Archives

Arch Virol (1988) 103: 83- 98

VIrology
<f by Springer-Verlag 1988

Antigenic relationships between avian paramyxoviruses

Ill. A mathematical model of antigenic drift and a computer-assisted
approach for construction of a phylogenetic tree
M. Lipkind 1 a nd N. Rishe 2
1

2

Kimron Veterinary Institute, Beit Dagan, I rae!
School of Computer Science, Florida International University, College of Art
and Science , Miami, Florida, U.S.A.
Accepted August 3, 1988

Summary. The suggested model of antigenic kinship between related para-

myxoviruses is based on another concept of anitgenic determinant, as compared
to the previously suggested combinatorial mathematical model by the authors.
According to it, antigenic changes of any determinant do not proceed by " leaps"
but can be changed gradually . Such changed determinant can induce a correspondingly changed type of antibodies which still preserve a certain kin hip to
the original type of the determinant (before its changing) revealed by cro s
reaction serological tests. Accordingly, there can be "families" of the determinants differing by degree of relatedness to (or, rever ely, by antigenic distance
from) the "original" ("ancestor") determinant.
In addition to another interpretation of the antigenic kinship, the new mathematical model was used as an approach for revealing phylogenetic relationships
between antigenically related viruses.
Introduction
The group of avian PMV numbers to date 9 antigenic serotype [3, 4]. In the
previou communication [ 16] diverse multidirectional antigenic interconnections displayed by both hemagglutination (HA) and neuraminidase (Na e) inhibition tests have been found. This has given a basis for some suggestions
concerning: (a) a distinct topology of the HA and Nase functional antigenic
sites on the HA-Nase (HN) molecule and their independent antigenic evolution;
(b) a tentative subdivision of the group of avian PMV into two subgroups; (c)
the conception about the presence of the "common" and " erotype-specific"
and "conserved" and "variable" portions in the HN gene.
A combinatorial mathematical model describing the found antigenic relationships between the avian PMV serotypes was presented [28]. According to
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the model , the HN of each PMV antigenic serotype contains a set of particular
(serotype-specific) sort(s) of the determin ant(s) which is (are) prevailing as wel l
as some determinants of the other so rts which a re sha red by the most of the
other serotypes and, hence, ca use cross reactivity with the other respective
serotypes. The model has given an interpretation of the experimental sero logical
results including, in particular, the phenomenon of asymmetric cross reacti vity.
The combinatorial cha racter of this model was based on the "ali-or-none"
principle. Acco rding to it, each determinant is an absolutely specific antigenic
entity with no relationship to any other so rt. Thus, the specificity of the combination of the "serotype-speci fi c" and "commo n" determinants ascertains the
pattern of the relationships of the given serotype wih the others. Accordingly,
any possible alteration of any determinant, no matter how minim al but detectable, means a qualitative " leap" change of the determinant antigenicity, so
that such dete rminant is converted into quite another one (the "ali-or-none"
kind of change). This should be displayed by inability of the a ntibod y against
the determinant before changing to bind to the determinant after changing and
vice versa. The meaning of this is that any changing of the PMV serotype which
may occur (both nat ura l evolutionary and experimentally mutational) and which
are expressed by serological tests- hemagglutination inhibition (HI) or neuraminidase inhibition (NI), in the considered case- a re associated with the
changes in the combination of different sorts of the determinants which will
include this newly converted one.
In the present communication an alternative hypothesis is suggested which
includes some different postulates as compa red to the initial [28] hypothesis.
The essence of the new hypothesis is based on a new concept of the antigenic
determinant. Acco rding to it, the determinant is not an invariable entity but
can be changed (drifted) graduaLly. Such a changed determinant can induce a
correspondi ngly changed type of antibodies but these "cha nged " antibodies
still preserve a certain kinship to the origi nal type of the determinant before
its changing. Accordingly, there can be a " familiy" of the determinants with
different minor changes of different degree each of which reacts with antibodies
induced by either member of the fami ly while the "compati bility" between the
" heterologous members" of the family is detectably less than that between the
" homologous" ones.
In addition to a nother interpretation of the a ntigenic kinship, the new hypothesis served as a basis for the mathematical model of phylogenetic relationships between the viruses.
Materials and methods
The same bu lk of the experimental data [ 16, 17] used for the previously develo ped mathematical models [28] was employed in the present stud ies. The data concern com parative
cross-reactive serological studies which revealed multiple interrelationships between va ri o us
serotypes belo nging to a gro up of avia n paramyxoviruses. These serotypes a re listed in
Table I.
Th us, all the serotypes of the avian PMVs, with the onl y exception ofPMV-5/ bud gerigar/
Japan/ Kunitachi/74 wh ich was not avail a ble, were used in the studies.
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Table 1. Reference strains of avian paramyxoviruses

