUITFUL (Yan et al. 2003). Spring HvBM5A (a MADS-box floral 

meristem) alleles are usually recognized by the intron І localized deletion, but in some cases the 

promoter may also determine the allele type (von Zitzewitz et al. 2005).  

Nine haplotypes of Vrn-h1 (1A, 1B, 2, 3, 4A, 4B, 5A, 5B and 5C) were found in a study on a large 

collection of European barley germplasm. Haplotypes 1A and 5C are representative of winter type 

alleles whereas other seven haplotypes represent spring type alleles (Cockram et al 2007a, 2007b). The 

discrimination between haplotypes 1A and 5C alleles was revealed by a 486-bp deletion found only 

within LTR of haplotype C. In winter haplotype 1A this 486 bp sequence of long terminal repeat (LTR) 

is present that causes amplification of 830 bp product whereas in winter haplotype 5C absence of this 

segment causes amplification of a 344 bp allele. Haplotype 2 as a spring Vrn-h1allele does not contain 

an intron І deletion and therefore might be confused with a winter allele haplotype 1A. However, 

presence of transposable element (TE) within intron І of haplotype 2 that causes amplification of a 488 

bp product, only in this haplotype, clearly differentiates between haplotype 1A and 2 alleles (Cockram 

et al. 2009).  

Therefore, genotypes with no dominant copy of Vrn-h2 flower early (Yan et al.2004). A zinc finger 

domain transcription factor (Zcct) encodes a flowering repressor down-regulated by vernalization and 

has been determinant as Vrn-h2 locus in barley (Yan et al. 2004b; Szücs et al. 2007). Variation of alleles 

at this locus is attributed to loss of function mutations in complete deletion, leading to recessive 

inheritance of spring growth habit (Szücs et al. 2007; Dubcovskey et al. 2005). Three tightly linked 

ZCCT-like genes consists of ZCCT-Ha, ZCCT-Hb and ZCCT-Hc have been mapped on the distal part 

of long chromosome of 4H in barley where the Vrn-h2 locus is located (Yan et al.2006; Dubscovsky et 

al. 2005; von Zitzewitz et al.2005; Karsai et al. 2005; Szücs et al. 2006 and Cockram et al. 2007). 

Different gene-specific primers combinations in barley have been applied to identify allele 

types and growth habit (winter, spring and facultative) by different researchers. Szücs et al. (2007) 

determined the allelic construction at the two Vrn-h1 and the HvVRT-2 loci for three parental genotypes 

in barley. By using this combination, three growth habits for parental, control and F1 genotypes were 



 

 

identified. The allelic variation of Vrn-h1 and Vrn-h2 gene candidates were clarified using allele-

specific primers by Kóti et al. (2006). In this study, two sets of primer pairs were used for justification 

and verification of Vrn-h2. Primers HvZCCT.06F and HvZCCT.07R co-amplified a 307-bp long 

fragment of the ZCCT-Ha gene and a 273-bp fragment of the ZCCT-Hb. This marker is identified as a 

dominant marker because genotypes with the winter allele have an amplification product while the 

product is absented in spring genotypes with the T-H gene family deletion. Also, this researcher used 

two sets of primers HvBM5.82F and HvBM5.83R for Vrn-h1. Kóti et al. (2006) designed HvBM5.84F 

and HvBM5.85R primers based on a winter type BM5A allele sequence (AY750993), which amplify a 

435-bp fragment of the first intron. Fu et al. (2005) and von Zitzewitz et al. (2005) in two different 

researches indicated that the presence or absence of this segment correlates with winter and spring 

growth habit, respectively (Kóti et al. 2009). Mohammadi et al. (2013) combined two sets of primers 

HvBM5.84F and HvBM5.85R (used by Koti et al.2006) which amplified 437 bp product and HvBM5A-

intron-F3b and HvBM5A-intron-R3b (used by Cockram et al. 2009) which amplified either 344 or 830 

bp products indicating 5C and 1A winter haplotypes of Vrn-h1, respectively. 

