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Abstract 
DNA Amplification Fingerprinting (DAF) is a simple and powerful technique for genome analysis. It is being employed in 
various applications in a number of crops. For obtaining reproducible results from OAF technique, optimization of PCR 
parameters was done. 20 ng (2 ng/ pl) template DNA, 15 pM primer, 250 pM each of dNTPs, 2 U (0.2 UI pl) Taq polymerase, 
4 mM MgC1, and annealing temperature of 55 "C, with standard silver staining protocol gave good amplification with 
reproducibili~y. Subsequently these results will be used in tagging resistance genes for root (wilt) disease in coconut. The effecl 
of GC content of primers was also discussed. 
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Introduction The DAF results depend on primer sequence, 

DNA Amplification Fingerprinting (DAF) is an dNTPs, enzyme, Mg and primer concentration, annealing 

amplification based nucleic acid marker technique. DAF temperature etc. Present study attempts to optimize DAF 

is distinguished from other amplification techniques by parameters for cdconut DNA to obtain reproducible 

the high primer to template ratio, simplicity, results. We utilized DAF technique in coconut to check 

reproducibility and high multiplex ratios. Independent its suitability for detection of polymorphism and 

of prior knowledge of DNA sequence, this requires subsequent use in tagging root (wilt) resistance genes 

experimental manipulation for reproducibility. Due to for selecting the mother palms for resistance breeding. 

exponential nature of PCR amplification, small variations 
in the reaction components and thermal condition can 
greatly influence the final yield of the amplification 
products (Livak, 1996). 

DAF has been used for a number of applications 
viz., analysing phylogenetic relationship (Cerny et nl., 
1996; Prakash et nl., 1996; Nagaraju et nl., 2003), 
pedigree analysis, molecular characterization, genetic 
diversity analysis, genetic mapping (Caetano-Annolles 
et nl., 1999; He et nl., 1995), marker assisted selection 
(Prabhu and Gresshoff. 1994) in a variety of crops. 

? of Spices 

Materials and Methods 

DNA from the cultivar West Coast Tall ( vv L 1 

was used for all the experiments. DNA was extracted as 
described by Upadhayay et nl. (1999). For optimization, 
various levels of different reaction components were 
used. Two sets of DNA concentration (1,3,5 and 10,20, 
35 ng), two sets of primer concentration (5, 7, 10 and 
7.5, 15, 20 pM), dNTPs (200, 250, 500 yM), Taq 
polymerase (1, 2 and 3 U), annealing temperature (45, 
50 and 55 OC), MgCl, (3, 4, 5 yM) with different 
combinations of PCR comDonents were used. 
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DAF primers 

A total of 16 decamer primers from University of 
British Columbia obtained through Dr.. C. S. Prakash 
(Tuskegee University) were used (Table 1). The 
optimized conditions were tested with all the 16 primers. 

Table 1. Primers, their sequence, GCIAT ratio and number of scorable bands 

Primer 

TTA 
. and 

wei 

Sequence 5'-3' GC/AT No.of scorable 
L-- 

CCTGGGC 
CCTGGGGTA 
TTCCCGGAGC 7:3 27 
GAGGGCGTGA 7:3 30 
GGGCTCGTGG 8:2 34 
GGGCGCGTGG 8:2 18 
GGGCGCGAGT 8:2 25 
GGGGGGAAGC 8:2 26 
CGGGGGATGG 8:2 34 
ATCGGGTCCG 7:3 14 
ATCTAGGGAC 5:s 18 
CTCCCGGTGG 8:2 34 
GCGGCCCTCT 8:2 36 
CCCACAACCC 7:3 15 
CCCAACCCAC 7:3 28 

TCTCCCTCn 6:4 33 

PCR amplification was carried out in 10 pl  
reaction volume in MJ Research DNA engine. A 
temperature profile of 94 "C for 5min followed by 35 
cycles of 94 "C for 1 min, 55 "C for 1 min and 72 "C 
for 2 min and finally 72 "C for additional 8 min to 
complete the reaction was used. Amplification 
products were electrophoresed in 0.4 mm thick (16 
cm X 18 cm) 5 % polyacrylamide-7 M urea denaturing . 

gels. Wells were loaded with 5 p1 of each amplification 
reaction products mixed with 5 p1 of loading buffer 
(40% Urea, 3% Ficoll, 0.02% xylene cyan01 FF, 0.02% 
Bromophenol blue in Tris- EDTA buffer, pH 8.3). 
Electrophoresis was carried out at 15W for 40 min. 
The gels were stained with silver nitrate using the 
technique c 1 
by drying : 

)f Bassan 
it room t 

net nl. (1 
emperat 

99 1). Gc 
ure. 