Serotype

2
(a)

Prototype train
Full designation

Abbreviation

PMV-1 / DVJLaSota/ 51
PM V-2/chickenJYucaipa/Cali fornia/ 56
PMV-3/turkeyjWisconsin/67

DV
Yucaipa
Ty/Wisc

PMV -3/parakeet/ etherlands/449/ 75
PMV-4/duck/Hong Kong/ D 3/75
PMV-6/duck/ Hong Kong/ D 199/77
PMV-7/doveJTenne ee/75/4/75
PMV -8/goo eJDelawarej I053/76
PMV-9/duck/ ew York/22/80
PMV-?/pigeon/Otaru/76

Pk/ Neth
03/HK
D 199/HK
Dove/Tn
Goo eJDel
Duck/ Y
Pigeon/Ot

3
(b)
4

6
7
8
9
?

Results

Postulates of the general hypothesis
The postulates (1)- (3) are similar to those used in the combinatorial model of
the antigenic kinship [28] , namely:
(1) Each PMV virion contains a number C of identical HN molecules.
(2) Each HN molecule contains two distinct antigenic domains- HA and
Nase- spatially arranged around HA and Nase functionally active sites.
(3) Each HA a well as Nase domain con ists of number D h and 0 0 , respectively, of antigenic determinants.
The next two postulates are the core of the present hypothesis :
(4) The antigenic determinants are grouped into classes, each class including
both identical and imilar ("related") determinants.
(5) Each determinant of a certain class induces a sort of antibodie which,
besides the identical (homological) determinants, can also inhibit the related
determinants of the same class with the effectiveness according to the degree
of the relatedness.

Definitions of antigenic kinship and antigenic distance
Let us suggest that a virus x evolves into a virus y as a result of such mutational
changes in the determinant(s) belonging to a clas c that the changed determinant(s) still preserves relatedness to the initial determinant before mutation,
i.e. remains belonging to the class c ("similar" or " related" determinants). Then ,
the antigenic kinship between the viruses x andy, with respect to the determinants
of the class c determined by functional
ither HI or NI- tests is defined as
the ratio between: (a) the inhibition of the class-c determinants of x by the
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antibodies against the class-c determinants of y and (b) the homologou inhibition of the class-c determinants of the x by the homologous antibodie .
This kinship is denoted as k(x , y, c). Note that k(x, x, c) = I. The important
point is that it is not at all necessary that k(x, y, c) mu t be equal to k(y, x, c)
[the possibility for the asymmetric cross reaction] [16, 17, 28].
The general antigenic kinship between the viruses x and y with respect to
all the classes of antigenic determinants detected by the functional inhibition
tests (HI and NI) is defined as the ratio between: (a) inhibition of all the
determinants of the virus x by the antibodies against the determinants of the
viru y and (b) inhibition of the determinants ofx by the homologous antibodies.
This general kinship is denoted as K(x, y) . Note that K(x, x) = I. It is not
necessary tha t K(x , y) must be equal to K(y, x).
It fo llows from the experimental data [16] that sometimes K(x, y) is several
orders lower than K(x, x) = 1, (according to the degree of the relatednes ) or
even is equal to zero (no relatedness).
In the first approximation, we sha ll postulate a correlation between K(x, y)
and k(x, y, c). Together with the above postulates and definitions, this correlation is based on the followin g speculation:
Let us suggest that a concentration of antibodies to the homologous virus
y is sufficient to inhibit a functional activity of a certain amount of the virus
in a certain quantitative test (either HI , or Nl) . If we perform the arne test
with a heterologous virus x (cross reactivity experiment), only a certain portion
of the determinants of the class c 1, namely, that eq ual to k(x, y, c 1) , a certain
portion of the determinants of the class c2 , namely, that equal to the k(x , y,
c2) and so forth , would have a chance to be inhibited. Approximately, for a
given virus there are chances eq ual to k(x, y, c 1) , k(x, y, c2) .•• k(x, y, en) that
a certain amount of the virus' determinants c 1, c2 , ... c"' respectively, would
be inhibited . Assuming that those "cha nces" are independent, the chance to
inhibit all the classes of the determinants can be expressed as the multiplication
of k(x , y, c 1) , k(x, y, c 2) ... k(x , y, en). Such multiplicative correlation, being
a common case for processes occurring in living systems, appears to be the only
simple correlation which is consistent with our experimental data on cross
reactivity inhibition tests [16]. Certainly, some complex correlation are pos ible
to be consistent with the experimental data, but in the first approximation those
complex correlations can be reduced to multiplication. The first criterion of the
consistency is the degree of antigenic kinship expressed by numerical experimental data [ 16]. However, this is rather a weak criterion since the degree of
the kinship is not connected directly with the problem of ance try. Another
criterion is based on the pairwise comparison of the experimental data on the
kinship rela ted to triples of the viruses x, y, z, i.e. K(x, y), K(y, z) and K(x, z)
as will be discussed below.
Therefore, on the basis of the above postulates, definitions and considerations, we postulate that, in the first approximation, the primary hypothesis of
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antigenic kinship is expressed by the following equation:
K(x, y) = k(x, yc, c 1)

