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ABSTRACT 
Haque MA (2016) Genetic mapping on chromosome 7B in tetraploid wheat. Int. J. Expt. Agric. 6(1), 4-9. 

 

In modern wheat, gene reducing plant height conferred a yield advantage as a favourable effect through minimizing 

lodging. A number of major reduced height (Rht) genes have been identified and mapped on different chromosomal 
locations. The location of Rht9 gene was not confirmed in previous studies. In this study, 7B marker analysis was 

done to confirming the chromosomal location of Rht9 on chromosome 7B short and found out the common marker 

association with Rht13. Pigmentation of different plant organs is important for plant adaptation to some stresses. 
Microsatellite mapping of genes of chocolate black chaff (cc), purple culm (Pc) and chlorina (cn-B1) on chromosome 

7B in tetraploid wheat have confirmed previous studies would be useful for further wheat breeding program. 
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INTRODUCTION 
 

Dwarfing or reduced height (Rht-B1b or Rht-D1b) genes have been associated with large increases in the yield 

potential of cereals and have been the key component of Green Revolution, since they were introduced in wheat 

(Evans 1993). These semi-dwarf genes located on homologous chromosome 4BS or 4DS, other heights reducing 

genes have been reported by Konzak (1988) which listed 21 Rht genes. Ellis et al. (2005) reported that Rht9 

linked with the marker located on the long arm of chromosome 5A. However, it did not agree with Gale et al. 

(1982) who found that Rht9 located on chromosome 7B. It indicated further experiment was compelled to 

clarify the chromosomal location of Rht9. GA3-seinsitive semi-dwarf gene Rht13 was located on the long arm of 

chromosome 7B (Ellis et al. 2005). Common markers involvement between Rht9 and Rht13 could be assessed if 

the gene location of Rht9 would be confirmed.  
 

Pigmentation of different plant organs is important for plant adaptation to some stresses. In wheat, purple 

pigments compelled by the anthocyanins are found in the culm (gene designation Pc), chocolate black chaff 

(cc), leaf blade (Plb), auricule (Ra), leaf sheath (pls), pericarp (Pp), coleoptile (Rc) or anther (pan) (McIntosh et 

al. 2008). The genes Rc, Pc, Pan, Plb and Pls are homoeoloci on the short arms of chromosomes 7A, 7B and 7D 

which were closely linked to each other (Khlestkina et al. 2002, 2008, 2009). The cc was an induced mutation in 

chromosome 7B (Konzak and Joppa, 1988). The glumes of homozygous cc plants gradually turn from green to 

brown beginning approximately 5-10 days after anthesis. Chocolate black chaff is supposed to be one of the 

important trait, which may protect of the spike from UV irradiation effect as like purple pigments protect plant 

tissues from UV irradiation and are implicated in tolerance to drought, heavy metals, herbivores and pathogens 

(Gould 2004).  
 

Klindworth et al. (1997) mapped the genes chocolate black chaff and chlorina using double ditelosomic lines of 

durum wheat. The chlorina mutant is deficient to varying degrees in light harvesting chlorophyll a/b protein 

complexes associated with photosystem II. The homoeologous chlorina loci of durum wheat have been mapped 

to the homologous group 7 chromosomes. The loci are called cn-A1 on the chromosome 7A and cn-B1 on the 

chromosome 7B. Watanabe and Koval (2003) mapped chlorina mutant loci cn-A1, cn-B1 and cn-D1 using 

partial deletion lines of Chinese Spring (CS) of the long arms of homoeologous group 7 chromosomes. 
 

Triticum polonicum and T. ispahanicum were characterized by gene P1 and P2 for the long glume (Hestol 1958; 

Chelak 1978). P1 from T. polonicum was located on chromosome 7A (Watanabe et al. 1996; Efremova et al. 

2001), whereas P2 from T. ispahanicum on chromosome 7B (Watanabe 1999).  
 

