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Sequence of DNA complementary to a small RNA segment of influenza virus A/NT/60/68
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ABSTRACT

A small RNA segment fram the influenza virus strain A/NT/60/68 (H3N2)
was converted to cDNA and then to double-stranded DNA using synthetic oligo-
deaxynucleotide primers. The double-stranded form was cloned into the
bacteriophage Ml3mp7. Clones yielding single-strand recambinant templates
in opposite orientation were sequenced by the Sanger dideoxynucleotide chain
termination technique. The small viral RNA was 422 nucleotides long and the
evidence indicated that it was formed by internal deletion of segment 3. It
also contained sequences hamologous to segment 1.

INTRODUCTION

Influenza A virus normally has a gename camposed of eight unique
negative-stranded RNA segments ranging in size fram about 900 to 2,400.
nucleotides [1). In addition to these eight camponents same influenza
viruses contain extra RNA molecules which are mostly shorter than 1000
nucleotides (reviewed in 2). Such small RNA segments are apparently
associated with defective von Magnus particles of influenza virus and
interfere with viral replication [2-4]. Current evidence reveals an inverse
relationship between the three viral polymerase genes segments 1-3 and the
appearance of these small RNA molecules [2,5—8]. Moreover, it has been
shown by oligonucleotide mapping and partial 3'- and 5'~ terminal sequence
analyses that the small RNA molecules are derived fram these polymerase genes
by internal deletion [ 2,6-11], although the mechanism is uncertain.

Previous work with the Hong Kong strain A/NT/60/68 consistently showed
two extra RVA camponents which were designated 9 and 10 [1]. Their electro-
phoretic mobilities suggested lengths of about 400 to 500 nucleotides with
sizes similartothebands9and100bservedby8kehelandl{ay£11j for
fowl plague virus. In A/NT/60/68, band 10 was the more praminent RNA
camponent. We have now sequenced this small RNA segment by the strategy of
preparing double-stranded cDNA copies with synthetic primers [12], cloning
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into the bacteriophage Ml3mp7 |13,14] and sequencing by the Sanger dideoxy-
nucleotide chain-termination method [15].

MATERIALS AND METHODS
Preparation of cDNA

The influenza virus, A/NT/60/68 (H3N2), a field strain antigenically
equivalent to the first 1968 Hofy Kong isolate [16], was propagated in
enbryonated hen eggs and purified as described previously | 17]. The R
was extracted 18] and individual segments separated on 2.8% polyacrylamide
gels [1]. Band 10 RWA was isolated [18] and sequenced using a synthetic
deoxydodecanuclectide primer [20,21]. Altemnatively, single-stranded cDNA
was prepared fram total RNA with reverse transcriptase and dodecanucleotide
prior to fractionation [12]. Band 10 cONA was isolated, then back-copied
for 1 hour at 23°C with the Klenow fragment of DNA polymerase I (Boehringer)
and a synthetic deoxy-tridecanucleotide primer [12] to form double-stranded
DNA. This dsDNA was then phosphorylated with T4 polynucleotide kinase
(Boehringer) [12].

Cloning of double-stranded DNA

The cloning vector was Ml3mp7, a derivative of the DNA phage Ml3mp2
[13.14]. The replicative form (RF) was cut at the HindIT site and
phosphatase treated before blunt-end ligation of the phosphorylated dsDNA at
23°C for 20 hours with T4 DNA ligase [12]. The ligated material was used in
transformations of E.coli strain JM101 (13,23] and white recanbinant plaques
harbamingphagewithbmﬂwdsminsertswereganandpmcessed[n].

Nucleotide sequence analysis

The portion of the single stranded M13 template representing the
inserted DNA was sequenced by the dideoxynucleotide chain termination
method | 15]. A chemically synthesised 17-long decxynucleotide primer (M.J.
Gait, unpublished and | 24]) which hybridizes next to the insertion site,
was used in conjunction with DNA polymerase I (Klenow fragment) to sequence
through the band 10 DNA insert |12,23-25]. Two clones (C1 and C3) in
opposite orientation provided the evidence for the 422 nucleotide sequence.
C3, which gave the positive sense copy, started with the dodecamer primer
sequence and, apart fram anly two difficult regjons, the sequencing gels
could be read clearly for 366 bases. Cl (negative sense) was used to camplete
the sequence and resolve the two uncertainties. This clone began with the
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tridecamer primer d(AGTAGAAACAAGG) and could be read quite satisfactorily

for 275 bases, which gave an overlap of 221 bases containing all the uncertain
residues needing to be checked. The non-overlapping regions did not give

any ambiguities.

