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S u m m a r y .  - Nucleotide (nt) and amino acid (aa) sequences of the M l  protein in 36 human 
influenza A viruses were analyzed. The neighbor joining tree of the nt sequences revealed several lineages 
associated with past epidemics of human influenza. However, the tree of aa sequences revealed only few 
specific lineages. This discrepancy in phylogeny between nt and aa sequences indicates that the Ml  protein of 
human influenza A virus nearly reached an evolutionary stasis. A simple subtyping method of human 
influenza A viruses by restriction fragment length polymorphism (RFLP) analysis of Ml gene polymerase 
chain reaction (PCR) products is discussed. 
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I n t r o d u c t i o n  

In the past  decade, many molecular epidemiological stud­

ies o f  inf luenza  viruses  have  focused  o n  haemagglut inin  

(HA)  o r  neuraminidase  (NA)  genes  s ince they code  m a j o r  

surface antigens,  a r e  related t o  h u m a n  pandemics ,  a n d  show 

rapid sequence  changes .The  genes  coding  sur face  proteins,  

however, a r e  no t  expected t o  have  a long  evolutionary his­

tory wi th in  hosts  that  subjec t  t he  v i rus  t o  considerable im­

m u n e  selection pressure  such as  h u m a n .  T h e  R N A  segment  

7 o f  t he  inf luenza A virus  is  bicistronic,  encoding bo th  M l  

(matrix) a n d  M 2  proteins.  M l ,  t he  m o s t  abundant  protein 

in the  in f luenza  vir ion,  f o r m s  a shell  surrounding the  n u -

'Corresponding author. 
Abbreviat ions:  aa = amino acid; FPV = fowl plague virus; 
HA = haemagglutinin; MoAb = monoclonal antibody; MoMLV 
= Moloney murine leukemia virus;  N A  = neuraminidase;  
nt = nucleotide; PCR = polymerase chain reaction; RFLP = re­
striction fragment length polymorphism; RT = reverse transcrip­
tion 

cleocapsid underneath  the  vi r ion envelope (Webster  et al., 

1992). I t  is known that  t he  s a m e  M gene  h a s  b e e n  retained 

throughout  t h e  antigenic shi f t  o f  H A  a n d  N A  in  h u m a n  pan ­

demics  (Hall and Air, 1981). Al though  a t  v e r y  s low rate,  

M l  gene  is  constantly changing (Ito  et al., 1991). I t  is pos ­

sible that  there  are  evolutionary remnants  in  t h e  n t  sequence  

o f  M l  gene.  Therefore ,  t he  phylogeny o f  M l  g e n e  m a y  yield 

a valuable informat ion  o n  the  epidemiological  his tory o f  

h u m a n  inf luenza A viruses.  

Because  newly  isolated strains o f  in f luenza  v i rus  o f t e n  

g row t o  relatively low titers in  embryonated  ch icken  eggs,  

h igh  yield strains f o r  vaccine  product ion have  o f t e n  b e e n  

obtained b y  laboratory manipula t ions  such  a s  sequent ia l  

passage  in  t he  eggs  o r  reassor tment  w i th  the  h i g h  yield lab­

oratory strain A/Puer to  Rico/8/34.  It h a s  been  suggested that  

the  high yield propert ies a r e  related t o  M 1  g e n e  (Kl imov  et 

al., 1991; X u e t a l . ,  1994).  To reevaluate th is  possibility, w e  

included 6 h igh  yield reassortants in  th is  study. 

M 1  gene  h a s  a highly conserved n t  sequence  a n d  is  o n e  

o f  t he  m o s t  rel iable targets  i n  P C R  diagnos is  o f  in f lue­

n z a  A and  B viruses  (Zhang  and  Evans,  1991).  This ,  how­
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e v e r ,  c a n n o t  i d e n t i f y  t h e  s u b t y p e s  o f  h u m a n  
influenza A viruses.  To detect the subtypes, another PCR 
targeting HA or NA gene i s  required. Besides being time 
and labour consuming, the method may fail to detect the 
subtypes  due to a high rate o f  genetic drift or shi f t  in HA 
and NA genes.  Therefore, i f  a simple restriction analysis o f  
PCR products o f  MI gene can identify the subtypes,  it will 
aid world-wide survey  centers in rapid analysis  o f  current 
epidemics o f  influenza. 