A more detailed mapping of genes of agricultural importance is currently done with molecular markers, of 

which, in Triticum, microsatellite markers are commonly used. Numerous polymorphic microsatellite markers 

were integrated into genetic framework maps (Röder et al. 1998; Song et al. 2005). The aims of present study 

were to establish linkage map for the genes for semi-dwarfism (Rht9 and Rht13), purple culm (Pc), chocolate 

black chaff (cc), long glume (P2) and chlorina mutant (cn-B1) on chromosome 7B in tetraploid wheat. 
 

MATERIALS AND METHODS 
 

Genetic materials 
 

Triticum durum cv. Granato, which has Rht9 gene, was crossed with ANW6A (LD222*10/CS(Hope 

7B)//LD222) to obtain the hybrids. ANW6A is a near-isogenic line of durum wheat LD222 with Pc gene for 

purple culm (Fig. 1A) located on the short arm of chromosome 7B (Watanabe 1994).  
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 Fig. 1. (A) Culm of line ANW6A with purple colour (left side), and T. durum cv. Granato with normal 

colour (right side) (B) Spikes of T. durum PI 503554 with chocolate black chaff (left side), and 

line ANW7B-5B with long glume (right side) 
 

Rht13 gene of T. aestivum cv. Magnif 41M was located on the short arm of chromosome 7B (Ellis et al. 2004). 

The seedling of F1 hybrid of Magnif 41M/LD222 was lethal because of necrosis. To avoid necrosis, Magnif 

41M was crossed with T. turgidum nigrobarbatum #517 whose genotype was ne1ne1ne2ne2. Since the Rht13 

gene of Magnif 41M was recessive, semi-dwarf F2 plants of Magnif 41M/ #517 were crossed with LD222 to 

develop a near-isogenic line. Semi-dwarf F2 plants of Magnif 41M/ #517// LD222 (2n = 4x = 28) were 

backcrossed with LD222. Magnif 41M/ #517// LD222 B1F2 population was used to map Rht13.  
 

T. durum PI 503554 has cc gene for chocolate black chaff (Fig. 1B) and semi-dwarf phenotypes. PI 503554 was 

derived from the cross, Chocolate black chaff mutant (cc) of T. durum cv. Vic and semi-dwarf mutant Vic sd1 

for Rht19. Konzak and Joppa (1988) located cc gene on chromosome 7B (Konzak et al. 1984). The line 

ANW7B-5B was derived from the cross of ANW5B (LD222*11/ T. ispahanicum) and ANW7B (LD222*11/ 

CDd2). ANW5B is a near isogenic of durum wheat LD222, with P2 for long glume phenotype. P2 was derived 

from T. ispahanicum located on the long arm of chromosome 7B (Watanabe et al. 2002).  ANW7B is also a near 

isogenic line of durum wheat LD222 for chlorina phenotype, which was determined by cn-B1 gene on the long 

arm of chromosome 7B. The cn-B1 was introduced from CDd2 which is a chlorina mutant of T. durum cv. 

Landon (Watanabe 1999). F2 population was derived from the cross of PI 503554 and ANW7B-5B. 
 

The segregating populations were grown in October 2009 in the experimental field at the College of Agriculture, 

Ibaraki University, Japan. The phenotypes were visually assessed for chlorine phenotype at seedling stage and 

purple culm, chocolate black chaff, long glume and plant height were recorded at maturity stage. Chlorina 

mutant plants have yellow-greenish seedling and grow slowly during the first half of the growth cycle.  
 

Microsatellite mapping  
 

The three F2 populations of T. durum v. Granato/ANW6A, PI 503554/ ANW7B-5B and an B1F2 population of 

Magnif 41M/ #517// LD222 were used to locate Pc, cc, P2, Cn-B1b, Rht9, and Rht13 loci on the microsatellite 

genetic maps. Genomic DNA was extracted from seedling leaves of 94 individuals from first two cross 

combinations and 75 individuals of B1F2 of Magnif 41M/ #517// LD222. DNA extraction methods were 

followed by Dellaporta et al. (1983). Xgwm, Xbarc, Xwmc and Xhbg microsatellite markers located on 

chromosome 7B were used to map the genes on the basis of polymorphic results of parental lines to 3B, 4B, 5A 

and 7B markers. Xgwm, Xbarc, Xwmc, and Xhbg microsatellite markers were provided by Röder et al. (1998), 

