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ABSTRACT

In 2009 Swine flu epidemic claimed significant number of the population globally. In this Article, we investigate the
2009 pH1N1 genetic sequences to track how and where the virus originated and spread from Mexico to USA and
internationally. The PB2 gene on segment 1 of 8 segments was chosen as the baseline. Sequence alignment and
Phylogeny of the segment was divided to two clades and evaluated. Based on our analysis, the gene sequences did
reveal the origin of 2009 pH1N1 to Mexico with subsequent mutations as the virus spread globally.
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BACKGROUND

In the first year of the 2009 Swine flu pandemic, the U.S. Center for Disease Control (CDC) estimates that 2009
novel HIN1 swine influenza A virus (pH1N1) claimed between 150,000 to 575,000 lives.[> 2 The pHIN1 virus is an
airborne communicable pathogen that infects the upper respiratory tract and eventually works its way down to the
lower portion.[2°1 HIN1 swine influenzas are generally harbored in domestic pigs and have been shown to transmit
zoonotically to humans. However, pHINL1 is directly transmissible between humans presumably due to mutations
that changed the “antigenic epitope regions,” or structural elements directly implicated in the function of a protein,
of the genes responsible for infection of the host, like hemagglutinin (HA) and neuraminidase (NA).E4°! Influenzas
of non-human origin with a hemagglutinin (HA) gene were responsible for three other viral pandemics among
humans in the twenty-first century like the 1918 Spanish Flu, another HIN1 swine influenza A virus. 3

In March of 2009, a concerning large number of cases were disregarded as late-season flu illness in Mexico City
until further investigation suggested it was novel.>¢ The source of pHIN1 is suspected to be a pork production
plant in the state of Veracruz that overused antibiotics, allowing for an HIN1 virus to evolve resistance.? The
pH1N1 virus was found to have a novel reassortment of segments from four different influenza A viruses associated
with these kinds of hosts: North American bird strains, avian-origin human strains, Eurasian Swine, and North
American swine.F! After spreading within Mexico, pHIN1 is documented to have spread three geographically
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separated cities in the United States—New York, NY; Milwaukee, WI; and Boston, MA—in the Spring or Summer of
2009.561 This occured before cases were documented in the rest of the U.S.A. during Fall 2009 at the start of the
new school year, putting school children especially at risk. (]

In this study, the objective was to compare and relate 2009 pH1N1 viral genetic sequences to track the spread of the
outbreak amongst humans. The PB2 gene on segment 1 of the 8-segment viral RNA genome of pH1N1 was chosen
for analysis. The PB2 gene product codes for one segment of the influenza virus RNA-dependent RNA
polymerase;" ¢l the PB2 protein complexes with the segment 2 gene products to assist in the process of hijacking the
nuclear transcription to make H1N1 viral proteins.[’l We hypothesize that Mexico, the currently accepted source of
the pHIN1 outbreak, should be generally the most genetically diverse. With each transmission to a new
geographical location, there will effectively be a new founder effect for the location’s corresponding pHIN1 viral
population. Of all in the U.S.A. to get the virus, New York City is thought to be particularly responsible for the
spread of pH1N1 to Europe and Asia due to its role in extensive worldwide commerce and the many visitors it gets
every year. We thus suspected that New York City would have strains of pHIN1 closely related to those found

outside of the North American continent.!

METHODS

37 viral sequences of the complete PB2 gene were collected on the NCBI virus database. Efforts were concentrating
to ensure a representative sample of sequences was collected as early as possible for each location we were
interested in. The earlier the collection date of the sequence, the less likely it was that the given viral strain had
undergone random mutations—making it easier to determine phylogenetic relationships. We collected 12 viral HIN1
influenza A sequences from Mexico between February 6, 2009 and the beginning of April 2009. We collected 7
sequences from Boston and 2 sequences from New York. While a thorough search was made to find additional PB2
sequences from New York and Milwaukee, there were only complete “segment 1 sequences” rather than “complete
PB2 gene sequences” before the end June 2009. Additional PB2 gene sequences from China, South Korea,
Argentina, Chile, Brazil, India, Italy, England, and France were also collected to get some view of the pH1N1 gene
pool in Asia, South America, and Europe respectively. All 37 sequences were formatted as “.FASTA” files,
carefully aligned, and imported as one “.meg” file into MEGA 7 to create a “Maximum likelihood” phylogenetic
tree using the default parameters (i.e. Tamura-Nei model, Nearest-Neighbor Interchange (NNI)). The aligned
sequences were subsequently inspected for polymorphisms, and additional smaller phylogenetic trees were made for

clades observable on the original generated phylogenetic tree for all 37 viral gene sequences.
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Sequence Alignment and Phylogeny

