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I. Brief objective of the project: 

1. To study the transferability of DNA markers from related well characterized legume 

species to horsegram. 

2. To construct intra-specific framework linkage map of Macrotyloma uniflorum, using 

morphological and newly identified PCR-based DNA markers. 

3. To identify QTLs linked to early flowering, drought tolerance and growth related 

traits. 

II. Work done so far and results achieved and published, if any, resulting 

from the work (Give details of the papers and names of the journals in 

which it has been published or accepted for publication):  

 

 RESULTS ACHIEVED ,,     
 

The work done so far are summarized in the following heads  

1. Screening of the parents for drought tolerance: 

     1. Screening for Drought tolerant and susceptible lines using PEG 6000 

Methodology  

i. Seeds were grown on M-shaped filter paper bridge in Hoagland solution as a control 

ii. Seeds of different lines were grown on M-shaped filter paper bridge in different 

concentration of PEG6000 in Hoagland such as 13%, 15 %, 18% and 20% solution 

to induce water stress. 

iii. Concentration at which 100% germination was observed selected for further 

experiment. 

iv. On the basis of different combinations of PEG concentration it was calculated that 

15% PEG in Hoagland solutions is the most suitable concentration for differentiating 

the different lines of horsegram. 

v. Seeds were grown in triplicate in CRD (Complete randomized design) on the M-

shaped filter paper having the two concentrations of PEG (13% and 15%). After 10 

days of germination one set was transferred to Hoagland solution as control and 

another in 15% PEG for stress. Allow the plants of different lines to grow on this 

concentration of PEG. Data were recorded on germination, root shoot length after 
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7days after sowing of different lines under stress conditions. The results of the above 

experiment are presented in the table 1  

Table 1. Evaluation of different lines for drought tolerance using different 

concentrations of PEG6000 

 % Germination Root and Shoot growth in mm 

Line Control 

13

% 

15

% Control 13% PEG 15% PEG 

    root shoot root shoot root shoot 

HPK-4 100 100 50 12 12.35 3.1 4.3 1 2.5 

HPKC-2 100 50 50 10.15 11.85 1.25 0 0.5 0 

VLG-1 100 0 0 6.3 7.75 0 0 0 0 

HPKM-193 100 50 50 7.3 9.3 3.5 3.2 2.5 2.8 

HPKM-249 100 0 0 10.5 10.6 0 0 0 0 

HPKM-317 100 50 0 11.7 10.5 0.25 0 0 0 

HPKM-191 100 0 0 6.3 9.8 0 0 0 0 
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Fig 1 Survival of plants under different concentration of PEG 600 for varying time 

periods 

To confirm the drought tolerance (HPK-4) and susceptibility (HPKM-249) of the parents 

the experiment was repeated by growing the plants on sand and transfer these plant to 

different concentration of PEG (5%, 10%, 15%, 20% and 25%). Data were recorded for 

survival of these lines after 5, 10 and 15 days (Fig 1 and 2). The survival rate of HPK-4 

was much higher under 20% and 25% of PEG after 5, 10 and 15 days. Therefore, from 

the above-mentioned results it was concluded to select the most tolerant parent HPK-4 

and most susceptible parent HPKM-249 for production of mapping populations for 

mapping of quantitative traits loci related to drought tolerance.  
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At this stage leaf samples were collected to determine the relative water content 

(RWC), Proline content and MDA. This observation is still continuing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Screening for drought tolerance/susceptible lines using physiological and 

Biochemical parameters 

 Physiological method such as RWC (Relative water content) was used to screen the drought 

tolerant and drought susceptible parents where as biochemical method for screening drought 

tolerant and susceptible include Chlorophyll content and Total carotenoid, Proline and MDA 

(Malonialdehyde estimation)  

A. Relative Water Content (RWC) 

Difference in their growth pattern was observed after 10 days of germination and root & 

shoot length was measured of both the control and stressed plants.  RWC (relative water 

Fig 2 Screening of drought tolerant and drought susceptible plants under different 

concentration of PEG 

Fig 3 Screening of mapping populations for drought tolerance in the polyhouse conditions 
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content) was measured  by taking their fresh, turgid and dry weight and calculated by using 

Formula:  

