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ABSTRACT 

Traditional breeding improvement of guar (Cyamopsis tetragonoloba (L.) Taub.) depends 

heavily on the understanding of their inheritance mechanism.   Reciprocal crosses of two 

lines of guar, namely PI 217923 and ‘Lewis’, which exhibited disparate  gum content 

(fg%) and branching habit, were done and progeny populations formed to study the 

heritability of gum content (fg%) and basal branching.   Five F1 plants of ‘Lewis’ × PI 

217923 and two F1 plants of PI 217923 × ‘Lewis’ were obtained by hand pollination.  F1 

plants of PI 217923 × ‘Lewis’ and ‘Lewis’ × PI 217923 exhibited branching habit of PI 

217923.  All seven F1 hybrids were self- pollinated to form F2 populations.  

 

Fg% of four plant introductions (PI) and four commercial varieties were compared in 

Lubbock in four years.  Estimates of broad-sense heritability (h2B) of fg% in ‘Lewis’ × PI 

217923 and PI 217923 × ‘Lewis’ were 75.53% and 52.74%, respectively. Estimates of 

narrow-sense heritability (h2N) of fg% were 40% and 29% for ‘Lewis’ × PI 217923 and 

PI 217923 × ‘Lewis’, respectively. At least one pair of genes was estimated to control the 

fg% expression in these two crosses. Significant differences of fg% were found among 

these eight accessions. PI 217923 was found to have the highest fg% among the eight 

accessions.    

 
 
 
χ2 goodness- of- fit test revealed that two of five F2 populations of ‘Lewis’ × PI 217923 

and one of the two F2 populations of PI 217923 × ‘Lewis’ had a good fit of 3: 1 ratio 

under field grown conditions. When grown under greenhouse conditions with wider 



spacing, branching types of F2 populations of ‘Lewis’ × PI 217923 and PI 217923 × 

‘Lewis’ segregated in a 3: 1 ratio, indicating that basal branching is controlled by one 

dominant gene.  The gene symbol Brh-1 is proposed for this locus  

  

Black seeds of guar are believed to have of low quality. In the present experiment, seeds 

with different seed coat colors were studied to examine the effect of seed coat color on 

the hydration rate, germination, quantity of seed component, and gum content (fg%). 

Seeds of PI 217923, PI 340246, and ‘Lewis’ were studied.   Seed coat blackening was 

found to affect the water absorption rate during guar seed germination. Hydration rate of 

dark grey and black colored seeds was significantly higher than that of light colored 

seeds.  An interaction between genotype and seed coat color on seed germination was 

detected.  Overall, seeds of darker color have significantly higher germination rate than 

that of light colored seeds across varieties.  The quantity of endosperm (%) of black 

(42.7%) and dark grey (42.6%) colored seeds were significantly higher than that of light 

colored seeds (40.1%), with no difference between dark grey and black colored seeds. 

Significant differences of seedcoat quantity (%) were observed among these three 

different colored seeds with order from high to low: light (16.2%), dark grey (13.8%), 

and black (12.9%). Gum content (%) as determined by viscosity was not affected by seed 

coat blackening. Higher hydration rate and germination rate in dark grey and black 

colored seeds are possibly caused by seed coat degeneration or damage after maturation.     

 

 



Morphological and RAPD (random amplified polymorphic DNA) markers of eight 

accessions including four commercial varieties and two plant introductions (PIs) of 

Cyamopsis  tetragonoloba (L.) Taub., one C. senegalensis Guill. and Perr., and one C. 

serrata Schinz.  were used to study the genetic variation among Cyamopsis species.  

RAPD analysis showed that polymorphic bands detected by each primer across the eight 

accessions ranged from seven to 20 with a mean of 12.4, while the polymorphism level of 

band detected by the eight primers ranged from 46.7% (OG06) to 100% (F10, OE01, 

OC07, F04, and OA17) with a mean of 85.4%. Total bands of 12 to 15 detected for each 

accession by these eight primers were observed. Mean of bands detected by each of the 

eight primers for each accession ranged from 1.5 to 1.9.  These eight accessions were 

grouped into three different groups at the average distance of about 1.2.   Cluster analysis 

of nine morphological characters showed same result as using DNA markers but with 

more variation detected.  Among the three species, C. serrata and C. senegalensis  were 

grouped into one group, while those entries belonged to C. tetragonoloba grouped into 

another one. 
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CHAPTER I 

LITERATURE REVIEW 

Botany of guar   

Guar (Cyamopsis  tetragonoloba (L.) Taub.) (2n= 14) is a drought and heat tolerant 

annual legume and is the most economically- important species in the genus Cyamopsis 

(Whistler and Hymowitz, 1979). Guar is a self- pollinated crop with out-crossing of 1- 

9% under field conditions (Stafford and Lewis, 1975). Botany of guar was described by 

Stafford and Lewis (1975) as follows: guar flowers are small (8 mm long) with purplish- 

pink color; plant height ranges from 60 to 150 cm; leaves are medium sized with 

(pubescent) or without hair (glabrous) on the surface.  Branching habits in guar may be 

grouped into one of three classifications: erect (no more than two branches at the base, 

predominately zero branches), basal branching (only branching at the base, with three or 

more branches), and branching (branching along the main stem). Guar seeds are nearly 

round shaped with a 100 seed weight of 3.0 g. Guar seed is composed of three main 

components, expressed as percentage: seedcoat 14- 17%, endosperm 35- 42%, and 

embryo 43- 47% (Goldstein and Alter, 1959). Most of the protein is contained in the 

germ (embryo).  Galactomannan gum is found in the endosperm.  Seedcoat color in guar 

ranges from black to dull white. Bhatia et al. (1979) found that seedcoat pigments 

consisted of gallic acids, 2,3,4-trihydroxybenxoic acids, ferric ions, and galactose.  

Seedcoat color of the common bean is reported to be genetically controlled (Bassett et al., 

2002 a; 2002 b), and has been reported to be affected by the environment (Hymowitz and 
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Mactlock, 1967; Bhatia et al., 1979).  There are no reports of seedcoat color affect on 

seed quality with regard to germination and gum content.      

 

Guar gum use and its molecular structure 

Guar has been used as emergency forage for cattle (Hymowitz and Matlock, 1963) and 

for soil improvement. The most important use of guar is for its gum, a galactomannan 

polysaccharide containing 34.6% D-galactopyranosyl units and 63.4% D-

mannopyranosyl, which is extracted from the seed’s endosperm. The galactomannan 

molecule is a long chain of 1→ 4 linked β-D-mannopyranosyl units with roughly every 

second unit bearing on the C6 carbon atom an α-D-galactopyranosyl unit (Fig. 1.1).  

 

 

Fig. 1.1.  Guar gum molecular structure:  the main chain consists of (1-4) linked beta-D mannose residues 
and the side chain of (1-6) linked alpha-D galactose (redraw from Whistler and Hymowitz, 1979).  
 
 
This structure allows it to hydrate rapidly in cold water and form highly viscous solutions 

(Whistler and Hymowitz, 1979). Because of this, guar gum is widely used in 

papermaking, oil well drilling, food, explosives, mining, and pharmaceutical industries. 
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The United States (U.S.) is the biggest consumer of guar in the world. Guar is mainly 

grown in India, Pakistan, and the U.S. (Strickland and Ford, 1984). More than 75% of the 

guar seeds in the world are produced in India (Gupta et al., 2003). In the U.S., guar is 

primarily grown in the vast semi-arid rolling plains of Texas and Oklahoma. 

 

Origin of Guar (C. tetragonoloba (L.) Taub.) 

There are four species in the genus of Cyamopsis:  C. tetragonoloba (L.) Taub., C. 

senegalensis Guill. and Perr., C. serrata Schinz., and C. dentata (N. E. Br.) Torre. 

(Whistler and Hymowitz, 1979), however Gillett (1958) divided the genus into three 

species:  C. tetragonoloba (L.) Taub., C. senegalensis Guill. and Perr., C. serrata Schinz, 

and these are the only species which Merxmuller (1970) could recognize in the genus 

(Whistler and Hymowitz, 1979).  Except for C. dentata, the other three species were 

collected and conserved as plant introductions in the USDA germplasm conservation unit 

at Griffin, Georgia.  Possible origins of guar include Indo- Pakistan subcontinent and 

Africa (Whistler and Hymowitz, 1979). The galactomannan of C.  senegalensis was 

found similar in concentration, composition and viscosity with that of guar, and is 

regarded as another source of guaran (gum) (Strickland and Ford, 1984).  C. senegalensis  

was considered to be the ancestral form of guar by Hymowitz (1972). Further study is 

needed to clarify their genetic relationship.      

                                                                           

Germplasm introduction, evaluation, and new variety development 

It was in 1903 that the first guar plant introduction ‘PI-9666’ was introduced to the U.S.  
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by the Department of Agriculture (Piper, 1908). Presently, the USDA-ARS Plant Genetic 

Conservation Unit at Griffin, GA. holds a depository of 410 guar germplasm including C. 

senegalensis and C. serrata, which were collected from the following countries: 355 from 

India, 32 from Pakistan, two from Iran, one each from South Africa, Senegal, Sudan, and 

Zaire and ten varieties and breeding selections from the U.S.  These collections covered 

regions of Africa, South and Southwest Asia.   

 

          In India, guar germplasm was collected and evaluated for nineteen characters 

(Dabas, B.S., et al., 1981).  Evaluations of guar germplasm in the United States were 

done by Matlock (1959). These evaluations mainly concentrated on morphological 

characters. Advanced tools such as DNA markers may be used to further evaluate yield 

and gum content related characters.    

  

There are only a few guar varieties available in the U.S. (Fig. 1.2): ‘Esser’, ‘Kinman’, 

‘Lewis’ and ‘Santa Cruz’, etc.  The latest cultivars, ‘Santa Cruz’ and ‘Lewis’, were 

released in 1985 (Stafford and Ray, 1985; Ray and Stafford, 1985a). Of the four 

commercial varieties, ‘Lewis’ has the highest seed yield (Texas Agricultural Experiment 

Station, 1985).  The pedigrees of these commercial varieties are given in Fig. 1.2. 

 

Besides these varieties, ten breeding lines of guar were developed in the 1980’s by 

Stafford and his colleagues (Stafford et al., 1982; Stafford and Lewis, 1981).  Field 

evaluations of guar yield performance (Stafford, 1982) and midge resistance (Meinke et 
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al., 1980) were also reported. Even though, some other important traits such as maturity, 

gum content, and M/G ratio need to be evaluated also.  

 

 
      

 
                   Collected   by Walter N. Koelz from Jaipur, India, 1936 
 
    
                                               
                        
                      1953, 
                     General   Mills, Inc.    
  
 
 
                 
                      1957, 
                     Louis Groehler. 
                    Arizona    
                                               
 
                                                              1964                                                  1966 
                                                  Texas & Oklahoma                               Texas & Oklahoma   Agr.  
                                                 Agr. Exp. Station, USDA                     Exp. Station, and USDA 
                  
           
 
 
 
 
 
  
 
                         1975                          1975                                                                                                                                                   
                 Texas & Oklahoma Agr. Exp. Station 
                and  USDA                                                               
                                                                                                                    1985 
 
                                                                                                  
                                                                                                  
 
                                                                                                    
                                                                                                 1985 
                                                                                               Texas and Arizona  Agr. Exp. 
                                                                                               Station and USDA-ARS 
 
                                                                                                                                  
 

Fig. 1.2. The pedigrees of commercial varieties in the United States (Whistler and Hymowitz, 1979). 