Clade A

GQ303347.1 Influenza A virus (A/MEXieal4115/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
FJ998206.1 Influenza A virus (A/MeXigo/InDRE4487/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
CY147770.1 Influenza A virus (A/Mexie6/24032/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

GQ160811.1 Influenza A virus (AJKGIEE/01/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
GQ251032.1 Influenza A virus (A/ltaly/05/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
GQ200203.1 Influenza A virus (A/MEXIEE/4108/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene partial cds

— CY095754.1 Influenza A virus (A/SHEREREAI25/2009(H1N1)) polymerase PB2 (PB2) gene complete cds ~ China
CY088678.1 Influenza A virus (A/MURINIV398/2009(H1N1)) polymerase PB2 (PB2) gene complete cds India
GQ397115.1 Influenza A virus (A/MBXIES/4269/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
HM569666.1 Influenza A virus (A/ATgentina/07-09GP/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
KY924983.1 Influenza A virus (A/POrGAIEGFE/LACENRS-1771/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene c Brazil cds
CY092192.1 Influenza A virus (A/Australia/17/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

GQ168878.1 Influenza A virus (A/New Yorkl15/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
r|GQ168876.1 Influenza A virus (A/NEWYorki10/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
HM567941.1 Influenza A virus (A/England/451/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
CY089186.1 Influenza A virus (A/Chile/19/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

GQ283485.1 Influenza A virus (Afltaly/49/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds

Clade B

GQ214155.1 Influenza A virus (A/Paris/2573/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
GQ166228.1 Influenza A virus (A/SIBHEERY1/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cdsChina
GQ166656.1 Influenza A virus (A/England/195/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
GQ214160.1 Influenza A virus (A/Paris/2592/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds

- CY088692.1 Influenza A virus (A/PURE/NIV759/2009(H1N1)) polymerase PB2 (PB2) gene complete cds |ndia
CY147690.1 Influenza A virus (A/MeXieal24019/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY147818.1 Influenza A virus (A/Mexicer24042/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

CY147594.1 Influenza A virus (A/MEXIES/24004/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

CY147610.1 Influenza A virus (A/MEXIEE/24006/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

0.020

- CY147602.1 Influenza A virus (A/Mexico/24005/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY147962.1 Influenza A virus (A/Mexico/24062/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY147550.1 Influenza A virus (A/Mexieer24018/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY147578.1 Influenza A virus (A/MEXiE0/24001/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY080936.1 Influenza A virus (A/BBSIBNI7 1/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY080976.1 Influenza A virus (A/Boston/85/2009(H1N 1)) polymerase PB2 (PB2) gene complete cds
CY080944.1 Influenza A virus (A/Boston/72/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY089178.1 Influenza A virus (A/Baston/94/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY080617.2 Influenza A virus (A/Boston/95/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY080720.1 Influenza A virus (A/BOStON/26/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY080880.1 Influenza A virus (A/BESIOA/62/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