•

k(x, y, c2)

· ••. ·

k(x, y, en).

A notion of " antigenic distance", which is reverse to the notion of the
antigenic kinship and which will be used in the further computation in order
to simplify formulas, is expressed as
D(x, y)

=

-

log 2 [K(x , y)].

An auxifliary theorem
Let us assume that:
(a) A virus y is a descendant of a viru x ;
(b) A virus z is a descendant of the virus y;
(c) The determinant pattern of the virus z differs from the determinant
pattern of the virus x in what the virus z differs from the virus y, plus in what
y differs from x. This means that if the drift from x to y caused changes in
some classes of the determinants, the drift from y to z cau ed changes in other
classes of determinants, rather than changes in the same classes again.
Then:
(i) The antigenic distance from x to z is equal to the antigenic distance from
x to y plus the antigenic di tance from y to z.
(ii) The antigenic distance from z to x is equal to the antigenic distance from
z to y plus the antigenic distance from y to x.
The proof of the theorem:
Let us assume that the change from x to y was in the classes c 1 and c2 , and
the change from y to z was in the class c3 . Then:
K(x, y)
=

= k(x, y, c 1) · k(x, y, c2)

k(x, y, c 1) · k(x, y, c 2) · l · ... · l

=

· ... ·

k(x, y, en)

=

k(x, y, c 1) · k(x, y, c2).

Similarly:
K(y, z) = k(y, z, c3 )
and, similarly, since x and z differ in three classes,
K(x , z)

=

k(x , z, c 1) · k(x , z, c 2 ) · k (x, z, c 3 ).

But c 1 and c2 have not been changed during the drift from y to z, and c3
has not been changed during the drift from x to y.
Thus, for example, k(x, z, c 1) = k(x, y, c 1) and, hence,
K(x, z) = k(x, y, c 1) · k(x, y. c 2 ) · k(y, z, c3 ).
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Thus,
K(x , z)

=

K(x , y) · K(y, z)

and, hence,
D(x , z)

=-

log[K(x, z)] = - log[K(x , y) · K(y, z)] = {- log[K(x, y)] } +
+ {- log[K(y, z)] } = D(x , y) + D(y, z).

Similarly,
D(z, x) = D(z, y)

+ D(y, x)

which is the end of the proof.

