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LETTER TO THE EDITOR

Nucleotide Sequence of the Gene for Bacteriophage T7
RNA Polymerase

Differences between two previously published nucleotide sequences for
bacteriophage T7 gene I have been resolved. The revised sequence has eight
changes from the sequence that was used to compile the complete nucleotide
sequence of T7 DNA. The revisions do not change the total number of nucleotides
in T7 DNA or the predicted number of amino acids in T7 RNA polymerase. Only
one of the changes introduces any change in predicted cleavage sites for known
restriction endonucleases, and the correctness of the revised sequence at this
position has been confirmed by cutting T7 DNA with the appropriate enzyme.
However, the revisions do make a substantial difference in the amino acid
sequence predicted for T7 RNA polymerase: 37 of the 883 amino acids are
changed, 35 because of a shift in reading frame for one stretch of 37 amino acids.
The predicted reading frame through this region now agrees with that predicted
for the same region of the homologous T3 RNA polymerase. The calculated
molecular weight for T7 RNA polymerase is now 98,856.

We have recently published a nucleotide sequence for the entire bacteriophage T7
DNA, 39,936 base-pairs (Dunn & Studier, 1983). The only part of this sequence
not determined by us was nucleotides 3283 to 5901, the region that contains most
of the coding sequence of gene I (T7 RNA polymerase, 3171 to 5822), a promoter
for T7 RNA polymerase (5831 to 5853) and an RNAase 111 cleavage site (5847 to
5899). The sequence we used for nucleotides 3283 to 5821 was determined by
Stahl & Zinn (1981), who sequenced a cloned copy of gene I (3127 to 5821), and
the sequence we used for nucleotides 5822 to 5901 was determined by Oakley &
Coleman (1977), who sequenced an Hpall fragment directly from T7 DNA (5764
to 5901).

Grachev & Pletnev (1981) have also reported a sequence for nucleotides 2858 to
5855, but their sequence is different from ours in six places in the region where the
two sequences overlap, and it disagrees with the Stahl & Zinn (1981) sequence in
an additional 37 places. We used the Stahl & Zinn sequence in compiling the
complete sequence of T7 DNA because it was in complete agreement with our
sequence in the region of overlap, and with all of the restriction mapping we had
done. The Grachev & Pletnev sequence, on the other hand, was discrepant in
several respects with our restriction mapping data, most notably in restriction
sites for Avall, BstNI, EcoB and Xmnl.

In terms of the biology of T7, the most serious discrepancies between the Stahl
& Zinn and the Grachev & Pletnev sequences for gene 1 are the four places where
single nucleotides are inserted or deleted relative to the other sequence. These
insertions and deletions shift the reading frame for translation, giving sequences
that predict substantial differences in the amino acid sequence in two regions
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TasLE 1
Revisions to the Stahl & Zinn (1981) nucleotide sequence for
T7 gene 1, and to the Dunn & Studier (1983) nucleotide sequence
for T7 DNA

DNA strand

Position Stahl & Zinn Revised sequencedt
4331 AG_A AGGA Lor
4442 GTTC GT ¢ lLor
4498-9 CGTC CTGC L1
4590 TTTC Trec {

4595 TTTC TTCC l
4916 CTGC CTAC r
5222 TCCG TCTG i

Hyphens in sequences have been omitted for clarity.
+ The I strand has its 5" end at the genetic left end of TTDNA: the r strand is its complement.

