
Abstract 
DNA marker technology represents a potential tool for molecular breeding. The successful deployment of this technology 
depends on availability of reliable and simple genotyping platforms. But, most of the lab which dealing with molecular 
breeding has poor lab facility and they rely on horizontal agarose gel electrophoresis for genotyping. The poor resolution 
provided by this method in terms of allele differences is the major setback for research community. Therefore, we tried 
to introduce a simple method for upgrading the existing horizontal agarose units into horizontal polyacrylamide gel 
electrophoresis (H-PAGE) units with few amendments. This method can provide higher resolution with less effort and 
allows easy genotyping for different markers systems as compared to vertical PAGE units. In-order to reduce time, we 
employed fast staining methods such as ethidium bromide and fast silver staining for 20 min. The performance of modified 
unit was checked by separating and scoring SSR, SRAP and TRAP markers on 30 pigeon pea genotypes. Number of bands 
scored and size range observed for each marker technique was comparable to earlier results as reported for vertical PAGE 
based genotyping. Therefore, these H-PAGE units could be a valuable tool for molecular breeding.
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1.  Introduction

Sequencing projects in various crops have generated 
huge ample of genomic data. The data stored in public 
databases have provided new directions for marker tech-
nology by initiating gradual shift in type of PCR based 
techniques commonly used in plant science1. Through 
bioinformatics tools, number of gene or genomic based 
marker techniques were developed such as viz., cleaved 
amplifed polymorphic sites (CAPS), derived cleaved 
amplifed polymorphic sites (dCAPS), expressed se-
quence tag-simple sequence repeats (EST-SSR), simple 
sequence repeats (SSR), sequence related amplifcation 
polymorphism (SRAP), targeted region amplifcation 
polymorphism (TRAP), sequence specific amplifcation 
polymorphism (SSAP) and inter-primer binding site am-
plifcation (iPBS). These techniques were used successfully

in many crops for genetic diversity study, construction 
of linkage maps, mapping and tagging of genes/QTL’s, 
association mapping and comparative genomics2–11. In-
order to get reliable genotyping information in terms of 
allele/fragment polymorphism, most of these techniques 
depends on either capillary or high resolution polyacryl-
amide gel electrophoresis. But, due to high expenses with 
capillary or technical difficultly in casting and handling 
vertical PAGE units, many researchers go for horizontal 
agarose gel electrophoresis for separation of markers. 
Some researcher even tried specialized agarose like super 
fine agarose and metaphor to get higher resolution for 
marker separation. But, these agarose were found to be very 
costlier than normal agarose and provides less resolution 
than polyacrylamide12. Polyacrylamide gels even though 
provide relatively high resolution, but require expensive 
vertical gel units and also tedious steps to cast the gels. 
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Therefore, horizontal agarose gel electrophoresis was 
found very handy for many researchers. However, this 
method provides less information due to low resolution 
of marker separation. Therefore, for successful molecular 
breeding research require a simple genotyping platform 
that suits for various molecular marker techniques and 
provide more information. With this background, here 
we tried to introduce a simple method for upgrading 
routine horizontal agarose units into H-PAGE units. This 
unit can provide high resolution and easy to perform as 
that of horizontal agarose gel electrophoresis.

For upgradation, we used horizontal agarose unit of 22 
x 30 cm (LxW) dimension (Maxi sub system, Bangalore 
GeNei, India). In order suit this unit to perform H-PAGE, 
following accessories were arranged i). Single glass plate 
of 17 x 20 cm, with 3 mm thickness was used as cover-
ing plate to cover 20 x 20.5 cm gel casting tray ii). Two 
sided tape with 20 x 1 cm, with 2 mm thickness was used 
as a spacer iii). Small glass piece of 20 cm x 0.9 cm, with 
3 mm thickness was used for holding comb iv). 40 wells 
comb, with 2 mm tooth width and 1 mm thickness was 
used for casting wells v). Rain repellent solution (Clear 
Vue®, Turtle Wax Europe B.V) was used to treat outer and 
inner surface of casting tray and covering glass plate. The 
detail steps followed for performing H-PAGE was shown 
in figure 1A-L.