 (%)=   FW-DW/TW-DW*100 

 where FW=fresh weight , TW =turgid weight , DW= dry weight  

Table 2a: RWC (relative water content) at control and stress (15% PEG) conditions 

in controlled plants 

 HPK-4 HPKM 317 HPKM-249 HPKM 193 

Control 

(RWC%) 

87 94 92 98 

Stress 

(RWC%) 

518 930 810 904 

 

Table 2b: RWC (relative water content) at control and stress(15% PEG) conditions of 

stressed  plant 

 HPK-4 HPKM 317 HPKM-249 HPKM 193 

Control 

(RWC%) 

64.5 25 26 53 

Stress 

(RWC%) 

128 115 110 135 

 

On the basis of screening of four lines for drought tolerance it was observed that RWC is 

found to be higher in HPK-4 and HPKM-193 under normal as well under stressed 

conditions as compare to the parents HPKM-317 and HPKM-249 (Table 2a and 2b). 

Therefore, these two parents (HPKM-317 and HPKM-249) were considered to be as 

susceptible parents with respect to drought. 

B. Chlorophyll content and total carotenoid:  Chlorophyll content and total carotenoid 

was measured by grinding equal weight of leaf samples of each line from each treatment 

in 90 % acetone and taking absorbance at 663,645 and 480nm. Formula used for 

calculation: 
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Chla=12.7 x A663-2.69 x A645x  vol. made up/1000xwt of sample 

Chlb=22.9 x A645-4.68 xA663x vol. made up/1000xwt of sample 

Total chlorophyll=20.2 x A645+8.02 x A663x vol. made up/1000xwt of sample 

Total carotenoid=A480+ 0.114 x A663-0.638 x A645x vol. made up/wt of sample 

Table3: Chlorophyll content and Carotenoid of control and stress (15% PEG) 

Chlorophyll content Control Stress Difference in 

chlorophyll 

content 

HPK-4 1.35 3.13 1.78 

HPKM 193 2.10 3.40 1.30 

HPKM 317 2.53 3.11 0.58 

HPKM-249 2.55 3.05 0.50 

Total carotenoid Control Stress Difference in 

carotenoid 

contents 

HPK-4 0.34 0.48 0.14 

HPKM 193 0.27 0.45 0.18 

HPKM 317 0.26 0.31 0.05 

HPKM-249 0.25 0.32 0.07 

The rate of chlorophyll concentration during the water stress was more in the tolerant plant 

as compare to the susceptible plants. Similarly the carotenoid production of drought 

tolerant plants was more than the drought susceptible plants.  

C. Proline content: Proline content determination was done by Ninhydrin method of 

Bates et al 1973 

Leaf sample from each treatment was extracted and mixed with 3% sulphosalicylic acid 

and then with glacial acetic acid and acid ninhydrin, boiled at 100oC, chromophore formed 

extracted with Toluene, Absorbance  measured at 520 nm.  
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D. Malonialdehyde estimation: MDA was estimated by grinding leaf sample from each 

treatment, extracted with 0.1 %TCA (Trichloroacetic acid), centrifuged, to the 1ml 

supernatant added 4 ml (solution of 20% Trichloroacetic acid+0.5% Thiobarbituric acid) 

boiled at 95oC for 30 min , centrifuged and absorbance was read at 532nm. 

The proline and MDA contents were more in the water tolerant plants as compare to the 

drought susceptible plants (Table 3). 

2.Development of mapping population: 

Drought tolerant and drought susceptible parents namely HPK4 and HPKM249 were 

selected using various morphological, physiological and biochemical parameters. 

Mapping population was developed using conventional hybridization technique by 

taking HPKM249 as the female parent and HPK as a male parent. F1 seeds were grown 

in glass house conditions to produce maximum number of F2 seeds. All the F2 seeds were 

grown separately in the pots and harvested the seed separately. Single seed decent 

method was followed to advance these generation from F2 to F5. In F6 generation there 

were only 184 plants left, which were taken for various evaluation at two locations. 

