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A gene encoding one of the pathogenesis-related proteins, PR 1 a, and two related pseudogenes were isolated 
from Nicotiana tabacum. The cloned PRla gene (pPR-y) and one of the pseudogenes (pPR-a) were se- 
quenced and found to have similar structures. The sequence of pPR-y was quite similar to that of the cDNA 
clone of PRla. The plasmid pPR-y did not contain an intron and had a typical promoter sequence in the 

5’-flanking region. 
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1. INTRODUCTION 

Some plants produce a set of new proteins in 
response to viral infection [ 11. These proteins, 
called pathogenesis-related (PR) proteins, consist 
of 10 different proteins in Nicotiana tabacum [2], 
and are thought to be associated with ‘acquired 
systemic resistance’ [3]. PR-1 proteins constitute a 
well-characterized subgroup of PR proteins of low 
molecular mass and consist of 3 molecular species 
PRla, PRlb and PRlc, which have similar 
biochemical and serological properties [4-61. 
Recently, we and others have isolated and se- 
quenced cDNA clones for PR-1 proteins [7-91. 
However, the genomic sequences of PR proteins 
have not yet been reported. Here, we describe the 
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nucleotide sequences of a PRla gene and PR-1 
related pseudogenes. Furthermore, we discuss the 
putative regulatory sequence in the 5 ‘-flanking 
region. 

2. MATERIALS AND METHODS 

Plants (N. tabacum cv. Samsun NN) were grown 
in a greenhouse at 25°C. DNA was prepared as 
follows. Mature leaves were homogenized in 
50 mM Tris-HCl buffer (pH 7.5), containing 
0.3 M sucrose, 5 mM MgC12 and 0.1 M N,N- 
diethyldithiocarbamate sodium salt. Nuclei were 
collected by centrifugation (12000 x g) for 20 min 
at OT, then lysed with 50 mM Tris-HCl buffer 
(pH 8.0) containing 20 mM EDTA and 1.5% 
sarkosyl. High-M, DNA was purified by CsCl den- 
sity gradient centrifugation, followed by complete 
digestion with EcoRI, and fractionation using 
lo-40% linear sucrose density gradient cen- 
trifugation. 

DNA fragments were ligated into the phage vec- 
tor hgt 11 to clone PR-1 genes. The cDNA clone for 
the PRla peptide, pPR1183 [9], was used as a 
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hybridization probe. The DNA sequence was 
determined using the dideoxynucleotide chain- 
termination method [lo]. Southern blot analysis 
was performed as in [l 11. Filters were washed with 
0.2 X SSC, containing 0.5% SDS at 42°C for 3 h. 

3. RESULTS AND DISCUSSION 

Seven bands were detected on Southern blot 
analysis of total genomic DNA digested with 
EcoRI using the insert of pBRl183 as a probe. We 
termed each band a-q in ascending order of frag- 
ment size. The copy number of each fragment was 
estimated in comparison with an internal marker, 
based on a haploid genome size of 2 x lo9 bp for 
N. tabacum [12]. The copy numbers of LY, p, y and 
6, which gave strong signals, were very low, 
perhaps one or two. The results suggest that there 
are at least four kinds of PR-l-related genes having 
different EcoRI sites. The other fragments gave 
weak signals. The results suggest that the 
fragments were less homologous with the probe. 

We cloned three fragments, LY, y and 6, into 
hgt 11, then recloned into pSK( + ) (Stratagene) for 
further analysis. Fig.1 shows the physical maps of 
a and y. The synthetic 17-nucleotide oligomer, 
which corresponds to the antisense strand of the 
5 ‘-non-coding region just upstream of the initia- 
tion codon of PRlb (GACTATAGGAGAAAT- 
GT), hybridized to the region indicated by the 
broken line. The insert of pPR1183 hybridized to 
the region denoted by underlining. These results 
show that only one gene exists in these fragments. 
The hybridization signal of the cDNA insert 
against pPR-S was very weak. We therefore infer 
that pPR-6 is a pseudogene of PR-1 or a gene of 
another subgroup of PR proteins of similar struc- 
ture [13]. pPR_cy and pPR-y were further 
characterized by DNA sequence analysis. 

The nucleotide sequences of pPR-cu and pPR-y 
are shown in fig.2. The sequence of pPR-y be- 
tween nucleotides 25 and 776 was identical with 
that of pPR1183. This result shows that pPR-y is 
the genomic clone for PRla. This gene did not 
have an intron. We have also sequenced 318 bp of 
the 3’-non-coding region and 436 bp of the 
5 ‘-upstream region. The sequence of the 
5 ‘-upstream region was very AT-rich. The 
transcription starting site was determined to be A 
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Fig. 1. Physical maps of pPRcv and y. The regions which 
hybridize with the insert of pPR1183 and the synthetic 
oligomer just upstream of the coding region are 
indicated by the underlining and the broken line, 
respectively. The sequenced region is shaded. E, EcoRI; 

X, XhoI; P, P&I; C, ScaI; A, AccI; H, HindIII. 

at 29 bp upstream from the first ATG by primer 
extension assay (not shown). This initiation point 
lies within a sequence homologous with the mam- 
malian cap site consensus sequence, YCATTCR 
(Y, pyrimidine nucleoside; R, purine nucleoside 
[ 141). The sequence TATAAATA is found at posi- 
tion - 34 corresponding to the TATA box. A 
perfect dyad symmetrical structure was detected 
just upstream of this sequence (indicated by arrows 
in fig.2). It is notable that, overlapping this region, 
a sequence similar to the heat shock element of 
soybean was detected [15]. Actually, the sequence 
GTGAAATCTTCAAG designated by the shaded 
area in fig.2 shares 64% homology with the heat 
shock element 5 ’ upstream of the soybean hsp70 
gene (CTGGAACATACAAG). This sequence is 
also similar to the consensus sequence of 
Drosophila (CTnGAAnnTTCnAG [ 161). 