2.1 Electrophoresis unit 

2.	 Materials and Methods

Figure 1. Steps for assembling, casting, separation and 
staining of PCR products on H-PAGE A. Materials used 
for up gradation viz., gel casting assembly, casting tray, 
small glass piece, covering glass plate, double sided tape 
and comb; B. Pasting of double sided tape on vertical 
edges of the top covering glass plate; C. Top glass plate 
with spacers extended at top and bottom side; D. Treating 
with rain repellent solution; E. Placing of top glass plate on 
to the casting tray; F. Placing of glass piece to create space 
for inserting comb; G, H & I. Assembling and pouring of 
gel from the bottom side of covering plate; J. Separation of 
PCR products; K. Staining of gel using fast silver staining 
method; L. Imaging and scoring of gel under white lamp. 

2.2 Assembling of Gel Casting Tray

The materials used and steps followed for assembling gel 
casting tray was shown in Figure 1A-H. Vertical edges of 
covering glass plate (17 x 20 cm) were pasted with one 
side glue of two sided tape (20 x 1 cm). That will extended 
1 cm at top and 2 cm at bottom side of plate (Figure 1B & 
C). Then outer surface of gel casting tray and inner surface 
of covering glass plate were treated with 300 μl of repel-
lent solution (Figure 1D). The covering glass plate was 
placed on casting tray such that 2 mm space created due 
to spacers (Figure 1E). Small glass piece of 20 x 0.9 cm, 
was placed on top 1 cm extended side of spacer to create 
1 mm space for inserting comb (Figure 1F). Finally, gel 
casting tray was assembled into the gel casting platform 
as shown in Figure 1G & H. The 2 cm space left at bottom 
side of covering plate was used for pour polyacrylamide 
gel solution.

2.3 Preparation and Casting of 6% 
Polyacrylamide Gel

In-order to cast 6% (w/v) non-denaturing polyacryl-
amide gel of 20 x 18 cm and 2 mm thickness. 80 ml of 
gel solution was prepared, which constituted acrylamide/
bis-acrylamide mix (40%), 1X TBE buffer, 15% (w/v) 
ammonium persulfate and 0.14% (w/v) TEMED. Once 
incorporation of appropriate volume of ammonium 
persulfate and TEMED, the gel solution was mixed and 
poured directly between glass plates from bottom side of 
the covering plate. Comb was placed on top side of the 
glass plate in a space left for inserting comb (Figure 1I). 
Finally, gel was allowed to polymerize at room tempera-
ture for 30 min.
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2.6 Staining and Scoring of Gel

Figure 2. Representative amplification profile for different 
markers systems on 6% H-PAGE A. SRAP using primer EM4/
ME5; B. TRAP using primer STKF/ME2; C-1 & C-2. SSR using 
CcM970 primer separated on agarose and on H-PAGE. Lanes: 
M: 100 bp ladder; 1-30 & 1-22 indicates number pigeonpea 
genotypes used for genotyping.