The approach to the solution of the problem of ancestry
On the ba is of the above theorem , let us designate the viruses x, y, and z as
a parent, a child and a grandchild , respectively. According to the a sumption
(c) of the theorem, not every triple of x-y-z has to satisfy the corollaries (i) and
(ii) of the theorem. That means that when the triple of the viruses x-y-z does
satisfy both (i) and (ii), then there is a good chance that they are related according
to either of the schemes : parent-child-grandchild or grandchild-child-parent.
The fact that the antigenic distances (D) between different pairs of related viruses
(i.e. those responding to the parent-child scheme) are quantitatively different
[16, 28] , is compatible with the view that the evolutionary changes between
the related vi ruses a re not due to one drifting step but rather are the result of
several such steps.
Now let us ass ume that several triples of viruses, for example, x-y-z~o x-yz2, and x-y-z 3 satisfy both the conditions (i) and (ii) of the theorem. From each
triple taken separately one cannot affirm whether x is the parent of y or y is
the parent of x, but several triples considered together provide stro ng evidence
that the x is the parent of the y and z 1, z2, and z3 are the children of the y. If
this were no t true, then each of the z 1, z2, and z3 would have a strong probability
to be the pa rent of y that is quite unlikely.
Further support for the decision abo ut the parentship relation between x
and y can be given by a triple also satisfying the conditions (i) and (ii) of the
theorem but involving another virus w on the left side, instead of the virus z
on the right side, namely, w-x-y. This in itself does not determine absolutely
who is a pa rent of whom, but strongly sup ports the choice between the two
possibilities : whether x is the parent of y, or the y is the parent of the x.
From the triple x-y-z we derived a conclusion about the possible parentship
relation between x and y in one of the directions. From the triple w-x-y we
also derive a conclusion about the possible parentship between x and y, thus
reinforcing the conclusion from the x-y-z.
The data about the antigenic distances between every pair of the viruses
have been o btained experimentally. A computer program has been written to
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analyze all triples of viruses and extract those triples where D(x, z) = D(x, y)
+ D(y, z) approximately (up to the precision of the experimental method) and/
means that these 12 triples could be combined to 6 pairs, each pair of the triples
whether it displays a parent-child-grandchild direction or an opposite grandchild-child-parent direction. However, the totality of all our data treated by
the analysis of all the triples as described in the following section and the
exhaustive computerized combinatorial search for all possible global relationships capable of forming a phylogenetic tree or a part of it based on the above
principles have provided for only one possible solution, i.e. only one possible
phylogenetic tree.
The experimental data on both the HI and NI tests [16] were computed,
according to the above approach and the especially constructed computer program , and the whole total of 720 possible triple combinations of the viruses,
separately for HI and NI tests, have been treated.

Phy logenetic relationships between the viruses according to the data
of HI test
The treatment of the experimental data related to the HI test [16] has revealed
12 triple combinations (from the whole total of 720 possible ones) of the viruses
which could be arranged by the above expression of x-y-z triples satisfying
(with a minor exclusion) both the conditions (i) and (ii) of the theorem . That
means that these 12 triples could be combined to 6 pairs, each pair of the triples
corresponding to the direct and reverse directions of the ancestry [conditions
(i) and (ii)]. The results obtained (Tables 2 and 3) appeared to be a basis for
the construction of the phylogenetic tree.
The example below demonstrates the approach :
The following two triples were found to satisfy the conditions (i) and (ii):
I. Dove/Tn - Pigeon/Ot - Pk/Neth
2. DovejTn - Pigeon/Ot - NDV
In each of these cases taken separately, there is a good reason to suspect
phylogenie (ancestor-descendant) relatedness, but the ancestry could exist with
equal chance in two opposite directions, namely:
DovejTn ~ Pigeon/Ot ~ Pk/Neth or Pk/Neth ~ Pigeon/Ot ~ Dove/Tn
and
DovejTn ~ PigeonjOt ~ NDV or NDV ~ PigeonjOt ~ Dove/Tn.
However, if to consider both the triples together, a chance for the ancestry
in the direction from the Dove/Tn significantly increases, namely :
Dove/Tn

~

Pigeon/Ot

~

Pk/Neth and DovejTn

~

Pigeon/Ot

~

NDV

The chance for such direction of the ancestry further increases while considering the other triples satisfying the conditions (i) and (ii) and containing
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Table 2. The 6 triples satisfying the condition (i) of the auxilliary theorem