totalling about 20 amino acids. The problem was compounded by the recent
determination of the nucleotide sequence of the RNA polymerase gene of a related
bacteriophage, T3, by McAllister ef al. (1983). Their sequence of this homologous
gene agrees with the Stahl & Zinn sequence for two of the four insertions or
deletions, and agrees with the Grachev & Pletnev sequence for the other two.
Because of the central importance of T7 RNA polymerase in the biology of T7.
the interest in the enzyme itself, and the question of evolutionary divergence
between the T3 and T7 RNA polymerases, we decided to resolve the discrepancies
between the previous nucleotide sequences by making a third independent
determination of the nucleotide sequence of gene I. In so doing, we have
sequenced the entire region of T7 DNA not previously determined by us, that is,
nucleotides 3283 to 5901. This was done by the techniques of Maxam & Gilbert
(1979) on fragments of DNA isolated from wild-type T7 phage particles. Because
sequences were already available, the majority of the region was sequenced on one
strand only, and not every restriction cleavage site was overlapped. The sequence
we obtained seems unambiguous, and agrees with at least one of the previously
published sequences at every position. The changes from the Stahl & Zinn (1981)
sequence (and therefore the changes from the sequence given by Dunn & Studier.
1983) are listed in Table 1. The revised nucleotide sequence of gene I and the
amino acid sequence it predicts for T7 RNA polymerase are given in Figure 1.
Only one of the changes from the Stahl & Zinn sequence creates or eliminates
predicted cleavage sites for restriction endonucleases whose specificities are
currently known (Roberts, 1983). The G-T to T-G change at position 4498 to 4499
(Table 1) eliminates the AatIl (G-A-C-G-T-C1) and HgiDI (G-Pu-C-G-Py-C)

Fic. 1. Nucleotide sequence of T7 gene / mRNA and predicted amino acid sequence of T7 RNA
polymerase. The gene /7 mRNA is the product of RNAaselll cleavages (Dunn & Studier, 1983), and
corresponds to nucleotides 3139 to 5887 of the [ strand of T7 DNA (see Table 1 for definition). The
DNA just past the coding sequence contains a promoter for T7 DNA polymerase that initiates RNA
chains at nucleotide 5848 (Oakley & Coleman, 1977).



S ' -AGGTACGATT TAC TRAC TGGAARGAGGCAC TRARTGARCACGAT TRACATCGC TARGARC GAC
MET ASN THR [LE ASN ILE ALA LYS ASN RSP
10

TTCTCTGACATCGARCTGGE TGCTRTCCCGT TEARCAC TETGGE TGACCAT TACGGTGAGCGT TTAGC TEGCGARCAGT TGGCCTTTGAGCATGAGTCTT
PHE SER ASP ILE GLU LEU ALR ALR ILE PRO PHE ASN THR LEU RLA ASP RIS TYR GLY GLU ARG LEU ALA ARG GLU GLN LEU ALA LEU GLU HIS GLU SER
20 30 40

ACGRGATGGETGARGCACGE T TCCGCARGATGTTTGAGCGTCAACT TARAGC TGGTGRGE T TGCGGATARCGC TGCCGCEARGCCTCTCATCACTACCCT
TYR GLU MET GLY GLU ALR ARG PHE ARG LYS MET PHE GLU ARG GLN LEU LYS ALR GLY GLU VAL ALR RSP ASN ALA ALA ALA LYS PRO LEU ILE THR THR LEU
50 60 70

ACTCCCTARGATGAT TGCACGCRTCARCGACTGGT TTGAGGARGTGARAGE TRAGCGCGGCARGCGCCCEACAGCC TTCEAGT TCCTGCARGAARTCARG
LEYU PRO LYS MET ILE ALA ARG ILE ASN ASP TRP PHE GLU GLU VAL LYS RLA LYS ARG GLY LYS ARG PRO THR ALR PHE GLN PHE LEU GLN GLU ILE LY5
80 90 100 g

CCGGAAGCCETAGCGTACATCACCATTAAGACCACTCTGBCTIGCC TAACCAGTGCTGACARTACARCGTTCAGGE TGTAGCAAGCGCARTCGGTCGEG
PRO GLU ALA VAL ALA TYR JLE THR JLE LYS THR THR LEU ALA CYS LEU THR SER ALR ASP RSN THR THR VAL GLN ALA VAL ALA SER ALA 1LE GLY ARG
120 130 140

