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

A snall RNk segfentfran the influza virus strain A/NT/60/68 (H3N2)
was converted to cDt and then to double-stranded DEA using synthetic oligo-
deoxynucltide primers. The double-straded form was cloned into the
bacteriophage M13p7. Clcnes yielding single-strand recombinant templates
in cpposite orientation were sequened by the Sanger dideoxynucleide cain
ternination technique. The small viral RA was 422 nucleotides long and the
evidence indicated that it was forned by internal deletion of segnent 3. It
also oontained sequences harologous to segment 1.

Influenza A virus normally has a genane caiposed of eight unique
negative-stranded RNA segments ranging in size framn about 900 to 2,400
nucleotides i1). In addition to these eight ccrrponents sane influenza
viruses contain extra RNA mlecules which are mostly shorter than 1000
nucleotides (reviewed in 2). Such wmall RN4 segrents 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 seginents 1-3 and the

appearance of these small RNA mlecules 2,5-8]. Mbreover, it has been
shown by oligonucleotide mapping and partial 3'- and 5'- terminal sequence
analyses that the small RN4 nolecules are derived fran these polymerase genes
by internal deletion L2, 6-11], altugh the mechanism is uncertain.

Previous work with the Hong Kong strain A/NT/60/68 consistently showed
two extra RNA camponents which were designated 9 and 10 [1i. Their electro-

phoretic robilities suggested lengths of about 400 to 500 nucleotides with

sizes similar to the bands 9 and 10 observed by Skehel and Hay LliJ for

fowl plague virus. In A/NT/60/68, band 10 was the more praninent RNk
canponent. We have now sequenced this small PlM segnent by the strategy of

preparing double-straned cDN copies with synthetic primers [12], cloning
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into the bacteriophage M13ap7 L13,14] and sequencing by the Sanger dideoxy-
nucltide chain-tinatin ethod L15].

MATEIAIS AND NETOEDS

Preparation of cDNA

The influenza virus, A/T/60/68 (H3N2), a field strain antigenically
equivalent to the first 1968 Ho Kong isolate [16], was prpagate in

embryonated hen eggs and purified as described previously 17J. The RNA
was extracted p18] and individual segments separated on 2.8% polyacrylanide
gels [1]. Band 10 RNa was isolated £181 and seqenced using a synthetic

deoxydodecanucleotide priuerl20,2A1ertAlternatively, single-stranded d

was prered fran total R1k with reverse transcriptase an d anucltide
prior to fractionati.on 12]. Band 10 cDNA was isolated, then back-copied
for 1 hour at 23°C with the Klenow fragment of DM polymerase I (Boehringer)
and a synthetic deoxy-tridecanucleotide prfrer p12] to form double-stranded

DNA. This dsDNA was then phosphorylated with T4 polynucleotide kinase

(Boehringer) L121.

Cloning of double-stranded DNA

The cloning vector was M137, a derivative of the DNA phage M13up2
[13,14]. The replicative form (RF) was cut at the HindII site and

phosphatase treated before blunt-end ligation of the phosphorylated dsDNA at

230C for 20 hrs with T4 DN ligase [123. The ligated material was used in

transformations of E.coli strain JM101 113,23] and white r inant plaes
harbouring phage with band 10 dsEt inserts were grcwn and processed [23].

Nucleotide sqeanalysis
The porticn of the single strand 1M13 template representing the

inserted DE was sequenced by the dideoxynuclotide chain termination
nethod 15]. A chanically synthesised 17-lcng decxynucleotide prier (M.J.

Gait, unpublished and L24]) which hybridizes next to the inserticn site,

was used in conjuncticn with DNA polyrerase I (Klenowr fragment) to sequen
throuh the band 10 Da insert j12,23-25j. Two clones (Cl and C3) in

opposite orientation provided the evidence for the 422 nucletid sequence.
C3, which gave the positive sense copy, started with the dodec pr
sequene and, apart framn nly two difficult regns, the seqncing gels

could be read clearly for 366 bases. Cl (negative sense) was used to cauplete
the sequence and resolve the two uncertainties. This clone began with the
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trideaner prirer d(AGrA WAAAG) and could be read quite satisfactorily

for 275 bases, which gave an overlap of 221 bases omtaining all the uncertain
res i nein to be ked. The rno-overlapping regions did nrt give

any anbiguis.

RESULTS

Preliminary studies on band 10 of A/Nr/60/68 using direct I

sequencing sS 36] shwed the presence of the 13-long suen ai

to the eight standard virion M segrrInts at its 5' te in. Furtherre

band 10 contained the 12-long camn s9qp0 e at its 3' termis as the

specific 3' ter al oligonucl tide, d(AGCAANAAGCAG), was able to prima
the synthesis of cDE in a dideoxy sequencing reaction with reverse

transcriptase t193 (results not shbwn).
Fig 1 shows the DM seqence decbxed for the positive strand of band

10 derived by seqpence analysis of two full length cDI@ clones inserted in

cpposite orientations in the vector Ml3bp7 (see methods). A canparison of

fig 1 with the limited suence available for seqirents 1-3 of fowl plague

virus shows that the tw end regions of band 10 are derived fran segment 3.

Specifically there are only 6 differences covering residues 1-56 and 3

differences in resiues 350-422 (fig 1), this being the full extent of the

information available for sent 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 fran the d er priner and was not ierEpd ly checked

by direct sequN ing. The sequence cnservation at the 3' end is

extensive, stin this region is particularly irportant, 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 haomlogy, by itself,
might be considered only marginally significant but it is extended by 40

residues in further sdies (Fields, Winter & Branlee, unpublished) of

segnent 1 of influenza A/PR/8/34.
The three potential anino acid reading fra for band 10 (fig 1)

show that no pase is open covering a greater part of the length of the

mlecule. This is also true for the negative strand. Therefore, if a

protein is made fran this m, at least t -rate splicing events would

have to occur to give an open translation frame covering most of the template
strand. While there are sane potential splice consensus sequences (e.g.
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111 120 130

A/NT/60/68 Band 10 AGTCAAGAAGGAAAGAATAAAAGAACTA
x x x x

Fawl Plague Segment 1 ATTCAATATGGAGAGAATAAAAGAACTA

21 30 40

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

around residues 77 and 107) there do not apear 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.

DISCLSSION
The caplete sequence of band 10 of A/VT/60/68 derived here and its

ccnparison with sent 3 of fowl plague clearly shows that its two ends

arose fran segnIent 3 by a process of internal deletion. This confirms work

of others based on nuch more limited seguece analysis [2] showing that the

defective interfering influenza I species retain the two ccauon ends

characteristic of all influenza segments. Quite unexpectedly we found that

an internal region of band 10 apears to derive fran a different gene,

viz. segment 1. We deduce therefore that band 10 is either a 'bxnsaic"
derived fran both segments 1 and 3 or that segments 1 and 3 show extensive

nucleotide sequence hanology to one another, thus invalidating our conclusion

that an internal region of band 10 is uniquely hanologous 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 fran the

hanologous 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 normal host enzyme [373 or by an influenza

coded protein splicing activity [38] during viral replication. A knowledge
of the seqpnce at the exact splice point could resolve which of these

mechanisms is cperating.
It is likely that similar internal deletions are responsible for the

production of defective interfering RNAs of positive strand viruses such as

Sanliki Forest virus [29,301, Sirndbis virus [31] and poliovirus 1323. Thus

an understanding of the phenamenon in influenza might be aplicable to these

viruses as well. By contrast, a different mechanian seems to account for
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the generation of defective interfering INA in Sendai virus and Vesicular

Stanatitis virus 132-353.
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