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Introduction:
Cassava storage roots develop from primary roots by a peculiar secondary growth and accumulate starch 
up to 85% of their dry weight. To improve cassava root traits via genetic engineering, the availability of 
tissue specific promoters is a prerequisite. Here we describe the isolation of two root specific genes, c15 
and c54, and their corresponding promoter regions, both of which are related to vascular expression and 
storage root formation. 

1. Identification and expression analysis of c15 and c54
Two cDNAs, c15 and c54, were identified and purified from a cassava storage root cDNA library in differential screening by 
hybridising to radioactively labelled storage root mRNA and leaf mRNA.

cDNA c15: Size, 1840 bp; Homology, cytochrome P450s; 
Gene no., two or three; Genbank access. no. AY217351

Southern analysis of genomic 
DNA (a) and expression 
pattern (b) in leaf (L), petiole 
(P), primary roots in diameter 
of 0-1 mm (R1) and 1-2 mm 
(R2), and storage root (SR) 
using c15 probe.

cDNA c54: Size, 902 bp; Homology, Pt2L4; Gene no., two or three;
Genbank access. no. AY217354

Southern analysis of genomic 
DNA (a) and expression pattern 
(b) in leaf (L), petiole (P), 
primary roots in diameter of 0-1 
mm (R1) and 1-2 mm (R2), and 
storage root (SR) using c54 
probe.

2. Cloning of the c15 and c54 promoters and stable plant transformation 

Sequences of promoters p15/1.5 (a, AY217352) and p54/1.0 (b, AY217353)
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3. GUS expression driven by promoter p15/1.5 and p54/1.0
p15/1.5::uidA in cassava

p54/1.0::uidA in cassava

p15/1.5::uidA in Arabidopsis

p54/1.0::uidA in Arabidopsis
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p54/1.0 uidA
EcoRI

p54/1.0 probe uidA probe

NcoI

NostpCP54GUS

Expressing vectors:

Southern analysis of transgenic cassava containing p15/1.5::uidA (a) and 
p54/1.0::uidA (b)

Notes: Total genomic DNA was digested with EcoRI. P, plasmid pCP15GUS in (a) and pCP54GUS in (b); Wt, wildtype control; 
Symbols 1 and 2 of (B) and 1 to 9 of (C) represent different transgenic cassava lines.
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Conclusion:
Our results demonstrate that the two promoters are related to vascular expression and secondary growth of storage roots in cassava. 
The results presented here on histochemical localisation of GUS activity in mature cassava organs suggest that these two promoters 
are valuable candidates for targeted gene expression for genetic improvement of cassava, such as delayed post-harvest 
physiological deterioration and nutritional improvement of cassava storage roots.
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61   ATTTAAATTT TTTAAATAGA ATTTAACTCG TTAATATAAT AAATGAATTT ATTACGAATA