Song et al. (2005) and Torada et al. (2006), respectively. The PCR conditions, electrophoresis of PCR products 

and detection of amplified fragments followed by Kosuge et al. (2008). Multipoint linkage values were 

calculated using Map Manager QTX (http://mapmgr.roswellpark.org/). Minimum LOD scores of >3.0 were used 

to develop the linkage map. The software calculated genetic distances in centiMorgans (cM) by applying the 

Kosambi (1944) mapping function. 
 

RESULTS 
 

Microsatellite mapping  
 

F2 population of Granato/ANW6A 
 

Granato x ANW6A segregated 63 black: 31 non-black fitting 3: 1 ratio (χ
2
 = 3.191, df = 1, 0.1<P<0.25) for 

purple culm (Pc). For culm length, the F2 population segregated for 71 tall: 23 semi-dwarf fitting a 3 : 1 ratio (χ
2
 

= 0.014, df =1, 0.25<p<0.5) for Rht9. The distribution of culm length was shown in figure 2, indicated that Rht9 

gene is recessive in nature.  
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  Fig. 2. Segregation of culm length in F2 populations of Granato × ANW6A, and B1F2 population of    

             Magnif 41M/517//LD222. Culm length was categorized as semi-dwarf (grey bars) or tall 

             (white bars). Arrows indicate the mean culm length of the parents. 
 

Thirteen polymorphic markers on chromosome 7B were used to map Rht9 and Pc gene, whereas, eight markers 

showed linkage. Figure 3 shows the microsatellite mapping of Rht9 and Pc genes in Granato × ANW6A F2 cross 

combination. The Rht9 allele was localized to a region on chromosome 7BS bracketed by Xgwm46 and 

Xwmc402. the Pc allele was mapped to the same locus between Xgwm68 and Xgwm46 on chromosome 7BS. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Linkage map of Rht9, Rht13 and other pigment related genes on chromosome 7B. 

                               Arrows indicate the supposed position of the centromere.  
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B1F2 population of Magnif 41M/ #517// LD222*2  
 

Magnif 41M/ #517// LD222 B1F2 segregated 58 tall : 17 semi-dwarf fitting 3: 1 ratio (χ
2
 = 0.751, df = 1, 

0.1<P<0.25). The distribution of culm length was shown in figure 2 clearly showed that Rht13 gene is recessive 

in nature. Same polymorphic marker on chromosome 7B, which were used to mapped Rht9, were used to 

located Rht13 on chromosome 7B. In figure 3 showed the allele Rht13 located on long arm on chromosome 7B 

and linked with Xbarc50. 
 

F2 population of PI 503554/ANW7B-5B 
 

In the F2 population of PI 503554 × ANW7B/5B segregated 23 chocolate black : 71 white fitting 1: 3 ratio (χ
2
 = 

0.014, df = 1, 0.1<P<0.25) for cc. For chlorina seedling, the F2 population segregated for 70 green : 24 chlorina 

fitting a 3 : 1 ratio (χ
2
 = 0.014, df =1, 0.25<p<0.5) for long glume, the F2 segregated for 24 long : 70 normal 

fitting a 3 : 1 ratio (χ
2
 = 0.014, df =1, 0.25<p<0.5). The culm length segregated 70 tall : 24 semi-dwarf fitting 3: 

1 ratio (χ
2
 = 0.014, df = 1, 0.1<P<0.25). Nine polymorphic markers on chromosome 7B were used to map cc, 

cn-B1 and P2. Figure 3, shows the genetic map of cc, Cn-B1 and P2 on chromosome 7B, where cc distally 

linked with Xbarc72, cn-B1 linked with Xgwm611 and P2 linked with Xbarc219. 
 