 

Genetic study 

Inheritance of qualitative characters in guar have been reported (Table 1.1) (Ray and  

PI 116034 (C. tetragonoloba) 

Texsel 

Groehler S-44-1 

Kinman T64001-12 T64001-16 

Lewis  TX78-3695 

Santa Cruz 

Esser 

PI 263875 (I.C. 33) (C. tetragonoloba) 

Brooks Mills 

            PI 33870-B (C. tetragonoloba) 
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Stafford, 1985b). There is consensus for many of these traits, but there are conflicting 

results on the inheritance of branching. Dabas et al. (1977) reported that non-branching 

was dominant to branching, while Chaudhary and Lodhi (1981) and Sohoo and Gill 

(1976) reported that branching was dominant to non- branching. To further complicate, 

Chaudhary and Lodhi (1981) found an F2 ratio of 9: 7 for branching to non-branching in 

a cross of two non- branching parents, indicating that complementary gene effects were 

involved. 

 

Table 1.1.   A summary of the qualitative genetic studies in guar and the symbols assigneda.  

Character 
Reported descriptive name and 
mode of inheritance   

Reported 
symbol   Reference     

Plant type Normal: dominant  B  Sohoo and Gill, 1976. 
 
 

 bushy: recessive  b     
        
Branching  Non-branched: dominant  NAb  Dabas, 1975; Memon, 1980. 
habit branched: recessive  NA      
 branched: dominant  Br  Sohoo and Gill, 1976.  
 Non-branched: recessive  br     
 Non-branched: dominant  B  Dabas et al., 1977.  
 branched: recessive  b     
 Branched: dominant  Br1Br2  Chaudhary and Lodhi, 1981.  
     Chaudhary and Singh, 1980. 
 Non-branched: recessive  br1br1Br2     
 (Duplicate recessive epitasis)  br1br1br2br2    
        
Raceme Cluster not at each node: dominant Cl  Chaudhary and Lodhi, 1981.   
     Chaudhary and Singh, 1980.  
clustering cluster at each node: recessive  cl  Sohoo and Gill, 1976.  
habit Alterate bearing: dominant  NA  Memon, 1980.  
 all node bearing: recessive  NA     
Growth habit Indeterminate: dominant  De  Chaudhary and Singh, 1980. 
 determinate: recessive  de     
        
Pubescent Pubescent: dominant  G  Kinman et al., 1962.  
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Table 1.1. A summary of the qualitative genetic studies in guar and the symbols assigned. (Continued) 
 

 glabrous: recessive g      

 Hairy: dominant H Sohoo and Gill, 1976     

 non-hairy: recessive h      

 Hairy: dominant NA Memon, 1980     

 non-hairy: recessive NA      

 Hairy: dominant Hr Chaudhary and Singh, 1980    
 non-hairy: recessive hr      

Leaf size Narrow leaflet: dominant Ls Chaudhary and Singh, 1980    
 broad leaflet: recessive ls      

Male sterility Male fertile: dominant Ms Mital et al., 1968     

 male sterile: recessive ms      

Leaf shape Narrow leaflet: dominant N Sohoo and Gill, 1976     

 normal leaflet: recessive n      

Seed shape Flat: dominant R Sohoo and Gill, 1976.     

    Memon, 1980.     

 round: recessive r      

 Flat: dominant NA Memon, 1980.     

 round: recessive NA      

Leaf color Green: dominant Y Sohoo and Gill, 1976.     

 yellow: recessive y      

Asynapsis Synapsis: dominant NA Sohoo and Gill, 1975.     

 asynapsis: recessive NA      

Foliage color Dark green: dominant NA Prasada and Patel, 1974.    

 light green: recessive NA      

Flower color Purple: dominant NA Memon, 1980.     

 white: recessive NA      

Leaf margin Serrated: dominant NA Memon, 1980.     

 smooth: recessive NA      

Pod shape Straight pod: dominant NA Memon, 1980.     

 crescent: recessive NA      

Seed size Intermediate: dominant NA Memon, 1980.     

  small: recessive NA        
a from Ray and Stafford, 1985b.  bno symbol assigned.       
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Quantitative inheritance of several characters in guar has been reported. Among these, 

heritability and the interrelationship of pod length and seed weight in guar were reported 

by Stafford and Barker (1989). Dabas et al. (1980) reported that additive, dominance, and 

epistatic gene effects controlled the gum content and endosperm percentage expression. 

Bhagwan et al. (1983) found that gum percentage in the seed was affected by 

environmental factors rather than genetic factors. Saini et al. (1982) found that there was 

a genotype x environmental interactions for gum content. 

 

Mannose/ Galactose (M/G) ratio 

In the food industry, guar gum is primarily used for thickening, syneresis control, 

stabilizer, and formulation aid. Compared with locust bean gum, guar gum is superior as 

an effective viscosifier, but locust bean gum interacts more strongly with other 

polysaccharides than does guar gum (Reid and Edwards, 1995). This difference is clearly 

linked to the fact that locust bean gum has a lower degree of galactose substitution (M/G 

=3.5), where about every to three or four mannose molecules was attached a galactose 

molecule.  The decline in the supply of locust bean gum because of the urban 

development in Mediterranean areas has led to an increase in price. There is interest in 

changing the M/G ratio of guar (1.6) so as to substitute guar gum for locust bean gum. 

Different strategies have been reported to modify the M/G ratio of guar.  Untraditional 

breeding strategies are for enzymatic modification (Reid and Edwards, 1995) as well as 

gene transformation (Joersbo et al., 1999, 2001). To date, no ideal results of the changed 
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M/G have been reported, either because of the enzyme activity, or because of the target 

gene.   

 

Objectives 

The objective of the guar breeding program at Texas Tech University (TTU) is to breed   

new varieties with desirable characters related to seed yield and gum quality.  In the 

present experiment, inheritance of gum content and branching habit, which are important 

to the genetic improvement of seed yield and gum content, were investigated. Variation 

for gum content among eight accessions including four commercial varieties and four 

plant introductions (PIs) were studied.  As an interest both to guar growers and seed 

processing companies, seedcoat blackening effects on seed quality in regard to 

germination and gum content were studied using one commercial variety and two plant 

introductions. Finally, for better understanding of the genetic variation and relationship 

among the genus Cyamopsis, cluster analysis using RAPD and morphological markers 

was conducted.  
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CHAPTER II 

HERITABILITY OF GUM CONTENT (FG%) AND VARIATION 

WITHIN EIGHT GUAR ENTRIES 

 
  

Abstract 
 
The gum from seeds of guar (Cyamopsis tetragonoloba (L.) Taub.), or seed 

galactomannan, is a cell-wall storage polysaccharide that is widely used in food, 

papermaking, oil well drilling, explosives, mining, and pharmaceutical industries.   

Understanding the inheritance of gum content is key to its successful genetic 

improvement. Gum content expression was reported to be controlled by additive, 

dominance, and epstatic effects, and by environment as well. Fg%, a relative gum content 

calculated by comparing with the gum content of ‘Kinman’, was used as gum content (%) 

in this experiment.   Reciprocal crosses of two lines of guar, namely, PI 217923 and 

‘Lewis’, were done to study the heritability of gum content (fg%).  Fg% of four plant 

introductions and four commercial varieties were studied in Lubbock, 1999 ~ 2002.  

Estimates of broad-sense heritability (h2B) of fg% in ‘Lewis’ × PI 217923 and PI 217923 

× ‘Lewis’ were 75.53% and 52.74%, respectively. Estimates of narrow-sense heritability 

(h2N) of fg% were 40% and 29% for ‘Lewis’ × PI 217923 and PI 217923 × ‘Lewis’, 

respectively. At least one pair of genes was estimated to control the fg% expression in 

these two crosses. Significant differences of fg% were found among these eight entries. 

PI 217923 was found to have the highest fg% among the eight entries.  
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Key Words: Guar, Cyamopsis tetragonoloba, gum content (fg%), heritability, variety 

comparison. 

Introduction 

Guar (Cyamopsis tetragonoloba (L.) Taub.) is one of the most important industrial crops 

because of its richness in gum. Guar seed contains about 50% endosperm and yields 

about 42% of gum (Whistler and Hymowitz, 1979). Guar gum is a galactomannan 

polysaccharide containing about 34.6% D- galactopyranosyl and 63.4% D- 

mannonpyranosyl units. Guar gum has been widely used in mining, petroleum, paper, 

pharmaceutical and food industries (Whistler and Hymowitz, 1979). There is an 

increasing need for guar gum in the food industry in recent years. An estimated 100,000 

metric tons of guar powder was purchased all over the world in 1999 (Thomas, 1999).  

High gum content variety development is required to meet this demand.  Traditional 

breeding to improve gum content depends heavily upon the understanding of the 

inheritance of gum content. Three enzymes was reported to be involved in the synthesis 

of galactomannan molecule (Reid and Edwards, 1995), hence the gum content is 

suggested to be under genetic control.  A former genetic study showed that additive, 

dominance, and epistatic gene effects controlled the gum content and endosperm 

percentage expression (Dabas et al., 1980). Saini et al. (1982) reported a genotype 

environment interaction for gum content. In regard to environment, no significant effect 

of row spacing was found on galactomannan percentage and gum yield in a study by 

Murphy et al. (1996). However, galactomannan percentage and gum yield were affected 

by sowing date in Australia (Murphy et al., 1996).  Gum content was found to be 
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positively correlated with yield, endosperm percentage, plant height, branches per plant, 

and pod number, but negatively correlated with seed size and pod length as reported by 

Mital et al. (1971).  In a study at Texas Tech University (TTU) in 1998, gum content 

variations were found among 404 accessions ranging from 33.9 to 41.2% (Peffley et al., 

1999). Heritability of gum content and genetic improvement has not been reported in the 

United States.  No genetic study of gum content has been reported using a relative gum 

content calculated by comparing with the viscosity of ‘Kinman’.  Here we report the 

result of a heritability and stability study of gum content in guar. 

   
.  

Materials and Method 
Materials 

‘Lewis’, a commercial variety developed from an F8 selection from a natural cross of T 

64001-12-1-B-3-2-B-2 × PI 338780B by joint effort between the Texas and Oklahoma 

experiment stations and the USDA (Stafford and Ray, 1976), and PI 217923, a plant 

introduction (PI) accession from USDA-ARS at Griffin, GA were selected for this study. 

Seeds of ‘Lewis’ were obtained from West Texas Guar, Inc. (Brownfield, TX).  The gum 

content of PI 217923 (39.04%) is found to be significantly higher than that of  ‘Lewis’ 

(37.41%) in our previous experiment. Other agronomic characters of PI 217923 and 

‘Lewis’ are shown in Table 2.1.   
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aData are means of three-year grow-out, TTU Erskin research farm, 1999 to 2001. b Erect: 
branching only in the base area, branches no more than two, with zero predominating; basal: 
branching only in the base area with more than three branches. cPubescent: hairy leaf surface; 
Glabrous: no hair on the leaf surface. 
 
 

F1 seed development and grow-out 

In 1999, 216 hand pollinations of selected parental plants including PI 217923 and 

‘Lewis’ were made following a method developed by Chaudhary et al. (1974). Of these, 

141 set seeds. All putative F1 hybrid seeds were planted in the 2000 hybrid nursery.    

 Since pubescence is dominant to glabrous (Ray and Stafford, 1985), the F1 hybrids were 

identified by the pubescent leaf surface of the progeny when a glabrous female parent is 

crossed with a pubescent male parent, e.g. Lewis × PI 217923; and the reciprocal of a 

pubescent female parent crossed with a glabrous male parent, e.g. PI 217923 × Lewis, F1 

hybrids were identified by selecting pubescent plants in the F1 generation.  When 

checking the segregation pattern of the F2 generation, true hybrids should have a 

segregation ratio of 3:1 for pubescent to glabrous.   