Objectives of this study were to test vernalization requirement of advanced barley breeding 

lines in warm climate zone of Iran and to evaluate variation of Vrn genes in these genotypes using 

specific primers and growth habit test 

Material and Methods 

Twenty promising lines (Table 1, No. 1-20) from barley breeding program in warm climate 

zone of Iran as well as 4 controls (Table 1, No. 21-24) were evaluated for their seasonal growth habit 

behavior based on field experiment and molecular marker assay. Control genotypes were selected from 

set of genotypes previously examined for their seasonal growth habits by Mohammadi et al. (2013). To 

evaluate seasonal growth habits of genotypes, a single row of one-meter long plot for each genotype 

was sown in spring 2016 when the minimum temperature did not fall below 15°C (Hernld et al. 2008). 

Phenotyping of growth habit was scored based on no flowering tillers (winter), a few tillers (facultative) 

and all flowering tillers (spring) (Mohammadi et al. 2013). 

 

For molecular assay, genomic DNA from young leaves (2 weeks) were extracted using protocol of Fu 

et al. (2005). Allele-specific primers; Vrn-h1 and Vrn-h2 genes were used to determine the allelic 

variation of vernalization genes in genotypes. Also, nine Vrn-h1 haplotypes that include seven spring 

types (1B, 2, 3,4A, 5B, 5A, 5B) and two winter types (1A and 5c), could be differentiated by primers 

as follows. Primers HvBM5.84F and HvBM.85R (Kóti et al., 2006) as deletion specific primers were 

used to distinguish between recessive and dominant alleles at Vrn-h1 based on presence or absence of 

the regulator element in Intron І of HvBM5 (Mohammadi et al. 2013). Polymerase chain reaction 

cycling conditions for this marker were as follows: 

Initial denaturing (95 °C for 3 min), 35 cycles of denaturing (94 °C for 35s), annealing (58 °C for 45 s), 

extension (72 °C for 45 s) and at the end a final extension (72 °C for 10 min). 

To evaluate haplotype diversity of the genotypes, different primer combinations used by Cockram et 

al. (2009), were employed. To differentiate between two winter haplotype (1A and 5C) primers 

HvBM5A-Intron-F3b and HvBM5A-Intron–R3 were applied (Cockram et al. 2009). Thermal cycling 

profile for these two primers included: initial denaturing (94 °C for 3 min), 35 cycles of denaturing (94 

°C for 1 min) annealing (54 °C for 45 s) and extension (72 °C for 80 s). A final extension (72 °C for 5 

min) was applied. 



 

 

Haplotype 2 (predicted to present a spring Vrn-h1allele on the basis of observed SGH1, gene sequence, 

and observed multilocus Vrn-h1/Vrn-h2 haplotypes) does not contain an intron І deletion and so could 

be confused with a winter allele on the basis of this assay. To overcome this problem, two sets of primers 

based on presence of a transposable element (TE) present only within intron І of haplotype 2 were used. 

Primer pairs included: set 1) HvBM5A-intron-F1and HvBM5A-TE-R1 which amplifies a 488 bp 

product in haplotype 2 only and set 2) HvBM5A-exon2-F1and HvBM5A exon2-R1which amplifies a 

616 bp amplicon in haplotypes 1A,1B, and 2 and a 574 bp amplicon in all remaining haplotypes 

(Cockram et al. 2009). This 42 bp size polymorphism results from the presence or absence of a MITE2 

at the end on intron І that was provided as an internal positive control for the "null'' genotypes associated 

with the remaining spring haplotypes. Polymerase chain reaction cycling conditions for both above 

mentioned primer pairs were same and are shown below: 

Initial denaturing (94°C for 3 min) cycles of denaturing (94°C for 45 s), annealing (55°C for 45 s), 

extension (72°C for 60 s) and at the end a final extension (72°C for 10 min).  