3.Development of genomic resources 
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3.1. Cross-transferability of SSR and COS primers from related species 

In aggregate eight hundred and seventy Simple Sequence Repeat (SSR) primers and 

Conserved Orthologous Sequence (COS) primers were cross-checked for their amplification 

validation in four cultivated species and one wild species of horsegram. From these 870 

primers, 486 were SSR primers from red clover, pigeon pea, pea and lentil and 384 were 

COS markers from Medicago trucatula procured from Prof Douglas Cook, UC Davis, USA.  

Out of 486 tested SSR markers, 203 SSR primers were successfully amplified in all the 

samples and only 91 were found to be polymorphic among parents. From 384 COS primers, 

186 primers produced good amplification in tested samples and only 17 were found 

polymorphic. A species wise detailed account of these markers is given in table 4. 

Table 4  . Summary of Cross-transferability of different markers in selected parents 

S. No. Name of species Type of 

marker 

No. of 

markers 

tested  

No. of 

markers 

amplified 

Polymorphic 

1. Red clover (Trifolium 

pratense) 
SSR 194 114 42 

2. Pigeon pea (Cajanus 

cajan) 
SSR 94 28 11 

3. Pea (Pisum sativum)  SSR 46 11 7 

4. Lentil (Lens 

culinaris) 
SSR 32 0 0 

5. Medicago trucatula COS 384 186 17 

 Medicago trucatula SSR 120 50 14 

Total   870 389 91 

 

3.2. Development of genic SSR primers from transcriptome data of horsegram 
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Transcriptomic data of horsegram were also used to identify and design SSR primers. 1352 

di-repeats, 1799 tri-repeats, 94 tetra-repeats, 41 penta-repeats and 56 hexa-repeats SSR 

primers were identified. A total of 370 SSR primer pair were designed and validated in 

parental lines showing more than 90% amplification. 55% MUMST primers (tri-repeats) and 

32% MUMSD primers (di-repeats) were polymorphic in these lines. Whereas, less than 10% 

tetra-, penta-, and hexa-repeats SSR primers were found polymorphic. Out of 370 primers 

screened in parental lines, 79 polymorphic primers have been genotyped successfully in the 

mapping population The details about different primers synthesized, polymorphism and 

genotyped is given in table 5 

 

Table 5 Development of SSR markers from transcriptome data of horsegram 

S. 

no. 

Type of genic 

SSR primers 

identified 

Nomenclature 

of the primers 

Number of 

SSR 

primers 

identified 

Primers 

screened for 

polymorphism 

Genotyped 

1 Di-repeats SSR MUMSD 1352 110 26 

2 Tri-repeats 

SSR 

MUMST 1799 100 42 

3 Tetra-repeats 

SSR 

MUMSTE 94 100 6 

4 Penta-repeats 

SSR 

MUMSP 41 30 3 

5 Hexa-repeats 

SSR 

MUMSH 56 30 1 

 Total  3342 370 79 

3.3. Development of genomic SSR primers from Illumina Hiseq sequence data of 

horsegram 

The total reads generated by Illumina HiSeq 2000 were subjected to genome assembly by 

SOAPdenovo2 r223 (Li et al. 2010). After the assembly, gaps in the scaffolds were closed 

by GapCloser 1.10 (p = 31). The assembled scaffolds were utilized for the identification of 

SSRs. SSR motifs were identified using the SciRoKo software (Kofler et al. 2007) in mmvp 
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mode with default parameters. The minimum numbers of SSR repeats for di-,tri-,tetra-,penta-

,and hexa-nucleotides adopted for identification were 7, 5, 4, 4, and 4, respectively. As a 

result, a total of 23,305 SSRs were identified on the ‘HPK4’ scaffolds, of which repeat 

regions were masked by RepeatMasker (http://www.repeatmasker.org). Of the 23,305 SSRs 

containing sequences, 5755 primer pairs were designed using Primer3 program (Rozen and 

Skaletsky 2000). Of the total SSRs designed, 1425 were di-repeats, 1310 were tri-repeats, 

856 were tetra-repeats, 1276 were Penta-repeats, and 888 were the hexa-repeats 

(Supplementary Tables 1, 2, 3, 4, and 5).Out of di-nucleotide, AG/CT was the most abundant, 

accounting for 51.8% (617) of the all di-nucleotide repeats, while AT/ TA and AC/GT 

repeats accounted for 38.31% (546) and 18.38% (262), respectively. It is worth mentioning 

that SSR motifs represented variants of both the strands of the DNA sequence, GC/CG were 

absent as no GC repeats was found. Among tri-nucleotide repeats, AAG/CTT was the most 

abundant, accounting for 23.18% (306) of all the tri-nucleotide repeats, followed by 