 

F2 generation grow-out  

Seeds of PI 217923, ‘Lewis’, F2 plants of ‘Lewis’ × PI 217923 and PI 217923 × ‘Lewis’  

Table 2.1. Agronomic characters of PI 217923 and ‘Lewis’a 

   

Entry  Branching habitb Leaf surfacec 

Plant 
height 
(cm) 

Pod 
length 
(cm) 

100 seed 
weight (g) Maturity (day) 

 
PI 217923 Erect Pubescent 88.4 5.6 3.3 90 
Lewis Basal Glabrous 73.7 5.5 3.7 100 
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were planted using an International 800 Series Bed Planter with Cone Unit Attachment 

on June 18, 2001. The experiment was a completely randomized block design with three 

to five replications depending on the seeds available.   The single- row plots were 6.1 m × 

1.0 m.  Sixty seeds were planted in each plot. Data collected on each plant were plant 

height, growth habit, leaf surface, pod set, and branching number. Seeds of each F2 plant 

were harvested separately and subjected to gum content analysis.  

 

F3 generation grow-out  

Seeds of PI 217923, ‘Lewis’, F2 populations of ‘Lewis’ × PI 217923 and PI 217923 × 

‘Lewis’ were planted at TTU Quaker research farm Spring 2002.  The experiment was a 

completely randomized plot design with three replications. The one-row plots were 6.1 m 

× 1.0 m.  Sixty seeds were planted in each plot using an International 800 Series Bed 

Planter with Cone Unit Attachment.  Data collected for each plant were growth habit, 

plant height, leaf surface, pod set, and branching number at seed maturity.  Five plants 

were randomly selected from each plot and were analyzed for gum content. 

 

Comparison of gum content within eight entries  

Four plant introductions (PI 340256, PI 217923, PI 340253 and PI 322775), which were 

from USDA- ARS at Griffin, GA, and four commercial varieties (Lewis, Kinman, Esser, 

and Santa Cruz), which were from West Texas Guar, Inc. (Brownfield, TX), were 

selected for this study. The experiment was a completely randomized block design with 

four replications. The single- row plots were 6.1 m by 1.0 m. Sixty seeds were planted in 
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each plot using an International 800 Series Bedplanter with cone unit. During the 

growing season, weeds were manually controlled; water was supplied when needed. 

When mature, seeds of each plot were manually harvested, and threshed using a Kincaid 

thresher (Kincaid Equipment Manufacturing, Haven, KS). Seeds were subjected to gum 

content analysis in the lab. The experiment was conducted each year from 1999 (Hou, 

unpublished) to 2002.  

 

Gum content determination 

Gum content was determined following a method developed by Halliburton Energy 

Services (Dr. Ron Powell, confidential and personal communication). Briefly, 6.2 g seeds 

were ground in a Salton coffee grinder (Salton Inc., Mt. Prospect, IL) set at coarse.  

Powder of 6.0 g was weighed and incubated in 500 g 82.2 oC water for 2.0 hr, then 

sheared at 13000 rpm for 8 min in a one-liter Waring ® commercial blender.  The 

solution was cooled down to 21 ºC and measured with a Fann Viscometer (Fanns 

Instrument Corp., Houston, T) at 300 rpm and repeated the second day.  The second day 

reading at 300 rpm was used to calculate the relative gum content as compared to the 

‘Kinman’ control:  the viscosity of control was the average of 24 tests of ‘Kinman’ 

commercial seeds in 1998.  A value of 40% was assigned to the gum content of ‘Kinman’ 

as a standard. Gum content of a sample will be expressed as fg%, as calculated by the 

following equation:  

fg% = 40*{ln (24 hr viscosity at 300 rpm) / ln (24 hr viscosity at 300 rpm of control)}.   
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Statistical analyses  

Analyses of variance were conducted for PI 217923, ‘Lewis’, F1 and F2  populations of 

 ‘Lewis’ × PI 217923 and PI 217923 × ‘Lewis’ using SigmaPlot 2000 software. Broad-

sense heritability (h2B) was estimated using the variance component method (Stafford 

and Barker, 1989): h2B = σ2G /σ2
F2, where σ2G is the genetic variance, σ2

F2 is the 

phenotype variance of the F2  generation. σ2G is estimated using the following equation: 

σ2G = σ2
F2 -σ2

E = σ2
F2 – (σ2

P1 + σ2
P2)/2, where σ2

E is the environmental variance, σ2
P1 

and σ2
P2  are the variances of the two parents (PI 217923 and ‘Lewis’), respectively. 

Narrow- sense heritability (h2N) was estimated by the regression of F3 family means on 

F2 plants. The minimum number of genes or factors controlling gum content (fg%) was 

estimated using Wright’s (1934) equation: k = (P1- P2)2 / 8(σ2
F2 - σ2

p), where k is the 

minimum gene number; P1 and P2 are the mean values of the parents respectively, σ2
F2  

is the variance of the F2 population, σ2
P1 and σ2

P2 are the variance of P1 and P2, 

respectively; σ2
p = 0.5(σ2

P1 + σ2
 P2).  Analysis of variance was conducted using ANOVA 

PROC from SAS (Cary, NC). Fg% means were separated by Fisher’s Protected LSD test 

(P< 0.05).    

 
Results and Discussion 

 
Hybrid development 
 
Using the leaf surface marker, 35 crosses were identified as potentially true F1’s. Three 

of the 35 putative F1’s segregated forming the true F2 populations.  Among the putative 

F1 hybrid plants, five progeny of Lewis × PI 217923 and two PI 217923 × Lewis were 
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identified as F1 hybrids. Each the seven true F1 hybrids had the same branching type and 

leaf surface as in PI 217923.  Seeds from each of the seven F1 hybrids were harvested 

separately and planted in 2001 to form the F2 population. 

Inheritance of gum content (fg%) 
 
Statistics of gum content (fg%) of PI 217923, ‘Lewis’, F1 and F2 population of ‘Lewis’ × 

PI 217923, and F2 population of PI 217923 × ‘Lewis’ is given in Table 2.2. ‘Lewis’ and 

PI 217923 had a mean fg% of 37.41 % and 39.04%, respectively.  The means fg% of the 

F1 (38.54%), F2 of  ‘Lewis’ × PI 217923 (38.06%), and F2 populations of PI 217923 × 

  

‘Lewis’ (38.16%) was between their parents (37.41% and 39.04%).  Variances of 

segregating populations (F2) (1.41 and 0.73) were larger than their parents (0.15 and 

0.54). Variance of the F1 of ‘Lewis’ × PI 217923 was the highest among all the 

populations due to a low fg% of one of the F1 plants (35 %). The rest of the four F1 

plants had a mean fg% of 39.45 and a variance of 0.87.  

 

Table 2.2.  Fg% of PI 217923, 'Lewis', F1, and F2 populations.  
 

  Parent F1 F2 F2 Parent 

  Lewis 
Lewis × PI 

217923 
Lewis × PI 

217923 
PI 217923 × 

Lewis PI 217923 
Mean 37.41 38.54 38.06 38.16 39.04 
Sdev 0.39 2.11 1.19 0.85 0.73 
SEM 0.14 0.95 0.11 0.14 0.2 
Size 8 5 111 39 14 
Min 36.85 35 34.77 36.68 38.08 
Max 37.84 40.1 40.57 39.92 40.14 
S2 0.15 4.45 1.41 0.73 0.54 
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Estimates of heritability of fg% and estimates of gene numbers are given in Table 2.3.  

 

 

 

 

 

Broad-sense heritability estimates were 75.57% and 52.74% in ‘Lewis’ × PI 217923 and 

PI 217923 ×‘Lewis’, respectively. The relatively moderate to high broad-sense 

heritability estimates indicate that there were minimal environmental effects on this 

character.  Narrow-sense heritability estimates were 40% and 29% in ‘Lewis’ × PI 

217923 and PI 217923 × ‘Lewis’, respectively. Overall the heritability estimates in Lewis 

× PI 217923 were higher than that in PI 217923 × Lewis. The relatively low narrow- 

sense heritability means a low progress is expected when using the selection method in 

the genetic improvement of gum content. 

 

Estimates of number of genes or factors in these two reciprocal crosses indicate a   

minimum of one pair of genes controlling gum content. 

 

Variation of gum content among eight entries 
 
Fg% means of eight entries across four years are given in Table 2.4. Significant 

difference of fg% means were found among these eight entries. Fg% of PI 217923 

(39.1%) was significantly higher than the other entries. Due to its early maturity 

Table 2.3. Estimate of inheritance and gene numbers of gum content (fg%) in 
guar 
 

Cross   h2B (%) h2N (%) Number of genes  
Lewis × PI 217923  75.53 40 0.31  
PI 217923 × Lewis   52.74 29 0.86  
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and high gum content, PVP (plant variety protection) for this line was submitted. No 

significant difference was found among PI 340253, ‘Lewis’, PI 322755, and ‘Esser’.  

PI340246 had the lowest fg% (35.7%), but not significantly different from that of 

‘Kinman’, ‘Esser’, and ‘Santa Cruz’ 

 
Table 2.4. Comparison of mean Fg% *  
 

 Entry     Mean              
 PI 217923 39.1 a      
PI 340253 37.5 b        

 Lewis 36.8 bc      
 PI 322755 36.8 bc        
 Kinman 36.7 bcd      

 Esser 36.6 bcd        
 Santa Cruz 36.3 cd      
PI 340246 35.7 d         

 
*Means within a column with the same letter are not significantly different 
 under Fisher’s protected LSD (P< 0.05). 
 
 
.   

Conclusion 

Estimates of broad-sense heritability (h2B) of fg% in ‘Lewis’ × PI 217923 and PI 217923 

× ‘Lewis’ were 75.53% and 52.74%, respectively. Estimates of narrow-sense heritability 

(h2N) of fg% were 40% and 29% for ‘Lewis’ × PI 217923 and PI 217923 × ‘Lewis’, 

respectively. At least one pair of genes was estimated to control the gum content (fg%) in 

these two crosses. Significant differences of fg% were found among these eight 

accessions, indicating a potential for the improvement of guar gum content (fg%) through 

breeding.   
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CHAPTER III 

INHERITANCE OF BASAL BRANCHING IN GUAR 

 (Cyamopsis tetragonoloba  (L.) Taub.) 

 

Abstract 
 
Conflicting theories of inheritance of guar (Cyamopsis tetragonoloba (L.) Taub.) 

branching habit have been reported. To study the inheritance of basal branching in guar, 

an experiment was conducted in which two lines with different branching habits were 

used to make reciprocal crosses and form progeny populations.  PI 217923 exhibits erect 

growth habit, i.e., branching in basal area with no more than two branches, and ‘Lewis’ 

which exhibits basal branching, i.e., branches limited only to the basal area but with more 

than three branches. Five F1 plants of ‘Lewis’ × PI 217923 and two F1 plants of PI 

217923 × ‘Lewis’ were obtained by hand pollination.  F1 plants of PI 217923 × ‘Lewis’ 

and ‘Lewis’ × PI 217923 exhibited branching habit of PI 217923.  All seven F1 hybrids 

were self- pollinated to form F2 populations. χ2 goodness- of- fit test revealed that two of 

five F2 populations of ‘Lewis’ × PI 217923 and one of the two F2 populations of PI 

217923 × ‘Lewis’ had a good fit of 3: 1 ratio under field grown conditions. When grown 

under greenhouse conditions with wider spacing (30 cm), plants of F2 populations of 

‘Lewis’ × PI 217923 and PI 217923 × ‘Lewis’ segregated in a 3: 1 ratio, indicating that 

basal branching is controlled by one dominant gene.  The gene symbol Brh-1 is proposed 
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for this locus.  Because basal branching is controlled by a simple inheritance mechanism, 

this trait can be easily incorporated into a guar breeding program.   

Key words: Guar, Cyamopsis tetragonoloba (L.) Taub., basal branching, heritability. 
 