CCATTGAGGACGAGGL TCGETTCOGTCGTATCCGTGACC T TGARGE TAAGCAC T TCARGARRAACGT TGAGGAACARC TEARCAAGCGCGTAGGGCACGT
ALA JLE GLU RSP GLU ALA ARG PHE GLY ARG ILE ARG ASP LEL GLU ALA LYS HIS PHE LYS LYS ASN VAL GLU GLU GLN LEU ASN LYS ARG VAL GLY HIS VAL
150 160 170

CTACARGARAGCAT TTATGCARGT TGTCGAGGC TGACATGC TCTCTRAGGGTCTRC TCGGTGGCGAGGCGTGGTCTTCGTGGCATARGGARGACTCTATT
TYR LYS LYS ALA PHE MET GLN VAL VAL GLU ALA ASP MET LEU SER LYS GLY LEU LEU GLY GLY GLU ALA TRP SER SER TRP HIS LYS GLU ASP SER ILE
180 190 200 210

CRTGTAGGAGTACGC TGCATCGAGATGC TERTTGAGTCARCCGGRATGGT TAGC T TACACCGCCARARTGC TGGCGTRGTRGGTCARGAL TCTGAGACTA
HIS VAL GLY VAL ARG CYS ILE GLU MET LEU ILE GLU SER THR GLY MET vAL SER LEU HIS ARG GLN RSN ALR GLY VAL VAL GLY GLN RSP SER GLU THR
220 230 240

TCGAARCTCGCACC TGARTACGE TGAGGE TATCGCARCCCGTGCAGGTGCBC TGBCTGGLATCTCTCCGATGTTCCARCC T TGCGTAGTTECTCCTRAGEL
{LE GLU LEU ALA PRO GLU TYR ALA GLU ALA ILE ALA THR ARG ALA GLY ALA LEU ALA GLY ILE SER PRO MET PHE GLN PRD CYS VAL VAL PRO PRO LYS PRO
250 260 270

GTGGACTGGEATTACTGGTGGTGGC TATTGGGC TARCGGTCGTCGTCC TETGECGC TGGTGEGTAC TCACAGTRAGRARGEAC TGATGCGC TACGAAGAC
TRP THR GLY [LE THR GLY GLY GLY TYR TRP ALR ASN GLY ARG ARG PRO LEU ALR LEU VAL ARG THR HIS SER LYS LYS ALA LEU MET ARG TYR GLU RSP
280 290 300 310

GTTTACATGECTGAGGTGTACARAGCGAT TRACAT TGCGEARARCACCGCATGGARRATEARCARGARRGTCC TRGCGGTCOCCAACGTARTCACCARGT
YAL TYR MET PRO GLU VAL TYR LYS ALA ILE ASN ILE ALR GLN ASN THR ALA TRP L YS [LE ASN LYS LYS VAL LEU RLA VAL ALR ASN VAL [LE THR LYS
320 330 340

GGARGCRTTGTCCGGTCGAGGACATCCCTGCOAT TGAGCG TGRAGARC TECCGRTGARAC COGARGACATCGACATGAATCCTGAGGCTE TCACCOLGTE
TRP LYS HIS CYS PRO VAL GLU RSP ILE PRO ALA [LE GLU ARG GLU GLU LEU PRO MET LYS PRO GLU ASP ILE RSP MET ASN PRO GLU RLA LEY THR ALR TRP
350 360 370

GARRCGTGCTGCCGCTGC TG TGTACCGCAAGGACARGGE TCGCARGTC TCGCCGTATCAGCCT TGAGT TCATGE TTGAGEARGCCARTARGT TTGC TRAC
LYS ARG ALA ALA ALA ALA VAL TYR ARG LYS ASP LYS RLA ARG LYS SER ARG ARG [LE SER LEU GLU PHE MET LEU GLU GLN ALA ASN LYS PHE ALR ASN
380 390 400 410

CATAAGGCCATCTGGTTCCE TTACRRCATGGACTGGCGLGETCGTGTTTACGCTGTGTCARTGT TCARCCECGCARGGTAACGATATGACCARRGGAC TG
HIS LYS ALR 1LE TRP PHE PRO TYR ASN MET ASP TRP ARG GLY ARC VAL TYR ALR VAL SER MET PHE ASN PRO GLN GLY ASN ASP MET THR LYS GLY LEY
420 430 440