RESULTS

Preliminary studies on band 10 of A/NT/60/68 using direct RNA
sequencing methods [36 ] showed the presence of the 13-long sequence camon
to the eight standard virion RNA segments at its 5' temminus. Furthermore
band 10 contained the 12-long camon sequence at its 3' terminus as the
specific 3' teminal oligonucleotide, d(AGCAAAAGCAGG), was able to prime
the synthesis of cDNA in a dideoxy sequencing reaction with reverse
transcriptase [19) (results not shown).

Fig 1 shows the DNA sequence deduced for the positive strand of band
10 derived by sequence analysis of two full length cDNA clones inserted in
opposite orientations in the vector Miimp7 (see methods). A camparison of
fig 1 with the limited sequence available for segments 1-3 of fowl plague
virus shows that the two end regions of band 10 are derived fram segment 3.
Specifically there are only 6 differences covering residues 1-56 and 3
differences in residues 350-422 (fig 1), this being the full extent of the
information available for segment 3 of fowl plague virus. The difference
at residue 4 (fig 1) may not be real as this residue (A) in A/NT/60/68 was
derived directly fram the dodecamer primer and was not independently checked
by direct RNA sequencing. The sequence conservation at the 3' end is
extensive, suggesting this region is particularly important, possibly in
viral replication.

Fig 2 shows that band 10 is also related to a region of segment 1 of
fowl plague. Specifically residues 111-138 of band 10 and residues 21 to 48
of segment 1 are hamologous with only 4 mismatches. This hamology, by itself,
might be considered only marginally significant but it is extended by 40
residues in further studies (Fields, Winter & Brownlee, unpublished) of
segment 1 of influenza A/PR/8/34.

The three potential amino acid reading frames for band 10 (fig 1)
show that no phase is open covering a greater part of the length of the
molecule. This is also true for the negative strand. Therefore, if a
protein is made fram this mRNA, at least two separate splicing events would
have to occur to give an open translation frame covering most of the template
strand. While there are same potential splice consensus sequences (e.g.
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111 120 130
A/NT/60/68 Band 10 AGTCAAGAAGGAAAGAATAAAAGAACTA
X X X X
Fowl Plague Segment 1 ATTCAATATGGAGAGAATAAAAGAACTA
21 30 40

Figure 2. A camparison of a region of band 10 of A/NT/60/68 and segment 1
of fowl plague virus. x marks mismatches.

around residues 77 and 107) there do not appear to be enough [37) to yield
any protein of moderate size. Therefore, the likely consequence of band 10
in A/NT/60/68 would be the synthesis of a 28-long peptide, ME . . . FS*
which is very unlikely to be functional.

DISCUSSION

The camplete sequence of band 10 of A/NT/60/68 derived here and its
camparison with segment 3 of fowl plague clearly shows that its two ends
arose fram segment 3 by a process of internal deletion. This confirms work
of others based on much more limited sequence analysis [2] showing that the
defective interfering influenza RNA species retain the two cammon ends
characteristic of all influenza segments. Quite unexpectedly we found that
an internal region of band 10 appears to derive from a different gene,
viz. segment 1. We deduce therefore that band 10 is either a "mosaic"
derived fram both segments 1 and 3 or that segments 1 and 3 show extensive
nucleotide sequence hamology to one another, thus invalidating our conclusion
that an internal region of band 10 is uniquely hamologous to segment 1.
Clearly to resolve these possibilities, and the mechanism of origin of band
10, it will be necessary to sequence both segments 1 and 3 fram the
hamologous viral strain A/NT/60/68. In advance of this knowledge we might
speculate that internal deletions could arise by abnormal splicing of the
influenza genes either by the nommal host enzyme [37] or by an influenza
coded protein splicing activity [38] during viral replication. A knowledge
of the sequence at the exact splice point could resolve which of these
mechanisms is operating.

It is likely that similar internal deletions are responsible for the
production of defective interfering RNAs of positive strand viruses such as
Semliki Forest virus [29,30], Sindbis virus [31] and poliovirus [32]. Thus
an understanding of the phenamenon in influenza might be applicable to these
viruses as well. By contrast, a different mechanism seems to account for
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the generation of defective interfering RNA in Sendai virus and Vesicular
Stamatitis virus [32-35).
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