 
  

Introduction 
 
Guar (Cyamopsis tetragonoloba (L.) Taub.), a drought- tolerant legume, is mainly grown 

in India, Pakistan, and the United States (U.S.) for the galactomannan gum extracted 

from its seed (Whistler and Hymowitz, 1979). More than 75% of the guar seeds in the 

world are produced in India (Gupta et al., 2003).   About 40,470 hectares of guar are 

planted annually in the U.S., which satisfies only one third of the U.S. demand (Dr. 

Calvin Trostle, private communication).  To get the highest seed yield, Paroda and Saini 

(1978) recommended that the guar plant type should have early maturity, determinate 

growth habit, optimum plant height and branching number, high number of clusters per 

plant with each cluster having maximum number of pods.  

 

 Branching habits in guar may be grouped into one of three classifications: erect (no more 

than two branches at the base, predominately zero branches), basal branching (only 

branching at the base, with three or more branches), and branching (branching along the 

main stem) (Appendices A.1, A.2, and A.3). Of the branching habits of commercial 

varieties,  ‘Esser’, ‘Kinman’, and ‘ Santa Cruz’ could be classified as branching, ‘Texsel’ 

as erect (Whistler and Hymowitz, 1979), and ‘Lewis’ as basal branching (Stafford, 1986). 
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Branching varieties are considered to be more desirable for seed production than erect 

varieties (Paroda and Saini, 1978), while the latter more suitable for vegetable pod 

production (Fletcher and Murphy, 1998). The advantage of basal branching lies in its 

potential for high seed yield, high efficiency for seed production, and highest ratios of 

fruit to stems and fruits to leaves (Stafford, 1983).   

 

Branching is reported to be affected by environment. Hymowitz (1963) studied the 

branching habit of ‘Texsel’ guar under a seeding rate of 6.35 cm and 106.68 cm between 

seeds, respectively, and concluded that the erect branching character in ‘Texsel’ was 

directly related to plant competition rather than genetics.  Increased branching has been 

observed in guar and snow peas when plant spacing is increased (Charles-Edwards and 

Beech, 1984; Kahn and Nelson, 1991). That plant density affects branching has been 

found in soybean (Egli, 1988; Board et al., 1990). A study on sweet potato reported that 

plant density didn’t affect the type of branches formed, but did alter the timing of 

induction; additional branches were produced when the plant space increased (Somda and 

Kays, 1990). While these studies report branching to be affected by environment, others 

report branching to be an inherited trait. Reports on the inheritance of branching in guar, 

while agreeing on genetic control, are in conflict as to the types of gene action (Ray and 

Stafford, 1985).   Dabas et al. (1977) reported that non-branching trait was dominant to 

branching, while Chaudhary and Lodhi (1981) and Sohoo and Gill (1976) reported that 

branching was dominant to non-branching. To further complicate, Chaudhary and Lodhi 



29 
 
 
 

(1981) found an F2 ratio of 9:7 for branching to non-branching in a cross of two non-

branching parents, indicating that complementary gene effects were involved. The reason 

for these apparent contradictions is not readily made clear because different materials 

were used in each study. Planting density may contribute to these conflictions, but not all 

studies reported planting density.  PI 340246 has a branching habit of branching along the 

stem. Two seeding rates were used for PI 340246 planting in 2001. Branching in PI 

340246 was found limited to the top part of the stem when planted in higher density 

(plants spacing 6.1 cm) compared with lower plant density (plants spacing 10.16 cm), 

indicating branching is an inheritable character. Here we propose to elucidate the 

inheritance mode of basal branching in guar.  

 

Materials and Methods 

 
In a study begun in 1998 at Texas Tech University (TTU), PI 217923 and ‘Lewis’ were 

identified to exhibit disparate basal branching: the former had zero to two basal branches, 

the predomination being zero; while the latter had two to nine basal branches, with four 

predominating. ‘Lewis’ is a commercial variety developed from an F8 selection from a 

natural cross of T 64001-12-1-B-3-2-B-2 × PI 338780B (Stafford and Ray, 1985). Seeds 

of PI 217923 and ‘Lewis’ were from USDA- ARS PGRCU at Griffin, GA and West 

Texas Guar Inc. (Brownfield, TX), respectively.  Agronomic characters of PI 217923 and 

‘Lewis’ are shown in Table 3.1.   
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aData are means of three-years experiments at TTU Erskin research farm, 1999 to 2001.  b Erect: branching 
only in the base area, branches no more than two, with zero predominating; basal: branching only in the 
base area with more than three branches. cPubescent: hairy leaf surface; Glabrous: no hair on the leaf 
surface. 
     
F1 seed development and grow-out 

In 1999, 216 hand pollinations were made of selected parental plants of PI 217923 and 

‘Lewis’, 141 pods set seeds. All putative F1 hybrid seeds from each of the 141 pods were 

planted in the 2000 hybrid nursery.   Since pubescent leaf surface is dominant to glabrous 

leaf (Ray and Stafford, 1985), the F1 hybrid can be identified by the pubescent leaf 

surface of the progeny when a glabrous female parent is crossed with a pubescent male 

parent, e.g. ‘Lewis’ × PI 217923; likewise, when a pubescent female parent is crossed 

with a glabrous male parent, e.g. PI 217923 × ‘Lewis’, F1 hybrids can be identified by 

selecting pubescent plants in the F1 generation. The use of leaf surface marker for 

identifying F1 hybrid in guar has been reported by other authors (Stafford, 1989; Stafford 

and Barker, 1989). A true F1 hybrid is identified by progeny test exhibiting a segregation 

pattern in the F2 generation of 3: 1, pubescent to glabrous.     

 
F2 field grow-out  

Seeds of PI 217923, ‘Lewis’, and F1 of ‘Lewis’ × PI 217923 and PI 217923 × ‘Lewis’ 

Table 3.1. Agronomic characters of PI 217923 and ‘Lewis’a 

   

Entry  Branching habitb Leaf surfacec 
Plant height 
(cm) 

Pod 
length 
(cm) 

100 seed 
weight (g) Maturity (day) 

PI 217923 Erect Pubescent 88.4 5.6 3.3 90 
Lewis Basal Glabrous 73.7 5.5 3.7 100 
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were planted at TTU Erskin research farm on June 18, 2001 using an International 800 

Series Bed Planter with a Cone Unit Attachment. The experiment was a completely 

randomized block design with three to five replications depending on the seed available. 

Plots were 6.1 m × 1.0 m with a single row. Sixty seeds were planted in each plot. Data 

collected on each plant were plant height, growth habit, leaf surface, pod set, and 

branching number. Seeds of each F2 plant were harvested separately.  

 

F2 greenhouse grow-out 

On April 21, 2003, twenty seeds each of PI 217923 and ‘Lewis’, 100 seeds of ‘Lewis’ × 

PI 217923 F2 population and 110 seeds of PI 217923 × ‘Lewis’ F2 population were 

planted in TTU horticulture greenhouse into one-liter pots with one seed in each pot.   

Pots were filled with Growing Mix 2 planting medium (Ball Seed Co., West Chicago, 

Illinois) with 20g 30N-30P-30K fertilizer in each pot before seed sowing.  After planting, 

pots were irrigated every day to ensure good moisture. Pots were 30 cm apart from each 

other to minimize the environmental effect.  Branching number and leaf surface were 

recorded for each plant at 60 days of age. 

 

Data analysis 

Data analysis was conducted using SigmaPlot 2000 software. Chi- square (χ2) goodness – 

of - fit test was conducted using the following formula: χ2 = Σ (d2 /e), where d2 = (o- e) 2, 

‘o’ is the observed number, ‘e’ is the expected number (Russell, 1996).  
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Results and Analysis 

F1 seed development 

Using the morphological marker of pubescent leaf surface as dominant, 35 crosses were 

identified as potentially true F1’s.  Among the putative F1 hybrid plants, five ‘Lewis’ × 

PI 217923 and two PI 217923 × ‘Lewis’ were identified as true F1 hybrids. Plant height, 

branching habit, leaf surface, pod set, and branching number were recorded for PI 

217923, ‘Lewis’, and F1 plants (Table 3.2).  The seven F1 plants exhibited branching 

habit and pod set of PI 217923.  Seeds from each of the seven F1 hybrids were harvested 

separately and planted in 2001 to form the F2 population.  

 
 

 

Table 3.2.  F1 hybrids of   ' Lewis’ × PI 217923 and PI 217923 × ‘Lewis’, 2000 
   

Breeding line Plant heighta (cm) 
Branching 

habit Leaf surface 
Pod 
set 

Branching 
number    

Lewis 60.11 Basal Glabrous b  Ed ≥ 3   
PI 217923 88.4 Erect Pubescent c E  ≤ 2   

(Lewis × PI 217923) F1             
3 86 Erect Pubescent E 1   
4 33 Erect Pubescent E 0   
5 120 Erect Pubescent E 0   
7 108 Erect Pubescent E 0   
8  ---- Erect Pubescent E 0   

(PI 217923 × Lewis) F1             
1 98 Erect Pubescent E 0  

2 101 Erect Pubescent E 0 
  
 

 

a Plant height at maturity; b No hair on the leaf surface;  c hairy leaf surface; d every node. 
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Frequency distribution of branching in parental, F1, and F2 populations  

Frequency of distribution of branching patterns in parental, F1, and F2 populations are 

given in Fig. 3.1, Tables 3.3, and 3. 4, respectively.  

 

Branching of ‘Lewis’ ranged from one to eight with four and five predominating. PI 

217923 had branching from zero to two, with zero predominating. The distributions and 

ranges of branching class within the two F1 populations were the same as in PI 217923 

(Fig. 3.1), indicating that the branching habit of PI 217923 (erect) is dominant to that of 

‘Lewis’ (basal branching), basal branching is controlled by one gene.  Plants in F2 

populations exhibited continuous branching from zero to eight.   

 

Variances of branching number of the two F2 populations (4.25, 5.34) are larger than that 

of ‘Lewis’ (1.76), PI 217923 (0.33), and F1 (0.8, 0) (Table 3.4). Variance of branching 

number of the F1 population is the smallest.      

 

Mean branching of PI 217923 and ‘Lewis’ were 0.4 and 4.67, respectively. Mean 

branching of F’1s of ‘Lewis’ × PI 217923 and PI 217923 × ‘Lewis’ were 0.6 and zero, 

respectively, nearly the same as in PI 217923. Means branching of F2 populations (2.02 

and 2.24) were between the means branching of the two parents (0.4 and 4.67). Variances 

of the two F2 populations (4.25 and 5.34) were larger than that of ‘Lewis’ (1.76), PI 

217923 (0.33), and F1s (0.8 and 0) (Table 3.4).  
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Fig. 3.1. Branching frequency distributions of parental, F1, and F2 populations grown in 
2000 and 2001, TTU Erskin research farm.   
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Table 3.2. Frequency of branching pattern in F2 populations    
Population 
(Year)   

 Branching pattern 
distribution    PI 217923 

type 
    Lewis 

type χ2  
  P- value 

    0 1 2 3 4 5 6 7 8 9 10   
PI 217923 

(2001-2002)  112 54 8               174 0      
Lewis  

(2001-2002)   0 2 2 3 25 24 8 4 2     0 70       
Lewis x PI 
217923                                  

F1  (2000)   3 1 1         5 0      
F2 (2001) 003813-3 18 18 7 9 9 2 5 0 2 1   43 28 7.89   0.001-0.01 

  003813-4 24 13 9 15 9 7 4 4 0 0   46 39 19.77   <0.001 
  003813-5 21 9 13 4 4 1 1 2 0 0   43 12 0.29   .05-0.7 
  003813-7 13 7 5 5 2 2 1 1 1 0   25 12 1.09   0.2-0.3 
  003813-8 38 30 17 13 16 6 4 2 2 0   85 43 5.04   0.01-0.05 
  Combined 34 16 18 9 6 3 2 3 1 0   68 24 0.06   0.7-0.9 
                                    
PI 217923 x 
Lewis                                  

F1 (2000)    2                     2 0      
F2 (2001) 00-4013-1 16 13 7 6 8 0 1 1 3 0 0 36 19 2.67   0.10-0.2 

  00-4013-2 16 11 8 5 12 0 2 2 2 0 1 35 24 7.73   0.001-0.01 
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χ2 goodness- of - fit test was conducted to analyze the F2 populations for the 3:1 ratio 

(erect branching: basal branching).  Two of the five lines in the F2 population of ‘Lewis × 

PI 217923’ and one of the two lines in the F2 population of ‘PI 217923 × Lewis’ gave a 

good fit of 3:1 ratio. That the other four lines didn’t show a good fit of the 3:1 ratio was 

possibly due to environment affect. These two F2 populations were grown in greenhouse 

with larger spacing to minimize the environmental effects (Table 3.4).  