2.4 PCR Amplification

The diluted DNA samples of 30 pigeonpea genotypes were 
used for genotyping. PCR amplification were performed 
with minor modifications as described for SSR, SRAP and 
TRAP13–15. For SSR, 10 µl reactions volume constituted 
10 ng genomic DNA, 1 µl 10X PCR buffer (15 mM of 
MgCl2), 1 mM dNTP mix, 10 µM of forward and reverse 
primer and 0.2 µl Taq DNA polymerase (3U/ µl). PCR 
program: initial denaturation at 94ºC for 5 min, followed 
by 35 cycles of 94ºC for 1 min, 55ºC for 1 min, 72ºC for 1 
min and final extension of 72ºC for 7 min.  Similarly for 
SRAP, 10 µl of reaction volume comprised of 1 µl genomic 
DNA (20 ng/µl), 1 µl 10X PCR buffer, 2 mM dNTP mix, 
10 µM each forward and reverse primer and 0.3 µl Taq 
DNA polymerase (3U/ µl). PCR program: initial denatur-
ation at 94ºC for 5 min, followed by 5 cycles of 94ºC for 
1min, 35ºC for 1 min and 72ºC for 40 sec, in the follow-
ing 35 cycles, the annealing temperature was increased 
to 50ºC, with a final extension of 72ºC for 7 min.  For 
TRAP, 10 µl reaction volume with 1 µl genomic DNA (20 
ng/µl), 1 µl 10X PCR buffer (with 25 mM of MgCl2), 2 
mM dNTP mix, 1 µl of 10 µM forward and reverse primer 
and 0.3 µl Taq DNA polymerase (3U/µl) was used. PCR 
program: initial denaturation at 94ºC for 4 min, followed 
by 5 cycles of 94ºC for 45 sec, 35ºC for 45 sec and 72ºC 
for 1 min, in the following 35 cycles, the annealing tem-
perature was increased to 52ºC, with a final extension 
of 72ºC for 7 min. Before separation of PCR product 
of SRAP and TRAP markers. Samples were denatured 

by adding 3 µl of formamide gel loading dye and incu-
bated at 95 ºC for 10 min. 

2.5 Separation of PCR Products

After polymerization, comb was gently removed from the 
gel without disturbing wells as well as small glass piece 
used for holding comb. The gel along with covering plate 
was placed in running tank and 1X TBE running buffer 
was poured into tanks up to the level of top covering glass 
plate (don’t submerge the covering plate). Now, by using 
1 ml pipette all the wells were filled with running buffer. 
Finally, by mixing 3 μl of gel loading dye to 10 μl of PCR 
products, 8 μl of sample was load for SRAP and TRAP 
after denaturation, and 4 μl of sample for SSR. The gel was 
run in 1X TBE buffer at 180 V for 5 hrs and stopped when 
backward dye (xylene cyanol) reaches to 4/4th of the gel 
for SRAP and TRAP, 3/4th of the gel for SSR (Figure 1J). 
After completion of run, top covering glass plate was 
separated from the gel with the help of plastic wedge. 
Finally, gel was slowly slided in to gel staining container 
by squeezing water with the help of squeeze bottle. 

In order accomplish quick staining of gels two different 
staining methods were followed. For SSR, ethidium bro-
mide staining method was used16. The gel was stained 
by submerging in 300 ml of distilled water mixed with 
15 µl ethidium bromide (10 mg/ml) for 15 to 20 min in 
dark. After staining, left over solution was stored in the 
dark bottles and reused for 3 times. Gel was visualized 
and photographed in gel documentation unit (Alpha 
Innotech, India). For SRAP and TRAP markers, fast 
silver staining method was employed as described by 
Benbouza et al17.  It involved the following steps: after 
electrophoresis, gels were washed in 200 ml cold (10-
12°C) fixing solution (10% absolute ethanol, 0.5% acetic 
acid) for 5 min. Washed gels were soaked for 6-7 min 
at room temperature (22-24°C) in a 200 ml solution 
of 0.15% AgNO3, 200 μl 37% HCOH. Gels were rinsed 
quickly (10-15 s) once with 200 ml distilled H2O. They 
were then developed by soaking them at room tempera-
ture (22-24°C) in a 200 ml developing solution (1.5% 
NaOH, 300 μl 37% HCOH) until the bands appear with a 
sufficient intensity (3-5 min). When the desired intensity 
was achieved development was stopped by impregnating 
the gel in a 200 ml stop solution (10% absolute ethanol,
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Note* TNB, Total number of bands scored; NPB, Number of polymorphic bands observed; % P, Per cent of polymorphism.

3.	 Results and Discussion

0.5% acetic acid) for 2 min (Figure.1K). Finally, gel 
images were taken and bands were scored manually on 
white lamp (Figure 1L). The number of bands scored 
for each marker system were shown in Table 1.

Table 1.  Number of bands scored and polymorphism observed for different marker systems on H-PAGE.

