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Mutations in the SARS-CoV-2 Genetic Sequence Can Alter the Effectiveness of
Vaccines and Therapeutics

GISAID’s SARS-CoV-2 Sequences Were Regionally Segmented and Filtered
for Complete Sequence

There were Multiple Spike Sites and Mutations of Interest, but the D614G
Mutation had the Highest Global Frequency

The D614G Mutation Arose Independently in Different Regions of the World
G614 frequencies in a variety of geographic locations has significantly
increased

G614 Mutation Alters Interactions Between S1 and S2 Subunits of Separate
Spike Protomers

G614 Mutants Grow to a Higher Concentration in Cell Cultures and a Higher
Viral Load in vivo than their D614 Counterparts

Some outliers to the G614 variant frequency trend do exist

In trimmed sequences, about half of the sequence produce a variant
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Mutations in the SARS-CoV-2 Genetic Sequence Can
Alter the Effectiveness of Vaccines and Therapeutics

SARS-CoV-2 has genetic proofreading mechanisms

The long duration of the pandemic is giving SARS-CoV-2 time to mutate

o Antigenic drift is exhibited by Coronavirus OC43, Coronavirus 229E, and
SARS-CoV-1

“Most current SARS-CoV-2 immunogens and testing reagents are based
on the Spike protein sequence of the Wuhan reference sequence” (Wang
et al., 2020)

Korber et al. created a bioinformatics database that tracked genetic

variance in SARS-CoV-2 spike sequences in the GISAID database

o If 0.3% of the sequences exhibited a mutation when compared to the Wuhan
reference sequence, the lab began monitoring it

By April of 2020, one mutation was exhibiting a rapid increase in
frequency: D614G
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Mutations in the SARS-CoV-2 Genetic Sequence Can Alter the Effectiveness of
Vaccines and Therapeutics

GISAID’s SARS-CoV-2 Sequences Were Separated Into Regional
Alignments for Validation

There were Multiple Spike Sites and Mutations of Interest, but the D614G
Mutation had the Highest Global Frequency

The D614G Mutation Arose Independently in Different Regions of the World
G614 frequencies in a variety of geographic locations has significantly
increased.

G614 Mutation Alters Interactions Between S1 and S2 Subunits of Separate
Spike Protomers

G614 Mutants Grow to a Higher Concentration in Cell Cultures and a Higher
Viral Load in vivo than their D614 Counterparts

Some outliers to the G614 variant frequency trend do exist.

In trimmed sequences, about half of the sequence produce a variant.



GISAID’s SARS-CoV-2 Sequences Were Separated
Into Regional Subalignments for Validation

Sequence Processing Pipeline . .
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GISAID’s SARS-CoV-2 Sequences Were Separated Into Regional Alignments
for Validation

There were Multiple Spike Sites and Mutations of Interest, but the D614G
Mutation had the Highest Global Frequency

The D614G Mutation Arose Independently in Different Regions of the World
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There were Multiple Spike Sites and Mutations of Interest,
but the D614G Mutation had the Highest Global Frequency
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o 17,760 D614G mutations
were found in the GISAID
database by June 2, 2020.
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contained to one geographic
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Mutations in the SARS-CoV-2 Genetic Sequence Can Alter the Effectiveness of
Vaccines and Therapeutics

GISAID’s SARS-CoV-2 Sequences Were Separated Into Regional Alignments
for Validation

There were Multiple Spike Sites and Mutations of Interest, but the D614G
Mutation had the Highest Global Frequency

The D614G Mutation Arose Independently in Different Regions of the
World

G614 frequencies in a variety of geographic locations has significantly
increased.

G614 Mutation Alters Interactions Between S1 and S2 Subunits of Separate
Spike Protomers

G614 Mutants Grow to a Higher Concentration in Cell Cultures and a Higher
Viral Load in vivo than their D614 Counterparts

Some outliers to the G614 variant frequency trend do exist.
In trimmed <eaiience<s ahoitit half of the cediience nrodiice 3 variant



The D614G Mutation Arose Independently in Different
Regions of the Worlds

e There are a large number of
sequences from Europe.
e The Order of the D614 to
G614 Transition: Europe ->
eckae North America -> Oceania ->
=HIEN Asia