TTACGC TGGCGRARGGTARACCARTCGGTARGGAAGGT TACTAC TGGC TEARARTCCACGGTGCARACTGTGCGEOTGTCGATARGGTTCCGTTCLCTGA
LEY THR LEU ALA LYS GLY LYS PRO ILE GLY LYS GLU GLY TYR TYR TRP LEU LYS ILE HIS GLY ALA ASN CYS ALA GLY VAL ASP LYS VAL PRO PHE PRO GLU
450 480 470

GCGCATCARGT TCATTGAGGAARACCACGAGARCATCATGGL T TGCGC TARGTE TCCAC T GGAGARCAT T TGGTGGGC TGAGCARGATTETCCGTTC TG
ARG ILE LYS PHE TLE GLU GLU ASN HIS GLU ASN ILE MET ALA CYS ALA LYS SER PRO LEU GLU ASN THR TRP TRP ALA GLU GLN ASP SER PRO PHE CYS
480 480 500 510

TTCCTTGCGT TCTGCTTTGAGTACGE TGGEGTRCAGCACCACGGLC TGAGE TATAACTCE TCCCTTCCGE TEOCGTTTCACGEGTCTTGE TCTGGCATCL
PHE LEU ALA PHE CYS PHE GLU TYR ALR GLY VAL GLN HIS H1S GLY LEU SER TYR ASN CYS SER LEY PRO LEU ALR PHE RSP GLY SER CYS SER GLY ILE
520 530 540

AGCACTTCTCCGEGATGC TCCCRGATGAGSTAGGTGGTCBCGCGGT TAACTTGE T TCCTAGTGARACCG T TCAGGRCATE TACGGGATTGT TGC TRAGARA
GLN HIS PHE SER ALR MET LEU ARG ASP GLU VAL GLY GLY ARG ALA VAL RSN LEU LEU PRO SER GLU THR VAL GLN RSP ILE TYR GLY ILE VAL RLA LYS LYS
550 560 570

AGTCARCGAGAT TCTRCARGCAGACGCARTCARTGGGACCCRTARCGAAGTAGT TRCCGT GACCGATGRGARCAC TGGTGARATL TC TGAGARAGTCARG
VAL ASN GLU ILE LEU GLN ALA ASP ALA [LE ASN GLY THR ASP ASN GLU VAL VAL THR VAL THR ASP GLU RSN THR GLY GLU ILE SER GLU LYS VAL LYS
SB0 590 600 610

CTGGGCAC TARGGCAC TGGE TGGTCARTGGCTGGC TTACGGTCTTAC TCBCAGTGTGAC TAAGCGTTCAGTCATGRCGE TGGC TTACGGSTCCARAGAGT
LEU GLY THR LYS ALA LEU ALA GLY GLN TRP LEU ALA TYR GLY VAL THR ARG SER VAL THR LYS ARG SER VAL MET THR LEU ALA TYR GLY SER LYS GLU
620 630 640

TCGGCTTCCGTCARCARGTGC TGGARGATACCAT TCAGCCAGC TATTGAT TCCOGCARGEGTCTGATGT FCACTCAGCCGARTCAGGL TGC TGGATACAT
PHE GLY PHE ARG GLN GLN VAL LEU GLU RSP THR ILE GLN PRO ALA ILE ASP SER GLY LYS GLY LEU MET PHE THR GULN PRO ASN GLN ALA ALR GLY TYR MET
650 660 670

GGCTRAGC TGATTTGGGAATC TGTGAGCGTGACGGTGGTAGC TGCGGT TGARGCARTGRACTGGCT TARGTC TGCTGE TARGC TGCTGGE TGCTGAGGTC
ALA LYS LEU ILE TRP GLU SER VAL SER VAL THR VAL YAL ALA ALA VAL GLU ALA MET ASN TRP LEU LYS SER ALA ALA LYS LEU LEU ALA ALA GLU VAL
680 690 700 70