PCR amplification 

:Is were I 

Fingerprint analysis 

interactions between DAF parameters were 
G V ~ ~ ~ U ~ ~ L G U  oy using pooled level approach (Cobb and 

3 gave an 
s were nc 
- L..* 

S= - 10 log [l/n !=I "S I/plL] where. n- number of levels 

For each reaction component, the optimum level 
was deduced from observed maxima of S value. 

Results and Discussion 

DNA concentration 

DNA concentration of 20 ng (2 ng/pl) was found 
to be giving distinct scorable bands. DNA of 1 ng, 3 ng, 

1 5 ng alsc nplification but the lower molecular 
~ght band )t scorable. 10 ng concentration gave 

a~~~pl i f ica t io~l  U U L  ~cproducibility was not as high as in 
the case of 20 ng DNA. 

DNA and primer concentration 

Amplification was obtained with different primer 
concentrations (5, 7 and 10 pM) with different DNA 
concentrations (1,3, and 5 ng). 1 ng template DNA didn't 
give good amplification with 5 pM primer, but gave 
amplification at 7 pM and 10 pM. Like wise 3 ng and 5 
ng template DNA is not amplifiable at 5 pM primer 
concentration (Fig. la). Although amplification was 
obtained with lower template concentration, reproducible 
pattern was obtained with high template concentrations 
(> 1 ngl pl). Even though scorable amplification pattern 
was obtained with all three DNA concentrations (10,20 
and 35 ng) with different primer concentrations (7.5, 15 
and 20 pM), 7.5 pM produced less intense of bands 
compared to 15 and 20 pM concentration. Consistent 
fingerprints were obtained with primer concentration of 
15 pM and 20 ng template DNA with scorable range 
from 100 bp to 1500 bp (low and high molecular weight 
range) and S value was maximum at 15 pM primer and 
20 ng DNA (Fig. l b  1 

M 1 2  1 5 6 7 8 9  

, Table 2: 
3 L 

Clarkson, 1994). Number of scorable bands (N) was Fig. I a. PCR amplification of baryi~ig concentration of coconut DNA arid 
counted in each treatment. Pooled values (P) of N primer. Total DNA from coconut cultivar WCT was amplified with 

, , 

corresponding to particular treatment were used to 
calculate signal to noise ratio (S) for each reaction 

Taq polymerase and primer (UBC66). Each electrophoretic lane was 
loaded with 5 p1 of amplification reations. Lanes 1-3: 1 ng DNA, 
Lanes 4-6: 3 no, DNA, Lanes 7-9: 5 no, DNA, each with 5.7, and 10 - 

component. pM primer respectively. M: blolecular weight markers in bp 
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Fig. lh. Lancs 1-3: I0 ng DNA,  Lane? 4-6: 20 ng DNA, Lanes 6-9: 35 ng 
DNA with7.5,15 and 20pM primerrespectively. M: Molecularweight 
markers in bp 

Table 2. PCR parameter and S value 

PCR com~onents  S value 

Primer 
7.5 pM 
15 p M  
20 pM 

DNA 
long 
20 ng 
35 ng 

dNTPs 
200 p M  
250 p M  
500 p M  

Enzyme 
1 u 
2 u 
3 u 
Mi%" 
3 mM 
4 mM 
5 mM 

Annealing temperature 
45 "C 
50°C 

55 "C 

fused banding pattern with 2 U and 3 U enzyme. S value 
was maximum at 2 U of enzyme. 

dNTPs concentration and annealing temperature 

dNTPs concentration of 200 pM (each dCTP, 
dGTP. dATP, dTTP) gave lesser intense bands therefore 
was not sufficient for amplifying DNA of 20ng with 15 
pM primer concentration. At 500 pM concentration, 
amplification was obtained with some artifacts in high 
molecular weight range. dNTPs of 250 pM, 20 ng DNA 
and 15 pM primer gave good amplification pattern (Fig. 
2). Although amplification was obtained with 3 
concentrations of dNTPs both at 50 and 55 "C annealing 
temperature, band intensities varied at each level. At 50 
"C annealing temperature, sharpness of bands was 
reduced with 500 pM dNTPs, sharp intense bands were 
obtained with 250 pM and faint banding pattern was 
observed with 200 pM. At 55°C annealing temperature 
scorable sharp bands were obtained with 500 pM and 
250 pM, and bands were faint with 200 pM. 250 pM of 
each dNTPs found to be giving a more reproducible 
banding pattern compared to 500 pM dNTPs. Annealing 
temperature of 50  "C resulted in non-specific 
amplification (Fig. 2). Low annealing temperature with 
high dNTPs and high primer concentration promote 
mispriming and accumulation of non-specific products 
(Caetano- Annolles, 1998). Hence 55 "C annealing 
temperature was selected for DAF analysis. Maximum 
S value was realized at 250 pM dNTPs at 55 "C annealing 
temperature. 