 

Trends of mean branching and variances of parental and F2 populations were found the 

same as in field grown conditions (Table 3.3). There was a good fit of 3:1 ratio for erect 

to basal habits in these two F2 populations with a P- value of 0.5-0.7. This result provides 

evidence that basal branching is controlled by one dominant gene; erect is dominant to 

basal branching. 

 

Table 3.4. Frequency of branching habit in F2 populations grown in TTU horticulture greenhouse, 2003 
 
 Branching class        

Population 0 1 2 3 4 5 6 7 8 Mean S2 MSE N χ2   P-value   
PI 217923 16 1        0.06 0.06 0.06 17    

Lewis    2 9 5 2 0 1 4.58 1.37 0.27 19    

(Lewis × PI 217923) F2 35 25 5 6 11 8 2 1   1.68 3.63 0.2 93 0.3 0.5- 0.7  

 (PI 217923 × Lewis) 
F2 36 31 11 7 14 5 3     1.62 2.97 0.17 107 0.3 0.5- 0.7   
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Discussion and Conclusion 

Former studies showed conflicting results of branching inheritance. Dabas et al. (1977) 

reported that non-branching was dominant to branching type, while Chaudhary and Lodhi 

(1981), and Sohoo and Gill (1976) reported that branching type was dominant to non-

branching type.   The confusing results may arise from the different materials used by 

different authors, or by different scoring standard, or, by the different inheritance among 

different breeding lines. Chaudhary and Lodhi (1980) found that branching behavior 

exhibited digenetic inheritance, complementary gene effects were involved in the 

branching expression in F1 and F2 generations.   Hymowitz (1963) found that the 

branching character in ‘Texsel’ appears to be directly related to plant competition rather 

than allelic heterozygosity.  The effect of plant density on branching habit of PI 340246 

was observed in our experiment: the branching was limited to the top part of the stem 

when grown in higher plant density, giving a plant architecture of more upright. This 

result is the same as previous report (Charles-Edwards and Beech, 1984), indicating that 

branching is an inheritable character though it is affected by plant density.  

 

The genotype of PI 217923 controls less basal branching (no more than two branches 

only in the base area, with zero branches predominating), while that of Lewis controls 

more basal branching (three or more only at the base area). It is difficult to classify PI 

217923 neither as non- branching habit, nor as branching habit.  Commercial varieties 

‘Esser’ and ‘Kinman’ had a branching habit of branching along the main stem. Due to the 
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above fact, we classify guar branching habits into three types: erect (no more than two 

branches at the base, with zero predominating), basal branching (only branching at the 

base, number of branches more than three), and branching (branching along the main 

stem).  PI 217923 is classified as an erect branching habit; ‘Lewis’ is classified as a basal 

branching habit. In this study, PI 217923 and ‘Lewis’, two breeding lines with different 

basal branching types, were used to make crosses and form progeny populations. Results 

showed that basal branching is controlled by a single locus with erect branching 

dominating to basal branching.   

 

Ray and Stafford (1985) recommended that genetic symbol brh1 and brh2 be assigned to 

non-branching habit in guar. To be consistent with the nomenclature suggested by Ray 

and Stafford (1985), the gene symbol Brh-1 is proposed for this locus. The genotype of 

PI 217923 would be Brh-1/ Brh-1 or Brh-1/ brh-1, while that of ‘Lewis’ would be brh-1/ 

brh-1.  The gene action of Brh-1 is dominant, i.e., Brh-1 is dominant to brh-1. Due to its 

simple inheritance mechanism, basal branching can be easily incorporated into a guar 

breeding program.   
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CHAPTER IV    

SEED HYDRATION, GERMINATION, AND COMPONENT QUANTITY 

IN SEEDS OF DIFFERENT SEEDCOAT COLORS 

 

Abstract 

Black seeds of guar are believed to be of low quality. In the present experiment, seeds 

with different seed coat colors were studied to examine the effect of seed coat color on 

the hydration rate, germination, quantity of seed component, and gum content (fg%). 

Seeds of PI 217923, PI 340246, and ‘Lewis’ were studied.   Seed coat blackening was 

found to affect the water absorption rate during guar seed germination. Hydration rate of 

dark grey and black colored seeds was significantly higher than that of light colored 

seeds.  An interaction between genotype and seed coat color on seed germination was 

detected.  Overall, seeds of darker color have significantly higher germination rate than 

that of light colored seeds across varieties.  The quantity of endosperm (%) of black 

(42.7%) and dark grey (42.6%) colored seeds were significantly higher than that of light 

colored seeds (40.1%), with no difference between dark grey and black colored seeds. 

Significant differences of seedcoat quantity (%) were observed among these three 

different colored seeds with order from high to low: light (16.2%), dark grey (13.8%), 

and black (12.9%). Gum content (%) as determined by viscosity was not affected by seed 

coat blackening. In this experiment, seed quality regarding germination and gum content 

was not significantly affected by seedcoat blackening. 
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Key words: Guar, Cyamopsis tetragonoloba (L.) Taub., seed coat color, hydration, 

germination, seed coat, endosperm, embryo, gum content. 

 

Introduction 

Guar (Cyamopsis tetragonoloba (L.) Taub.) (Whistler and Hymowitz, 1979) seed is 

composed of three main components, expressed as percentage: seed coat 14- 17%, 

endosperm 35- 42%, and embryo 43- 47% (Goldstein and Alter, 1959). Most of the 

protein is contained in the germ (embryo).  Galactomannan gum is found in the 

endosperm, hence guar gum is extracted from the cell wall of endosperm cells. When 

germinating, water is absorbed by the endosperm and embryo through the seed coat, 

which is a limiting factor for the water imbibition.  Different seed germination among 

plant species may be explained by the different permeability of seed coat.  Seed coat 

color in guar ranges from black to dull white. Bhatia et al. (1979) found that seed coat 

pigments consisted of gallic acids, 2,3,4-trihydroxybenxoic acids, ferric ions, and 

galactose.  Seed coat color of common bean reported to be genetically controlled (Bassett 

et al., 2002 a; 2002 b), and has been reported to be affected by the environment 

(Hymowitz and Mactlock, 1967; Bhatia et al., 1979).  Guar gum processing companies 

prefer light colored and unwrinkled seed (Hymowitz and Matlock, 1967; Bhatia, et al., 

1979) because black colored seeds are believed to have low seed quality.  For this reason, 

black colored seeds normally are rejected by seed processing companies, causing farmers 

economic loss. Blackening of guar seed following a rain was observed in Lubbock, TX 

each year from 1998 to 2003 during the harvest season. However, some seeds with white 

seed coat color were found within the seeds lot.  ‘Hard’ seeds normally are of light 
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colored and absorb water slowly (Paredes- Lopez, et al., 1989), hence germinate slowly.  

It is not clear if the light colored seeds in guar are ‘hard’ seeds.  Seed germination and 

gum content of seeds with light and dark color in guar is of concern of both guar growers 

and seed processing companies. The objective of this study was to investigate the effect 

of seed coat blackening on germination, hydration, seed component, and gum content of 

guar seeds. 

Materials and Methods 

One commercial variety, ‘Lewis’ (obtained from West Texas Guar Inc., Brownfield, TX), 

and two plant introductions (PI), PI 340246 and PI 217923 of C. tetragonoloba (obtained 

from USDA-ARS at Griffin, GA), were selected for this study.   Seeds of each the above 

three accessions were planted at Texas Tech University (TTU) horticultural research farm 

Spring of 2000, 2001 and 2002. Each experiment was a completely randomized block 

design with three replications. The one-row plots were 6.1 m × 1.0 m with 60 seeds 

planted in each.  When mature, seeds of each entry were harvested and labeled 

separately. A total of 100 g seeds were randomly sampled from each of the three entries 

and sorted by hand into light, dark grey, and black colored groups (Figs. 4.1 and 4.2).  

 

      

               Light                                 Dark grey                              Black 

      Fig. 4.1. Criteria of seed coat colors for sorting seed samples. 
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Seed hydration.  

Hydration of seeds of PI 217923, PI 340246, and ‘Lewis’ was tested following Grange 

and Leskovar’s (2003) method with these modifications: 35 seeds each of light, dark grey 

and black seed sample from Lewis, PI 217923 and PI 340246 were selected. These seeds 

were soaked in 5.25% Clorox bleach solution for 5 minutes, rinsed with dd water, and 

then placed on a two-layer germination paper in a 9- cm Petri dish to which five ml  

                            

9.0 cm 

              Fig. 4.2.    Seed coat color of PI 217923, PI 340246, and ‘Lewis’ guar. 
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dd water was added. Each test was replicated three times for a total of 315 seeds tested 

per variety.  Petri dishes were kept at 22  oC under dark conditions. Weights of seeds 

were taken every hour for 14 hours and a final reading at 24 hr.  Seeds were placed on 

paper towels to absorb extra water, weighed using a balance, and then put back to the 

Petri dish.  Water gains were calculated by the seed weight divided by the original seed 

weight. 

 

Endosperm, embryo and seed coat quantity in seeds of different seed coat colors 

Endosperm, embryo, and seed coat quantity (% of seed) in seeds of light, dark grey and 

black seed coat colors were determined following Witowski and Karl’s (1985) method 

with some modifications.  A total of 75 seeds were randomly selected and weighed from 

each variety from 2002 seed lot with three replications. Seed samples were added to a 

100 ml beaker with 30 ml boiling dd water for ten minutes. Seed coat and embryo were 

peeled off using a forceps (Fig. 4.3). Each of the three components were placed in a pre-

weighed aluminum weigh boat and dried at 100 oC  for 24 hr. Each component was 

weighed and expressed as a percent weight of total dry weight of the whole sample. 

 

Seed germination test 

Germination of 100 seeds of each color from each variety was tested as follows: samples 

were incubated in 9-cm Petri dishes with 5 ml distilled water each at 22 oC under dark 

conditions. A seed was recorded as germinated if the radicle emerging from the seed coat 

was at least two mm.  The final germination count was conducted at 72 hr.   
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Fig. 4.3. Three main components in seeds of PI 340246, ‘Lewis’, and PI 217923 guar.  

 

Gum content determination 

Gum content for each sample of seed coat color was determined following a method 

developed by Halliburton Energy Services (Dr. Ron Powell, confidential and personal 

communication). Briefly, 6.2 g seeds were sorted by color and were ground in a Salton 

coffee grinder (Salton Inc., Mt. Prospect, IL) set at coarse.  Powder of 6.00 g was 

weighed and incubated in a beaker containing 500 g  82.2  oC water for 2.0 hr, then 

sheared at 13000 rpm for 8 min in a one-liter Waring ® commercial blender.  The 

solution was cooled down to 21 ºC and measured with a Fann Viscometer (Fanns 

Instrument Corp., Houston, TX) at 300 rpm and repeated the second day at temperature 
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of 21 ºC.  The second day reading at 300 rpm was used to calculate the relative value of 

gum content as compared to the Kinman control, which was assigned a gum content of 

40%.  The relative gum content of a sample was calculated as follows: fg% = 40*{ln (24 

hr viscosity at 300 rpm)/ln (24 hr viscosity at 300 rpm of control)}.  The viscosity of 

control was the average of 24 tests of Kinman commercial seeds.  

