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Table 1. Influenza virus strains analyzed in this study

Strain Abbreviation GenBank Source or reference
accession No.*
A/FPV/27(HTNT) FPV27(HTNT) Markusin ct al. (1988)
A/WS/33(HINT) WS33(HINT) Zebedee and Lamb (1989)
A/WSN/33(HINID) WSN33(HINI) Zebedee and Lamb (1989)
A/Pucrto Rico/8/34(HINT) R34(HINT) Winter and Ficlds (1980)
AlFort Monmouth/1/47(HINI) FM47(HINI) Smeen and Brown (1994)
A/Fort Warren/1/S0(HINT) FWSO(HINI) Zabedee and Lamb (1989)
A/USSR/Q0/77(HINT) USSR77(HINI) Samokhavalov ct al.
A/Taiwan/1/86(HINT) TAIWE6(HINT) U52939 NIBSC®
AlYamagata/120/86(HINT) YAMARG(HINI) U52944 CDC
A/Wisconsin/3523/88(HINI1) WISCR8(HINTI) Ito ct al. (1991)
A/Texas/36/91(HINT) TX9I(HINI) U52940 NIBSC
AfScoul/24/95(HINT) S24/95(HINT) U52936 NIH Korca
A/Kwangju/27/95(HINT) K27/95(HINT) U52931 NIH Korca
AlSingaporc/1/57(H2N2) SINGS7(H2N2) Zabcedee and Lamb (1989)
AlLcningrad/134/57(H2N2 LENINS7(H2N2) Klimov ct al. (1985)
A/Am Arbor/6/60(H2N2) AAGO(H2N2) Cox ct al. (1988)
A/Korca/426/68(H2N2) KOREA68(H2N2) Ito et al. (1991)
A/Aichi/2/68(H3N2) ATCHI68(H2N2) Ito ct al. (1991)
A/Udorn/302/72(H3N2) UDOR72(H3N2) Lamb and Lai (1981)
A/Port Chalmers/1/73(H3N2) PC73(H3N2) Zabedee and Lamb (1989)
A/Bangkok/1/79/(H3N2) BANGT79(H3N2) Ortin ct al. (1983)
A/Memphis/8/88(H3IN2) MEMPS8(H3N2) Ito ct al. (1991)
A/Guangdong/39/89(H3N2) GUANS9(H3N2) Xu ct al. (1993)
A/Johanesburg/33/94(H3N2) JOHA94(H3N2 U52929 NIBSC
A/Busan/7/95(H3N2) B7/9S(H3N2) 152926 NIH Korca
A/Kwangju/1/95(H3N2) K1/95(H3N2) 152930 NIH Korca
A/Scoul/2/95(H3N2) S2/95(H3N2) U52935 NIH Korca
A/Changwon/9/95(H3N2) C9/95(H3N2) U52928 NIH Korca
A/Changwon/1 1/95(H3N2) C11/95(H3N2) us2927 NIH Korca
A/Scoul/8/95(H3IN2) S8/9S(H3IN2) Us2937 NIH Korca
A/Scoul/94¢ $94 152938 NIH Korca
XTI3(HINI) reassortant XTI3(HIND Us52941 NIBSC
XTIT7(H3N2) reassortant X117(H3N2) U52942 CcDC
X121(H3N2) rcassortant X121(H3N2) U52943 NIBSC
NIB27(HINI) rcassortant NIB27(HINI) U52932 NIBSC
NIB34(H3N2) rcassortant NIB34(H3N2) U52933 NIBSC
RESVIR-8(H3N2) rcassortant RES8(H3IN2) U52934 NIBSC

“The strains with an accession numbers were sequenced in this study.

*Dr. JM. Wood, National Institute for Biological Standards and Control Potters Bar. UK.

‘Dr. N.J. Cox, Center for Discac Control and Prevention, Atlanta, GA, USA.

“S94 is not an isolated strain, but its M1 genc was detected by PCR in a throat swab.

RFLP subtyping

current H3N2 viruses have maximally 21 different nt with
exception of WISC88(HIN1) which is assumed to be
a swine virus (Rota ef al,, 1989). The HINI viruses after
1977 have fewer sequence changes than the recent H3N2
viruses. The rate of change per nt for the M1 gene was
0.65 x 107 substitutions per year (0.22 nt per year per
340 nt), excluding the HIN1 viruses after 1977 (Fig. 2).
There were virtually no changes in the aa sequence of M1
over the past 60 years (Fig.1B and Fig. 2). KOREAG68 has
a maximum change of 4 of 113 aa analyzed in this study in
comparison with WS33,