SL.No Markers system Primer name
Size range of bands 

(bp)
TNB NPB % P

1 SSR CcM970 170-270 5 5 100

2 SRAP EM4/ME5 60-700 27 26 96.2

3 TRAP STKF/ME2 100-550 29 29 100

The method adopted for upgardation of unit was very 
simple. Only few accessories were used, which can be 
easily custom designed and purchased at cheaper costs. 
Covering glass plate and small glass piece were custom 
designed for $ 5. Two sided tape was procured at less than 
a dollar, which is commonly used for exhibiting posters in 
conferences. One time used tape as spacers was sufficient 
to cast at least 10-15 gels. Rain repellent solution was pur-
chase at $ 8/250 ml, which is commonly used in cleaning 
car glasses. Treating of tray and covering glass plate with 
rain repellent will avoid sticking of gels. Therefore, one 
can easily upgrade their existing units with these acces-
sories at cheaper costs. As every technique has advantages 
associated with few limitations. Performing of H-PAGE 
is very simple in terms of pouring, casting of gels, load-
ing and separation of samples compared to vertical units. 
Since, 2 mm thick PAGE gels were used for separation of 
amplification products. These gels can be easily handled 
for ethidium bromide or silver staining methods. The 
main limitation lies with H-PAGE is that, it takes longer 
separate time (5 hrs) compared to vertical PAGE units (3 
hrs). This may be due to fact that separations of bands 
were not towards gravity and higher percentage of gel 
used. It demands fairly good electrical conductivity for 
separation of bands. We recommend to use fresh running 
buffer for each run, which should be filled up to edge of 
covering plate. It will helps to focus the electrical flow 
in the gel for good separation and resolution of bands. 

In order to reduce the total time taken for H-PAGE, we 
combined easy and fast staining methods as described for 
PAGE gels by Raymer and Smith16 and Benbouza et al17. 
Due to high sensitivity and use of very simple chemicals

In order to reduce the total time taken for H-PAGE, we 
combined easy and fast staining methods as described for 
PAGE gels by Raymer and Smith16 and Benbouza et al17. 

Due to high sensitivity and use of very simple chemicals 
silver staining methods are most widely used for staining 
of polyacrylamide gels18. Since, for multilocus profiling 
techniques many bands were visualized and need to score 
manually. For SRAP and TRAP markers, gel images were 
obtained after silver staining. Whereas, for allele specific 
markers such as SSR images were obtained after ethidium 
bromide staining. A clear allelic difference was observed 
for SSR on H-PAGE compared to agarose (Figure. 2 
C-1, C-2). The obtained results from gel images clearly 
demonstrated H-PAGE has provided higher separation 
and degree of resolution to distinguish alleles/fragments 
for different markers systems used (Figure 2 A-B, C-2). 
As H-PAGE is technically less demanding high-through-
put marker genotyping is possible by adopting this 
method. For SSR, multiplexing can be done by loading 
two or three amplification products for the different allele 
sizes in the same well as suggested by Wang et al12. For 
multilocus techniques, such as SRAP and TRAP markers, 
27 and 29 bands were observed respectively on H-PAGE. 
These results were comparable to results as observed on 
vertical units. For SRAP, 23 bands or 10-20 bands per 
primer combinations were reported14,19–21. For TRAP, 
4 to 21 bands or 33 bands per primer combinations 
were reported22,4. A wide range of scorable bands were 
observed for TRAP (100-550 bp), SRAP (60-700 bp) and 
SSR (170-270 bp) on H-PAGE. Results are comparable to 
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as observed for TRAP markers, 60 to 550 bp in sugarcane, 
SRAP markers 50 to 2000 bp in brassica, SSR markers 70 
to 590 bp in potato23–25.

4.	 Conclusion

Owing the above facts of H-PAGE, we have successfully 
demonstrated the method for upgrading and ease of 
genotyping in pigeonpea cultivars. These simplified units 
could be a valuable tool for many researchers with poor 
lab facility. It can broaden the scope for exploiting all the 
available marker systems in molecular breeding.