Figure 1: Complete phylogeny generated for all 37 sequences

A complete phylogeny was generated for all 37 aligned PB2 sequences in MEGA 7. Overall, we observed two
distinct large clades with comparatively large branch lengths, which are labeled in Figure 1 as “Clade A” and “Clade
B” respectively. Clade A is definitely more diverse than Clade B as it contains every single sequence we obtained
from outside North America and three sequences from Mexico. Meanwhile Clade B contains the majority of
sequences from Mexico and all of the sequences collected from Boston. If our computational analysis is broadly
trustworthy, it is reasonable to presume that there were at least two separate transmission events to hit the United
States in Boston and New York respectively. Additionally, Mexico must be quite genetically diverse as it is the only
region (even if we consider the regions outside of North America as entire continents) that is represented in both

clades. The representation of Mexico in both clades is supporting evidence of our hypothesis that Mexico is the

source of pH1N1 due to its genetic diversity.
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1. CYORBETA1 Influenza Avirus (WMumINIYIG8I2009(H1RA)) potymerase PBZ (PBZ) gens complete cis \
12 GA303347 1 Influenza Avirus (AMeacald 1 S2009(HINI)) segment | poimerase P2 (PBZ) gene complete eds
3. GO200203.1 Influenza A vinus (4hexicol 1 08T2008(HINIJ) seoment 1 polimerase PA2(PB2) gene pariial cds
4, HMS69666.1 Influenza A vins (AAroenfinalOT-09GPI2008(H1 1)) seoment  pofimerase PB2 (PBZ) gene complete cds
5. GO3AT115.1 Influenza Avirus (AMexicad 2692009(H1 1) seament | pohmerase PB2(PB2) gene tomplete tds
6. CYDR%186.1 Influerza Avirus (4Chiler B2008(H1N1)) pokmerase FB2 (FBZ) gene complele cds
7. GE283485.1 Infuenza A vinus (47iaht402003(HIN) seament | palymerase PB2 (PSL) gene complelecds
B. GO251032.1 Influenza A vinus (Aahi5I200HINA) seament | palymerase PB2 (PBL) oene complelecds
9. GO1BA228.1 Influenza Avirus (43ichuanii2003(H1N1)) segment 1 poymerase PB2 (FBZ) gene complele tds
10.CY095754 1 Influenza A virus (44Shenzhen/252009(HINI ]} polmerase PB2 (PB2) gene complete cds
1. GETBBATE 1 Infuenza Avirus (AMlesy York/ D2003(H1 T J) seament 1 pokmerase PB2 (PB2) gene complele eds
12 GR1G8ATE 1 Influenzz Avirus (ANew Yarkn S00%(HINI )} segment | pakymerase P82 (PB2) gene complete tds
13, G B8B56 1 Infuenza Avinus (WEnglendA S52009(HINI]) segment | palsmerase PBZ (PBZ) gene camplete cds
14, GOTB0811.1 Imfuenza Avinus (4korea172008(HIN1)) seqment 1 polimerase PR (PBZ) gene complete cds
16, CYNBREI2.1 Influenza A vinus (PuneNITE2003(HINT)) potymerase PB2 (PBE) ene complete ods
16 FJ998206 1 Influenza Avirus (AMexicalnORE4BTI008(HINT)) seqment | polimerase PB2 (PRI gene complete cds
A7, CYI4TTT0A Influenza Avirus (Aexical240322008HIN ) nobmerase PB2 (PBZ) gene complete cds
16, CY0921 521 Influenza A viras (Austaliah T2008(HIN ) pobymerase PB2 (PBZ) gene complele cils
19.K924083.1 Ifluenza Avinus (APorto AlegrelLACENRS-1T1/2003H1N1)) segment 1 polmerase PB2 (PBZ) gene complete ¢
120 HME6741 1 nfuenza Avinus (NEnglandi451/2009(HINT)) segment  polymerase PB2 (PAZ) gene complele cds
G415 1 Infueniza Avinus (AParis/25TH2003(HINT)) segment 1 polimerase PB2 (PBZ) gene complete tds
12.GA214160.1 Ifuenza Avinus (4Pans259272003(HINT)) seqment1 polimerase P2 (PB2) gene complefe cds
3. CY0B0344.1 Inflenza Avirus (4Boston7 22003(H1NT ) polymerase PB2 (PAIZ) gene complete cds
24.CY147890.1 Influenza Avirus (Mexca/240182008(HINT ) pokmerase PB2 (PBZ) gene complete cds
25, CY147504 1 Influenza A virus (AWeca/2400412008(HIN1 ) nobmerase PB2 {PBZ) gene complete cds
26, CY14TG02.1 Influenza Avinus (Mexical2400S2008(HIN1)) nolymerase PB2 (PB) yene complete ods
27, CY147962.1 Influenzs A virus (AMexical240622008(H1N1) nolymerase PB2 (PBX) gen complete ods
26, CY147850.1 Influenza Avirus (Aexical2401 BI2008(HIN ) nobmerase PB2 (PB2) gene complete cds
1
1
1