DNA and Enzyme concentration 

10,20, and 35 ng DNA were tested with 1 U, 2 U 
and 3 U Taq DNA polymerase (15 pM primer, 4 pM 
MgCI, 250 p M  each dNTPs, 55 "C annealing 

All the three enzyme concentrations (1 U, Fig. 2. PCR amplification of 20 ng DNA at varying dNTF's concentration 

2 U and 3 U) gave amplification with all 3 DNA with5O0C and 55 "C annealing temperature. Lanes 1-3: 200 pM, 250 
pM and 500 pM dNTPs respectively with5S°C annealing temperature. 

concentrations. 20 ng DNA with 2 U enzyme resulted in Lanes 4-6: 200 pM, 250 pM and 500 pM dNTF's respectively with 50 
the most intense and sharp bands. 35 ng DNA produced "C annealing temperature. M: Molecular weight markers in bp 
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Mg++ and dNTPs concentration distinct DAF products obtained (Caetano-Annolles, - 

MgC1, concentration at 3 mM and 4 mM gave 
optimum intensity of bands with 250 pM dNTPs. 500 
pM did not result in proper amplification. MgC1, at 5 
rnM produced non-specific bands that appeared diffused. 
S value maximized at 4 rnM MgCl,. 200 pM dNTPs 
produced background with all the three MgCI, 
concentration. Hence 4 pM, which gave optimum 
banding intensity and consistent prof 
for fingerprint analysis (Fig. 3) 

M I 2 3 4 5 6  

iles was 

7 

selected 

8  9 

Fig. 3. PCR amplification of 20 ng DNA at valying MgCI2 concentration 
with varying dNTPs concentration. Lanes 1-3: 5.4 and 3 mM MgClz 
respectively with 500 FM dNTPs. Lanes 4-6: S,4 and 3 mM MgC12 
respectively with 250 pM dNTPs. Lanes 7-9: S,4 and 3 mM MgCI2 
respectively with 200 pM dNTPs. M: Molecular weight markers in 

1994; Prabhu and Gresshoff, 1994). In contrast, Sen et 
nl. (1997) suggested the dependence of DAF pattern on 
the genome size of the species examined and the GC 
content of the primer used and reported that the larger 
genome size and high GC content of the primer result in 
high background smear DAF pattern in wheat. Studies 
on soybean, caucasian human and Stnphylococcus nztrezrs 
(Caetano-Annolles et nl., 1991) also indicated that the 
number of DAF products depended on the genome size 
of the species and the GC content of the primer. Even 
though the coconut has larger genome size (3.6 X lo9 
bp) higher GCIAT ratio of primer did not give smear 
DAF pattern. 

F ~ ~ D A F  reproducibility most important factors Fig. 4a PCR arnplif cation of 20 ng DNA with 16 UBC plimcn (IS pM primer, 

suggested were annealing temperature, primer, enzyme 2 U Taq DNA polymerase, 250 pM each dNTPs, 4 mM MgCI, SS "C 
annealing temperature). Lanes 1-8: UBC2, UBC8, UBCS2, UBC66, 

and magnesium concentration (Caetano-Annolles et. nl., UBC72, UBC83, UBC84, UBC87 respectively. M: Molecular weight 
1999). Our results recommend that dNTP concentration markers in bu. 
also as important for getting reproducible banding M I 2  3 4 5  6 7 8  
pattern. 

Fingerprint pattern with UBC primers 

All the 16 primers gave characteristic fingerprint 
pattern with WCT DNA. The amplification profiles 
contained 25-30 scorable bands on an average (Fig. 4a 
and 4b; Tablel). The DAF pattern for different primers 
were compared with different GCIAT ratio. Out of 16 
primers, the GCIAT ratio is 7 : 3 for 7 primers, 8 : 2 for 6 
primers, 6 : 4 and 5 : 5 each for one primer. Good 
amplification was obtained with all the primers 
irrespective of their GC content (Fig. 4b). This 
demonstrated that DAF pattern is independent of the 
primer GC content Earlier studies also suggested that 
the GC content of the primer had no correlation with Fig. 4b. Lanes 1-8: UBC800, UBC77-0, UBC70I. UBC356, UBC3.i1,UB( 
either the amplification itself or with the total number of UBCI 00, UBC88 respectively. M: Molecular weight markers in bp. 

4 
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Conclusion 

From the foregoing it can be concluded that 20 ng 
template DNA, 4 mM MgCl,, 250 yM each dNTPs, 2 U 
Taq polymerase enzyme, 15 yM primer, 55 "C annealing 
temperature are essential for reproducible DAF pattern 
of coconut DNA. These PCR conditions can be 
successfully used for developing markgrs to tag root 
(wilt) resistance genes. 
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