The presence or absence of three gene clusters of Vrn-h2 locus ZCCT-H assessed by three deletions –

specific primer pairs included: pair1) ZCCTH.14F and ZCCTH.19R (Szücs et al., 2007), pair2) 

ZCCTb.8F and ZCCTb.11R (Szücs et al., 2007), and pair3) ZCCT. HcF and ZCCT. HcR (von Zitzewitz 

et al., 2007) 

A positive control, the closely linked gene locus HvSNF2 which includes primer pairs HvSNF2.01F 

and HvSNF2.04R was also used (Karsai et al. 2005). Polymerase chain reaction cycling conditions for 

Vrn-h2 primers were as follows; Initial denaturing (94 °C for 4 min) 35 cycles of denaturing (94 °C for 

45 s), annealing (54 °C for 45 s), extension (72°C for 1 min) and at the end a final extension (72 °C for 

10 min).  

PCR amplification was done using T100 Cycler (Bio-Rad laboratories, Inc., USA),40 ng of DNA, 1 

U.Taq DNA polymerase (Cinna Gen), 1.5 mM MgCl2, 1X PCR reaction buffer, and 2.5mM dNTPs 

(Cinna Gen), in total reaction volume of 15 µL. Reaction of PCR were performed and a ladder were 

visualized after ethidium bromide staining and separation on 1.5% agarose gel electrophoresis by using 

gel document (UVI Tec Limited, Cambridge, Uk) and all bands were scored visually. 

 

Result and Discussion 

Allele-specific primers were used to determine allelic variation in vernalization loci Vrn-h1 and Vrn-h2 

in twenty of promising barley lines and four controls. Vernalization requirement was also tested in 

spring-sown nursery to detect winter, spring and facultative growth habits. Cultivars Morex, Ashar and 

Nimrooz (spring), and cultivar Bahman (winter), were employed as positive controls (Mohammadi et 

al. 2013; von Zitzewitz et al. 2005; Shariatpanahi et al. 2003). Results of our spring-sown seasonal 

growth habit nursery, reconfirmed cultivar Bahman as a winter type and cultivars Ashar, Morex and 

Nimrooz as spring growth habit cultivars. Combination of Vrn-h1 and Vrn-h2 relationship was followed 

by this model in which 1) Vrn-h1/Vrn-h2 (V1w/V2w), 2) Vrn-h1/Vrn-H2 (V1w/V2s) and 3) Vrn-

h1/Vrn-H2 (V1s/V2w) or Vrn-h1/Vrn-h2 (V1s/V2s) shows winter, facultative and spring predicted 

growth habit, respectively (Mohammadi et al 2013). Different sets of primers were used to distinguish 

spring, winter and facultative growth habit of genotypes.  

 

                                                           
1seasonal growth habit 
2Miniature inverted– repeat transposable element 



 

 

By using three specific primers, ZCCT-Ha, ZCCT-Hb, ZCCT-Hc as positive controls for Vrn-h2 loci, 

a clear profile of these loci was demonstrated. PCR amplification in all of the genotypes (except 

cultivars ` and Morex) produced DNA fragments of 600, 600 and 200 bps for ZCCT-Ha, ZCCT-Hb, 

ZCCT-Hc, respectively (Figure 1). Coding regions of ZCCT-Ha, ZCCT-Hb, ZCCT-Hc genes in barley 

was detected as a marker for winter habit phenotype (von Zitzewitz et al. 2005). However, Dubcovsky 

(2005.) reported that presence of these specific fragments is not sufficiently informal marker for winter 

growth habit. Here, we confirmed that these alleles cannot be used as a discriminative marker for 

predicting barley growth habit. Our results agreed with those achieved by Dubcovsky et al. (2005). 

Previous studies also showed that the expression of Vrn-h1 and Vrn-h2 loci was not regulated by day-

length (Teravaskis et al. 2006). In contrast, day-length was shown to reduce the expression of ZCCT-

Ha and ZCCT-Hb with no effect on ZCCT gene (Teravaskis et al.2006). We also approved positive 

control of these loci for Vrn-h2 gene. 

 

We used specific primers for amplification of HvSNF2 locus as it is previously described by Karsai et 

al. (2005) as a closely linked marker to Vrn-h2 gene on chromosome 4HL. PCR amplification resulted 

in DNA fragments in the range of 500-700 bps in all genotypes (Figure 2).  