20, CY14T818.1 Influenza Avirus (Mexical 2404 2003(HIN1)) nolymerase PB2 (PBZ) gene complele cds
30 CY1ATE10.1 Influenizs A virus (WMexical240082008(H1N1)) nolymerase PB2 (PEZ) gene complete cds
1. CY147578.1 Infuenza Avirus (4Mexcol2400172003HINT) pokmerase PEZ (PBZ) gene complele cds
32 CY080336.1 Influenza Avirus (4BostonT 12009(HIN1) polymerase FB2 (PB2) gene complete cds
33, CY0R0376.1 Infiyeriza A virus (ABostonB52009HINIY) polymerase PB2 (PB2) gene complete cds
34, CY080720.1 Infuenza A virus (4Boston/282009H1NT ) polymerase PB2 (PB2) gene complete cds
35, CYOB0B80.1 Influenza A virus (WB0ston8 H2009HINIY) polymerase PB (PBT) gene complete cils
136, CY089178.1 Influenza Avirus (Boson/4i2009(H1 M1 ) polymerase PBZ (PAZ) gene complete (s
37 CYOB0B17.2 Infuenza A virus (4Bostor/B52003(H1 N1 ) polymerase PR (P2 gene complete cds

Figure 2: Aligning PB2 sequences in MEGA 7: Display of the first ~50 aligned bases

With the general phylogeny in Figure 1 alone, there may be concerns regarding the validity of our tree’s quality.
With how short the branch lengths were within each clade, we made sure to go the extra mile to ensure that our
observable evolutionary relationships were valid. Figure 2 contains a screenshot from MEGA 7 of the aligned
sequences for all 37 PB2 sequences. For this alignment to have been facilitated properly, between 1 and 12 bases
were removed amongst the 37 genes to line up with the sequence with the latest base in segment 1 of the HIN1
genome. In general, an excessive amount of SNPs between the two clades were observable at the beginning of the
aligned sequences. A consistent single nucleotide difference was observed at bases 6, 25, 27, 34, 40, 60, 69, 75, 81,
96, 99, 130, 114, 138, 161, 177, 180, 186, 191,195, 204, and 207 between members of Clade A and Clade B. As
highlighted in the figure above, the first 22 sequences (all from Clade A) had a “GATC” motif at bases 25 to 28

different from the “AATT” nucleotide motif found in the bottom 15 sequences (all from Clade B). This consistent
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pattern of binary base substitutions—like the difference of a guanine or adenine at base 6 for Clade A or B
respectively—strongly supports our assertion that there are two different clades of pH1N1 virus.