Mater ia ls  a n d  M e t h o d s  

Virus strains and sequence sources. The nt and aa sequences of 
36 human influenza A viruses were analyzed phylogenetically 
using the sequence of fowl plague virus (FPV) as the outgroup. 
Among the more than 20 sequences of influenza viruses isolated 
in South Korea in 1995, 8 viruses which represented different ar­
eas or showed different sequences were chosen for the analysis. 
A PCR band originating from a throat swab of a patient from 1994 
(virus not isolated) was also included in this study. Drs. N.J. Cox, 
Center for Disease Control and Prevention, Atlanta, GA, USA, 
and J.M. Wood, National Institute for Biological Standards and 
Control, Potters Bar, UK, kindly donated 4 wild type viruses which 
represent the recent world-wide epidemics and 6 reassortant strains 
which have the high yield properties. The sequences of 17 addi­
tional human influenza A viruses isolated from 1933 to 1989 and 
of an FPV were taken from the literature and data bank sources 
(Table I). The sequences discussed here arc available from the 
GenBank data base (accession No. U52926-U52944). 

The viral isolates were grown in 11-day-old embryonated chick­
en eggs at 35"C for 3 days and the allantoic fluids were then sepa­
rately harvested. After HA titers were determined using 0.5% chick­
en red blood cells, the fluids were stored at -70"C prior to RNA 
preparation. 

Oligonucleotide primers. Two oligonucleotide primer pairs com­
plementary to the conserved region of MI gene of influenza A virus 
(Zhang and Evans, 1991) were synthesized on an Applied 
Biosystcms 381A DNA synthesizer and purified when used in PCR 
(the outer upstream primer: nt 71-90, 5-'CCGTCA GGC-
CCCCTCAAAGC-3'; the outer downstream primer: nt 710-691, 5'-
GACCAGCACTGGAGCTAGGA-3'; the inner upstream primer: 
nt 101-120, 5 -CAGAGAC I IGAAGÄTG rCTT-3'; the inner down­
stream primer: nt 501-482,5-TGCTGGGAGTCAGCAATCTC-3'). 
However, the primers were purified by electrophoresis in a denaturing 
polyacrylamidc gel when used in sequencing. 

Reverse transcription PCR (RTPCR) was performed using 
a modification of Zhang and Evans' procedure (1991). Five 
hundred fx I of infected allantoic fluids or throat swabs of pa­
tients was centrifugcd at 15,000 x g for 30 mins at 4"C. The 
pellet was used for RNA extraction by a guanadine thiocyan-
atc method (Promcga, Total RNA Isolation System). DNA com­
plementary to viral RNA was prepared by using a Moloney 
murine leukemia virus (MoMLV) reverse transcriptase (Gibco) 
with a random hexanuclcotidc (Pcrkin-Elmcr). cDNA was first 
subjected to 25 cycles (94"C for 60 sees, 45"C for 90 sees, and 

72"C for 40 sees) of a reaction containing the outer primers 
with Taq polymerase (Promcga) in a Perkin-Elmer DNA Ther­
mal Cycler 480. An aliquot of this reaction was then diluted 
1.50 for a second reaction containing the inner primers and 
performed in further 25 cycles (94"C for 60 sees, 55"C for 
60 sees, and 72"C for 40  sees). The PCR products were veri­
fied by electrophoresis in 1.5% agarose gel inTris-acetate buffer 
containing 0.5 pg/ml ethidium bromide. 

Nucleotide sequencing. To resolve the sequence ambiguity, 4 
trials of sequencing were performed on each strain, two kinds of 
direct sequencing using both the upstream and downstream prim­
ers. After exonuclease and phosphatase treatments (USB, PCR 
Products Sequencing Kit), a PCR product was first subjected to 
nt sequencing using T7 polymerase with unlabelled primers and 
[alpha 5S]dATP. Another nt sequencing was performed on the 
same PCR product after its purification with Gene Clean II Kit 
(Bio 101), using Taq polymerase with 5'-cnd 32P-labe!!ed primer 
(Promcga, fmol DNA Sequencing System). With wild type vi­
ruses, nt sequencing was done only on nested PCR products 
(401 bp, nt 101-501 from the 3'-end of v RNA segment 7) using 
the inner primers. For reassortant strains, an additional sequenc­
ing on the first PCR products (640 bp, nt 71-710) using the out­
er primers was performed for determination of the aa 218 of M1 
protein. 