 

Data analysis 

Data were analyzed using PROC GLM of SAS (SAS Institute Inc., Cary, NC), means 

were separated by Fisher’s LSD (P< 0.05).  Regression analysis was conducted using 

PROC REG of SAS. Correlation analysis was conducted using Microsoft Excel software. 

 
 

Results and Discussion 
 
Water absorption   

Seeds of PI 217923, PI 340246, and ‘Lewis’ absorbed water in similar way:  black and 

dark grey colored seeds absorbed water significantly faster than light colored seeds (Fig. 

4.2). In each case, black and dark grey colored seeds gained the most water within 14 

hours although this varied by genotype. Weight/ original weight ratios of black colored 

seeds of PI 217923 and ‘Lewis’ were larger than dark grey colored seeds, which was 

larger than light colored seeds; while in PI 340246, weight/ original weight ratios of dark 

grey colored was larger than that of black colored seeds, which was larger than light 

colored seeds. After 14 hr, black and dark grey colored seeds began to germinate.  Light 

colored seeds absorbed water very slowly; after 24 hours, the light colored seeds 

continued to absorb water.  The reason of the faster water absorption in darker colored 
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seeds may be due to the seed coat rupture, because small cracks were found on the seed 

coat of black and dark grey colored seeds by stereoscopic investigation, but none was on 

the seed coat of light colored seeds.  The light colored seeds, which absorbed water more 

slowly than dark grey and black colored seeds, are considered to be ‘hard’ seeds 

(Paredes- Lopez, et al., 1989) and should be selected out in a breeding program to 

decrease the ‘hard’ seed percentage because of its low water absorption rate. It may 

provide a simple method by selecting dark colored seeds for this purpose. 

 

Water absorption of the seeds with different seed coat colors in the three entries was 

subjected to regression analysis.   Quadratic polynomial model was found to have a good 

fit to the water absorption responses of all the three accessions (Figs. 4.3, 4.4, and 4.5).  

Further analysis showed that models and slopes were significantly different among the 

seeds with different colors.   

 
  
                 
 
                 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.4. Seed hydration of PI 340246 guar with different seed coat colors. 
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Fig. 4.5. Seed hydration of PI 217923 guar with different seed coat colors. 
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 Fig. 4.6. Seed hydration of  ‘Lewis’ guar with different seed coat colors. 
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Seed germination  

Germination of seed with different seed coat colors was determined. An interaction 

between entry and seed color on seed germination was detected (Table 4.1).   

 
Table 4.1.  Germination of seed of three entries of guar with different seed coat colors 
at 72 hr * 
  

Entry     PI 340246   PI 217923   Lewis    
Seed color Light  42.0 a  23.0 d  38.6 a   

 Dark grey  78.0b  89.0 b  90.0 b   
  Black   84.0 b   93.0 b   72.9 c    

 
 Means within a row or a column with different letters are not significantly different under Fisher’s protected 
LSD (P< 0.05). 
 
 

Mean germination of dark grey and black colored seeds was significantly higher than that 

of light colored seeds in PI 340246 and PI 217923. While in ‘Lewis’, germination of seed 

of the three different colors was significantly different each other with the highest percent 

germination in dark grey colored seeds (90%), followed by black colored seeds (72.9%), 

and light colored seeds lowest (38.6%).  The lower germination rate of black colored 

seeds than dark grey colored seeds in ‘Lewis’ indicated that darker seed coat color may 

affect the germination in ‘Lewis’. No significant difference in germination was found 

between black and dark grey colored seeds of PI 217923 and PI 340246.   Further 

experimentation may explain this anomaly result.   

 
 
No significant difference was found for the germination of dark grey colored seeds 

among the three entries.  Seed germination of light colored seeds of PI 340246 and 

‘Lewis’ was not significantly different, but was significantly higher than that of PI 
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217923.  It is apparent that darker colored seeds have higher germination rate than light 

color seeds. One possible reason for the lower seed germination rate in light colored 

seeds may be due to the ‘hard’ seeds, normally hard seeds germinate late. The higher 

germination rate in dark grey and black colored seeds apparently related to the faster 

water absorption rate (Figs. 4.4, 4.5, and 4.6).   It is clear that quality of seeds with dark 

seedcoat color in regard to germination was not decreased; hence the assumption that 

dark colored seeds have low quality is not supported in this experiment.  

 

Endosperm, embryo and seed coat quantity 
 
Embryo, endosperm, and seed coat quantity (%) of seeds of different seed coat color 

appear in Table 4.2.   Significant differences of embryo content were found among these 

three entries. Embryos of PI 340246 (46.52%) were the largest of the three entries, while 

those of ‘Lewis’ (43.39%) were smaller than those of PI 340246 but larger than those of 

PI 217923 (41.85%). No significant difference was found between the endosperm 

percentage of PI 217923 (43.41%) and ‘Lewis’ (42.41%), which were significantly 

higher than that of PI 340246 (39.55%).  Seed coat percentage of PI 217923 (14.75%) 

was significantly higher than that of PI 340246 (13.93%), however no significant 

difference was found either between PI 217923 (14.75%) and ‘Lewis’ (14.18%) or 

between that of Lewis (14.18%) and PI 340246 (13.93%). Correlation analysis was 

conducted using the seed component data of Table 4.2 and gum content (fg%) of the 

three entries in 2002. Gum content (fg%) was found to be significantly correlated with 

embryo quantity (%) and seed coat quantity (%).  Gum content (fg%) was positively 
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correlated with endosperm quantity (%), but the correlation coefficient was not 

significant. This result is consistent with former report (Mital et al., 1971).   

 

 

No significant difference of embryo (%) was found among light (43.71%), dark grey 

(43.59%) and black (44.46%) colored seeds, indicating embryo was not affected by seed 

coat blackening. This could be explained by the seed structure that embryo is surrounded 

by endosperm and is in the center of guar seed.  The endosperm contents of black 

(42.67%) and dark grey (42.64%) colored seeds were significantly higher than that of 

light color seeds (40.07%), but there was no difference between dark grey and black 

colored seeds.  Significant differences of seed coat quantity (%) existed among these 

three different colored seeds. Seed coat quantity (%) of light colored seeds (16.21%) was 

Table 4.2.   Embryo, endosperm and seed coat contenta in three entries of guar with 
different seed coat colors. 
 
Factor Embryo (%) b    Endosperm (%)   Seed coat (%)     
Entry        
PI 217923 41.85 ± 0.0027 c 43.41± 0.0046 a 14.75± 0.0046 a   
Lewis 43.39 ± 0.0028 b 42.41± 0.0046 a 14.18± 0.0063 ab  
PI 340264 46.52 ± 0.0043 a 39.55± 0.0064 b  13.93± 0.0056 b  
                
Color        
Light 43.71± 0.0084 a 40.07± 0.0069 b  16.21± 0.0019 a  
Dark grey 43.59± 0.0076 a 42.64± 0.0065 a 13.78± 0.0034 b  
Black 44.46± 0.0066 a 42.67± 0.0065 a 12.87± 0.0033 c  
 

a Means within a column of each factor with different letters are significantly different 

under Fisher's LSD (P< 0.05).     
bMean ± SEM       
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significantly higher than that of dark grey colored seeds (13.78%), which was 

significantly higher than that of black colored seeds (12.87%). The darker the seed coat, 

the less the seed coat quantity, indicating that seed coat has degenerated, which resulting 

in a relatively higher endosperm quantity (%) in dark grey and dark colored seeds. It 

could be concluded that seed coat is the only part of the seed structures degenerated or 

affected by seed coat blackening in this experiment, which leading to a higher hydration 

rate and higher seed germination in dark grey and black colored seeds (Table 4.1). 

 

Gum content 

Gum contents (fg%) of seeds of different colors in three entries of guar are given in  

Table 4.3. 

Table 4.3.  Gum content of three guar entries with different seed coat colors*. 
 

Entry                                  Lewis                                      PI 340246                                 PI 217923 

Year  2000 2001 2002   2000 2001 2002   2000 2001 2002 

             

Light   38.23 a 37.50 a 39.62a  36.85 a 37.76 b 37.99a  38.07 ab 38.54 a 39.16a 

Dark grey  38.16 a 37.1 0a 39.00a  36.15 a 38.08 b 38.31a  38.19 ab 38.08 ab 41.07a 

Black   38.32 a 36.34 a 38.47a   34.2 b 38.07 b 38.31a   38.02 ab 38.08 ab 40.92a 
 
* Means within a column with different letters are significantly different under Fisher's LSD (P< 0.05). 
 

No significant difference of gum content was found among light, dark grey and black 

colored seeds of the three entries except that of PI 340246 in 2000, where black seeds had 

significantly lower gum content than that of light and dark grey colored seeds. This 

indicates that seed blackening had no affect on gum content in this study.  
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Conclusion 

During germination, seeds of black and dark grey color of guar had a higher water 

absorption rate and higher germination rate than light colored seeds. Significantly lower 

seed coat quantity (%) in dark grey and black colored seeds other than in light colored 

indicating that seed coat were degenerated. However, endosperm and embryo were not 

affected, nor was gum content (fg%).  Gum content and germination rate were found to 

be not significantly different among different colored seeds. Therefore the quality of 

seeds of darker seedcoat color is not significantly decreased in regard to germination and 

gum content. Seeds with darker color could still be used for planting or gum-extracting 

purposes with no expected loss in stand or gum yield.  
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CHAPTER V 

GENETIC RELATIONSHIP AMONG Cyamopsis SPECIES REVEALED 

BY MORPHOLOGICAL AND RAPD MARKERS 

 

Abstract 

Guar (Cyamopsis  tetragonoloba (L.) Taub.) (2n= 14) is a drought and heat tolerant 

annual legume and is the most economically- important species in the genus Cyamopsis. 

C.  senegalensis is regarded as the ancestral form of guar, but without molecular 

evidence.  Genetic relationship of the three species in Cyamopsis is unknown. To study 

the genetic relationship among Cyamopsis species, morphological and RAPD (randomly 

amplified polymorphic DNA) markers of eight accessions including four commercial 

varieties and two plant introductions (PIs) of C.  tetragonoloba, one C. senegalensis 

Guill. and Perr., and one C. serrata Schinz. were used in this study.  RAPD analysis 

revealed that bands revealed polymorphism detected by each primer across the eight 

accessions ranged from seven to 20 with a mean of 12.4, while the polymorphism level of 

band detected by the eight primers ranged from 46.7% (OG06) to 100% (F10, OE01, 

OC07, F04, and OA17) with a mean of 85.4%. Total bands of 12 to 15 detected for each 

accession by these eight primers were observed. Mean of bands detected by each of the 

eight primers for each accession ranged from 1.5 to 1.9.  These eight accessions were 

grouped into three different groups at the average distance of about 1.2.   Cluster analysis 

of nine morphological characters showed similar result as that using DNA markers but 

with more variation detected.  C. serrata and C. senegalensis  were grouped into one 
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group, while entries belonging to C. tetragonoloba grouped into another one at an 

average distance of about 0.7, indicating C. tetragonoloba is distinct species from C. 

serrata and C. senegalensis.   

  

Key word: Cyamopsis, C. tetragonoloba, C. serrata, C. senegalensis, guar, morphological 

marker, RAPD marker, genetic relationship, cluster analysis. 