After finding convincing evidence that there are two clades, “sub-phylogenies” for each clade of pHIN1 PB2
sequences were made to better clarify the relationships within each clade. New phylogenetic trees were regenerated
for each tree and aligned sequences were reanalyzed in the context of only members of the same given clade.
Certain strains exhibited greater numbers of polymorphisms or substitutions than others, many of which were
documented in Appendices A and B for Clades A and B respectively. For Clade A, the first 1240 bases in the
~2340-base sequence were analyzed. There were about 25 documented substitution positions—half of which were
solely used by the A/Mum/NIV 398/2009(H1N1) strain in India. While the first phylogeny simply put this strain on
a longer strand in the middle of the tree, it was at least indicated that the Mum strain was significantly different from
the others. The actual Mum strain had a total of 19 substitutions relative to the rest of clade A along with some
strange triplet substitutions at positions 614-616 ACA motif (TAC) and 637-639 CGT motif (GTG). While a
frameshift mutation could have been possible around these base positions, everything remained aligned. Because the
PB2 gene is a coding segment for an important protein implicated in the pH1N1 viral replication cycle, it should be
expected that the gene is largely conserved. Analogous to how exons of genes are less likely to be mutated in a
general population, significant mutation of a pH1N1 viral genome segment would more likely occur in a noncoding
region since there would likely be fewer functional implications. With so many substitutions for Mum, it makes
sense that its new placement within the Clade A sub-phylogeny is as an outgroup presumably part of a smaller clade
exclusive from all of the others. Within Clade A, there was also a double-substituted motif for
AJ/Paris/2592/2009(H1N1) (AA)at 546-547 GC similar to a singly-substituted motif at the same position for another
Parisian strain A/Paris/2573/2009(H1N1) (AC). It may be plausible to suggest that the 2592 Parisian strain was
formed after the 2573 Parisian strain—possibly even from something closely related to the other strain—as posed by
its higher number being indicative of the order in which it was sequenced by a given research group or organization.
Meanwhile, Clade B was relatively uneventful likely due to the nature of our sampling method. In general, the
sequences in Clade B were selected based on both location and time period, which thus limited the potential for
diversification of strains. Not until after 980™ nucleotide is there finally some observable markers that distinguishes
the Mexican Clade B pH1N1 virus from the Bostonian counterpart. At sites 981 (G—>A), 1032 (T—>G), and 1357
(T—>C), there are nucleotide substitutions consistent across all samples within both groups where Clade B Bostonian
pHIN1 has a single given nucleotide while Clade B Mexican pH1N1 has an entirely different base. With this
information in mind, it can be inferred that some Clade B Mexican virus likely acquired these three mutations before

one member of its clone was transmitted from Mexico to Boston.
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GQ303347.1 Influenza A virus (A/Mexico/4115/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
_| FJ998206.1 Influenza A virus (A/Mexico/InDRE4487/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
—CY147770.1 Influenza A virus (A/Mexieo/24032/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
GQ160811.1 Influenza A virus (AJKBFE&/01/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
GQ251032.1 Influenza A virus (Alltaly/05/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
GQ200203.1 Influenza A virus (A/NEXIE8/4108/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene partial cds
CY088692.1 Influenza A virus (A/PURE/NIV759/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
— GQ166228.1 Influenza A virus (A/SIBREERI1/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
— GQ214155.1 Influenza A virus (A/Paris/2573/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
GQ166656.1 Influenza A virus (A/England/195/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
_{ GQ214160.1 Influenza A virus (A/Paris/2592/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
— HM569666.1 Influenza A virus (A/Argenting/07-09GP/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
—— HM567941.1 Influenza A virus (A/England/451/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds

CY092192.1 Influenza A virus (A/Australia/17/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

GQ168876.1 Influenza A virus (A/New York/10/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds

|— CY089186.1 Influenza A virus (A/CHile/19/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

—— GQ283485.1 Influenza A virus (A/lfalif/49/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds
GQ168878.1 Influenza A virus (ANew York/15/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds

CY095754.1 Influenza A virus (A/SHERZRER/25/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
GQ397115.1 Influenza A virus (A/NEXiEo/4269/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds

CY088678.1 Influenza A virus (A/MNIERYNIV398/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

0.0020

Figure 3: Clade A: New York, Mexico, South America, East Asia, and Europe

—— KY924983.1 Influenza A virus (A/Porto/Alegre/LACENRS-1771/2009(H1N1)) segment 1 polymerase PB2 (PB2) gene complete cds

CY147690.1 Influenza A virus (A/MEXi66/24019/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY147818.1 Influenza A virus (A/MEXi€6/24042/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY147602.1 Influenza A virus (A/NMEXi€6/24005/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

|CY147962.1 Influenza A virus (A/MEXi€6/24062/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

CY147578.1 Influenza A virus (A/M@Xi€6/24001/2009(H1N1)) polymerase PB2 (PB2) gene complete cds
CY147610.1 Influenza A virus (A/NMEXi€6/24006/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

CY147594.1 Influenza A virus (A/MEXie6/24004/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

CY080720.1 Influenza A virus (A/Boston/26/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

CY080944.1 Influenza A virus (A/Boston/72/2009(H1N 1)) polymerase PB2 (PB2) gene complete cds

CY089178.1 Influenza A virus (A/Boston/94/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

CY080617.2 Influenza A virus (A/B 95/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

CY080880.1 Influenza A virus (A/Boston/62/2009(H1N1)) polymerase PB2 (PB2) gene complete cds

,— CY080936.1 Influenza A virus (A/BEWW 1/2009(! H1N1)) polymerase PB2 (PB2) gene complete cds

0.00050

Figure 4: Clade B: Boston and Mexico

Appendix A.
All polymorphisms in the first 1240 bases of the aligned PB2 sequences of Clade A:
1. Site 9A substitution for Brazil: Porto Alegre (G) and Pune (T)
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11.

Site 61A substitution for Mum (G)
Site 68C substitution for Chile (T)

Site 94A substitution for Mum (G)
Site 135C substitution for Mum (T)

Site 245A substitutions for Mum (G) and INDRE4487 Mexico (G)

Site 348A substitution for Mum (C)
Site 355T substitution for Mum (G)
Site 367G substitution for Mum (C)

. Site 480G substitution for Mum (C)
Single and double substitutions for site 546-547 GC motif

% Salient Visionary

Site 546-547 Motif Sequences with motif

GC Everything else

AC Paris 2573 (first), Sichuan(China); Pune(India)
AA Paris 2592 (second)

Site 580C substitution for Italy 49 (A)
2 triply-changed motif of Mum:

o Mum has 614-616 base TAC motif in place of ACA motif that every other sequence has
o Mum has a 637-639 baseGTG motif in place of the CGT motif everything else has

Site 682T substitution for Mum (G)

Site 687T substitution for Mum (C)

Site 695T substitution for Mum (C)

Site 746A substitution for Mum (T)

Site 749A substitution for Mum (T)

Double substitution for Mum (CA) at 749-750 TG
Site 750A substitution for Mum (G)

Site 776A substitution for Mum (G)

Site 780C substitution for Mum (T)

Site 852C substitution for Mexico 24032 (T)

Site 858G substitution for Shenzhen (A)

Site 957T substitution for Pune (C)

Site 963A substitution for Pune (G)

Site 966T substitution for Pune (C)

Site 972 substitution for Pune (C)

Site 1056G substitution for Brazil: Porto Alegre (A)
Site 1056G substitution for Brazil: Porto Alegre (A)

Ann Med Res Pub Health (AMRPH) 2023 | Volume 1| Issue 1



% Salient Visionary

Annals of Medicine Research and Public Health
Research Article

Site 1080T substitution for Shenzhen (A)
Site 1088T substitution for Shenzhen (C)
Site 1201G substitution for Mum (A)

Appendix B.

All Clade B polymorphisms at first about ~1500 bases

1.

2
3
4.
5
6
7

10.
11.
12.
13.
14.
15.

16.

17.

First substitution at 192G for Boston 85 (T)
Substitution at 204T for Boston 72 (G)
Substitution at 258A for Boston 24005 (G)
SAME substitutions at 303A for Mexico 24019 (G) and Mexico 24042 (G)
Substitution at 322A for Boston 95 (G)
Substitution at 387C for Boston 95 (T)
SAME substitution at 417C for Boston 71 (T) and Boston 85 (T)
o Supporting evidence for their proximity on sub-phologeny tree
Substitution at 469A for Boston 26 (G)
Substitution at 550A for Boston 85 (G)
No mutations from 550 to 745
Substitution at 746A for Mexico 24018 (G)
Substitution 896G for Mexico 24006 (A)
SAME substitution at 900A for Mexico 24019 (G), Mexico 24042 (G), Mexico 24005 (G)
Substitution at 948G for Mexico 24005 (A)
BIG DIFFERENCE AT SITE 981G — a consistent substitution between Boston and Mexico
o Boston has A only
o Mexico only has G
o A virus that reached Boston from Mexico of the general Clade B lineage must have acquired a
mutation at the 981 position before reaching Boston
A SECOND BIG DIFFERENCE at 1032T
o MexicohasT
o Boston has G
o No mutations from 1031 to 1356
A THIRD MARKER AT 1357T
o MexicohasT

o Boston has C
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