Africa
o D614

Variant
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Two One Sided T-Tests Show that the Increasing of G614 is
Highly Significant with a Staircase line showing the G614 Daily
Frequency Increasing in Cities.
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Spike D614G Mutation Has Structural Implications in
the Interactions Between Spike Subunits

e D614 forms hydrogen bond
with T859 connecting the S1
and S2 subunits of two
protomers

e The G614 mutation removes
this H-bond which leads to
increased mainchain flexibility
and alters interactions between
protomers
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GISAID’s SARS-CoV-2 Sequences Were Separated Into Regional Alignments
for Validation

There were Multiple Spike Sites and Mutations of Interest, but the D614G
Mutation had the Highest Global Frequency

The D614G Mutation Arose Independently in Different Regions of the World
G614 frequencies in a variety of geographic locations has significantly
increased.

G614 Mutation Alters Interactions Between S1 and S2 Subunits of Separate
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G614 Mutants Grow to a Higher Concentration in Cell Cultures and a
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The D614G distribution has increased across the globe throughout time.
Some outliers to the G614 variant frequency trend do exist.

In trimmed sequences, about half of the sequence produce a variant.



G614 Mutants Grow to a Higher Concentration in Cell

Cultures than thelr D614 Counterparts
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This higher titer for the G614 SARS-CoV-2 strains suggests that G614
mutants are more infectious than D614 mutants.

There is no difference in the way D614 and G614 interact with TMPRSS2.
Is there an increased concentration of G614 mutants in lung cells?
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Clinical Studies Reveal Higher Viral Loads in G614
Patients But No Change In Disease Severity

Ct

vs G614

GLM p = 0.037

Cycle Threshold (Ct) for Diagnostic PCR

(Lower values indicate higher viral loads)
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Hospitalization vs G614
Fisher’ p = 0.66
Outpatient Inpatient ICU
g 127 110 5
5 410 307 39
:o G614
, cabbia,
:L“Age 75 100 25 50 75 100
OP IP ICU
127 110 5
G614 410 307 39

Fisher's exact, 2x2: (OP+IP) x ICU = 0.047

Fisher’s exact, 2x2, OP x (IP+ICU): p = 0.66

e Lower Cycle threshold
(Ct) in PCR means
higher viral load

e Hospitalization status
was used as disease
severity indicator

e Neither severity nor age
of hospitalized patients
changes between D614
and G614



Despite Being More Infectious, G614 Mutants are Not More
Resistant to Polyclonal Antibodies than their D614 Counterparts
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The convalescent serum was collected from six people in San Diego.
It is uncertain what form of the virus they were infected with.
“G614 is associated with potentially higher viral loads in COVID-19

patients but not with disease severity” (Korber et al., 2020)
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The Global Distribution of the Relative Frequencies of the
D614 (orange) and G614 (blue) variants in Two Time Frames
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Paired Bar Charts Compare the Fraction of Sequences with
D614 and G614 for Two Time Periods
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Weekly Average counts of Sampled Sequences exhibiting
the D614 (orange) and G614 (blue) variants on different
conthents
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Increasing Prevalence of G614 in Europe

Prior to March 1
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Increasing Prevalence of G614 in North America

Prior to March 1
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The Increasing Frequency of the D614G Variant over Time

in Australia
Prior to March 1
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The Increasing Frequency of the D614G Variant over Time

in Asia

Prior to March 1
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Mutations in the SARS-CoV-2 Genetic Sequence Can Alter the Effectiveness of
Vaccines and Therapeutics

There were Multiple Spike Sites and Mutations of Interest, but the D614G
Mutation had the Highest Global Frequency

The D614G Mutation Arose Independently in Different Regions of the World
G614 frequencies in a variety of geographic locations has significantly
increased.

G614 Mutation Alters Interactions Between S1 and S2 Subunits of Separate
Spike Protomers

G614 Mutants Grow to a Higher Concentration in Cell Cultures and a Higher
Viral Load in vivo than their D614 Counterparts

Some outliers to the G614 variant frequency trend do exist.

In trimmed sequences, about half of the sequence produce a variant.



Some Geographical Regions do not Follow the Same G614
Trends as the Rest of the World.
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The more frequent G-Clade “TTTG” was first sampled in
Italy, USA, and Mexico.

Weekly running counts

Early cases of the G clade

Shanghal

40 TTCG rare

20

Germany

Wn12  jan2e teb Pab 23 Vb Var 22 Ape s Apr19 Way3  WMey1?