We found several nt positions specific for each subtype.
Among them, nt 277 and 331 of RNA segment 7 were rec-
ognizing sites for restriction enzymes Msel and Alul, re-
spectively (Fig. 1A). There are | or 2 more restriction sites
for Msel on the PCR products. The nt sequence of WISC
88(HINI) was quite different from that of other viruses.
Table 2 shows the expected digestion patterns of the M1
gene PCR products using Msel or Alul according to each
subtype. The RFLP method is expected to discriminate sub-
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types of human viruses and to detect an accidental infec-
tion of humans with non-human viruses. We applied this
method to the 4 PCR bands obtained from throat swab sam-
ples originating from the Kwangju area of South Korea dur-
ing late fall of 1995 (Fig. 3).All 4 samples were assumed to
contain HINT viruses, similar especially to S24/95(H1IN1)
isolated in Seoul in early fall of 1995, One month later, 4
influenza strains were isolated from throat swabs and con-
firmed as HINI viruses by haemagglutination inhibition
test (A/Kwangju/27/95 through A/Kwangju/30/95). In the
Msel digestion pattern, the bands of HINT strains isolated
in 1995 were slightly larger than those of TX91, which was
due to a mutation at nt 334. PR34 was expected to show
the same pattern. However, the critical difference between
HINI and H3N2 was easily detectable by a routine agar-
ose gel electrophoresis.

Phylogenetic analysis of nt and aa sequences

Phylogenetic trees based on partial M1 gene sequences
of human influenza A viruses were constructed using the
neighbor joining method rooted by taking FPV27 for the
outgroup (Figs. 4A, 4B). M1 gene of WISC8S8 is genetical-
ly distinct from that of other human viruses. In the neigh-
bor joining tree based on 340 ntof M1 (Fig. 4A), the HINI
viruses form a lineage differing from the H2ZN2 and H3N2
viruses (bootstrap probability 81%). Among the HINI vi-
ruses, the viruses isolated after 1977 form a cluster (boot-
strap probability 61%). The H2N2 and H3N2 viruses iso-
lated before 1973 are thought to have a somewhat different
M1 gene from those isolated after 1979 (bootstrap proba-
bility 64%). On the contrary, the phylogenetic tree based on
113 aa of M1 shows no significant lineage among the sub-
types and low bootstrap probabilities in most forks (Fig. 4B).

Relationship between M1 and high yield properties

Among the 6 reassortants, NIB27 has the same sequence
as TX91, and X121 has a sequence similar to that of cur-
rent H3N2 viruses such as S94. The other 4 strains have
a ntsequence very similar to that of PR34 reported in 1980.
X113, X117, and NIB34 have differences in nt 535 (C—T)
and nt 655 (G->A), and RES8 has another difference in
nt 560 (A->C), all in comparison with PR34 (data not
shown). The phylogeny based on the nt sequences revealed
that the M genes of 2 strains originated from wild strains
and those of the other 4 strains originated from PR34.

We found no specific sequences for the high yield reas-
sortants and PR34 in the sequence of aa 36-148 when com-
pared with all other strains (Fig. 1B), and of aa 149-220
when compared with the strains in previously reported stud-
ies (data not shown). Klimov ez al. (1991) claimed that Thr?"*
of M1 protein was specific for high yield strains, and Ala*"®
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The evolutionary rates for the M1 gene in human

influenza A viruses from 1933 — 1995
The slopes were cstimated by regression of the year of isolation against
the nt or aa changes in the present study. The strains uscd in this graph arc
marked (*) in Fig. 1. Among the strains isolated in South Korca in 1995,
3 H3N2 and 1 HINI strains which show different number of changes
were included. The HINIT viruses isolated after 1977 were not included
in estimating the cvolutionary rates, because their nt scquences showed
a significant latency in cvolution. The rate of change per nt for the Ml
gene was 0.65 x 107 substitutions per ycar (0.22 per year per 340 nt).
There were virtually no changes in the aa scquence of M1 over the past
60 ycars

Table 2. Expected digestion patterns of the PCR products of M1 gene

Alul Msel
Subtype digestion bp digestion bp
at nt 331 atnt 277

HINI yes 231,170 yes 177,166
(194,177

H2N2 yes 231,170 no 217,166

H3N2 no 401 no 217,166

WISC88 no 401 no 235" 166

SPR34, $24/95, and K27/95 contain C* instead of T, PWISC88(HINI)
of swinc origin is supposcd to show an abnormal Msel digestion pattern.

Table 3. Origin of M gene and aa®¥ of M1 protein of the 6 high
yicld reassortants

Strain History Origin aa?!®
XITI3(HIND  TX9UHIND) x X31(H3N2) PR34 Thr
NIB27(HIND)  TX9U(HINI) x X3[(H3N2) TX91 Thr
X117(H3N2) BELI92(H3N2)* x PR34(HIN1) PR34 Thr
XI21(H3N2)  SHANO3(H3N2)x PR34(HIN1) SHANO93* Thr
NIB34(H3N2) JOHA94(H3IN2) x PR3I4(HINI)  PR34 Thr
RES8(H3N2)  JOHA94(H3N2) x PR34(HINI) PR34 Thr

*A reassortant (AICHI68(H3N2) x PR34(HINI) developed for
reassortment of HINT viruses (Kilbournc, 1969). "A/Beijing/32/
92(H3N2). “A/Shangdong/9/93(H3N2).
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