DISCUSSION 
 

Genes reducing plant height are required to prevent lodging and to increase harvest index and yield. Height can 

also be limited by the environment, and in such conditions a strong genetic limitation on height may not be 

required. In a study of dwarf and tall near-isogenic lines of wheat, Singh et al. (2001) reported that Rht-B1b Rht-

D1b conferred a yield advantage in favorable effects in lower yielding, semi-arid conditions. Conversely, in 

long-season, irrigated environments, the height reduction associated with Rht-B1b and Rht-D1b may not be 

sufficient: excessive height and severe lodging can occur in varieties containing these dwarfing genes (Stapper 

and Fischer, 1990) and a strong genetic limitation to adult plant height may be necessary. It would therefore be 

useful for breeders to have a range of dwarfing genes at their disposal, to use the appropriate height reduction 

for the target environment (Richards 1992). Studied by Rebetzke et al. (1999) and Rebetzke and Richards 

(2000) have demonstrated the benefits of reducing adult height without compromising on coleoptile length and 

vigour. In wheat, a number of major genes for reduced plant height have been identified, comprising GA3-

insensitive [Rht-B1 and Rht-D1 mapped to the chromosomes 4B and 4D, respectively (Börner et al. 1996)] and 

GA3-sensitive genes [Rht4, 7, 8, 9, 12 and 13 (McIntosh et al. 2008)]. The GA3-sensitive Rht genes on 

homoeologous group 2 (Rht4, Rht7 and Rht8) chromosomes and chromosomes 7B (Rht9 and Rht13) and 5A 

(Rht12) were known (McIntosh et al. 2008). Ellis et al. (2005) found the microsatellite marker Xwmc 577 on 

chromosome 7B linked with Rht13, whereas Rht9 linked with the microsatellite marker Xbarc151 on 

chromosome 5A. They did not confirm the chromosomal location of Rht9. To resolve this discrepancy, in this 

study 7B marker analysis was done to confirming the chromosomal location of Rht9 and find out the common 

marker association with Rht13. In this study, the chromosomal location of Rht9 was found on the short arm 

chromosome 7B, which confirmed to Gale et al. (1982) and may conflict with the reports of Ellis et al. (2005). 

Another semi-dwarf allele Rht13 was mapped on long arm of chromosome 7B from the BC1F2 populations of 

Magnif41 M/517//LD222 showed linked with Xbarc50, Xhbg396 and Xgwm537. Xbarc50, Xhbg396 and 

Xgwm537 markers alleles from Magnif41 M were most closely linked with Rht13. Because lack of common 

markers association between two alleles Rht9 and Rht13 suggest that most of the markers which were linked 

with Rht9 were fixed by allele from LD222 in BC1F2 of Magnif41 M/517//LD222.  
 

In this study, purple culm gene Pc was mapped on short arm chromosome on 7B, confirming the published 

articles (Khlestkina et al. 2009, Watanabe et al. 2002). In tetraploid wheat, the chlorine trait is controlled by a 

paralogous gene set approximately 40 cM from the centromere on the long arm of the group 7 chromosomes 

(Klindworth et al. 1997). The gene cn-B1 was mapped on the long arm of chromosome 7B, near the gene P2 

for long glume. The telosomic mapping assigned by Watanabe et al. (2002) reported that the genes for long 

glume P2 located on long arms of chromosome 7B by 11.7 cM distances from centromere and are located 

approximately 37cM from the cn-A1 and cn-B1 loci (Watanabe et al. 1996, Watanabe 1999). The locus cc for 

‘chocolate black chaff’ showed the distal linkage with Xbarc72 by 53.2 cM on chromosome 7BS, its 

confirming the published article (Watanabe et al. 2002; Klindworth et al. 1997). However, further fine 

mapping and expression analysis of cc gene are needed to confirm its on chromosome 7B. 
 

CONCLUTION 
 

Microsatellite mapping of genes of chocolate black chaff (cc), purple culm (Pc) and chlorina (cn-B1) may be 

useful for further wheat breeding program. Although determining the map location Rht9 and Rht13 on 

chromosome 7B had been responsible for the height reducing phenotype to be useful in breeding wheats across 

a range of environments.  
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