X-Y-Z

Triples

D 3/ HK-Ty/Wisc-Pk/ eth
NDV-Pigeon/Ot-Dove/Tn
Pk/ Neth- PigeonjOt-Dove/Tn
Ty/Wi c-Pk/ et h-Pigeon/Ot
0 3/HK-Oove/Tn-Pi geon/Ot
0 199/ HK-DovefTn -Pi geo n/Ot

+

D(x , y)

D(y, z)

D(x , y)
D(y, z)

2. 18 ± 0.47
3.61 ± 0.43
3.00 ± 0.34
1.75± 0.64
3.14±0.70
3.50±0.50

1.75 ± 0.64
0.05 ± 0.36
0.05 ± 0.36
3.00±0.34
2.40±0.22
2.40±0.22

3.93±0.86
3.66 ± 0.56
3.05 ± 0.50
4.75 ± 0.72
5.54±0.073
5.90±0.55

The figures are the mea n values with sta ndard errors
The 4th a nd 5th columns demonstrate D(x, y) + D(y, z)
difference columns]

~

D(x, z)

4.07 ± 1.13
3.29 ± 0.22
3.35±0.20
4.19 ± 0.69
5.00±0.93
6.01 ± 0.22

D(x , z) [absence of the significant

Table 3. The 6 triples sa ti sfying the condition (ii) of the auxilliary theorem (comb ined in
the rever e order, as compared to the triples displayed in the Table 2)

Z-Y-X

Triples

D(z, y)

2.95 ± 0.66
Pk/ Neth-Ty/Wisc-0 3/HK
2.40±0.22
DovefTn-Pigeo n/Ot-NOV
2.40 ± 0.22
OovefT n- Pigeon jOt- Pk /N eth
2.05±0.52
Pigeon/Ot-Pk/ Neth-Ty/Wi c"
0.05 ± 0.36
PigeonfOt-DoveJTn-0 3/HK
Pigeon/Ot-OoveJTn -0 199/ HKb 0.05 ± 0.36

+

D(y, x)

D(z, y)
D(y, x)

1.37 ±
3.2 1 ±
2. 05 ±
1.37 ±
5.58 ±

4.32 ± 0.69
5.61 ± 0.48
4.45 ± 0.56
3.42±0.56
5.63 ± 0.85

0.21
0.43
0.52
0.21
0.72

00

00

D(z, x)

5.52±0.60
5.37 ± 0.43
3.81 ±0.60
1.75 ± 0.31
4.06±0.78
5.04±0.96

The same designations as those to the Table 2
• The difference between the 4th and 5th columns is on the verge of statistical significance
bThe only case not atisfying the condition (ii) of the auxilliary theorem

other combinations of the members of the above two initial triples, for example:
Pigeon/Ot -

Pk/Neth -

TyfWisc and Pk/Neth -

Ty/Wisc -

D 3/HK

Such kind of the analysis involving all the triples (Tables 2 and 3) has led
to the following conclu sions:
All the triples, with the only exception of D 199 - Dove/Tn - Pigeon/Ot,
satisfy condition (ii) whenever they satisfy the condition (i), and vice versa. The
triples satisfying (i) and (ii) conditions span a clear phylogenetic tree (Fig. 1)
with multiple evicence (from several triples) for each segment of the tree. As
to the triple D 199 - Dove/Tn - Pigeon/Ot, it satisfies the condition (i) but
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PMV-4
03/HK

1975

i

PMV -3a
Ty/ WiSC
1968

i
PMV-3b
Pk/ N e1h

1975

PMV-2
Yuca•pa
1956

PMV - 7

PMV-8

Dovet Tn
1975

Goose/Del
1976

PMV-6

PMV -9

D 199/ H K

Duck/ N Y

1977

1980

Fig. 1. Phylogenetic relationships between seven serotypes of avian para myxoviruses.