Fig.2 also shows the nucleotide sequence of 
pPR_cu. This sequence is quite similar to pPR-y 
(PRla gene) and the cDNA sequence of other PRl 
groups (PRlb, PRlc [8]). However, there was an 
insertion of two bases in the coding region at posi- 
tion 145 in addition to some base exchanges. 
Moreover, the sequence corresponding to the in- 
itiation codon of PRla was replaced by ATC in 
pPR-cy. These base exchanges give rise to new, 
potential translation start sites (ATG) at some 
positions. However, they are immediately followed 
by the termination codon. These results show that 
~PR-(Y is an inactive pseudogene. This gene may be 
derived from a common ancestor of the PR-1 
subgroup. 
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TCCATGGCAT TCCCATTCTG 

GAAAATATTA ATTAACACAT 

AAAAAGTGTT TAACTTCATG 
CAATTGGTAA CTGCATATAT 

AAAAAAGCGA 

TAACCATAAC 

CATTGACAAT 
AAGTTTAATA 

pPR-a -** 

ATATTACATT GATATTACCA TGTCAAAAAA 
*******“C” A********* *It******** 

TTTCTCCPAT AAATGCCTT GGTAGTAAAT 
****c***** ********** ********** 

- PRla coding 
ATGGGATTTG TTCTCTTTTC ACAATTGCCT 
**CA”“““*” *********k ****A*“**” 

TATCCCACTC TTGCCGTGCC CAAAATTCTC 
*,c**,c***** *****A**** A********* 

TGTAGGTGTA GAACCTTTGA 
,r*****C”*G ********A* 

CCTGGGACGA CCAGGTAGCA GCCTATGCGC 
******************** ********** 

AAAATTATGC TTCCCAATTG 
***““““““T ***T***k”* 

GCTGCAGATT GTAACCTCGT 
********c* *c******** 

ACATTCTCAT GGTCAATACG GCGAAAACCT 
********** **c******* ********** 

AGCTGAGGGA AGTGGCGATT 
****c***** ********** 

TCATGACGGC TGCTAAGGCC 
**G***T*A* C********* 

GTTGAGATGT GGGTCGATGA GAAACAGTAT 
**C”*““““” *****A”*** *****““*“C 

TATGACCATG ACTCAAATAC 
********** ********** 

TTGTGCACAA GGACAGGTGT 
**rt***‘k*** “““**“*A”” 

GTGGACACTA TACTCAGGTG GTTTGGCGTA 
****************k*** **““*““A”” 

ACTCGGTTCG TGTTGGATGT 
*“““*“***A ********A* 

GCTAGGGTTC AGTGTAACAA 
***xx***** ****C***** 

PR 1 a coding - 

TGGAGGATAT GTTGTCTCTT GCAACTATGA 
********** ********** ********** 

TCCTCCAGGT AATTATAGAG 
********** ***GTC*T** 

GCGAAAGTCC ATACTAATTG 
**c******* *___****** 

AAACGACCTA CGTCCATTTC ACGTTAATAT 
“““T”“__G” T”“*“““““* ***k****** 

GTATGGATTG TTCTGCTTGA 
“““““““C__ ********** 

TATCAAGAAC TTAAATAATT 
**C;t******* ********** 

TATA 

GCTCTAAAAA GCAACTTAAA GTCAAGTATA TAGTAATAGT ACTATATTTG 

TAATCCTCTG AAGTGGATCT ATAAAAAGAC CAAGTGGTCA TAATTAAGGG GAAAAATATG AGTTGATGAT 
****T**“*” ******C”“* **MT”**** ******C**T “G”“““T”“” *********k +A”“Cc ppf+a 

CAGCTTGATG TATGATCTGA TATTATTATGAACACTTTTGTACTCATACG AATCATGTGG TGATGGTCTA 

GCTACTTGCG ATATTACGAG CCAAATTCTT AACTACATGC CTTAGGAACA AGCTT- PPR- 7 

FEBS LETTERS December 1987 

p.PR-Y -TATTAT TTAATTCTTT 

TATAAATATG GAAGTAAAAT TAATCAGATC GTTAAATGTA 

CAGTCTACTT TATTTAACAA AAAGCACATC TGATAGATCA 

TTAAAATTAT TTTGCAACAT CAGGTAAAAC TATTTTACAA 

TGGTAACCTA GAAAATAGGA TAAATTATCT ATAACAGGAT 
ATATCGAAGC A***T**ATC AG*TCGC*TA *ATGG**A** 

TTTAGTAAGT ACATGAATAA 
**“““““““**f*“*“““GG 

+1 

CTAGTTTTTC CXTTCAAGAT 
***,c***““G G*““*“*A*X 

ACAACATTTC TCCTATAGTC 
*A”*“***** *A”““**“*” 

TCATTTCTTC TTGTCTCTAC 
********** ********it* 

ACTTCTCTTA TTCCTAGTAA 
****A***** *****“A”“” 

AACAAGACTA TTTGGATGCC 
*,c******** C”***~*X*T 

AT 

CATAACACAG CTCGTGCAGA 
**A****“*” ****X***** 

Fig.2. Nucleotide sequences of pPR-cu and pPR-y. The sequence of pPR+ is shown only where differences occur with 
pPR-y. Identical bases are indicated by asterisks. A bar and open triangle signify a deletion and insertion, respectively. 
The position + 1 is denoted the putative transcription starting site. The potential TATA sequence is boxed. The dyad 

symmetrical structure is indicated by arrows. Transcription starting point is indicated by a closed triangle. 
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