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Nucleotide sequences from the terminal regions of
fowl plague virus genome RNA

By J. S. ROBERTSON
Duwision of Virology, Department of Pathology, University of Cambridge, Laboratories Block,
Addenbrooke’s Hospital, Hills Road, Cambridge CB2 2QQ, U.K.

The genome of influenza virus consists of eight discrete single-stranded RNA segments each of
which codes for a unique polypeptide species (McGeoch et al. 1976; Inglis et al. 1977; Inglis &
Almond, this symposium). These viral polypeptides are synthesized from mRNA molecules
that are complementary to the viral RNA (VRNA) and the 3’ ends of which lack sequences
corresponding to the 5’ terminus of VRNA (Hay et al. 1977). I have determined the nucleotide
sequences of the 5" and 3’ termini of the eight RNA segments of fowl plague virus (FPV), an
avian influenza A strain, by recently developed methods for direct RNA sequencing. These
methods involve radiolabelling of the RNA segments in vitro at either the 5’ end or the 3’ end
followed by partial digestion of individual segments with specific endoribonucleases and
analysis of the products by one-dimensional or two-dimensional polyacrylamide gel electro-
phoresis (Donis-Keller et al. 1977; Simoncsits e al. 1977; England & Uhlenbeck 1978 ; Lockard
et al. 1978). .

Table 1 shows the nucleotide sequence of the 5" terminal regions of the eight RNA segments
of FPV. Each segment contains a common region of 13 nucleotides at the 5’ end as has been
reported previously by Skehel & Hay (1978), followed by a distinctive triplet sequence (under-
lined in table 1) which is unique in each segment, with the exception of segments 4 and 8 (the
HA and NS genes respectively) which contain an identical triplet. These triplets are followed
by a region of 5-7 uridine residues after which each segment contains a unique nucleotide
sequence for the additional 40-60 nucleotides analysed. The 5’ terminal region of vVRNA, with
the exception of the first 25-30 residues, corresponds to the 3’ end of mRNA (Skehel & Hay
1978) and several protein termination codons can be identified (not shown); however, whether
or not any of these termination codons are utilized iz vivo remains to be determined.

The nucleotide sequences derived from the 3’ termini of the RNA segments of FPV are shown
in table 2 and reveal a common region of 12 nucleotides at the extreme 3’ end of each segment.
These sequences complement those reported by Skehel & Hay (1978) who found a common
sequence of 12 nucleotides at the 5" end of in-vitro transcripts of VRNA. Beyond this common
region each segment contains a unique sequence. It was first observed by Skehel & Hay (1978)
that in any one segment a hexanucleotide comprising the distinctive triplet underlined in table
1 plus the adjacent three nucleotides of the common region (i.e. residues 11-16 of the 5’ end)
was exactly complementary to a hexanucleotide comprising the triplet underlined in table 2
plus the adjacent three nucleotides of the common region (i.e. residues 10~15 of the 3’ end).
Tables 1 and 2 indicate that this complementarity exists in segments 3, 5, 6, 7 and 8 but not in
segment 4. Preliminary data (not shown) suggest that this complementarity also exists in
segments 1 and 2.

The 5" terminal nucleotide sequence of influenza mRNA can be deduced by complementarity

[ 83 ]

R
‘ J§
The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to [P

hagr

Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences. STOR N

WWw.jstor.org


http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org

N10DNNNNDDNDD
nodNNNNDDNDD

DOUDDbeODU04.45|0<UD<QUDDDD<UUDDUDD<<<U<OGU<UDD<OU<<ODD<UO
ADHNNANDOADODIVYAD NNNNVONNDNOVOINNNVOIVIDVVVVIDDDIIVVDID
DUUDDDDUGDOO%<D<DD<ODU<ODO<UDO<OOOO<GU.D<D<UD<OUUO<U<UDUUDU
DUUDDDDUGDUUD'OIéUDDDD<UDD<8DDD<ODODDDD<€<DDGGD<<OOU<O
DUUDDDDUODUO<|Qu-D<D<<<DDDOD<ODO<U<<G<D :2DDNDOVVIDNNDDVIDIVVOVIVIVIVIIVIOIID