AAT/TTA (21.60%, 283) and ATC/ TAG (21.37%, 280). Of the tetra-nucleotide repeats, 

AAAC /GTTT was the most abundant, accounting for 30.95% (265) of all the tetra-

nucleotide repeats and followed by AAAG /CTTT (20.21%, 173). Among penta- and hexa-

nucleotide repeats, AG-rich repeats were the most abundant, accounting for17.08% 

(218)and10.30%(92)forallthepenta-andhexanucleotiderepeats.Moreover, 90.78, 97.05, 

99.86, 99.91 and 97.91% of di-, tri-, tetra-, penta-, and hexa-nucleotide repeats were less than 

25 bp in length. A small number of dinucleotide (0.5%) and tri-nucleotide(0.01%)were 

longer than 50 bp in length, whereas none of the tetra-, penta-, and 

hexanucleotiderepeatsweremorethan50bpinlength.Therepeats motifs ranged from 14 to 89 

bp in length. In silico polymorphic survey was done by comparing the corresponding SSRs 

in two linesnamelyHPK-4 and HPKM-193 had identified27 SSLPs  

4. Genotyping of the parents and mapping populations 

 

 4.1. Parent polymorphism survey 

Parental lines (HPKM-249 and HPK-4) of F2 populations were grown in the polyhouse. DNA 

was isolated from fresh young leaves of each parents using conventional DNA isolation 

protocol to select a mapping population. Purification of DNA was done and after 

quantification working dilutions were made and polymorphism survey was done.    
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  The SSRs (Table 5) were used for polymorphism survey. Each primer was tested for 

polymorphism at different annealing temperatures using DNA from both parents. The 

polymorphic SSRs were used for genotyping of F2 mapping family. For amplification of 

genomic DNA, a reaction mixture of 10.0 µl volume was prepared using 4.80 µl of sterilized 

distilled water, 2.0 µl template DNA (13 ng/ µl), 0.5 µl of forward and 0.5 µl of reverse 

primer (5 µM), 0.5 µl MgCl2 (25 mM), 1.0 µl 10 X PCR buffer (10 mM Tris-Hcl, 50 mM 

Kcl, pH 8.3), 0.5 µl dNTP mix (0.2 mM each of dATP, dGTP, dCTP and dTTP) and 0.2 µl 

Taq polymerase (5U/ µl). The amplifications were carried out in Veriti 384® (Applied 

Biosystems, CA, USA) and 2720 Thermal Cycler (Applied Biosystems, CA, USA) using 

PCR protocol as given in Supplementary Table 5. The PCR products were electrophoresed 

on either 3 per cent metaphor/agarose gel or 6 per cent denaturing polyacrylamide gels 

depending upon the resolution of bands obtained along with size markers and stained with 

ethidium bromide/silver nitrate. The gels were analyzed in gel documentation unit (Syngene, 

UK).  

Parental survey for polymorphism was done by taking 706 SSRs from related legumes 

species such as Medicago trucatula, Trifolium spp., Pisum sativus, Lens culinaris Cajanus 

cajan, of these 88 were found polymorphic. A total of 410 RAPD primers were screened, of 

which 55 were polymorphic. Of the 384 COS markers of Medicago truncatula only 8 were 

polymorphic and 7 were mapped. The SSR markers developed from EST sequences were 

also screened for polymorphism of the 63 ESTSSR 10 were polymorphic. Transcriptome 

data were also used to mine genic SSRs and out of 270 genic screened SSRs 67 were 

polymorphic and amonst them 42 were mapped, similarly Illumina HiSeq sequencing were 

used to develop genomic SSRs of the 260 genomic SSRs 55 were polymorphic and 38 were 

mapped on linkage map. In to tality 2093 primers were screened and 296 primers were found 

polymorphic and stable while genotyping the mapping population out of which 211 were 

mapped on linkage map.  