 

PCR amplification by using primers HvBm5.84F and HvBMf5.8R (Kóti et al. 2006) resulted in PCR 

products of 437 bp in 17 genotypes (Figure3). According to Kóti et al.(2006) the presence of this band 

shows winter growth habit. Excluding cultivar Bahman (winter type control), all other genotypes which 

were evaluated in this study have been selected and screened in the warm climate zone of Iran for 

several years. In some parts of this climate zone, temperature never reaches below zero degree where 

in other parts of this zone number of days below four is infrequent. Our genotyping based on DNA 

products amplified by primers HvBm5.84 F and HvBMf5.8R (Kóti et al. 2006) which represented a 

winter type profile for most of the studied genotypes were not in agreement with their vernalization 

requirements. On the other hand, spring sown nursery testing indicated that all genotypes had spring 

growth habit except cultivar Bahman. To resolve this problem, we used another set of primers 

previously deployed by Cockram et al. (2009) to assure the precise seasonal growth habits of the 

genotypes. Primer pairs HvBM5A-intron-F1 and HvBM5A-TE-R1 could amplify a 616 bp product in 

haplotype 1A, 1B and 2 and a 574 bp amplicon in other haplotypes. Primer pairs HvBM5A-exon2-F1 

and HvBM5A-exon2-R1 were used to predict haplotype 2 from other spring haplotypes amplifying a 

488 bp product only in haplotype 2. Results showed that for these sets of primers (Figure not shown) 

no 488 bp band were amplified in all genotypes tested. Therefore, none of the genotypes presented a 

haplotype 2 profile. Based on Cockram et al. (2009) classification, we detected seven haplotypes out of 

nine among barley genotypes, however there were no PCR products in sizes of 344 and 488 bps related 

to haplotype 5C and 2A. Therefore, in studied genotypes we only report the presence of 1A, 1B, 2, 3, 

4A, 4B, 5Aand 5B haplotypes. 

Based on result of these primers we can conclude that predicting of growth habit only based on presence 

or absence of the proposed 436-bp "vernalization critical" region within intron 1 (Fu et al. 2005, von 

Zitzewitz et al. 2005) might not be enough to detect SGH in barley varieties. Therefore, the 

"vernalization critical" region is likely to be larger or more disperse than previously proposed (Cockram 

et al, 2009). It can be supposed that different deletion sizes tend to a continuum of vernalization 

sensitivity (Cockram et al. 2009; Szücs et al. 2007). When we used primers HvBM5A-intron-F3b and 

HvBM5A-intron-R3b (Cockram et al. 2009) a sequence tagged site DNA marker with the size of 830 

bp was amplified only in cultivar Bahman. However, other genotypes showed lack of this product 

(Figure 5). In total, all genotypes used in this study, except cultivar Bahman, were identified as spring 

growth habit.  



 

 

Based on Cockram et al. (2009) model, presence of 616 and 830 bps DNA specific markers at Vrn-h1 

locus are sufficiently deterministic for winter growth habit. Individual presence of these two bands or 

others patterns, except for amplification of 344/574 bp fragments, could result in spring growth habit. 

In general, our results confirmed that precise molecular markers can be used to predict barley genotypes 

seasonal growth habit. By using HvBM5A-exon2-F1, HvBM5A-exon2-R1 which amplified a 616 bp 

PCR product and, HvBM5A-intronІ-F3b and HvbM5A-intron-R3b which amplified 830/344 bp 

product, DNA markers can assist to distinguish winter barley genotypes from other growth habits. 