 

 
Introduction 

It is generally recognized that there are four species in the genus Cyamopsis:  C. 

tetragonoloba (L.) Taub., C. senegalensis Guill. and Perr., C. serrata Schinz., and C. 

dentata (N. E. Br.) Torre. (Whistler and Hymowitz, 1979). However, early taxonomy 

(Gillett, 1958) divided the genus into three species:  C. tetragonoloba, C. senegalensis, 

and C. serrata; these are also the only species which Merxmuller (1970) (Whistler and 

Hymowitz, 1979) could recognized in the genus. But this method didn’t include C. 

dentata, an intermediate form between C. senegalensis and C. serrata (Whistler and 

Hymowitz, 1979).  These three species, namely C. tetragonoloba, C. senegalensis, and C. 

serrata were collected and conserved as plant introductions (PI) in the USDA germplasm 

conservation unit at Griffin, Georgia.  

 

From the economic view, C. tetragonoloba is the most important species in the genus 

Cyamopsis because of its richness in gum or galactomannan, a polysaccharide extracted 

from the endosperm of guar seeds with a wide range of industrial uses. But the origin of 
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C. tetragonoloba and its phylogenetic relation with other species in Cyamopsis is not 

clear.  C.  senegalensis is regarded as the ancestral form of guar (Whistler and Hymowitz, 

1979).  It was reported that the gum of C.  senegalensis is similar in concentration, 

composition and viscosity to that of C. tetragonoloba (Strickland and Ford, 1984).  

However, there is no report on the phylogenetic relationship between these two species at 

the molecular level.   

 

RAPD (randomly amplified polymorphic DNA) markers have been widely used in 

evaluation of genetic diversity, gene mapping, evolutionary and population genetics 

research (Jia et al., 2000; Stedje and Bukenya-Ziraba, 2003).   They have been used to 

study genetic relationships among Allium (Meng et al., 1998), cassava (Asante and Offei, 

2003), Vitis (Zhang et al., 1998), Pistacia (Kafkas and Perl- Treves, 2002), pfitzer 

junipers (Alice et al., 1999), and Actinidia (Huang, et al., 2002). There are no studies 

reported on the genetic relationship of Cyamopsis using RAPD.  

 

Botanically, guar is a self- pollinated crop with out-crossing of 1- 9% under field 

conditions (Stafford and Lewis, 1975). Guar flowers are small (8 mm long) with 

purplish- pink color. Plant height ranges from about 60 cm to 150 cm. Leaves are 

medium sized, either pubescent (hairy leaf surface) or glabrous (without hair on the 

surface).  Branching habits in guar may be grouped into one of three classifications: erect 

(no more than two branches at the base, predominately zero branches), basal branching 

(only branching at the base, with three or more branches), and branching (branching 
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along the main stem). Guar seeds are nearly round shaped with a 100 seed weight of 

about 3.0 g. However the morphology of C. senegalensis and C. serrata is different from 

that of C. tetragonoloba by having shorter plant height (30 cm), smaller leaves, pods, and 

seed size (100 seed weight 1.0 to 1.4 g in our observation). Compared with the 

morphology of C. tetragonoloba, C. senegalensis and C. serrata looks like more each 

other. Seed shape of C. tetragonoloba is nearly round, but that of C. senegalensis and C. 

serrata are short cylinder shaped.  There are no hybrids between species of Cyamopsis 

reported (Whistler and Hymowitz, 1979). Furthermore, pod shattering was observed for 

C. senegalensis and C. serrata when mature, but not for C. tetragonoloba in our field 

grow-out 2001 and 2002.  These morphological differences could be used in cluster 

analysis to find out their phylogenetic relationship. 

 

The objective of this experiment was to study the genetic relationships among  C.  

tetragonoloba, C.  senegalensis, and C. serrata  obtained from USDA- ARS at Griffin, 

Georgia using RAPD and morphological characters.    

 

Materials and methods 

Plant material 

Seed source and characters of plant material used in this study are given in Table 5.1, 

namely, four commercial varieties, and four plant introductions (PI). These collections 

represent the two leaf surfaces (glabrous and pubescent) and three branching types (erect, 

basal branching, and branching) found in Cyamopsis. 
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Field grow-out 

Seeds of each of the eight entries were planted at the TTU horticultural research farm Spring   

2001 and 2002. The experiment was a completely randomized block design with three 

replications. The one-row plots were 6.1 m × 1.0 m with 60 seeds planted in each plot.  Data 

collected for each mature plant were growth habit (branching=0, basal branching = 1, erect = 

2), leaf surface (pubescent =1, glabrous =0), pod set (every node = 0, every other node = 1), 

shattering (shattering =0, non shattering = 1), primary branching number, plant height, seed 

per pod, pod length, 100 seed weight, and endosperm content (%). Means of the two- year 

data were used to generate a dendrogram by using Proc Cluster with average linkage method 

and Proc Tree from SAS (SAS institute, NC).    

 

Table 5.1. Cyamopsis accessions used for RAPD analysis. 

Entry  Species Source Leaf surface Branching habit 
Lewis C.tetragonoloba West Texas Guar Inc. Glabrousa Basalc 

Kinman C.tetragonoloba West Texas Guar Inc. Glabrous Branchingd 

Esser C.tetragonoloba West Texas Guar Inc. Glabrous Branching 
Santa Cruz C.tetragonoloba West Texas Guar Inc. Glabrous Branching 
PI 340246 C.tetragonoloba USDA- ARS Pubescentb Branching 
PI 217923 C.tetragonoloba USDA- ARS Pubescent Erecte 

PI 263525 C. senegalensis USDA- ARS Pubescent Branching 
PI 2179564 C. serrata USDA- ARS Pubescent Branching 
 

a no hair on the leaf surface; b hairy leaf surface; c branching only limited to the basal area with more than three 
branches; d branching along the main stem; e non branching, or no more than two branches limited only to the 
basal portion. 
 
 
Greenhouse grow-out 

Thirty seeds each of the eight entries (Table 5.1) were planted into one-liter pots filled with 
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 Growing Mix 2 planting medium (Ball Seed Co., West Chicago, IL) and complete fertilizer 

(13N: 13P: 13K) on January 30, 2003. Two seeds were planted in each pot. Plants were 

grown at ambient temperature in the TTU research greenhouse, 20 to 25 oC.   

 

DNA Extraction 

About 0.5 g fresh leaf tissue from shoot tips for each entry was collected from guar 

seedlings at 1-2 true leaf stage.  Fresh tissues were immediately stored in liquid nitrogen 

until DNA extraction.  Genomic DNA samples were extracted following the CTAB 

method (McCouch et al., 1988). The DNA concentration was checked with a Beckman 

2000 spectrophotometer and diluted to a concentration of 10 ng.mL-1 in TE buffer. 

 

Primer selection  

RAPD primers (Operon Technologies, Alameda, CA) used were identified in a previous 

screening of 50 primers, which can amplify band revealed polymorphism (Hou, not 

published).   Primers used in this study appear in Table 5.2. 

 

Table 5.2.  List of the Primers used in this study for the RAPD 
 
  Primer   Sequence (5’– 3’)       
 OPA17   GACCGCTTGT   
 OPA19  CAAACGTCGG   
 OPC07  GTCCCGACGA   
 OPE01  CCCAAGGTCC   
 OPF04  GGTGATCAGG   
 OPF10  GGAAGCTTGG   
 OPG06  GTGCCTAACC   
  OPG08   TCACGTCCAC       
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PCR reaction    

DNA amplification was conducted using the above eight primers. Reaction mixtures (25 

ul) included ReadyMixTM Taq PCR reaction mix with MgCl2 (Sigma- Aldrich, Inc., Saint 

Louis, MI) which contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 0.2 

mM dNTP mix (dATP, dCTP, dGTP and dTTP), 0.001% gelatin, and 0.03 units Taq 

DNA polymerase per ul; 0.64 uM of a single decamer primer; and 0.25 ng genomic 

DNA. Negative control was made without genomic DNA. The reaction mixture was put 

into a GeneAmp 9600 thermal cycler (Pelkin Elmer Cetus, Norwalk, Conn.) programmed 

for 35 cycles of 1 minute at 94  ºC, 1 minute at 37  ºC and 2 minutes at 72 ºC in the TTU 

institute of Biotechnology Core facility.  The RAPD products were run on a 1.5% agrose 

gel electrophoresis in 0.5 × TBE.   Gels were stained with Ethidium Bromide (5 mg/ml) 

and photographed under UV light (382 nm). Sizes of amplification products were 

estimated by comparing to a 100 bp PCR ladder marker set (Sigma- Aldrich, Inc., Saint 

Louis, MI). Each entry was repeated at least two times to get repeatable patterns.  

 

Cluster analysis   

Only the most clear and strongest bands were used for cluster analysis. The RAPD bands 

were scored as either 1 (present) or 0 (absent). Each band was assigned a code based on 

primer number prefix and molecular weight.  Proc Cluster using average linkage cluster 

method and Proc Tree from SAS (SAS institute, Cary, NC) were used to generate a 

dendrogram.  
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Results and analysis 

RAPD analysis 

A total of 116 different bands were generated by analysis of eight entries with eight 

primers (Tables 5.3 and 5.4). Of these, 99 bands revealed polymorphism among the three 

species. The molecular weight of these bands was from 100 bp to 1500 bp (Fig. 5.1). 

 

Bands revealing polymorphism detected by each primer across the eight entries ranged 

from seven to 20 with a mean of 12.4, while the polymorphism level detected by the eight 

primers ranged from 46.7% (OG06) to 100% (F10, OE01, OC07, F04, and OA17) with a 

mean of 85.4%. Total bands of 12 to 15 detected for each entry by these eight primers 

were observed. Mean of bands detected by each of the eight primers for each accession 

ranged from 1.5 to 1.87. 

 

         Lane 1-9: 1) DNA molecular weight standard marker; 2) CK (PI 288385); 3) C. serrata; 4) 
C. senegalensis;  5) ‘Esser’; 6) ‘Lewis’; 7) PI 217923; 8) PI 340246; 9) ‘Santa Cruz’; 

                                       and 10) ‘Kinman’. 
 

Fig. 5.1. DNA amplification pattern of eight entries of Cyamopsis with primer OPX07. 
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Table 5 Total and mean numbers of RAPD bands among eight accessions using eight primers in guar    
Primer C.Serrata C.Senegalensis Esser Lewis HES1401 HES1205 SC Kinman Monomorphic 

bands 
Polymorphic 

bands 
Total %     

F10 1 2 2 2 2 2 2 2 0 15 15  
OE01 2 2 2 2 2 2 2 2 0 16 16  
OC07 2 0 1 1 1 1 1 1 0 8 8  

OPX07 3 2 4 4 4 4 4 4 9 20 29  
F04 1 1 1 1 1 1 1 1 0 8 8  

OA19 3 3 1 1 1 1 1 1 0 12 12  
OG06 2 1 2 2 2 2 2 2 8 7 15  
OA17 0 1 2 2 2 2 2 2 0 13 13  
Total 14 12 15 15 15 15 15 15 17 99 116  
Mean 1.75 1.5 1.88 1.88 1.88 1.88 1.88 1.88 2.13 12.38 13.75  
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Cluster analysis 

Data from bands revealing polymorphism were used to generate a dendrogram using cluster 

analysis to illustrate the genetic relationship among the Cyamopsis accessions (Fig. 5.2). The 

average distance between clusters was from zero to 1.5.  
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Fig. 5.2. The phylogenetic tree of eight entries from Cyamopsis based on RAPD data. 