4.2.  Genotyping using EST-SSR primers  

Out of 63 EST-SSR primers designed from 1025 EST sequences available in public database 

(NCBI), 49 primers produced good amplification but only 10 primers found polymorphic 

between parental samples. Out of 10 primers 10 were genotyped in the mapping population 

by using the following protocol. For amplification of genomic DNA, are action mixture of 

10 μl volume was prepared using 4.8 μl of sterilized distilled water, 2.0 μl genomic DNA 
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(13 ng/μl), 0.5 μl of forward and 0.5 μl of reverse primer (5 μM), 0.5 μl MgCl 2 (25 mM), 

1.0 μl 10× PCR buffer (10 mM Tris-Hcl, 50 mM 

KCl,pH8.3),0.5μldNTPmix(0.2mMeachofdATP,dGTP, dCTP, and dTTP),  and 0.2 μl Taq 

polymerase (5 U/μl). The amplifications were carried out in Gene Amp PCR System Veriti 

384 (Applied Biosystems, CA, USA). PCR products were first checked on a 3% agarose gel 

and then resolved in 6% polyacrylamide gel at a constant current of 65 Wat room temperature 

for 90 min. Gels were prepared and run in 1× TBE buffer and visualization of fragments was 

done using silver staining. Size estimation of the alleles was done by using of 50 bp DNA 

size standard (Fermentas, Lithuania). 

 

 

 

5. Development of linkage map in Macrotyloma uniflorum: Total 211 markers 

were mapped on 13 linkage maps. The chi square test was performed for identification of 

markers with aberrant segregation using the locus genotyping frequencies of JOINMAP. To 

identify linkage groups, grouping of markers were performed using the minimum 

independence LOD threshold of 3 and a maximum of 8.0 with a step up of 0.5. The groups 

Figure 4: Amplification patterns of ten SSR primers on F2 Populations selected for linkage map 
construction 
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showing maximum number of markers and highest linkage at the variable LODs were 

selected. In this study at LOD 4.0 the groups were converted to maps with the help of the 

regression algorithm with the following settings: used linkages with REC smaller than: 0.49, 

LOD larger than: 0.01, threshold for removal of loci with respect to jumps in goodness-of-

fit: 5.0, number of added loci after which to perform a ripple: 2. Distance was calculated 

using Kosambi’s mapping function (Kosambi 1994). 

The amplified banding patterns were scored manually as ‘A’ for HPK249 type 

banding pattern, ‘B’ for HPK4 type banding pattern and H for heterozygous loci. The data 

matrix was used as an input files for map construction using JOINMAP® 4.1 program (Van 

Ooijen 2006).       

 

Fig 4. An intraspecific linkage map of Horsegram based on F2 mapping population generated by crossing HPK-

249 X HPK-4. The map was generated with 296 polymorphic SSR markers using JoinMap version 4.0 at a 

LOD value of 4.0, with Kosambi mapping function. A total of 211 markers were mapped on thirteen linkage 

groups (LG1 to LG13).  
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6. QTL mapping 

I.1 Phenotypic data evaluation 

After selecting the parents for drought tolerance and drought susceptibility F2 mapping 

population of HPK-4 x HPKM-249 was grown in the glass house for phenotyping and 

genotyping to fulfill the objectives of the project. All the 184 seeds of the mapping 

populations were sown in the specially prepared plastictubes having 4// diameters (Fig 4). 

Plants were provided with the normal water till the initiation of the flowering.  Water was 

withheld after 20 days of flowering and continues till the plant start to wilt. Observations 

were recorded as the time to temporary wilting of the plant without watering.  

A population of 190 individuals was phenotyped for 15 morphological, phenological and 

yield-related traits (Table 2). The F2 population was evaluated for 2-3 consecutive years 

(2012-13, 2013-14 and 2014-15) at Palampur. The geographic coordinates for Palampur was 

32.1167°N, 76.5333°E. The plants were grown in 1-meter rows having row to row distance 

of 30 cm and plant to plant distance of 5 cm in a randomized block design (RBD) in two 

replications. The recommended agronomic practices were followed during the cropping 

season. Further for some agro-morphological traits the RILs were also evaluated at Akrot, 

Una for the same consecutive years. The geographic coordinates for Akrot was 31.6798°N, 

76.1174°E.  