Cockram et al. (2009) detected a 616-bp DNA fragment in haplotype 1A, 1B and 2 and a 574-bp 

fragment in other haplotypes. They also stated that whenever the fragments with sizes of 830/344bp 

and 616bp are produced, the genotype could be winter while in the absent of the former fragment 

(830/344bp) in spring or facultative habit. We confirmed that amplifying of 830/344 bp and 616 bp 

PCR products as determinative markers for winter genotypes. However, absence of any of those two 

fragments led to spring or facultative growth habits. Our results were in correspondence to Cockram et 

al. (2009) but not in agreement with Mohammadi et al. (2013). Our results also, confirmed that DNA 

markers are powerful tools for predicting growth habit in barley genotypes, as in our study DNA profiles 

of genotypes were in complete concordance with the field observation in growth habit nursery. These 

markers are very important for detection of barley growth habits and their screening for vernalization 

trait, and can speed up barley breeding program through facilitating of field management. We believe 

that seasonal growth habit tests are important and can be as an inflection point for detection of informal 

and specific DNA markers. 
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Table 1: Name or pedigrees of genotypes that used in this experiment. 

No. Name or pedigree of genotypes                                                       origin 

1 Sahra                                                                                                           Iran 

2 Kmk//Rbr/Wa2196-68/3/EBC(A)/4/ICNB93-369                                      Iran   

3 WI2219//Mza/DL71/3/WI2198/Emir/4/ICNB93-328                                 Iran 

4 73M4-30/Rihane-03                                                                                     Iran 

5 Rihane-03/3/Rihane//Aths/BC                                                                     Iran 

6 Johoob/4/Post//Copal"s"/Gloria"s"/3/Kavir                                                 Iran 

7 L.527/1-BC-80100                                                                                       Iran 

8 Kavir/Badia//1-BC-80073                                                                            Iran 

9 Teran 78/1-BC-80411                                                                                   Iran 

10 Ashar/5/L.527/Chn-01//Gostoe/4/Rhn-08/3/Deir Alla106//DL71/Strain205                     Iran 

11 LB.Iran/Una 8271//Gloria"S"/3/Kavir/4/Arigashar                                      Iran 

12 73M4-30/Rihane-03                                                                                      Iran 

13 Johoob/4/Post//Copal"s"/Gloria"s"/3/Kavir                                                  Iran 

14 Johoob/4/LB.Iran/una8271//Gloria"s"/3/L.Moghan                                          Iran 
15 Johoob/4/LB.Iran/una8271//Gloria"s"/3/L.Moghan                                      Iran 

16 Hml/Bichy                                                                                                      ICARDA 

17 Shuyler/3/M.Rnb86.80/NB 2905//L.527/4/ICNB93-328                               Iran 

18 LB.Iran/Una 8271//Gloria"S"/3/Kavir/4/Arigashar                                        Iran 

19 CIRU/M111                                                                                                     ICARDA 

20 GOB/ALELI//CANELA/3/ARUPO*2/JET/4/ARUPO/K8755//MORA                ICARDA/CIMMYT 

21 Morex                                                                                                              USA 

22 Bahman                                                                                                           Iran 

23 Ashar                                                                                                               Iran 

24 Nimrooz                                                                                                           Iran 

 

Table 2 The list of primers names, sequences, and expected size of PCR product used in the current 

study with the original names obtained in the references cited. 

Vrn genes and 

primers 

Sequences Size of PCR 

 products 

References cited 

Vrn-h1    

HvBM5.84F 5′-TGAGGGTATGAGTGGCGCTAG-3′ 437 bp ± Koti et al., 2006 

HvBM5.85R 5′-

TCTCATAGGTTCTAGACAAAGCATAG-

3′ 

  

HvBM5A-intronI-

F3b 

5′-CTTGCATGTGTTGTCGGTCT-3′ 344/830 bp Cockram et al. 2009 

HvBM5A-intronI-

R3b 

5′-GCTGGGACAAGACTCTACGG-3′ 
  

HvBM5A-intron-F1 5′-GTTCTCCACCGAGTCATGGT-3′ 488 bp ± Cockramet al. 2009 

HvBM5A-TE-R1 5′-AGAGATGGAGGCATGGAGCA-3′ 
  

HvBM5A-exon2-F1 5′-

TCCCAAGAAAACTTGAACAACACCAG-

3′ 

616/574bp Cockram et al. 2009 

HvBM5A exon 2-R1 5′-ATTAGGTTACATCATTCGACCA-3′ 
  

Vrn-h2    

ZCCTH.14F 5′- 

CAAGGAATATCAAGTACATATCTGC-3′ 

600 bp Szücset al., 2007 



 