Date 2020

G-clade mutations (C3037T,

14408T, £23403G)

Plus the linked mutation in the UTR: ©241T |

11805 771G
4582

Variants:
53 CTG

39 TCG
16 CCG
g9 TTA
a8 CTA
5 TCA
1 ACA

(72.03%) 9692
(27.96%) 3835

51
32
13
1
9
7
6

Earliest examples in GISAID:
TTCG: Germany, Jan 2020: cluster of cases late Jan.-Feb.
One example: Germany/BavPat1/EP]_ISL_406862|2020-01-28
TTCG: Sampled several times in China, e.g.:
Sichuan/SC-PHCC1-022/EPI_ISL_451345|2020-01-24
Shanghai/SH0025/EPI_ISL_416334|2020-02-06
Guangzhou/GZMUOO19/EPL_ISL_429080|2020-02-05
CCCG: Sampled twice in early Feb., Wuhan and Thailand
Thailand/Samut_prakarn_840/EPI_ISL_447919|2020-02-04

Wuhan/HBCDC-HB-06/EPI_ISL_412982|2020-02-07
TTTG: First identified in Italy; within 10 days sampled in
many in countries in Europe, the USA, Mexico
First sample: Italy/CDG1/2020|EPI_ISL_412973|2020-02-20

TG

TCTG
TTCG
CTTG
TCCA
TCCG
CCCG
TTTA

A=>TTG

=>TTTG

{71.65%)
(28.35%)

5
4
3
2
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1
1

CTCG
CCTA
TCTA
CTTA
CTCA
TTCA
CCTG

Other forms of the
G-Clade exist.

The less frequent
TTCG variant can
be seen in
Germany and a
couple of cases in
Shanghai.
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Outline

Mutations in the SARS-CoV-2 Genetic Sequence Can Alter the Effectiveness of
Vaccines and Therapeutics

There were Multiple Spike Sites and Mutations of Interest, but the D614G
Mutation had the Highest Global Frequency

The D614G Mutation Arose Independently in Different Regions of the World
G614 frequencies in a variety of geographic locations has significantly
increased.

G614 Mutation Alters Interactions Between S1 and S2 Subunits of Separate
Spike Protomers

G614 Mutants Grow to a Higher Concentration in Cell Cultures and a Higher
Viral Load in vivo than their D614 Counterparts

Some outliers to the G614 variant frequency trend do exist.

In trimmed sequences, about half of the sequence produce a variant.



IVG plots show that in Adaptor Trimmed plots half the

data shows a C variant at the 24,389 location.
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IVG plots show that in Adaptor Trimmed plots half the
data shows a C variant at the 24,389 location
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The Overall Frequency of the G614 Mutation has
Increased.

The study finds that in the GISAID data the overall frequencies of the
G614 mutations have increased.

Other studies confirm that the G614 Mutation has increased the viral
load and caused cross antibody neutralization (Amadpour et. al, 2020).

. Their work sheds light on the evolving nature of SARS-CoV-2 to a
mutation with more fitness.

. The G614 mutation has significantly increased in frequency over the
D614 variant (figure 3).



Databases have helped share SARS-CoV-2 sequence
information and known variants.

o« The researchers have developed and uploaded their data analysis and
spike evolution warnings that can be accessed through GISAID and the
COVID-19 Viral Genome analysis Pipeline.

o This allows other researchers to learn more about the widespread
growth of the G614 variant.

o Their work has been used by others who have monitored the effects of
the G614 variant (Li et. al. 2020).



Future Experiments and Limitations to their Work

We recommend the researchers continue to update their data as time
progresses and more sequences are made available.

We also recommend that the researchers compare the fithess mutations
of SARS-CoV-1 to SARS-CoV-2 to observe the similarities in
progression.

The researchers stated that one major limitation to their work is a bias in
the geographical locations they chose to monitor specific data.

The researchers also stated that a lot of their work was not up to date
and they used up to date information for a couple of the results but not
all.



Overview

Mutations in SARS-CoV-2 alter the effectiveness of vaccines and
therapeutics.

G614 variant frequencies across the globe and have increased.
G614 mutation alters the viral load and cross-neutralized antibody.

The researchers have monitored changes in sequence changes through
global mapping and descriptives.

They have uploaded their work to GISAID and to a pipeline which allows other
researchers to access their work.
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