- - > Interconnections satisfyi ng conditions (i) a nd (ii) of the theorem, - - - >
interconnections satisfying condition (i) of the theorem

does not satisfy the condition (ii): Pigeon/Ot - D ove/Tn - D 199/HK. The
failure to satisfy the condition (ii) is not in itself a contra-indication to the
existence of a phylogenetic relationship, namely, D 199---+ DovejTn---+ Pigeon/
Ot. Therefore, in the case of the D 199/HK, the conclusion about its location
upon the phylogenetic tree is supported only by one piece of evidence [the
corresponding branch of the tree is indicated by the arrow with dashe (Fig. 1)
while the rest of the tree segments are supported independently by several pieces
of evidence].
However, a peculiar situation is connected with the position of D 3/HK on
the phylogenetic tree: on one hand, the D 3/HK is located at the top of the
tree, being a descendant of the Ty/Wisc, while, on the other hand , the D 3/HK
is one of the parents of the Dove/Tn (together with the D 199) being located
in the bottom of the tree. Taking into account that a phylogenetic tree cannot
be circular and the situation when one descendant is derived from two fathers
is impossible, we have had to accept, as the most reasonable, the possibility
that the D 3/HK is a child of the Ty/Wisc (Fig. 1).
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The results of the computational treatment of the N I test data
Among the 720 triples treated by the computational program, only a very few
triples satisfying (i) and (ii) were found but there was no mutual support between
them as it was in the case of the HI test. There were some triples which provided
a weak support for the results of the HI test. Besides, there were some triples
with the viruses Goose/ Del and Duck/NY (no phylogenetic relationship was
found in the case of the HI test data) but those triples were not compatible
with the tree constructed from the HI test data (Fig. 1).
Discussion