RFLP subtyping. Restriction sites of the nested PCR products 
were investigated using the DNASIS version 7.08 program (Hita­
chi Software, 1991). Mse\ and A!u\ enzymes (NEB) were chosen 
for RFLP subtyping of influenza A viruses. The PCR products 
were purified using a QIAquick PCR Purification Kit (Qiagene) 
and elutcd in distilled water. Restriction digestions were performed 
as recommended by the manufacturer. The digests were subjected 
to electrophoresis in 3.5% agarose gels and then photographed. 
Four PCR bands obtained from throat swabs from Kwangju area 
(South Korea) in late fall of 1995 were used as test samples in 
RFLP analysis. 

Phylogenetic analysis was performed on the sequences of 
nt 131-470 from the 5'-end of cDNA (3'-end o fvRNA)  of RNA 
segment 7 and on the sequences of aa 36-148 from the N-termi-
nus of MI protein. The aa sequences were deduced from the nt 
sequences using the DNASIS program. The sequences of each strain 
were aligned using the CLUSTAL V software (Higgins et al.. 
1991; EMBL Data Library). Phylogenetic trees, rooted by taking 
FPV27 for the outgroup, were constructed by the MEGA version 
1.02 program (Kumar et al, 1993) using the neighbor joining 
method (Saitou and Nci, 1987). The evolutionary distances were 
estimated by the Kimura 2 parameter. Bootstrap probabilities, 
based on 1000 resamplings, were calculated for cach internal 
branch of the neighbor joining trees. 

Resu l t s  

Variation of nt sequence in 1993 - 1995 

Fig. 1A shows the nt  sequence  d i f ferences  o f  each strain 

in 340  nt  analyzed in this study. Compared  t o  W S 3 3 ( H  1N1), 
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T a b l e  1. I n f l u e n z a  v i r u s  s t ra ins  a n a l y z e d  i n  th i s  s t u d y  

Strain A b b r e v i a t i o n  G c n B a n k  
acccssion No." 

Sourcc or reference 

A/FPV/27(H7N7) FPV27(H7N7) Markusin ct al. (1988) 
A/WS/33(H1N1) WS33(H1N1)  Z c b c d c c  a n d  L a m b  (1989) 
A/WSN/33(H1N1) WSN33(H1N1)  Z c b c d c c  and L a m b  (1989) 
A/Pucrto Rico/8/34(HlNl)  R34(H1N1)  Winter  a n d  Fields (1980) 
A/Fort M o n m o u t h / l / 4 7 ( H l N l )  FM47(H1N1) Smccn and B r o w n  (1994) 
A/Fort Warren/ 1/50(HIN 1) FW50(H1N1)  Zabcdcc  a n d  L a m b  (1989) 
A/USSR/90/77(HlNl)  USSR77(HIN1)  Samokhavalov  ct al. 
A/Taiwan/1/86(H1N1) TAIW86(H1N1)  U 5 2 9 3 9  N I B S C  
A/Yamagata/120/86(H 1N1) Y A M A 8 6 ( H 1 N 1 )  U 5 2 9 4 4  C D C 1  