ARRGATAAGARGAC TGGAGAGAT TCTTCGCAAGCGT TGCECTGTGLATTEGGTARCTCC TGATGGTTTCCCTETGTGGCAGGARTACARGARGCCTATTC
LYS ASP LYS LYS THR GLY GLU ILE LEU ARG LYS ARG CYS ALA VAL HIS TRP VAL THR PRO ASP GLY PHE PRO VAL TRP GUN GLU TYR LYS LYS PRO ILE
720 730 740

AGACGCGCTTGRACCTGATGTTCCTCGGTCAGTTCCGL T TACAGCC TACCAT TARCACCARCARAGATAGCGAGAT TGATGCACACARACAGGAGTCTCE
GLN THR RRG LEU ASN LEU MET PHE LEU GLY GLN PHE ARG LEU GLN PRO THR ILE ASN THR RSN LYS RSP SER GLU ILE RSP ALA HIS LYS GUN GLU SER GLY
75C 760 170

TATCGCTCCTARCT T1GTACACAGCCAAGACGGTAGCCACCTTCCTRRGACTGTAGTGTGGGCACACGAGARGTACGGRATCGRATCTTT TGCACTGATT
ILE ALR PRO ASN PHE VAL HIS SER GLN RSP GLY SER KIS LEU ARG LYS THR AL VAL TRP ALA HIS GLU LYS TYR GLY ILE GLU SER PHE ALA LEU ILE
780 790 800 810

CACGACTCCTTCGGTACCATTCCGGE TGACGE TGCGRACCTGT TCAAAGCAGTGCGCGAARC TATGGT TGACACATATGAGTCTTGTGATGTACTGGCTO
RIS ASP SER PHE GLY THR ILE PRD ALR ASP ALR ALA ASN LEU PHE LYS ALA VAL ARG GLU THR MET VAL RSP THR TYR GLU SER CYS ASP VAL LEU ALA
820 830 840

ATTTCTACGACCAGTTCGC TGACCAGT TGERTGAGTC TCAAT TGGACAAAATGCCAGCAL TTCCGGE TARAGGTARC T TGARCC TCCGTGACATCTTAGA

RSP PHE TYR RSP GLN PHE ALA ASP GLN LEU HIS GLU SER GLN LEU ASP LYS MET PRO ALA LEU PRO ALA LYS GLY ASN LEU ASN LEU ARG ASP ILE LEU GLU
850 860 870

GTCGGACTTEGEGTTCGCGTAACGCCARATCARTACGAC TCAC TATAGAGGGRCARAC TERRGGTCAT TCGCARGAGTGGCCTTTAT -3
SER RSP PHE ALA PHE ALA
880

F1c. 1.
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TaBLE 2
Predicted amino acid composition of T7 RNA polymerase

No. per
Amino acid molecule

Alil 100
Arg 41
Asn 40
Asp 43
Cys 12
Gin 33
Glu 67
Gly 54
His 22
Ile 52
Leu 67
Lys 66
Met. 26
Phe 37
Pro 37
Ser 4]
Thr 44
Trp 19
Tyr 24
Val 58
Total 883

M 98,856

r

cleavage sites that are predicted by the Stahl & Zinn sequence. We have
confirmed the absence of an HgiDI site at this position by analyzing the pattern
of fragments produced from T7 DNA by this enzyme (obtained from New
England Biolabs).

The changes in the predicted amino acid sequence are much more extensive, 37
of the 883 positions being affected. Two of these changes are due to base
substitutions at nucleotides 4498 and 4590 (amino acids 443 and 474); the others
are due to a shift in reading frame between nucleotides 4331 and 4442, affecting
amino acids 388 to 424. This reading frame for T7 RNA polymerase is now the
same as that for the equivalent region of T3 RNA polymerase, as predicted by the
McAllister et al. (1983) nucleotide sequence. The amino acid composition
predicted by the revised nucleotide sequence is given in Table 2; the calculated
molecular weight for T7 RNA polymerase is now 98,856 instead of 98,092,
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