8 NHDNNNNDDNDOOVINDNNNNNDNVIANVIINVYVOIDINNDNIVIVIVINNDIOVVVONIIVNIINIVIOVYVOVYY
JuowSos cz 0g

= oo W0 H NN -

Z

@) SOYIA NV TMO4 40 STONINGIAS TYNIWNYA], ,& 'g TIV],

wn

=

R —
A 3
0 | S—
~ -

» DDHNNNNDNAVVOIINVIIDIONVINNVVNINVIVOIINNVVIVYVVINNNNODNDOVVIVVVOVIOV

— NNNANOHVYOHNDNDDDONDNNNVNADVINNVVYNIOIVYIVIOVYVONVINNNNNNVIOOVVIVYVOVNIOV

DNVIONDVINNNVAIVVIVIDIDNNVIIVNOVAVVVIOVAVIINVNAOVIVOOINNNNNNDVIADDOVVIVYVOVIOV

<U<U<ODDODDOOODDDOD<UUOU<UODO<D<<<U<D<D<DDU<§OODD%DDDUleUO<<U<<<0<DU<

<DD<UDUOOD<O<<D<<<U<<OOODODODD<UODUDUUDU<D<ODUDD<<DDDUDDDDD<|DWOU<<O<<<U<DU<

QUDUDOUU<UU<UDU<<UOOD<<GDUUD<<ODOPDO<DO<<<O<<UDDDDDD§ DOVVOVVVIVNIOIV

<UOOUDOODDGDOUDUDO<OO<O<UUD<U<.<UDUUD<UU<GD<<<<U<ODDUD<DODUG<OODU<DDDDDDW¢%&UU<<U<<<U<DO<
<UUDOODDUDOD<DDUDDO<<<U<OO<<<UDUG<.<D<<<DD<OD<DDDDDD%8<<U<<<G<DO< 8

0g cZ Juowas

> © 10 H N N w

SNYIA ANOVId TMOJ J0 STONANOTS TVNINGY]T, ¢ '] 914V ],

372

ALIIODOS =< “ ALIIDOS =19
L vXou T Seuavenws  vxou TnL Souavev


http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org

373

FOWL PLAGUE VIRUS TERMINAL SEQUENCES

*(g 219%3) VN dwouas jo souanbos spnoaponu reuruisy ,¢ ay3 wody Ayuejuswaduiod £4q peonpa( |

DD AVV DAN DDA VVD NDD HNH NNA VVD VvVD  DAVVVVIDAVONIVADIVOOVVVVIDIV ¢
oig usy 2yg s&p up) 8Sry [BA Y4 ND 0
0D NAD DOD DA AND DAY DAV VVD QDV DVV DAVVVVOVANDIIDIOIVIOIVVVVIOV ¥
By W PV Y4 [BA W [ uD Iy Uy
OVD DVD NDN DD HAVINVAVIDINDDIDDNOVONIVINIVINVVAVAVIIDIIVOOVVVVIOV ¢
dsy upy g ey
DN OO NAV DOV VAV VAV VVV DVD AVV VDD NVV  DHAVVVVDONNDVOOIVIOVVVVIOIV 9
RS AD S YL 91 9 sAT uH usy ol uwsy
DDD DND DND NON DAY NAD DVA DOV VOHD NAD DHVDH DOV VAD NND NDV DAVOVVVANNVAVOVAIIVIOVYVVVIOV L
ol TeA [eA IS ™WT [eA KL YL 4D [BA D MY 1" o] g
nNd NNN DON DVD vAD HDHVD NNN DOV VDA DAD NDV DVV DDA AV HAVVAVOVVVVVOVONIDIOIVOOIVVVVIOV 8
ny dyg sAp dsy  [BA npD dyg B WS [BA  IqL usy g dsy o1

[ 8]

JusmSas

1Sn¥IA ENOVId TMOL 20 YN YW THL 40 STONENOIS TVNIWYE], G ¢ TIV],

ﬁ ALITOOS mzo:wmmzﬁ; M ALIIO0S mzo:wmmz,:;
TVAOY HH.L 1vDIHdOSOTIHd TVAOY dH.L 1vDIHdOSOTIHd


http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

374 J.S. ROBERTSON

from the 3’ end of VRNA and isshown in table 3. These data do not include any primer sequences
found i vivo at the 5’ end of mRNA and which are not complementary to vRNA (Bouloy e al.
1978; Krug et al., this symposium). The first and only AUG protein initiation codon located
in each mRNA species is underlined in table 3 and is located 20-30 residues from the 5’ end in
all species except mRNA 5. Preliminary data (not shown) also locate the first AUG codon in
mRNAs 1 and 2 in this region. In mRNA 5, the first AUG codon occurs at residues 46—48. It is of
interest that the AUG codons in mRNAs 3, 4 and 6 are all located in the unique sequence
5'CAAAAUG-3'. A comparison of all known eukaryotic 5 mRNA sequences indicates that in
nearly all cases the AUG closest to the 5 end is responsible for initiation and a model for
ribosome binding and protein synthesis initiation incorporating this observation has been pro-
posed (Kozak 1978). Thus although there is no direct evidence, by comparison with other
eukaryotic mRNAEs it is highly probable that these AUG codons identified in table 3 are utilized
for protein synthesis initiation. The putative terminal amino acid sequences of the corresponding
viral proteins can be deduced from the nucleotide sequences and are indicated in table 3. The
predicted amino acid sequence for segments 4 and 6, which code for the haemagglutinin and
neuraminidase glycoproteins respectively, contain a high proportion of hydrophobic amino
acid residues. This is compatible with the proposed ‘signal’ sequence of amino acids which
should be found in the extreme amino-terminus of membrane glycoproteins. Several termination
codons can be identified (not shown), none of which are located in the same reading frame
as the predicted amino acid sequence and thus do not contradict the proposed structures.
More direct evidence either from complete nucleotide sequence analysis of the segments or
from direct amino acid sequencing will be required to determine whether or not the mRNA
species direct protein synthesis as shown in table 3.

This project was supported by a grant from the Medical Research Council, U.K.
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