A/Wisconsin/3523/88(H 1N1) WISC88(H1N1) Ito ct al. (1991) 
A/Tcxas/36/91 (H 1N1) TX91(H1N1)  U 5 2 9 4 0  NIBSC 
A/Scoul/24/95(H 1N1) S24/95(H1N1) U 5 2 9 3 6  NIH Korea 
A/Kwangju/27/95(H 1N1) K27/95(H1N1) U52931 NIH Korea 
A/Singaporc/l/57(H2N2) SING57(H2N2) Zabcdcc  a n d  L a m b  (1989) 
A/Leningrad/134/57(H2N2 LENIN57(H2N2) K l i m o v  et al. (1985) 
A/Ann Arbor/6/60(H2N2) A A 6 0 ( H 2 N 2 )  Cox ct al. (1988) 
A/Korca/426/68(H2N2) KOREA68(H2N2)  Ito ct al. (1991) 
A/Aichi/2/68(H3N2) AICHI68(H2N2) Ito ct al. (1991) 
A/Udorn/302/72(H3N2) UDOR72(H3N2)  L a m b  a n d  Lai  (1981) 
A/Port Chalmcrs/1/73(H3N2) PC73(H3N2) Zabcdcc  a n d  L a m b  (1989) 
A/Bangkok/l/79/(H3N2) BANG79(H3N2)  Ortin ct al. (1983) 
A/Mcmphis/8/88(H3N2) MEMP88(H3N2) Ito ct al. (1991) 
A/Guangdong/39/89(H3N2) GUAN89(H3N2)  X u  ct al. (1993) 
A/Johancsburg/33/94(H3N2) JOHA94(H3N2 U 5 2 9 2 9  NIBSC 
A/Busan/7/95(H3N2) B7/95(H3N2) U 5 2 9 2 6  NIH Korea 
A/Kwangju/1 /95(H3N2) K1/95(H3N2) U 5 2 9 3 0  NIH Korea 
A/Scoul/2/95(H3N2) S2/95(H3N2) U 5 2 9 3 5  NIH Korea 
A/Changwon/9/95(H3N2) C9/95(H3N2) U 5 2 9 2 8  NIH Korea 
A/Changwon/11/95(H3N2) CI  1/95(H3N2) U 5 2 9 2 7  NIH Korea 
A/Scoul/8/95(H3N2) S8/95(H3N2) U 5 2 9 3 7  NIH Korea 
A/Scoul/94 d  S94 U 5 2 9 3 8  NIH Korea 
X113(H1N1) rcassortant X I 1 3 ( H  1N1) U52941 NIBSC 
X117(H3N2) rcassortant X I  17(H3N2) U 5 2 9 4 2  C D C  
X121(H3N2) rcassortant X121(H3N2)  U 5 2 9 4 3  NIBSC 
NIB27(H1N1) rcassortant NIB27(H1N1) U52932  NIBSC 
NIB34(H3N2) rcassortant NIB34(H3N2) U52933  NIBSC 

RESVIR-8(H3N2) rcassortant RES8(H3N2) U 5 2 9 3 4  NIBSC 

'The strains w i t h  an accession numbers  w e r e  scqucnccd  in this study. 
bDr. J.M. Wood, National Institute f o r  Biological  Standards a n d  Control Potters Bar. U K .  
cDr. N.J. Cox, Center f o r  Discae  Control a n d  Prevention, Atlanta, G A ,  U S A .  
dS94 i s  not  an isolated strain, but  its MI g e n e  w a s  detected b y  PCR in  a throat swab.  

current H3N2 v i ruses  have maximally  2 1  different nt with 
exception o f  W I S C 8 8 ( H 1 N 1 )  which  i s  a s s u m e d  to b e  
a swine v i rus  (Rota et al., 1989). The H1N1 viruses  after  
1977 have fewer  sequence changes than the recent H3N2 
viruses. The rate o f  change per nt f o r  the M l  gene w a s  
0.65 x 10"3 substitutions per  y e a r  (0 .22  nt per  y e a r  per  
340 nt), excluding the H1N1 viruses  after  1977 (Fig. 2). 
There were  virtually no changes in the a a  sequence o f  M1 
over the past  6 0  years  (Fig. 1B and Fig. 2). KOREA68 has 
a maximum change o f  4 o f  113 aa analyzed in this study in 
comparison with W S 3 3 .  

RFLP subtyping 

W e  found several nt positions speci f ic  f o r  each subtype. 
A m o n g  them, nt 2 7 7  and 331 o f  RNA segment 7 w e r e  rec­

ognizing sites f o r  restriction enzymes  MseI and  Alul, re ­

spectively (Fig. 1 A) .  The re  are  1 o r  2 m o r e  restriction sites 

for  Mse I on  the  P C R  products.  T h e  n t  sequence  o f  W I S C  

88(H1N1)  w a s  qui te  different  f r o m  that o f  o ther  viruses.  

Table 2 shows t h e  expected digest ion pat terns  o f  t h e  M l  

gene  P C R  products  us ing  Mse I o r  Alul accord ing  t o  each  

subtype.  T h e  R F L P  method  is expected t o  discr iminate  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 f rom throat swab sam­
ples originating f rom the Kwangju area of South Korea dur­
ing late fall of 1995 (Fig. 3). All 4 samples were assumed to 
contain H1N1 viruses, similar especially to S24/95(H1N1) 
isolated in Seoul in early fall of 1995. One month later, 4 
influenza strains were isolated f rom throat swabs and con­
firmed as H1N1 viruses by  haemagglutination inhibition 
test (A/Kwangju/27/95 through A/Kwangju/30/95). In the 
MseI digestion pattern, the bands of H I N  1 strains isolated 
in 1995 were slightly larger than those o fTX91 ,  which was 
due to a mutation at n t  334. PR34 was expected to show 
the same pattern. However, the critical difference between 
H1N1 and H3N2 was easily detectable by  a routine agar­
ose gel electrophoresis. 