5.	 Acknowledgement

Authors would like to thank Dr. Vijay Kumar Swamy, 
the Head of Department, Biotechnology, UAS, GKVK, 
Bangalore for providing all the logistical support to carry 
out this research work. 

6.  References

1.	 Poczai P, Varga I, Laos M, Cseh A, Bell N, Valkonen JPT, 
Hyvonen J. Advances in plant gene-targeted and functional 
markers: a review. Plant Methods. 2013; (9):6.

2.	 Dutta S, Kumawat G, Singh BP, Gupta DK, Singh S, Dogra 
V, Gaikwad K, Sharma TR, Raje RS, Bandhopadhya TK, 
Datta S, Singh MN, Bashasab F, Kulwal P, Wanjari KB, 
Varshney RK, Cook DR, Singh NK. Development of 
genic-SSR markers by deep transcriptome sequencing in 
pigeonpea [Cajanus cajan (L.) Millspaugh]. BMC Plant 
Biol. 2011; (11):17.

3.	 Alghamdi SS, Al-Faifi SA, Migdadi HM, Khan MA, EL-
Harty EH, Ammar MH. Molecular diversity assessment 
using sequence related amplified polymorphism (SRAP) 
markers in Viciafaba L. Int J Mol Sci. 2012; 13:16457–71.

4.	 Kumar Y, Kwon SJ, Coyne CJ, Hu J, Grusak MA, Kisha 
TJ, McGee RJ, Sarker A. Target Region Amplification 
Polymorphism (TRAP) for assessing genetic diversity and 
marker trait associations in chickpea (Cicer arietinum L.) 
germplasm. Genet Resour Crop Evol. 2014; 61:965–77.

5.	 Hu J, Yue B, Vick BA. Integration of TRAP markers onto 
a sunflower SSR marker linkage map constructed from 92 
recombinant inbred lines. Helia. 2007; 30:25–36.

6.	 Isemura T, Kaga A, Tabata S, Somta P, Srinives P, Shimizu T, 
Jo U, Vaughan DA, Tomooka N. Construction of a genetic 
linkage map and genetic analysis of domestication related 
traits in mungbean (Vigna radiata). PLoS ONE. 2012; 7: 
0041304. Doi:10.1371/journal.pone.0041304.

7.	 Wang X, Yu Y, Sang J, Wu Q, Zhang X, Lin Z. Intraspecific 
linkage map construction and QTL mapping of yield and 
fiber quality of Gossypium babardense. Aus J Crop Sci. 
2013; 7:1252–61.

8.	 Moustafa KA, Saleh M, Al-Doss AA, Elshafei AA, Salem 
AK, Al-Qurainy FH, Barakat MN. Identification of TRAP 
and SRAP markers linked with yield components under 
drought stress in wheat (Triticum aestivum L.). Plant 
Omics J. 2014; 7(4):253–9.

9.	 Li C, Miao H, Wei L, Zhang T, Han X, Zhang H. 
Association mapping of seed oil and protein content in 
Sesamum indicum L. using SSR markers. PLoS ONE. 2014; 
9:0105757. Doi:10.1371/journal.pone.0105757.

10.	 Zhao Y, Wang H, Chen W, Li Y. Genetic structure, linkage 
disequilibrium and association mapping of verticillium 
wilt resistance in elite cotton (Gossypium hirsutum L.) 
germplasm population. PLoS ONE. 2014; 9:e86308. 
Doi:10.1371/journal. pone. 0086308.

11.	 Shirasawa K, Oyama M, Hirakawa H, Sato S, Tabata S, 
Fujioka T, Kimizuka-Takagi C, Sasamoto S, Watanabe 
A, Kato M, Kishida Y, Kohara M, Takahashi C, Tsuruoka 
H, Wada T, Sakai T, Isobe S. An EST-SSR linkage map 
of Raphanus sativus and comparative genomics of the 
Brassicaceae. DNA res. 2011; 18:221–32.

12.	 Wang D, Shi J, Carlson SR, Cregan PB, Ward RW, Diers 
BW. A low cost, high-throughput polyacrylamide gel 
electrophoresis system for genotyping with microsatellite 
DNA markers. Crop Sci. 2003; 43:1828–32.