The presented mathematical model of antigenic kinship is based on different
definition of the concept of antigenic determinant as compared to the previously
suggested one [28]. The latter is based on the postulate that any changes
occurring in any antigenic determinant proceed according to the " ali-or-none"
law, i.e. the antibodies against the changed determinant must not react at all
with the original determinant (before the mutation). According to the present
definition , the determinants may undergo gradual changes , this leading to the
appearance of the " families " (classes) of antigenically related (cross-reacting)
determinants of different degree of the relatedness to each other.
Since the two suggested mathematical models are alternative ones, a natural
question is which of them is " correct" . At present, however, the choice between
them is based on the respective estimation of their "explaining capacity" . Each
of the models, based on quite different hypotheses, "explains" the described
phenomena of the complicated maize-like network of the cross-reaction relationships between avian PMV serotypes, including the phenomenon of asymmetric cross-reactivity. However, the second model presents an original approach for the establishment of the phylogenetic interconnections between the
antigenically related viruses.
Generally, the problem of phylogenetic relationships as applied to the viruses
has some specific peculiarities. First of all, there is a problem of quantitative
estimation of the degree of relatedness between any related viruses . Till the
recent time, the relatedness between the viruses was determined by different
phenotypic features associated mainly with morphology, chemical composition,
antigenicity, genome strategy etc. which were the basis for taxonomy. Recent
developmen t of sequencing techniques revealed new possibilities for quantitative
estimation of the relatedness on the genomic level. Indeed , the sequencing of
viral genome seems to permit an absolute determination of the degree of the
relatedness: in this respect, the anti-relatedness (distance) between the related
viruses maybe expressed just as a number of nucleotide bases or, correspondingly, of amino acids, by which these viruses differ. However, the differences
in some phenotypic viral properties (for example, antigenic) do not always go
in parallel to the quantitative differences on the genomic level. In the genealogical
dendrograms described recently for the case of influenza virus HA gene [2, 7,
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15, 36] the quantitative estimation of the antigenic drift was done either by
mean of calculation of percentage of amino acid equence difference made by
either especial computer program [1 , 2, 36], or by calculation of a number of
mutation separating different strains [7, 15, 33]. It may eem that the modern
approaches based on computations of the sequence data may give a more precise
quantitative estimation of the antigenic drift than classic serological tests . However, evidence has been obtained that a ingle base change in influenza virus
HA gene may cause drastic antigenic change [24, 33] which may be pleiotropically associated with change in biological functions [6, 13]. On the other
hand , complete sequence analysis has shown that the hemagglutinins of H 1
(HO) and H 2 influenza ubtype are clo ely related [10] while erologically
they are quite distinct. Besides, the problem is complicated by the fact that new
antigenic variant are generated by consequential change of key amino acids
within certain antigenic regions and such change may repre ent evolutionary
endpoints [6]. It was also shown by RNA-RNA hybridization technique that
base homology percentage does not always correlated with intraserotype antigenic difference [31 a]. Thus, the changes in antigenicity measured serologically and being, in fact, real expressions of a current antigenic drift, do not
proceed in parallel with monotonous quantitative accumu lation of point mutations. Therefore, together with differences on the genomic level (primary
polypeptide structure) the differences in some mea urable phenotypic indications hould be taken into account.
However, the main difficulty in the elucidation of the phylogenetic relationship lies in revealing the direction of the evolutionary changes, i.e. a recognition of ancestry within a considered fami ly of the related viruses. Even in
the case when the relatedness between the compared viruse is established and
measured quantitatively, it remains obscure what strain must be considered as
an " ancestor" to which all the other somehow differing " descendant" viruses
could be related. As soon as the direction is determined, the members of the
family can be arranged in a " phylogenetic tree" according to the quantitatively
determined differences. The absolute criterion of the ancestry- a precedence in
time- is not suitable in the ca e of viruses because of the absence of viral
paleontology. In this respect, the only " temporal" criterion is the chronological
time (the date) of the viruses' isolation which, however, can often be just an
occasional incident not necessarily connected with the time of emergence of the
isolated strain in nature. Only in some particular case such a criterion can
really be the objective one, namely, in the cases of tho e virsues which caused
" new" pandemic . The classic example concerns pandemic influenza viru es
when new antigenic erotypes appeared "for the first time" (" Asian" and " HongKong" influenza in 1957 and 1968, respectively). Indeed , taking into account
the initial appearance of a new influenza strain and a wide global surveillance
of the influenza viruses, e pecially during and after a pandemic period, it is
possible to register any evolutionary changes of the initial strain in the real
temporal uccession [2, 7, 33, 36]. Another demonstrable example is a new
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contagious conjunctivitis disea e caused by a novel enterovirus E 70 which ,
being registered for the first time in 1969 [8 , 14], during the next decade was
isolated all over the world [37] presenting a perfectly surveyed and well-documented pandemic ca e. On the basis of these data, a phylogenetic tree was
constructed [20, 34] using comparative oligonucleotide mapping genetic analysis combined with pairwise comparison of the common oligonucleotide spots
[I] and Unweighted Pair Group Method [25].
However, even in such a seemingly clear case as influenza viruses, the constructed phylogenetic relationships [2, 7, 33 , 38] reflect only equential evolution
on a single branch since the origin of a strain initiating a pandemic turned out
to be ob cure. The point is that, according to the recent views on " seroarcheology" (retrospective seroepidemiology) those "new" pandemic strains
were circulated long ago [22]. Hence, the " modern" pandemic strains were