121  GAGTTGGAAT CAAATTCAAA TTTAATATTT ATTCTATGTT TATAAATGAA ATTTAAATTT

181  TTAAATTTAT TTTTTAATAA ATTTATTTTA TCAAGATTTA GTTTAGTTGG ATTTGATTAG

241  AGGTGAATAT AAATTGTTTT TAAATTTTAT GTATTTAAAA TAAAGAAATA AATGATTAAT

301  AAGCACAGAA GTGAAATTTT GTAAAAAAAT TAATGAAATT TAAGTCCCCA TGCGTTGGTG 

361  AAGGCAGGTG CAATAATTCA AACGTGCGTG CGGATATATG ATAAAACAGT TAGCAAATTA

Athb-1 <--------------- -------------> MYB.Ph

421  TAACACGTGG CGCTAGAGAA TCCCAACTAC CTTCCGTTTT CTCTATTGTC ACGAGTTACA 

481  AATGAAATCA CCTACCAAAT CTGTAACTAT TAATTCTTTA TTTTATTTAC TTTTATCGTT 

---------> P

541  TATTATTTTA CAGACGTGGT AGCTGGTGCT GTACCACCAC GTGCCAATAA TTTTAATGTT 

P <--------- Athb-1  <--------------

601  TAACGGAGTA TTCAATATTA CGTATAAAAT AAATATTTAT TAAAAATATT TTATTCAATT 

661  TATAATATAT AAATTTATCT CAATATTTAC TTTATTTATA AAAATCAAAC TTAAACAAAT 

721  TCGTCAAAAG TACAGAATTT TAATTTGTTC TCATATGCAA GAAGTCTATT CTCGTAGGAT

781  GAGTTTAGTG CACGAACTTC AATGACATAG GTGTTGAGCT CCTTGTCATC GATTTGATAT

841  TACAAATTTT ATTTTTTTAA AAATAAAAAA TATAAAAATT ATTATATAAT TTTATTAAAT 

901  TTTTAATTTA AAATTTATAA TTTAATATAA AACATTTAAT TTAATTTTAT ATTTAAATAA

961  TATCTCATAA CATCATATCA TTTATTAATA AATTTTAATA GGCAAATTGA GTAAATTTGA 

1021 AATTTATAGT GGGAGTAAAT GAAAGCTTTG GCAACTTGCC TCGATGATTG AAGTTCAATA 

1081 ATCAGAAAAG TACGAAAAAG CCAGAAAGTC ATAAGGGAAA CTAGAGGAAA AATTAAATAG 

1141 AATTGGCGTA TACATCATTA AATTTCCACC AAACAAATTG CACAATCTTC ATTTGGAATC 

1201 TTATTTCTTG GCTTTAATTA TATCAGCATC TTTCCTTCCT TTCTTTTAAA TAAAATAAAA

1261 TACATACACT CCTGCCTTTA TTAGCCGAAG GTTTTGGGCT TTTCCTTTTT TTATTTTGGT 

1321 ATTTAGTCTG TATATAAAAA TGGTATTAAA ATAAAAACGT GCTCACCCAA CTCTTGATAT 

1381 AAGTAAATTT TTAGAGTCGA TTATATAAAG GGCGTGGGGG GTGCTTGCAA CTCCNCAAGG

1441 GCAGGAAACC AAAACAAAAT TAAAGATG
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361  TTTATAAGAA ATTAGAATTA ACCAATTTCA TAATTATATC ATTCATGACT ATTGATTATA

421  ATATCTGACA AATCCTGTAA TGATTTTTAA CCCATTTCAG TATGATTTAC TCATCCCATT

481  CTTTATGGCT GCTTCAATAT ACAGAGTTCA TGACATGTGA ATCTGAATTT AAATATTAAT

541  TTCTCTGTTT AATTAATAAT TAATAATCCA TTTCATATAA TTTTTTTAAA TTAATTAATT
--------------> SBF1
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901  TAGGTAGAGT TCCCACCTCT CTCCCTCTCA CATGAAGCTT ACTGGCCTCT ACTCCTCTCT

961  CTATATAAGC CACTCTCAGT TACCCTCTCT CTGCACCAAA TACACTCTAA GCTCTCTCTT

1021 CACTTCCTCT TTGCTTCTCA CCATTTACTT TTAGTTTCTA TTTCATTTTC TCTTGCTTTC

1081 TATG
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--------------> SBF1
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721  GGCCCTCCAT TATTTACACT TTTCGATCAA AAACAAATAT CATGGGTAAT TTAAAAAGAT
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901  TAGGTAGAGT TCCCACCTCT CTCCCTCTCA CATGAAGCTT ACTGGCCTCT ACTCCTCTCT

961  CTATATAAGC CACTCTCAGT TACCCTCTCT CTGCACCAAA TACACTCTAA GCTCTCTCTT

1021 CACTTCCTCT TTGCTTCTCA CCATTTACTT TTAGTTTCTA TTTCATTTTC TCTTGCTTTC

1081 TATG
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Notes: Bold letters underlined with dashed arrows indicate putative 
binding sites for transcription factors Athb-1, MYB.Ph, SBF1 and P. 
The translation start is indicated by a bold arrow below the ATG codon
on each sequence. The putative TATA boxes are shown in boxes.
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Notes: a, leaf; b, Petiole; c, stem; d, primary root; e, storage root. Notes: a, shoot; b, stem and root.

Results:


