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What These Trends Suggest?
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Abstract: Problem statement: Global warming is one of most significant fact@affecting the
biological evolution and the influenza is the dise#hat threatens humans with possible epidemics or
pandemics. It would be important to understantiéf global warming would have potential impact on
the evolution of influenza virus. For this aim, tfiest would be to study the trend of evolution of
proteins from influenza A virus and compare it witie trend in global warmingApproach: The
evolution of polymerase acidic proteins of influan& virus from 1918-2008 was defined using the
unpredictable portion of amino-acid pair predicligpiThen the trend in this evolution was compared
with the trend in the global temperature, the terapee in north and south hemispheres and the
temperature in influenza A virus sampling site apecies carrying influenza A viruResults. The
similar trend was found between global warming awdlution of polymerase acidic proteins although
we could not correlate them at this stage of st@hnclusion: The study suggested the potential
impact of global warming on the evolution of protefrom influenza A virus.
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INTRODUCTION essence is that these measures are numbers. Eondgha
need to change a 20-letter symbolized protein &nto
It is said that the climate change has an extincti number, more accurate, a scalar datum, because the
risk for many speciés. If so, we would expect to see scalar data are far easy to present in coordiadtes the
that the protein evolution would be affected to som time course as an evolutionary process.
degree although some proteins could be hidden geepl  Since 1999, our group has developed three
inside cells. This theme would lead to an importantapproaches to change a 20-letter symbolized protein
open question. into a scalar datum based on the random mech&fism
The protein evolution is a process of mutationsnot only because pure chance is now considerad & |
within protein family, but definitely we cannot idéfy  the very heart of natuf& but also more importantly the
all the mutation causes one by one because sonse cauandom approach is frequently used when we have no
that led to mutations in the past might not leamg a detailed knowledge on a process, in our case, we ha
trace due to the environment changes. Howeves it ino detailed knowledge on all the mutation causes. O
certain that all the mutation causes leave thaoets in  the other hand, the data changed by random approach
protein, whose amino acids differ over evolutionaryreflects only a single aspect of a protein, as Htegmd
process. Thus the open question is how we canrmreseweight reflect different aspects of life. Of coursigere
the evolution of different amino-acid proteins ajadhe  are many other ways to change a protein into angdatu
time course, because the evolution is directlyreafeed  for example, we can use the physicochemical prgpert
to the time. In other words, how is a protein famil of amino acid to change a protein into a numeral
represented along the time course? sequenc®, however the physicochemical property is
We perhaps would have many ways for this, just asot subject to mutations, which engineer the evayt
we have many ways to deal with other things ovaeti so we cannot use this approach to plot the evaiuifo
For example, we can follow a man’s height, bodyglvei  a protein family over time.
count of red blood cells from birth to death. Altigi If we can effectively represent a protein family
each measure represents an interesting aspett,adhi2  along the time course, the pattern of this profamily
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would be its evolutionary process from the viewpaih For example, there are 77 glutamic acids “E” and
how the proteins have been changed so fad8 isoleucines “I” in the PA isolated from 1918
Furthermore, we can compare the evolutionary pmocesnfluenza A virus, accession number ABAS55040
of a protein family with any other time series of A/Brevig Mission/1/1918(H1N1), which is composed
interests to see if there is a similar trend betwésem  of 716 amino acids. If the appearance of amino-acid
although similar trends are by no means the cdioela  pair El can be explained by permutation, it musiesp
Influenza viruses replicate and transcribe theirfive times in this PA (77/712648/715715 = 5.162).
segmented negative-sense single-stranded RNA genormiétually we do find five Els in this PA. Thus, the
in the nucleus of the infected host cell. All RNA appearance of El can be explained by permutation or
synthesizing activities associated with influenzeuy ~ Predicted by random mechanism. By clear contrast,
are performed by the virally encoded RNA-dependenthere are 36 glycines “G” in 1918 PA. If the apewe
RNA polymerase that consists of three subunits®f GE can be explained by permutation, it must appe
polymerase acidic protein (PA), polymerase basié‘our times (36/7167_7/715<715 =_3.8715). However, it
proteins 1 and 8. The PA subunit is involved for the &PPears only once in realty, which cannot be erptai

conversion of RNA polymerase from transcriptase tg?Y Permutation or randomly unpredictable. In thisyw

replicas€ and contains the endonuclease active’'® classify all of the amino-acid pairs in this @&

sitd’® A recent study strongly implicates the viral predictable and unpredictable.