Phenotypic data were recorded for 15 traits but only five QTLs were detected for 4 traits 

namely number of days to temporary wilting by withholding watering at the flowering stage 

(DFW), days to 75% maturity (DTM), Root length (RL) and  number of seeds per plant 

(NSPP).  

I.2 Statistical analysis and QTL mapping  

Statistical analysis of the phenotypic data, such as ANOVA, frequency distribution, variation 

coefficient and correlation coefficient analysis, was done using SAS ver. 9.1 and R core team 

2015. The phenotypic correlations between each pair of traits were obtained using the 
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Pearson’s correlations coefficient applied on the individual phenotypic values. These 

correlations were tested assuming global significance level of 0.05.  

Quantitative trait loci analysis was carried out on the set of 184 individuals with phenotypic 

data for various morphological and yield traits. The genotypic data consisted of 296 marker 

loci. QTLs were detected with the Windows QTL Cartographer V2.5 software (Wang et al. 

2005) by composite interval mapping (CIM) method (Zeng 1993, 1994) using the Zmapqtl 

standard model 6 with a window size of 10 cM and a 2 cM walk speed. The forward 

regression algorithm was used to obtain cofactors. A 1000-permutation test of shuffling the 

phenotypes means with the genotypes was performed to estimate a genome-wide LOD score 

threshold for a QTL at a significance level of P=0.05 (Doerge and Churchill 1996). An LOD 

threshold score of >2.8 at 1000 permutations were significantly considered (5% level of 

significance) to identify and to map the QTLs on the lentil LGs. The 95% confidence 

intervals of the QTL locations were determined by one-LOD intervals surrounding the QTL 

peak (Mangin et al. 1994). The estimated additive effect and the percentage of phenotypic 

variation explained by each putative QTL were obtained using the software with the CIM 

model by the Zmapqtl procedure. The R2 value from this analysis was accepted as the percent 

phenotypic variance explained by the locus. 

In the RIL mapping population, 296 markers fit the expected Mendelian segregation and 

were used in map construction. A total of 211 markers were grouped into thirteen linkage 

groups at LOD > 4.0 (Fig1), while the remaining 85 markers were independent and not 

assigned to any linkage group. The map spanned 1423.4 cM with the average interval of 

9.6cM. Maximum markers were assigned to linkage group 1 containing 71 markers spanning 

228.5 cM, followed by linkage group 7 and linkage group 20 having 37 and 20 markers 

respectively and spaning 158.6 cM and 132.5 cM respectively. The shortest linkage group 

was LG 5 containing only 3 markers spanning 9.7 cM. 

QTLs for the traits related to drought tolerance were identified by WinQTL Cartographer 

v2.5 using the phenotypic data of the RILs evaluated for two consecutive years. Five major 

QTLs . Two significant QTLs for Number of days to wilting (qDFW01 and qDFW02) were 

detected in markers interval of ASSR176-RCS6166 on Linkage group 1 and MUMS91-

MUMS9 in Linkage Group VII. Linkage group I also carry an additional QTL for days to 

maturity (qDTM01) between the marker intervals of RCS6163A-MUMST241. QTL for root 
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length (qRL01) was detected in markers interval of RCS67735-RCS1304 on linkage group 

4 and QTL for number of seeds per plant (qNSPP01) was detected between the marker 

intervals of RCS17291-AR8585 on linkage group 6. 

qDFW01 explained 7.2% of the total variation on DFW and was located at 75.9cM to 77.0 

cM on LG 1 with LOD value 3.5, between markers ASSR176-RCS6166 (75.9 cM from 

ASSR176  and 77.0cM from RCS6166). qDFW02 explained 7.3% of the total variations of 

DFW and was located on LG7 with LOD value of 3.3, in the region between markers 

MUMS91 and MUMS9. qDFW02 is 114.1cM from MUMS91 and 133.6cM from MUMS9. 

