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Table 1. Cycling conditions used for self-formed panhandle PCR  
 

Reaction Step  Primer  Cycles  Cycling conditions 

 
 
Self-formed  
panhandle 

2 
   
 
 
 
3 

 
 

 

       
      

1 µl of 5 µM 
panhandle 

1 (a) 70°C ( 3 min); 
  
1 
 
 
 

(a) 94°C (3min);  
(b) 25°C (3 min),  
then ramping to 70°C at 0.2°C per second;  
(c) 72°C ( 4 min);  

  
1 
 
 

(a) 94°C (3min),  
then cool down to 4°C at 0.2°C per second; 
(b) 4°C ( 5 min),  

     

Primary 4 
3 µl of 5 µM 

PAP1 and GSP1 

20 
 
 

(a) 94°C (2min); 94°C (1 min) 
(b) 60-50°C ( 1 min), touch down 
(c) 72°C ( 3 min); 

  
15 
 
 

(a) 94°C (2min); 94°C (1 min) 
(b) 50°C ( 1 min),  
(c) 72°C ( 3 min); 

     

Secondary 5 
3 µl of 5 µM 

PAP2 and GSP2 

20  
 
 

(a) 94°C (2min); 94°C (1 min) 
(b) 60-50°C ( 1 min), touch down 
(c) 72°C ( 3 min); 

15 
 
 

(a) 94°C (2min); 94°C (1min) 
(b) 50°C (1 min),  
(c) 72°C ( 3 min); 

 
 
 

Table 2.  Primers used for cloning of rbcS gene from L.minor. 
 

Primer  Primers sequence ( 5’ to 3’)   Purpose 

PF1 MGATAAGRTGTAATCCW cloning of rbcS gene 
PR1  
PAP 1  
PAP 2 

TGGAAGCCATCATCGACGAAGCCAT 
CACGACACGCTACTCAACAC  
CTCAACACACCACCTCGC 

from L.minor 
Adaptor primer 
Adaptor primer 

3GSP1 GCTTCGTCGATGATGGCTTCCACCG  3’-walking  
3 GSP 2 CGGCGACGAGGAAGGCTAACGATCTGT  3’-walking 
5 GSP 1 CGGACCTCAGCCCGTTGAAGGGTGC 5’-walking 
5 GSP 2 ACGCTGGCCACGGCGGCGGTGGAGC 5’-walking 

 
 
 
photons m–2 s–1) in a 18/6 h (light/dark) photoperiod. Genomic DNA 
was isolated from fronds of L. minor using the method described by 
Youru and Sandui (2011). 
 
 
Isolation of the partial rbcS gene from L. minor 
 
Based on the known L. minor rbcS gene sequences, degeneracy 
primer pairs (5’- MGATAAGRTGTAATCCW-3’) and (5’- 
TGGAAGCCATCATCGACGAAGCCAT-3’) were designed to amplify 
a new partial rbcS gene by PCR. About 400 bp DNA fragment was 
obtained by PCR.  

This DNA fragment was cloned into the pMD18-T vector 
(TakaRa) for sequencing. Sequence analysis of this DNA fragment 

revealed that it shared 82-85% identity with the known L. minor 
rbcS gene, which indicated that the 400 bp DNA fragment was 
partial rbcS gene. 
 
 
Self-formed panhandle PCR  
 
According to the sequence of new rbcS gene, primiers were 
designed for self-formed panhandle PCR (Table 2). The steps of 
self-formed panhandle PCR (SEFP-PCR) for 5’walking are 
summarized in Figure 1, and the steps of SEFP-PCR for 3’walking 
were the same as those for 5’walking except that genomic DNA 
was digested with BamHI; panhandle adaptor sequences and 
primer sequences are shown in Table 2. 
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Figure 5. The isolated rbcS gene from Lemna minor by SEFP PCR. 

 
 
 
DISCUSSION  
 
We have shown that the self-formed panhandle PCR 
(SEFP-PCR) is an effective method for DNA walking to 
an unknown genomic region from a known sequence. 
SEFP-PCR was successful to isolate 1292 bp rbcs gene 
and its 5’upstream sequence of 1543 bp from L. minor.  

SEFP-PCR combined the advantage of ligation-
mediated PCR in its specificity and the advantage of 
panhandle PCR in its efficiency. Compared with the other 
existing PCR methods for walking, Self-formed pan-
handle PCR has many advantages: (i) High specificity; (ii) 
a high positive rate of a specific band; iii) Long length of a 
walking step, theoretically, 46 bp (4096 bp) fragment can 
be obtained by SEFP PCR; and (iv) a high success rate 
to walk down in one direction.  

The advantages of this method are the easy 
implementation of the procedure, the use of common 

materials, the relatively few steps needed to amplify the 
target region, and the high level of specificity achieved in 
target sequence amplification. 

The following aspects of Self-formed panhandle PCR 
that are different from normal panhandle PCR should be 
noted: (i) The DNA template concentration should be high 
to facilitate the creation of the panhandle adaptors; and 
(ii) Panhandle adaptor should be added at annealing 
temperature to improve its specificity.  