causative agents of some more " old" pandemics [22]: the "Asian-like", " HongKong"-like, and swine-like influenza virus strains are believed to have caused
the influenza pandemic in 1889- 1890, 1900, and 1918, respectively [9 , 19, 21].
Therefore, even in this case, the date of the first isolation of the pandemic
influenza virus does not mean the time of its emergence in nature.
In the case of the animal , especially avian , viruses, like avian influenza or
avian paramyxoviruses (PMV) , such temporal criterion seems to be fully unsuitable since it does not reflect at all the real chronology of the virus origin
in nature. Some data on the monoclonal antibody-mediated analysis of the
avian influenza viruse may be an illustration of it [ll a, 12, 18]. For example,
some of the H 7-containing trains isolated recently in Israel had the same
antigenicity by the monoclonal antibody HI test as the prototype FPV / Rostock/
34 virus (the time interval between the isolations is 45-46 years) while some
other avian influenza viru strains isolated during the same season differed
significantly [ 18].
The above con ideration can be applied to the evidence that the viruses
Goose/Del and Duck/NY have shown no phylogenetic relationship to the other
avian PMVs (Fig. 1), in spite of the multiple antigenic cro reactivity between
them [16, 17]. We can suggest two possible explanations:
1. According to the condition (c) of the theorem, the phylogenetic relationship performed by the parent- child- grandchild (x-y-z) triple analysis can
be established only if the change from x to y and y to z affect different classes
of antigenic determinants (sequential mutation). If, however, the drift is due
only to x-y changes, the phylogenetic relationship estimated by the criteria
accepted here (several independent pieces of evidence obtained from the analysis
of different triples) will be ab ent while antigenic relatedness would be quite
well expressed.
2. The phylogenetic connections between the Goose/ Del and Duck/NY and
the other studied viruses are realized through "hypothetical" segments of the
phylogenetic tree represented by the viruses which either " died out" (do not
exist) or do exist (i.e. are circulating in the nature) but have not yet been i olated.
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For example, it can be easily imagined that the shape of the phylogenetic tree
presented here would be quite different if the present analysis had been performed before 1976 when the Pigeon/Ot, occupying the crucial point upon the
tree (Fig. 1), had not yet been isolated.
The same considerations can be applied for the explanation of the absence
of the phylogenetic relationships found in the case of the NI test. However, the
discrepancy between the data related to HI and NI tests remains to be a
perplexing phenomenon. On the one hand, it does not compromise the approach
as it is. Contrary to it, the failure to find phylogenetic relationships in the case
of the NI test is so contrasting with the amazing consistency of the HI test data
revealing the phylogenetic relationships, that it serves as a demonstration of a
certain real regularity but not just a game of figures. On the other hand , the
discrepancy is astonishing if to take into account that both HA and Nase
activities belong to the same HN glycoprotein molecule [31 , 32, 35]. Such
contrasting results on the phylogenetic relationships, together with the difference
in the cross reactivity [16, 17] between avian PMVs revealed by HI and NI
tests, seem to demonstrate the polar location of the HA and Nase functionally
active sites upon the three-dimensional body of the HN molecule as well as the
independent antigenic drift of the HA and Nase functionally active sites
As to the point about correlation between genetic relatedness measured by
sequencing techniques and the antigenic kinship measured by serological tests,
it could be thought that the genetic relatedness is an intrinsic indication of
evolution to which any other (phenotypic) indications are related as secondary.
In this respect, the phylogenetic tree describing the Enterovirus 70 evolution
[20] and constructed on the genetic basis, seems to be more genuine than that
based on functional tests which is presented here. However, the main postulate
underlying the genetical model of the phylogenetic tree is the assumption that
the nucleotide base substitution occurs at a constant rate [34] , altho ugh some
oligonucleotide spots were found to be surprisingly conserved [20] which is
not compatible with randomity character of the assumption. Besides, this assumption, seeming suitable for the case of Enterovirus 70, does not take into
account such phenomena as persistent and latent viral infections which accelerate mutational changes [11] , and a combination of the mystifying " freezing"
or conservation effect [11 a, 12, 18, 23, 27, 38] with the phenomenon of microheterogeneity [26] which fashions the influenza virus enigma. Therefore,
the molecular evolution proceeding at the genomic level and expressed by the
base substitution, and the antigenic drift proceeding at the protein tertiary
structure level and expressed by serological cross reactivity, may not go in
parallel. As it was shown on rhinoviruses, three-dimensional protein structures
are generally conserved far longer than primary protein sequences [29]. Thus,
there may be differences in the genomic sequence and , hence, in the primary
protein structures while the essential polypeptide folding motif is maintained .
In accordance with this, the phylogenetic tree including various picornaviruses,
some plant spherical RNA viruses and their common hypothetical ancestor-
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a primordial cell attachment (ancient receptor) protein [5]- was suggested being
based on both primary and tertiary structures of capsid proteins of the compared
viruses [30]. This means that the construction of the phylogenetic trees on the
only genetic basis of evolutionary divergences may lead to inevitable assumptions simplifying the reality and elimina ting importa nt factors.
The suggested presence of "conserved " and "varia ble" as well as serotypespecific and common portion s in the HN gene of avia n PMVs [16] , the occurrence of high intra-serotype antigenic variability, like that in PMV-2 (Yukaipa-like) case [3 , 4] together with minima l inter-serotype relationships [16] ,
and the vice versa situation in the PMV-1 (NDV-Iike) case, give evidence that
the evolutionary changes in HN gene do not seem to be due to monotonous
randomic substitutions as it was suggested for the molecular evolution of Enterovirus 70 [20]. Therefore, the suggested mathematical model of elucidation
of phlyogenetic relationships on the basis of the antigenic rel atedness can be
considered as an alternative approach to that based on the genetic rela tedness
and can be suitable fo r phyloge netic studies in a large variety of virus groups.
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