RNA polymerase complex as a major determinant of l.t IS absplutely necessary that. the
the pathogenicity of the 1918 pandemic Vit predictable/unpredictable portion is subject toirgy t

Thus the evolutionary trend of PA would provide difference between two PAs, thus different PAs $thou

more understanding and insight on influenza and hov!?ave different values to be .d|st|ngU|s_habI(.e. In phst,
humans can prevent influenza, which is designetties we have tefsped many proteins to verify this reqaest
aim of this study ’ got the positive answér’.

For example, there are two H7N2 influenza A
viruses isolated from New York in 2003 (accession
number ACJ69195 and ACJ69220) and their PAs have
only one amino acid different at position 235. Hoaie
7the predictable and unpredictable portions are®&rid
3.85% for ACJ69195 PA, while they are 26.71 and
3.29% for ACJ69220 PA.

In this manner, we change 2433 letter-symbolized
into 2433 scalar d&4 As each PA has its
sampling year, we would have two scalar datases, o
is temperature and the other is the 2433 scalar, ttais

we can plot both along the time course.

MATERIALSAND METHODS

Temperature data: The global, north and south
hemispheric temperature anomalies from 1850-200
whose anomaly is based on the period 1961-199@& we
obtained from HadCRUT3V**. The local temperature
from 1918 to 1998 based on 0.5 by 0.5° latitude an$AS
longitude grid-box basis cross globe was obtaimedhf
Newet al.[™,

PA data: A total of 5165 full-length PA sequences of

influenza A virus sampled from 1918-2008 was olatdin RESULTS
from the influenza virus resouré€s After excluded
identical sequences, 2433 PAs are used in thig.stud Figure 1 shows the trends in both global warming

and PA evolution, where both trends are quite sinab
Changing of PAs into scalar data: We need using a indicated by the regressed lines. This means hisaPA
scalar datum to represent a PA, which must diféer f evolution in sense of our measure has a similadtes
different PAs. Among our three random approaChes the trend in global temperature.
the simplest one is the amino-acid pair prediciigbil Moreover, the global temperature is generally
which we have used in many studfié&!! divided as temperatures in north and south hemisphe

For a PA sequence, we count the first and seconthus we can therefore group PAs accordingly toikee

amino acids as a pair, the second and third angisa the trend still holds on in such circumstance. Asven
as another pair, until the next to terminal and then Fig. 2, the similar trends are much clearer amtim
terminal amino acids as the last pair. Then, wehemisphere than in south hemisphere, which can be
determine whether an amino-acid pair can be expthin explained by the fact that there is more area efindn
by permutation, or predicted by random mechanismsouth hemisphere then in north hemisph&reThis
Finally we determine the percentage of how manyexplanation once again supports the trends because
amino-acid pairs in a PA are predictable andmost of PAs were sampled in north hemisphere, whose
unpredictable. trends go along the same direction.
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Fig. 1: Global temperature anomaly (°C) and PA
evolution of influenza A viruses. The dotted
lines and points are regressed lines and the
mean of all PAs in a given year :

Actually the PA data in Fig. 1 and 2 were |
averaged in each year, for example, there is only a®
single sample in 1918, but 22 PAs were sampled in “Tn wn om wa
2008. Another way to analyze the trends is to apply

the point-to-point method, that is, we correspohd t Fig. 2: Trend in temperature and PA evolution gemiip
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temperate according the place and year a parti@far according to north (n=2241) and south
was sampled. In other word, we take the temperature (n = 192) hemispheres. The dotted lines are
measured at each geographical latitude and lorgitud regressed lines
of place where a PA was sampled at the same year to
make the comparison. I - ey coceo gl

For example, the PA of 1918 HIN1 influenza virus se . Oooooeggwg;cg o r
was sampled at Brevig Mission (accession number § o 0 005 P g oggc@% o %53%%@ °§ZZO o