 

All the eight entries were clustered into three different groups at the average distance of 

about 1.2 (Fig. 5.2).  RAPD analysis in this study confirmed that C. serrata and  

C. senegalensis are different species from C. tetragonoloba.   It can be seen that less 

difference was found within C. tetragonoloba accessions than among the three different 

species. At an average distance of about 0.4, all the eight accessions can be grouped into four 
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different groups; the six accessions within C. tetragonoloba can be divided into two sub-

groups: one group consisted of ‘Kinman’, the other included ‘Esser’, ‘Lewis’, PI 217923, PI 

340246, and ‘Santa Cruz’. This indicates that ‘Kinman’ is less similar with the other five 

accessions within C. tetragonoloba.  Since ‘Kinman’ and ‘Esser’ are sister lines developed 

from crossing between ‘Brooks’ and ‘Mills’ (Fig. 5.4), they should be clustered into one sub- 

group. This inconsistent may be explained by the fact that analysis using RAPD markers can 

detect polymorphism between materials that looks like similar.  

 

Cluster analysis using means of ten different morphological characters was conducted using 

PROC Cluster of SAS (Table 5.5). The generated dendrogram is given in Fig. 5.3.  At the 

average distance of about 0.7, all the eight accessions are grouped into three different groups 

with each species a group. This is the same result as in that from RAPD analysis (Fig. 5.2) 

and taxonomy studies (Whistler and Hymowitz, 1979). Compared with Fig. 5.1, more 

variability was found within C. tetragonoloba using morphological characters (Fig. 5.3). 

‘Lewis’ and PI 217923 are far less similar to the rest of the four accessions within C. 

tetragonoloba. These six C. tetragonoloba accessions can be further divided into four sub-

groups: ‘Santa Cruz’ and PI 340246, ‘Esser’ and ‘Kinman’, ‘Lewis’, and PI 217923 

respectively at an average distance of ≈ 0.25.  
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Fig. 5.3. The phylogenetic tree of eight entries from Cyamopsis based on nine morphological 
traits. 
 

 

Discussion 

Chevalier (1939) and Hymowitz (1972) considered C. senegalensis the ancestral form of the 

cultivated C. tetragonoloba. Their conclusion is mostly from morphology study. Cluster 

analysis of RAPD and morphological data in the present study gave a similar result that C. 

senegalensis and C. serrata clustered tightly together, entries of C. tetragonoloba clustered 

together. There are more clusters revealed by morphological data than that of RAPD (Figs. 

5.2 and 5.3). One possible reason might contribute to this is that guar is obligatory self- 

pollination inbreeding species normally show little variation in genetic markers among 
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cultivars, while out-crossing species show considerable variations (Paterson et al., 1991). 

This may reflects that genetic markers screened to date represent only a tiny part of the 

genome. Guar is a highly self-pollinated crop having a maximum natural crossing rate of 

about 9% (Stafford and Lewis, 1975). Close genetic relationship among these commercial 

varieties in the U. S. was shown in Fig. 5.4.  A mean of 89.46% polymorphism was detected 

by using eight different primers within eight accessions among three Cyamopsis species 

(Table 5.3), a same level detected (83.4%) between gene pools of common bean (Haley et 

al., 1994). Only 50 primers were screened in guar so far. To reveal variations among guar 

varieties, more primers need to be screened.      
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                      1957, 
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                                                              1964                                                  1966 
                                                  Texas & Oklahoma                               Texas & Oklahoma   Agr.  
                                                 Agr. Exp. Station, USDA                     Exp. Station, and USDA 
                  
           
 
 
 
 
 
  
 
                         1975                          1975                                                                                                                                                   
                 Texas & Oklahoma Agr. Exp. Station 
                and  USDA                                                               
                                                                                                               1985 
 
                                                                                                  
                                                                                                  
 
                                                                                                    
                                                                                                 1985 
                                                                                               Texas and Arizona  Agr. Exp. 
                                                                                               Station and USDA-ARS 
 
                                                                                                                                  
 
                                                                                                                                                      
                                                                                                    1985, Texas and Arizona Agr. Exp. Station and  USDA-ARS 
                                                                                                                                               
                                                                                                                                     

 
Fig. 5.4. Pedigrees of commercial varieties in the United States. 
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APPENDIX 

A. Branching types in guar  
 
 

 
 

Fig. A.1. Erect branching habit of PI 217923. 
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Fig. A. 2.  Branching habit of PI 340246 
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Fig. A. 3. Basal branching of commercial variety ‘Lewis’. 
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Table B.1.  ANOVA table of gum content of eight entries, Lubbock, 1999- 2002. 
      

Dependent Variable: Fg%     
        Sum of    

 Source            DF         Squares    Mean Square   F Value  Pr > F 
 

 Model           
 

95 
 

242.665924 
 

2.5543781 
 

    .   
 

  . 
 Error           0 0    

 Corrected Total 95 242.665924    
      
  R-Square    Coeff Var    Root MSE   Fg% Mean  
 1        .             .   36.92198  
                      

 Source           DF       Anova SS  Mean Square   F Value   Pr > F 
 

 ENV             
 
3 

 
64.62838646 

 
21.54279549 

    .      . 

 REP             2 2.00603958 1.00301979     .      . 
 ENO             7 83.86869896 11.98124271     .      . 

 ENV*ENO         21 33.86203854 1.61247803     .      . 
 ENV*REP*ENO     62 58.30076042 0.94033485     .      . 

      
Tests of Hypotheses Using the Anova MS for REP as an Error Term  

      
 Source   DF       Anova SS     Mean Square     F Value     Pr > F 
 ENV     3 64.62838646 21.54279549 21.48 0.0448 

      
                  

Tests of Hypotheses Using the Anova MS for ENV*ENO as an Error Term 
 Source   DF       Anova SS     Mean Square     F Value     Pr > F 
 ENO     7 83.86869896 11.98124271 7.43 0.0002 

      
            

Tests of Hypotheses Using the Anova MS for ENV*REP*ENO as an Error 
Term 

 

 Source   DF       Anova SS     Mean Square     F Value     Pr > F 
 ENV*ENO 21 33.86203854 1.61247803 1.71 0.0526 
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Table B.2. ANOVA table of endosperm% of different seed colors in three entries of guar. 
 

Dependent Variable: Endosperm%     
 Source                DF  Sum of squares         Mean Square F Value      Pr > F  
 Model                 8 0.01140959 0.0014262 12.56 <.0001  
 Error                  18 0.00204364 0.00011354    

 Corrected Total  26 0.01345323     
       
 R-Square   Coeff Var  Root MSE        y Mean   
 0.848093 2.549693 0.010655 0.417906   
       

 Source         DF      Type III SS     Mean Square    F Value  Pr > F   
 var           2 0.00719635 0.00359818 1.69 0.0001  

 color        2 0.00399834 0.00199917 17.61 <.0001  
 var*color 4 0.0002149 0.00005372 0.47 0.7548  
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Table B.3.   ANOVA table of the effect of seed coat color on germination of three entries of guar. 

 
Dependent Variable: Seed 

Germination%       
 Source                 DF    Sum of squares           Mean Square  F Value     Pr > F  

 
 Model                 8 21985.78182 2748.22273 43.63 <.0001  
 Error                   27 1700.55928 62.98368    

 Corrected Total  35 23686.3411     
       
  R-Square   Coeff Var      Root MSE        y Mean   
 0.928205 11.70099 7.936226 67.82528   
       

   Source                 DF       Type III SS       Mean Square    F Value     Pr > F   
 

   entry                   2 9.05801 4.529 0.07 0.9308  
   color                  2 19996.36127 9998.18064 158.74  <.0001  

   entry*color         4 1980.36254 495.09064 7.86 0.0002  
       

   Contrast              DF          Contrast SS    Mean Square    F Value      Pr > F   
  

  color at entry= PI 340246 2 4128 2064 32.77   <.0001  
   color at entry= PI 217923 2 12362.66667 6181.33333 98.14    <.0001  

   color at entry= Lewis 2 5486.05715 2743.02857 43.55    <.0001  
   entry at color= Light 2 820.25307 410.12653 6.51 0.0049  

   entry at color= Medium 2 354.66667 177.33333 2.82 0.0775  
   entry at color= Dark 2 814.50082 407.25041 6.47 0.0051  
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Table B.4. ANOVA of embryo% of different colored seeds in three entries of guar. 
 

Dependent Variable:  Embryo%       
  Source                     DF      Squares           Mean Square    F Value   Pr > F   

 
  Model                    8 0.0107499 0.00134374 12.15 <.0001  
  Error                      18 0.00199025 0.00011057    

  Corrected Total     26 0.01274016     
       
  R-Square   Coeff Var  Root MSE      y Mean   
 0.843781 2.394208 0.010515 0.439194   
       

  Source        DF   Type III SS   Mean Square   F Value    Pr > F   
 

  var             2 0.01019377 0.00509689 46.1 <.0001  
  color          2 0.00040586 0.00020293 1.84 0.1882  

  var*color    4 0.00015027 0.00003757 0.34 0.8475  
              
       
 

 
       

Table B.5. ANOVA of seedcoat% of different color seeds in three entries of guar. 
 

Dependent Variable: Seedcoat%       
 Source                     DF     Squares         Mean Square   F Value    Pr > F   

 
 Model                    8 0.00621087 0.00077636 14.05 <.0001  
 Error                      18 0.00099477 0.00005527    

 Corrected Total     26 0.00720564     
       
  R-Square   Coeff Var    Root MSE       y Mean   
 0.861945 5.204015 0.007434 0.142852   
       

  Source       DF     Type III SS    Mean Square   F Value   Pr > F   
 

  var           2 0.00031657 0.00015828 2.86 0.0832  
  color        2 0.00535409 0.00267705 48.44  <.0001  

  var*color  4 0.00054021 0.00013505 2.44 0.084  
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Table B.6. ANOVA of fg% of different colored seeds in PI 217923, 2002 
 

      

Dependent Variable: fg      

  Sum of    

Source DF Squares Mean Square F Value Pr > F 

      

Model 4 7.77786667 1.94446667 4.85 0.0776 

Error 4 1.60273333 0.40068333   

Corrected Total 8 9.3806    

      

R-Square     Coeff Var      Root MSE       fg Mean  

0.829144      1.567467      0.632996      40.38333  

      

Source DF Anova SS Mean Square F Value Pr > F 

      

VARIETY 2 6.73006667 3.36503333 8.4 0.037 

REP 2 1.0478 0.5239 1.31 0.3656 
 
 
 
      

Table B.7.  ANOVA of  fg% of different colored seeds in 'Lewis', 2002. 

      

Dependent Variable: fg      

  Sum of    

Source DF Squares Mean Square F Value Pr > F 

      

Model 4 2.26433333 0.56608333 1.64 0.3211 

Error 4 1.37806667 0.34451667   

Corrected Total 8 3.6424    

      

 R-Square     Coeff Var      Root MSE       fg Mean  

 0.621660      1.503857      0.586955      39.03000  

      

Source DF Anova SS Mean Square F Value Pr > F 

      

VARIETY 2 1.97546667 0.98773333 2.87 0.1689 

REP 2 0.28886667 0.14443333 0.42 0.6834 
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Table B.8.  ANOVA of fg% of different colored seeds in PI 340246, 2002. 

      
Dependent Variable: 

fg      

  Sum of    

Source DF Squares Mean Square F Value Pr > F 

      

Model 4 0.85031111 0.21257778 1.71 0.3079 

Error 4 0.49711111 0.12427778   

Corrected Total 8 1.34742222    

      

 R-Square     Coeff Var      Root MSE       fg Mean  

 0.631065      0.922721      0.352531      38.20556  

      

Source DF Anova SS Mean Square F Value Pr > F 

      

VARIETY 2 0.20268889 0.10134444 0.82 0.5046 

REP 2 0.64762222 0.32381111 2.61 0.1886 
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