ldentify SARS-CoV-2 vaccine candidates with ML

Binbin Chen, Ethan Fast, Russ Altman
Stanford University Department of Genetics

e —
Coronavirus
Vaccine ‘
-' InJectlon only ; .
@2,) 5m| Store f i




Vaccines: the most effective weapon against the pandemic

Measles cases in the United States, 1944-2007
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No vaccines available for any form of coronaviruses.



SARS-CoV-2 genome codes for key pathogenic proteins

266 13,468 21,563 29,674 '
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T-cell and B-cell responses are both essential for viral clearance
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COVID-19 vaccines should contain both B-cell and T-cell epitopes



Discotope?2 predicts antibody binding sites for S protein

Predicted B-cell epitopes on S protein structure up conformation
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Some regions are highly presentable by human MHC

Cut-off: NetMHCpan4 > 98%, MARIA > 95%
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Top candidates for epitope based vaccines

Gene Sequence Position  MHC-I Cov. MHC-Il Cov.  Antibody
SYGFOPTNGVGYQPY 494 Yes 52% Yes 100%  Predicted
SQSITAYTMSLGAEN 689 Yes 74% Yes 100% No

S IPTNFTISVITEILP 714 Yes 70% Yes 100% No
AAAYYVGYLOPRTFL 262 Yes 65% Yes 100%  No
APHGVVFLHVTYVPA 1056 Yes 65% Yes 100% :r SARS |

| |

DGEVITFDNLKTILS 1547  Yes 83% Yes 100% | No !
EVRTIKVFTTVDNIN 1564  Yes 78% Yes 100% | No

ORFiab  IINLVOMAPISAMVR 2368 Yes 78% Yes 100% | No i
NPTTFHLDGEVITED 1540 Yes 74% Yes 100% | No i
VAAIFYLITPVHVMS 2783 Yes 74% Yes 100% | No i

M TASFRLFARTRSMWS 97 Yes 65% Yes 100% | SARS !
ATKAYNVTOAFGRRG 264  Yes 74% Yes 100% | SARS |

E VKPSFYVYSRVKNIN 52 Yes 74% Yes 100% | SARS |

I i

S S |



Conclusion

* Spike protein contains both T-cell and B-cell epitopes. Patients can
likely mount antibodies blocking the viral entry.

* We have a comprehensive list of candidates for either vaccine
development or understanding T-cell responses.
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Additional slides



Tracking viral mutations can be informative for vaccine design

Observed mutation

March 231 2020
686 viral sequences
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Antibody prediction validated by the patient blood sample

Predicted vs. detected SARS-CoV-2 antibody epitopes
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Predicted vs. detected SARS-CoV-2 antibody epitopes
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Our computational pipeline predicts historical SARS-CoV T-cell epitopes

A B
Predicted scores for SARS CD8 T epitopes Predicted scores for SARS CD4 T epitopes
(n=1253, AUC=0.98) (n=249, AUC=0.83)
100 S 100
S 60 § 60
40 = 40
T z
= =
2 20 20
0 0
T-cell epitopes Rest of S protein T-cell epitopes Peptides

w/oT-cell responses
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Structural homology modeling shows consistency with Cryo-EM results

Modeled S protein up conformation vs. Cryo-EM result
RMSD= 1.34 A

Modeled structure

Cryo-EM strcuture

O (Wrapp et al. 2020)
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Discotope?2 prediction on SARS spike protein consistent with experiments

Predicted B-cell epitopes on S protein structure down conformation

A Predicted and verified

SARS Spike B-cell epitope 541-555 ...SCKRFOFPFQQFGRDV...
i . @ FQPFQQFGRDVSD

(Guo et al. 2004)

LTGTGVLTPSSKRFQP
(Yu et al. 2007)

431-440 ... 'STGNYNYKYR
LAWNTRNIDATSTGN

(Yu et al. 2007)

Discotope2 V GEERINPI ML+ 441-480
cut-off £X ...GKLRPFERD!SNVPFSPDGKPCTPPALNCY WP
m >05 KLRPFERDISN
>25 (Hua et al. 2004) CTPPALNCYWPLN
(Guo et al. 2004)
VPFSPDGKPCTPPAL

(Yu et al. 2007)
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Similar epitopes identified in SARS-CoV-2

Predicted 2019-nCoV
Spike B-cell epitope

Discotope2
cut-off

m > 05
>-2.5

440-460 494-506
.\LDSKVGGN .SYCFOPT
NYLYRLFRKSI\... NG/GYQ...

Y 246-257
RS G..
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As Feb 2020, no spike mutations occur near RBD

C Sipke mutations from 68 samples
V36/F N354D
&
o D364Y
S247R eH49Y
F32l “D6146
P1120L

Discotope2 ™ > 0.5
cut-off >-2.5
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Mutations are more likely to occur in a region with good MHC-| presentation
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Other drug targets
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