Phylogenetic analysis of nt and aa sequences 

Phylogenetic trees based on partial M 1  gene sequences 
of human influenza A viruses were constructed using the 
neighbor joining method rooted by taking FPV27 for  the 
outgroup (Figs. 4A,  4B). M l  gene o fWISC88 is genetical­
ly distinct f rom that of other human viruses. In the neigh­
bor joining tree based on  340 n t o f M l  (Fig. 4 A ) , t h e H l N l  
viruses fo rm a lineage differing f rom the H2N2 and H3N2 
viruses (bootstrap probability 81%). Among the H1N1 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 
M l  gene f rom those isolated after 1979 (bootstrap proba­
bility 64%). O n  the contrary, the phylogenetic tree based on 

113 aa of M l  shows no  significant lineage among the sub­

types and low bootstrap probabilities in most forks (Fig. 4B). 

Relationship between Ml and high yield properties 

Among the 6 reassortants, NIB27 has the same sequence 
as TX91, and X I 2 1  has a sequence similar to that of cur­
rent H3N2 viruses such as S94. The other 4 strains have 
a nt sequence very similar to that of PR34 reported in 1980. 
XI13, X I 1 7 ,  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 o f  2 strains originated from wild strains 
and those of the other 4 strains originated f rom 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. IB), and of aa 149-220 
when compared with the strains in previously reported stud­
ies (datanot shown). Klimov et al. (1991) claimed thatThr218 

of M l  protein was specific for  high yield strains, and Ala218 

25-1 
Nucleot ide 

y = 0.22x + 5.70 ° (alter 1977) 

Amino Acid 

H1NI 
(alter 1977) 

o-<x> 
O.OOx + 1.54 

y e a r  

Fig.  2 

T h e  evolutionary rates f o r  the  M l  gene  in h u m a n  

inf luenza A viruses  f rom 1933 - 1995 

The slopes were estimated by regression o f  the year o f  isolation against 

the nt or aa changes in the present study. The strains used in this graph arc 

marked (') in Fig. 1. A m o n g  the strains isolated in South Korea in 1995, 

3 H 3 N 2  and 1 H1N1 strains which show different number o f  changcs 

were included. The H1N1 viruses isolated after 1977 were not included 

in estimating the evolutionary rates, because their nt sequences showed 

a significant latency in evolution. The rate o f  change per nt for the M1 

gene  was  0 .65 x 10'substitutions per year (0 .22  per year per 3 4 0  nt). 

There were virtually no  changcs in the aa sequence o f  M l  over the past 

6 0  years 

Table 2. Expected digestion patterns o f  the  P C R  products  of M l  gene 

Alu\ Mse I 

Subtype digestion 

at nt 331 

bp digestion 

at nt 2 7 7  

bp 

H1N1 y e s  2 3 1 , 1 7 0  y e s  177,166 

(194,177)" 

H 2 N 2  y e s  2 3 1 , 1 7 0  n o  2 1 7 , 1 6 6  

H 3 N 2  no  401 n o  2 1 7 , 1 6 6  

W1SC88 no  401 no  2 3 5 M 6 6  

aPR34, S24/95,  and K27/95 contain C™instead o f T ™ .  b W I S C 8 8 ( H l N l )  

o f  swine origin is supposed to show an abnormal Msel digestion pattern. 

Table 3 .  Origin o f  M gene  a n d  aa2 '*of M l  protein o f  the  6 high 

yield reassortants  

Strain History Origin aa-' 

XI 13(H1N1) T X 9 1 ( H I N 1 )  x X31(H3N2)°  P R 3 4  Thr 

NIB27(H 1 N I )  T X 9 1 ( H 1 N 1 )  x X 3  1(H3N2)" T X 9 1  Thr 

X I  17(H3N2) BEIJ92(H3N2) b x  PR34(H1N1)  P R 3 4  Thr 

X 1 2 1 ( H 3 N 2 )  S H A N 9 3 ( H 3 N 2 ) ' x  P R 3 4 ( H I N 1 )  SHAN93 C  Thr 

NIB34(H3N2)  JOHA94(H3N2)  x PR34(H1N1)  PR34  Thr 

RES8(H3N2)  JOHA94(H3N2)  x PR34(H1N1)  P R 3 4  Thr 

"A rcassor tant  ( A I C H I 6 8 ( H 3 N 2 )  x P R 3 4 ( H 1 N 1 )  d e v e l o p e d  f o r  

rcassortmcnt  o f  H 1 N 1  v i r u s e s  (Ki lbournc ,  1969) .  b A / B c i j i n g / 3 2 /  