13.	 Singh NK, Gupta DK, Jayaswal PK, Mahato AK, Dutta S, 
Singh S,  Bhutani S, Dogra V, Singh BP,  Kumawat G, Pal 
JK, Pandit A, Singh A,  Rawal H,  Kumar A, Prashat GR,  
Khare A,  Yadav R,  Raje RS,  Singh MN,  Datta S, Fakrudin 
B, Wanjari KB, Kansal R,  Dash PK, Jain PK, Bhattacharya 
R, Gaikwad K,  Mohapatra T, Srinivasan R, Sharma TR. 
The first draft of the pigeonpea genome sequence. J Plant 
Biochem Biotechnol. 2012; 21:98–112.

14.	 Li G, Quiros CF, Sequence-Related Amplified 
Polymorphism (SRAP), a new marker system based on a 
simple PCR reaction: Its application to mapping and gene 
tagging in Brassica. Theor Appl Genet. 2001; 103:455–61.

15.	 Hu J, Vick BA. TRAP (Target Region Amplification 
Polymorphism) a novel marker technique for plant 
genotyping. Pl Mol Biol Rep. 2003; 21:289–94.

16.	 Raymer DM, Smith DE. A simple system for staining protein 
and nucleic acid electrophoresis gels. Electrophoresis. 
2007; 28:746–8.

17.	 Benbouza H, Jacquemin JM, Baudoin JP, Mergeai G. 
Optimization of a reliable, fast, cheap and sensitive silver 
staining method to detect SSR markers in polyacrylamide 
gels. Biotechnol Agron Soc. 2006; 10:77–81.



Prakash G. Patil, M. Byre Gowda,  Pavan J. Kundur, H. S. Vimarsha  and H. E. Shashidhar

Indian Journal of Science and Technology 827Vol 8 (9) | May 2015 | www.indjst.org

18.	 Qiu S, Chen J, Lin S, Lin X. A comparison of silver 
staining protocols for detecting DNA in polyester backed 
polyacrylamide gel. Braz J Microbiol. 2012; 43:649–52. 

19.	 Esposito MA, Martin EA, Cravero VP, Cointry E. 
Characterization of pea accessions by SRAP’s markers. Sci 
Hort. 2007; 113:329–35.

20.	 Budak H, Shearman RC, Parmaksiz I, Dweikat. 
Comparative analysis of seeded and vegetative biotype 
buffalo grasses based on phylogenetic relationship using 
ISSRs, SSRs, RAPDs, and SRAPs. Theor Appl Genet. 2004; 
109:280–8.

21.	 Ferriol MB, Pico P, Cordova F, Nuez F. Molecular diversity 
of a germplasm collection of squash (Cucurbita moschata) 
determined by SRAP and AFLP markers. Crop Sci. 2004; 
44:653–64.

22.	 Cheng D, Zhang F, Liua L, Xua L, Chenb Y, Wanga X, 
Limeraa C, Yua R, Gong Y. TRAP markers  generated  with  
resistant  gene  analog  sequences  and their application  to  
genetic  diversity  analysis  of  radish  germplasm. Sci Hort. 
2013; 161:153–9. 

23.	 Suman A, Ali K, Arro J, Parco AS, Kimbeng CA, Baisakh 
N. Molecular diversity among members of the Saccharum 
complex assessed using TRAP markers based on lignin 
related genes. Bioen Res. 2011; 5:197–205.

24.	 Zhang J, Zhang LG. Evaluation of genetic diversity in 
Chinese kale (Brassica oleracea L. var. alboglabra Bailey) 
by using rapid amplifed polymorphic DNA and sequence-
related amplifed polymorphism markers. Genet Mol Res. 
2014; 13:3567–76.

25.	 Liao H, Guo H. Using SSR to evaluate the genetic diversity 
of potato cultivars from Yunnan province (SW China). 
Acta Biol Craco Bota. 2014; 56:16–27.