For the general application of this method, it should be 
noted that the length and efficiency of walking to an 
unknown region depend on the restriction enzyme used 
and the frequency of restriction sites in the genomic DNA 
of the target organism. 
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TTCAATATCGTAAGCCAGTAATTTTTGACGAATCCCTCTCTCTATATTTGTAGGAAACCCTATTTTTGTCAAATCCCTCACATTTCACA

AATTTGGTATTGATTATTGAATTGGGTACTTCGAATATGTAATTGAGTCAAAATGTCCATCCACGTCCCTTAGGAAGTCAATGCATGGT

ACAACTATTGGGCACCAATTCATTAACAATGCTCAATAGAAAATTCATGCCTAATATTTAACTAGATATCACTTTCTCCCTTCATGGGGT

ATCAGTGTGCGTGTCACCAGGATCAGGGCAAGGATCGAACGACGAACACTAGTTGGAATTTATATAGAGCCTTTGTTTAATGAGGC

ATTTCATGTCTTCTTTGGAACACAAACTAGTTGTCACTTATCTCATATCTTCGTTGGAAAACAAACCAATATCTCACTAATCACGCCGC

TATTGCTTGTGGAAACCAACTAATGACCACTCCTTTAATCCTTAGGCCAAATCAACATTGCCTCCTGGAAGAAGTCACCAAGCCTCT

CCCACTATCAACATTACCCTTGTATGCCATCAAAATTCACAGCAAATTCCACCTTCTCCCACCATGTGTTCTTAGCTACATGAACCTT

AAGTGTCAATTATACTATGCCCCCCTAACAAAACACACCCAAGACAATAATTGGATTTGAATAGGTGAGTTTAATTTATTTTGAAATATT

TAAATCCACCTGACTCCAATAATATCTCACTCTATCACAACAAAGACAAAATCTTCTTATTTTTTTAAGTGTATAATGAAAGTGAAGCAA

GCAAATAAACTTATCCCTAGATAGTAATTCCATACCACTTATCCCATCCCACCTAACACAAGTATCATCCCCTACTCACTCTCCCCTCC

AATAAAACCACTCAAATCCATCAAAACCATACATCTCAAGATAAAGTAATGCAACCCTAAACCACATATCCCTAGGCTTTGTCCTTTTC

CCACAGATAGCCTCTCCATAAAAGTGTAGCCCCTTGAGATAAGACAGTTGTGGAGGAGCGGGTGGATTGTCCCCCCTTGCAGAAG

ATCGGACCATGGCAGCCATAGAATACCCAAACCCTAAGACAGTGACTGTCCCTTATTTAATCAGACCAAGAGCTCTCTCAGAGACC

CCAGAGCTTCCGAGAAGAAGAGGAAGAGAGAGAGAAGGAGAGTGACCATGGCTGCCTCCATGATGAGCTCCACCGCCGCCGTG

GCCAGCGTTGCCAAGACCAGCATGGTCGCACCCTTCAACGGGCTGAGGTCCGCCGTCGCCTTCCCGGCGACCAGGAAGGCCAA

CGATCTGTCGACTCTGCCCAGCAATGGCGGGAGGGTGAGCTGCATGCAGGTGTGGCCGCCGGAGGGGCTGAAGAAGTTCGAGA

CCCTCTCCTACCTCCCTCCCCTCTCCGTCGAGGCTCTCTCCAAGGAGGTCGACTACCTCCTCCGCAACGGCTGGATTCCCTGCG

TTGAGTTCTCCAAGGTATAACAAAACCCATTCTTATCGGTTATCGGATCCTTATCGAATATCATACCCTTTTTGGAATTCTCCAAGGCG

AAAATCTTTCCGATTTTGGTCATCCTTATTGGTACCATTTTCGATAACAATTGGGCCCCGTTTCAGTTAATGGGTCCCATTTTGATACC

GAATCCGTATTGATATCTCCTTCAGTACCGATTGTGTTGTCGAAACGAGTGTTTCTATACTTGATTGATCAGACCCATGTTTTGGTTG

CTAAAATTGATTGGTATCGGATGCCGAAACGGAAACTTTTGATTTTGCGGTTCTTATCGGTACCATTTTCGACCAAAAGTTTCCGTTA

ACGGGTCCCGCTTTGATACCACTATCCGTTATCGGTTACACGATCCAATTCTGATATTGGACCTGTACCAATATCTCTTCTAGTAACG

ATGGCGATATAGATTGCTATCCAATTGCGATATCCATATCAAAATGACTAGTTCGATAGTCGATATCCAGACCCATGTTTGGTATCCAA

TATTGATTGATATTGAATACCAAAAGAGAAAGTATCAGTATTCAATTCTTATCGGTATTGCTACTAGATGCGATGTCGGTACCTGGATG

GGCGAACCCGCAAAGGATTATGAAGGGAAGTGGTGCCGTATCCTTATCGATACCGGTTCAATACCGGTATCCAATACCGATAACAG

CTCCACTATCCAAAGTCAATCGAAGCCGCAAAACCCAAGTGTGTATTAGTATCTAAAATCCGATATTCGTTAACAAAAGGGTTCGTGT

ACCGCCAATACCACGCCTCCCCCGGGTACTACGATGGGCGCTACTGGACCATGTGGAAGCTGCCCATGTTCGGGTGCACCGACG

CCAGCCAGGTGATCGCCGAGGTGGAGGAGGCCAAGAAGGCCTACCCCGAGTATTTCGTCAGAATCATCGGCTTCGACAACAAGC

GCCAAGTCCAGTGCATCAGCTTCATCGCCTACAAGCCCACCTAA 
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