92(H3N2).  cA/Shangdong/9/93(H3N2).  
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F i g .  3 
R a p i d  e s t i m a t i o n  o f  t h e  s u b t y p e s  o f  h u m a n  i n f l u e n z a  A v i r u s e s  b y  R F L P  ana lys i s  o f  M l  g e n e  p r o d u c t s  

JOHA94(H3N2),  TX9(H INI) ,  a n d  S/24/95ÍH I N I )  strains were  used  as standards, f o u r  PCR bands  obtained f r o m  throat s w a b s  in the K w a n g j u  area o f  
South Korea dur ing  late fall  o f  1995 were  u s e d  as  test samples.  A :  Aht\ digestion. T h e  digested bands  o f  231 b p  a n d  170 b p  as  w e l l  as  the original 
substrate b a n d  o f  401 b p  are seen  o n  the A/.vcI digestion. H: JOHA94(H3N2) showed  2 bands  o f  217 b p  a n d  166 b p  as expccted in  Table 2 . T X 9 1 ( H 1 N I )  
s h o w e d  f u s e d  b a n d s  of 177 b p  a n d  166 bp,  a n d  S24/95 (H I N I )  showed  f u s e d  bands  o f  194 b p  a n d  177 b p  as  expected in Table  2. A l l  the 4 test samples  
s h o w e d  patterns s imi lar  to S24/95. 

or Val 2 1 8  w a s  speci f ic  f o r  low yield strains. However, our 
study o f  6 high yield reassortants showed that either Thr or 
A l a  can occur at this position in high yield strains (Table 3). 

Discussion 

The phylogeny data using nt sequences of  M1 gene were 
correlated with many known past epidemics of  human influ­

enza. T h e  H1N1 viruses appeared in 1918 and have been cir­

culating in humans since then with an intermittent period from 

1957 to  1977 (Xu  et al., 1993). It is reported that the reappear­

ing USSR77  virus is nearly identical with the strains isolated 

in 1950 (Nakajima  et al., 1978). O n e  possible explanation is 

that the virus has been preserved in a frozen state without any 

accumulation o f  mutations. O u r  data on the phylogeny and nt 

changes also indicate the reemergence o f  the same virus be­

tween the early 1950s and 1977. Excluding WISC88 o f  swine 

origin, the M I N I  viruses form a single lineage f rom the II2N2 

and M3N2 viruses in the neighbor joining tree.The MINI strains 

f rom 1995 have fewer nt changes than the I I3N2 strains f rom 

1955 in comparison to  WS33,  the mean number o f  nt changes 

in MINI  being 14, and that in H3N2 19.5. It means that the 

current H1N1 viruses still have 25  (5.5/0.22) years o f  latency 

in evolution. In the neighbor joining tree constructed on  the 

basis o f  nt sequences, the H1N1 viruses isolated after 1977 

form a cluster. It indicates that the current H1N1 strains are 

direct descendants o f  USSR77. 

It has been  speculated that t he  H 3 N 2  vi ruses  a f te r  1977 

such a s  A/Texas/77 are  not  succeeding strains t o  those be­

fore  1975 such as  A/Victoria/75 (Webster  et al., 1992). O u r  

data  strongly support  this possibility. T h e  neighbor  jo in ing  

tree shows that the  H 2 N 2  and  H 3 N 2  viruses  are  divided 

into two m a j o r  lineages, those  be fo re  1973 and  a f t e r  1979. 

In the  graph o f  nt  changes  (Fig. 2) ,  t he  H 2 N 2  and H 3 N 2  

viruses f r o m  1957 - 1973 are  located above the  regression 

line, and those af ter  1979 are mainly  located be low the  line. 

Therefore, it can b e  inferred that a somewhat  different H 3 N 2  

virus,  different  at  least in the  M gene ,  newly  appeared dur­

ing mid  1970s. 
In the present study, w e  found that there were  f ew changes 

in the aa  sequences and f ew significant  lineages in the  phy­

logeny o f  the M l  protein sequence.  Though  w e  analyzed 

a partial sequence o f  M l  gene  (aa 36-148) only, the  majori­

ty o f  known important sites were located within this sequence. 