 

ZCCTH.19R 5′-CCGTATTTATTGAGTTGGTGGTG-3′  
 

ZCCTb.8F 5′-GCATCAATGCACCCTACCTCTT-3′ 600 bp Szücs et al., 2007 

ZCCTb.11R 5′-

GAAAACAATGGTGAGAGTAGTACAG-

3′ 

  

ZCCT.HcF 5′-CACCATCGCATGATGCAC-3′ 200 bp von Zitzewitz et al., 2007 

ZCCT.HcR 5′-TCATATGGCGAAGCTGGAG-3′   

HvSNF2.01F 5′-CCTGAAGCGAGTATCCATATGC-3′ 500–700 bp Karsai et al. 2005 

HvSNF2.04R  5′-

GCTGCATTATAGAGAAACAACAACG-

3′ 

  

 

Table 3. Allelic variation of Vrn-h1 and Vrn-h2 loci along with predicted and observed growth habit 

of barley genotypes. S and W consequently represent spring and winter growth habit. 

No. Row 

type 

Vrn-

h1 

(437 

bp) 

5C 

versus 

1A 

Vrn-

h1 

(574 

bp) 

Vrn-

h1 

 (616 

bp) 

Vrn-

h1 

 (488 

bp) 

HvSNF Vrn-

h2 

ZCCT-

Ha 

Vrn-

h2 

ZCCT-

Hb 

VRN-

H2 

ZCCT-

Hb 

Predicted 

GH 

Observed 

GH 

1 6 - - + - - + + + + S S 

2 6 + - + - - + + + + S S 

3 6 + - + - - + + + + S S 

4 6 + - + - - + + + + S S 

5 6 + - + - - + + + + S S 

6 6 + - + - - + + + + S S 

7 6 + - + - - + + + + S S 

8 6 + - + - - + + + + S S 

9 6 + - + - - + + + + S S 

10 6 + - + - - + + + + S S 

11 6 + - + - - + + + + S S 

12 6 + - + - - + + + + S S 

13 6 - - + - - + + + + S S 

14 6 + - + - - + + + + S S 

15 6 + - + - - + + + + S S 

16 2 - - + - - + + + + S S 

17 6 + - + - - + + + + S S 

18 6 + - + - - + + + + S S 

19 6 - - + - - + + + + S S 

20 2 - - + - - + + + + S S 

21 6 - - - + - + - - - S S 

22 6 + 830 

(1A) 

- + - + + + + W W 



 

 

23 6 + - - + - + + + + S S 

24 2 - - + - - + - - - S S 

 

 

 

(a) ZCCT-Ha 

 

(b) ZCCT-Hb 

 

(c) ZCCT-Hc 

Figure 1. Specific PCR products for ZCCT- Ha, ZCCT- Hb and ZCCT- Hc loci, respectively, (a) 600 bp, 

(b) 600 bp and (c) 200 bp with the same pattern in all studied genotypes. Cultivars Morex (No. 21) and 

Nimrooz (No. 24) had null alleles for these loci. 

 

Figure 2. Primers HvSNF2.01F and HvSNF2.04R as positive control for Vrn-h2 locus led to 

amplificaion of a PCR band sized 500-700 bp in all genotypes. 

 

 

Figure 3. Specific PCR product (437 bp) by using primers HvBM.84F and HvBM5.85R in 

studied barley for critical region of Vrn-h1 gene. According to these primers only in genotypes 1, 

13, 19, 20, 21 and 24 there is no 437 amplifications but in the others this band had been appeared.  

 

 

Figure 4. the amplification of specific PCR products of 616 bp and 574 bp for Vrn-h. 

Fragment 616 bp is as a specific band for haplotype 1A, 1B or 2 and 574 bp is amplicon for 

others. 

 

 

Figure 5. Amplification specific PCR products of 830 bp for cultivar Bahman have a winter 

growth habit type. The lack of amplification in other genotypes is exhibiting a spring growth habit 

type.  



 

 

 