AAF77036)%] whose latitude and longitude are
65.34 and 166.49 west according to Get Lat'{%rso ’ . e
we can find that the average yearly temperature- was *
6.26°C in 1918 according to the 0.5° by 0.5° laltu ]
and longitude grid-box basis cross globe obtaimethf b
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Figure 3 shows 823 point-to-point relationships - T : W H
between temperature and PA and the regreSSior ® 191% 1028 1038 1048 1958 1068 1078 1038 1008

Year

indicates the similar trends between temperatuce an
PA evolution. The results in Fig. 3 are in congiste Fig. 3

W'thIWhat WZ foubnd n Fig. T zn(li 2, thaF 1S, the;e PA Each point presents a local temperature (°C) at
similar trends between global warming an the given year (upper panel), corresponding to

evolutlo_n. _ the place where a PA was sampled (lower
Until now, our analysis concentrates on the PAs as panel). The dotted lines are regressed lines

whole. However, we can advance our analysis albag t

thought in Fig. 3 to analyze the point-to-point  Figure 4 shows the trends of PA evolution with
relationship between temperature and species, frofespect to temperature in three major host species,
which the PAs were sampled, as we know influenzayvian, human and swine. Once again, the trends are
viruses are hosted in different species. quite clear.

. Point-to-point temperature versus PA (n23)3
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Third, can the scientific reasoning support the
results? This is possible and is also the firgh $be all
the initial observations in scientific history: (i)
Currently the only well-known and profound factor
existed for last 100 years is global warming. Aligb
one may suggest the increase in global populafamn,
instance, would have the similar trend along tieeti
course, we would argue that the increase in global
population is a contributing factor to the global
warming. (ii) If it is widely considered that thdéimate
change endangers many spetiegshen why have
proteins in species not been affected?

Fourth, can we build a direct connection, which
goes from global warming to the protein within st
This could be possible although the interrelatigmsh
would make the connection very complex, which would
be the objective of network biology.

Fifth, can we explain the PA evolution in context
that two trends go along the time course with the
similar direction? In other word, what does our
measurement, unpredictable portion, mean? Our
method divides a protein as randomly predictableé an

Fig. 4: Global temperature anomaly (°C) and PAunpredictable portions. In daily-life, we can usgtain

U predictable potion

evolution sampled from different species equations to predict the range of bodyweight otaier
man, if the prediction is correct, then this man’s
DISCUSSION bodyweight is predictable, if not, the unprofitable

means either overeating or over-fasting. Similae t

Although the trends in global warming and PAunpredictable portion of protein suggests that the
evolution are similar in this study, they only iodie the ~ construction of this portion should require moneei
direction for studies in future, because we woutd n and energy as we know that the predictable evesgda
expect to determine such an important issue within On permutation would have the biggest chance of
few studies and we still have much to discuss. occurrenc€®. Hence, the nature should have a

First, can we correlate both trends in this studysufficient reason to deliberately spend more time a
statistically? At this stage, it would be difficuto  energy to construct a larger unpredictable portion
determine such correlation because (i) To thedfesur ~ through a protein evolution, which is what we have
knowledge there is no statistical method availaole Shown in this study. Therefore as near as we can
determine the correlation between two lines incigda ~ determine, the sufficient reason for the nature to
discontinued one in this study and (i) Moreovegny  deliberately to do so would be the global warming.
statistical books tell that the correlation doe$ mean

the cause-consequence relationship, that is, even w CONCLUSION

would find the so-called correlation between twentts,

we still need to determine if there is any direcinalirect This study suggested that the global warming could
cause-consequence relationship. have a potential impact on the evolution of pratein

Second, can we ignore these trends as if thefrom influenza A virus.
would not exist at any rate? At this stage, we caly
admit the trends existed, because we cannot create ACKNOWLEDGMENT
another earth without global warming but with aetiv
influenza virus for comparison over the same time  The researchers wish to thank Tammy W. Beaty,
scale. As the validation of global warming is doneESD GIS facilities manager, computer analysis, gtesi
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would argue that the validation of PA evolution slib  coordinator, ORNL NASA-DAAC, Oak Ridge National
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