The  lipid binding sites have been mapped  t o  a a  62-86 and  
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Fig.  4 
T h e  n e i g h b o r  j o i n i n g  f r e e  b a s e d  o n  p a r t i a l  n t  a n d  a a  s e q u e n c e s  o f  M l  g e n e  i n  h u m a n  i n f l u e n z a  A v i r u s e s  f r o m  1933 - 1995  

The  trees w e r e  rooted b y  taking FPV27 f o r  the outgroup. T h e  bootstrap probabilities, as determined f o r  1000 resampl ings,  arc g i v e n  in percentage 
beside the internal branches. ' T h e  rcassortants. A :  Phylogcnetic tree based o n  the nt  sequence.  M l  g e n e  o f  W1SC88 w a s  genetical ly  distinct f r o m  those 
o f  other h u m a n  in f luenza  A viruses. T h e  HINI  v iruses  f o r m  a l ineage d i f f e r i n g  f r o m  the H2N2 a n d  H3N2 viruses. A m o n g  the H1N1 viruses,  the 
v iruses isolated after 1977 f o r m  a clustcr. T h e  H2N2 and H3N2 v iruses  isolated be fore  1973 f o r m  a l ineage in  contrast to those isolated after 1979. 
B: Phylogcnetic tree based  o n  the aa sequence.  T h e  tree s h o w s  n o  s igni f icant  l ineage a m o n g  the subtypes  a n d  l o w  bootstrap probabi l i t ies  i n  m o s t  forks. 

114-133 (Grigoriades and Frangione, 1981), and critical an-
titranscriptase sites to aa 7 0  and 140 (Hankins etal., 1989). 
It has also been hypothesized that an Arg/Lys face on an 
a-helix containing aa 95-105 might bind to the phosphate 

backbone of  RNA (Winter and Fields, 1980). Pro5 4  may b e  
phosphorylated b y  proline kinase (Whittaker et al, 1995), 
and the region of  aa 58-66 is important for binding to a human 
MHC class I molecule, HLA-A2 (Falk et al, 1994). 
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The discrepancy between the data on nt and aa sequenc­

e s  m e a n s  that  the  M1 protein o f  h u m a n  inf luenza A viruses  

nearly reached an  evolutionary stasis. In that  stasis, any  

modi f ica t ion  o f  the  protein sequence  is likely t o  prove det­

rimental  in the  long run,  and  the  a a  sequences  are  highly 

conserved.  However, it does  not  m e a n  that  the  genetic  di­

versity decreases;  over  t he  t ime,  the  accumulat ion o f  silent 

genet ic  mutat ions  in different  populat ions can  b e  lead to  

s ignif icant  l ineage divergence in nt  sequences.  This  phe­

n o m e n o n  w a s  a lso  found  in proteins o f  avian influenza vi­

ruses  (Webster  et al, 1992). 

In our  analysis, most  o f  H 2 N 2  and H3N2 viruses have the 

same a a  sequences as  FW50(H1N1).  T h e  aa  sequences o f  

AA60,  KOREA68,  andAICHI68 are a little different, but they 

proved to be  dead-end mutations. The  mutation o f  S8/95 also 

seems to  end without any succeding strain. T h e  only differ­

ence in the aa  sequences between WS33  and current H3N2 

viruses is LysM->Arg95. Both these aa  are positively charged at 

normal pH,  and it is expected that there are nearly n o  differ­

ences between the two protein structures. We therefore assume 

that the same M 1  protein has been retained over the past 60  

years. O n  the other hand, it seems that the H1N1 viruses after 

1986 reached another optimum state. They have two distinct 

sites with aa  changes in the a a  sequences compared to other 

viruses, namely Val l42->Ser l42and Vall47->Ilc147. The  change o f  

Vall42->Ser142 may affect the protein structure, because serine 

is far more  polar than valine and serine can be phosphorylated, 

although we  found no  known kinases which can recognize Ser142 

o f  the M l  protein (Kemp and Pearson, 1990). There were no  

changes in the region o f  aa  58-66 o f M  1 (HLA-A2) in all strains 

o f  human  influenza A viruses. It seems that this epitope as  

a part o f  an internal protein is not subjected to  immunoselection. 
T h e  results o f  t he  R F L P  show that a s imple  restriction 

digest ion o f  P C R  products  o f  M l  gene  can effectively dis­

c r i m i n a t e  t h e  s u b t y p e s  o f  cu r r en t ly  c i rcu la t ing  h u m a n  

in f luenza  A viruses. T h e  muta t ion  si tes recognizable  b y  

Alul and A/.vel a re  silent.  It s eems  that  these  sites are  not 

funct ional ly related to  the  protein o f  each subtype but  to  the 

evolut ionary remnants  o f  the  M I  gene.  
T h e  P C R  targe t ing  o f  H A  and /o r  N A  g e n e s  m a y  b e  

a spec i f i c  method fo r  rapid identif ication o f  v i rus  subtypes.  