A significant QTL for DTM (qDTM01) was detected in linkage group 1. This QTL explained 

67.3% of the total variation of DTM and was located  at 159.6 cM on LG1 with a LOD value 

of 50.2 between the markers RCS61632A and MUMST241. qDTM01 was 136 cM from 

RCS61632A and 148cM from MUMST241. Root length (RL) is an important parameters to 

determine the drought tolerance capability of the plants. Plants with longer roots are more 

tolerant to water stress as compare with the plants with shallow and small root system. qRL01 

explained 55.33% of the total variation on RL and was located at the beginning of  LG4 with 

LOD value 5.4, between markers RCS67735 and RCS1304 (0.0cM from RCS67735  and 

44.9cM from  RCS1304). Another  QTL namely qNSPP01 explained 33.6% of the total 

variations of NSPP and was located on LG6 with LOD value of 6.7, in the region between 

markers RCS17291 and AR8585. qNSPP01 was 84.2cM from RCS17291 and 92.6cM from 

AR8585.  
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Fig. 2 Likelihood intervals for quantitative trait loci (QTLs) associated with 4 agro-

morphological traits in F2 population of the cross between HPK-249 X HPK-4. 
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8. Summary of Progress: 

After conducting the polymorphic survey among a set of parental lines. An F2 population of 

HPKM-249 X HPK-4 was selected for genotyping. Genomic DNA was isolated from fresh 

young leaves of each of 188 F2 plant using conventional DNA isolation protocol. Of the total 

1090 primers of related species tested so far, 706 were SSR primers from red clover, 

Medicago, pigeon pea, pea and lentil and 384 COS primers were from Medicago truncatula. 

Out of 706 tested SSR primers, 416 SSR primers were successfully amplified in parental 

lines and 86 polymorphic primers were genotyped in mapping population. From 384 COS 

primers, 186 primers produced good amplification in parents and 17 polymorphic primers of 

these 11 were successfully genotyped in the mapping population.  

Out 63 EST-SSR primers designed from EST data bases of NCBI, 49 primers produced good 

amplification but only 10 were primers found polymorphic between parental lines. All of 

these 10 polymorphic primers were genotyped in the population.  

Transcriptome data were used to design SSR primers from possible 3342 SSR sequences and 

out of 370 primers tested so far 146 were polymorphic. Out of 146 polymorphic primers 79 

were genotyped in the F2 population of HPKM-249 x HPK-4. The sequence data of 

horsegram were used to design the genomic SSR in this crop. Of the total 5754 potential SSR 

identified from illumine Hiseq data, 27 polymorphic primers were identified by in-silico 

analysis. Out of 27 primers only 19 were actually found to be polymorphic in parental lines 

and hence were genotyped in the mapping population. 

Of the total 296 primers genotyped on mapping populations but here we report a 211 point 

linkage map of horsegram (Macrotyloma uniflorum) consisting of 98 SSR, 39 RAPD, 8 

ISSR, 7 COS markers and 59 SSRs from the related Model legume species using 190 RILs 

progeny derived from a narrow cross between line HPL4 and HPKM240. The 13 linkage 

group spanned 1423.4 cM with a mean marker interval of 9.6 cM was used to map QTL 

associated with number of days to wilting, Days to maturity, root lengths and numbers of 

seeds per plant.  A total of 5 QTLs were detected on 5 linkage group with an LOD threshold 

of 4.0.  Two QTLs were detected in the same linkage region suggesting they are possible 

character association for controlling various important agronomic traits of horsegram.  
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II. Has the progress been according to original plan of work and towards achieving the 

objectives? If not, state reasons: Yes 

III. Please indicate the difficulties, if any, experienced in implementing the project: UGC 

released the funds only once during the whole period of the project and no second grant 

was released as per the guidelines for the execution of the project, due to which lots of 

difficulties were faced for the execution of the project. 

IV. If the project has not been completed, please indicate the approximate time by which it 

is likely to be completed. A summary of the work done for the period (Annual basis) may 

please be sent to the Commission on the separate sheet: 31st December, 2015 and 

summary of the work done has been attached as separate sheet. 

V. If the project has been completed, please enclose a summary of the findings of the study. 

Two bound copies of the final report of work done may also be sent to the Commission: 

Two copies of the final progress report attached 

VI. Any other information, which would help in evaluation of work done on the project. At 

the completion of the project, the first report should indicate the output, such as  

(a) Manpower trained: Two 

(b) Ph. D. awarded: Nil 

(c) Publication of results: List of  seven publications attached 

(d) Other impact, if any: Nil 
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