In an earlier study, Z h a n g  a n d  Evans (1991)  devised vari­

o u s  pr imer  sets f o r  PCR detection o f  influenza viruses.  They 

found that PCR target ing o f  these  genes  failed to  detect  cer­

tain type  o f  v i rus  such a s  A / N e w  Jcrsey/8/76 (111N1), and  

concluded that by consider ing the high rate o f  sequence 

variations o f  H A  and  NA it may  never b e  possible to  d e f i n e  

a s ingle  se t  o f  pr imers  capable  o f  achieving this goal.  We 

therefore  highly recommend  o u r  method o f  s imple  R F L P  

analysis  fo r  rapid est imation o f  subtypes  o f  epidemic  inf lu­

enza  vi ruses  to  t he  wor ld-wide  centers.  
Al though at s low rate, the  nt sequence  o f  M l  g e n e  is 

constantly changing.  Even in a single epidemic,  different  

sequences  were  found  e.g.  in C9/95  and  C I  1/95. I f  there  is 

a critical mutat ion at the  recognit ion si te o f  the  restriction 

enzymes ,  the  digestion pattern will b e  distored. T h e  1995 

H 1 N 1  strains a n d  P R 3 4  have C instead o f T  a t  nt  335  which  

slightly changes their patterns  ofMse\ digestion. In this case, 

however, there  were  n o  problems in ident i fying the  vi rus  

subtypes using a routine agarose  gel  electrophoresis.  C o n ­

sidering the  very slow ra te  o f  t he  M l  g e n e  mutat ion,  w e  

expect  that our  R F L P  method  will b e  usefu l  in  a long run .  

The  experiments with the reassortants suggest that M 1  may 

not b e  associated with the virus high yield properties. If M l  

is closely related t o  the high yield properties o f  PR34,  all M l  

o f  the 6 reassortants should originate f r o m  PR34.  However, 

the M 1  o f  2 reassortants c a m e  f r o m  the  wild strains in this 

study. This  does not  correspond to  the  data  o f X u e /  al. (1994) 

that M1 o f  all the  8 reassortants f r o m  1979 - 1 9 9 2  c a m e  f r o m  

PR34.  We can hardly explain this  discrepancy. O n e  possi­

bility is a d i f ference in t he  methods  used  in the  two  studies 

in identifying the  M l .  X u  et al. (1994)  have  analyzed M l  

by ELIS A using a spec i f ic  M o A b  t o  PR34.  Even though an  

antibody t o  P R 3 4  may b e  very  specif ic ,  there  is  a chance  o f  

a cross-reaction wiyth  wild strains. Another  possibili ty is 

that the  wild strains T X 9 1  and  S H A N 9 3  attained the  high 

yield properties asociated with M 1  by  chance.  However, this 

is probably a very  rare possibility, s ince  w e  found  n o  se­

quences specific for  the  reassortants in compar ing sequences 

o f  aa  36-220 o f  total 2 5 2  a a  o f  M 1  in  wi ld  strains. 

Klimov et al. (1991) have reported t h a t T h r l 8 i s  specific for  

high yield strains, and Ala218 or Val218 is specific for  low yield 

strains. However, our  study reveals that either Thr  or Ala can 

occur at this position in high yield strains. Recently, Ward (1995) 

has reported that a change o f  Ala4l->Val41 may b e  related to  

mouse adaptation and increased growth in eggs and M D C K  cells 

o f  WSN33.  Considering our data, this change is not related to, 

at least, the increased growth, because the high yield strains 

NIB27 and X121 contain Ala41 like all other human influ­

enza A viruses.The fact that M l  of human influenzaA viruses 

nearly reached the evolutionary stasis also means that an exist­

ence o f  more effective M1 related to  high yield properties is 

hardly possible. A further study o f  complete sequence o f  R N A  

segment 7 may reinforce our suggestion that M 1  gene of human 

influenza A viruses reached an evolutionary stasis. 
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