i l0010100010100000110DlOllO__GGGII
00100011DDlDOOllUDUGDOOO"lG =

Synthetic
and functional
genomics of viruses

TG10100000111000
CCGGAT0010111 G__C‘L

Guillaume Cambray

X cambray.quillaume@gmail.com
W @GiomCambray

Journée thématique reseau Vectopole Sud
Montpellier — 24.11.23



Manipulating molecular systems and sequence space
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Toward genome-wide mutational

scanning
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Small genome yet complex life cycle
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Densoviruses afford an elegant barcoding strategy

4-6 kb

< >
Terminal hairpins: replication Common 3’'UTR
] L vy
NS: replication and packaging /////{/
[y
VP: capsid \////‘///

- Single-stranded
‘ ------- linear DNA

19-26 nm

""""" 1 protein x 60
non-enveloped



An example of barcode-based screening: quantifying cell entry
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Deconstructing and reconstructing viral life cycle
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Deconstructing and reconstructing viral life cycle
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Reprogramming specificity of densoviruses
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Reprogramming specificity of densoviruses
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Reprogramming specificity of densoviruses
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Mutational strategy : SNPs and beyond

P—

6,032 nts ~ Pa3 3 2 VP1 ITRA

/QWW 300,000 oligos/ 3 barcodes — 100,000 mutations

Genone-wide Coding

- Sl nudipo e SLETINTE0E - amino-acid substitutions (best codon)

- synonymous codon substitutions

Non-coding - all codon substitutions (NS1, )

- double nucleotide substitutions around Promoters .
- codon deletions

- single nucleotide insertions and deletions . o .
- amino-acid insertions (best codon , \VP4)

- 6-nucleotides deletions . .
- C-tag & Bsal insertions (4 codons, \/P4)

- 5 & 10-nucleotides insertions



Linking mutations to barcodes : a complex construction strategy
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Linking mutations to barcodes : a complex construction strategy
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Linking mutations to barcodes :
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Linking mutations to barcodes :
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Linking mutations to barcodes :
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Linking mutations to barcodes :
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A serendipitous side story about transcription fidelity

a5
JCDV TR, i NS s i
6,032 nts Po3 pr— L ITRA
«*?

Screen for 16 nts barcodes location with low impact
Deep sequencing screens :

v’ Viral replication —»> DNA

High Errors
v RNA abundance ~a DNA << RNA

RNA
v’ Transcription termination =7
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A pipeline to detect rare mutation

reference

read 1
read 2

read merged

UMI-based

read cluster
(min = 3)

consensus

Errors = Mutations + Sequencing Errors

108 (DNA)

10 (RNA)

G UMI
\ 4

UM | s UMl
v

UM | s UMl

UM | e UMl

UM | e UMl

UM | e UMl
A 4

103
(illumina)

Universal Molecular Identifier
(2x random 8 nts barcode)

= Uniquely tag each molecule

v’ Detect PCR duplicates
v" Enable error correction
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High RNA mutation rates in viral transcript

RNA >10* mutation / position
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Mutation frequency

v’ Variations between positions
v’ Variation in mutation identities

Labadie & Cambray, in prep. 22



Viral more mutated than cellular transcripts
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Viral context — not sequences - drives lower fidelity

WT ago2 tefl ubi
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Viral proteins cause low transcription fidelity

VP4
NS2 NS2 NS1

S . ¢
NS3 NS1INS2 VP4

stop stop stop
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Labadie & Cambray, in prep.
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Co-Immuno Precipitation
with RNAP-II

IP antibody: RMNAP-II

. ) Isotype
WB antibody: NS1 VP NS2 ol

KDa 180 —
130 —

100 —
70—

-_ <4VP2

55 —

40 —

35—

VP proteins interacts with host RNA polymerase (1)

Co-Immuno Precipitation
with viral proteins

NS1 NS2 Isolype WP

control

RMNAP-III

@ | <RNAP-I

Labadie & Cambray, in prep.
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VP proteins interacts with host RNA polymerase (2)

Confocal immunofluorescence microscopy
RNAP-II Merge

DNA VP
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Labadie & Cambray, in prep.



Low transcription fidelity as a phenotypic mutator

* |ncrease genetic variation
* Non-heritable
e Cope with fluctuating environment

- 1073

1 in 3 viral transcripts is mutated !

* Gene expression levels
* Immune evasion ?
* Protein (function, stability, ...)

3% VP4 proteins = 2 mutations / capsid

Mutation frequency

¢\, Genome-wide mutational scanning data

10-¢

WY FML I VACPGOQNTSEDTKHR

Consequences for biocontrol ? ‘. -

“WYFMLIVACPGQNTSEDGKHR - Notpossble

Labadie & Cambray, in prep. 28
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Mutational strategy : SNPs and beyond

JcDV TR —meinsas S o -

+*GCATTAGAC:*
Genone-wide : v
. : . +*GCATAAGAC:
- single nucleotide substitutions
+*GCATGAGAC:

*GCATCAGAC:
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Mutational strategy : SNPs and beyond

JecDV TR s S e m— i -

Genone-wide
- single nucleotide substitutions

Non-coding ---GCATA AGAC:

- single nucleotide insertions and deletions ‘.GCATTAGAC:"
. v
+:GCATTTAGAC: "

+*GCATTAAGAC:*
+*GCATTGAGAC"*
+:GCATTCAGAC:*
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Mutational strategy : SNPs and beyond

JcDV TRL NS S <5 M

6,032nts  Pos oss—3 2 V" TRy

Genone-wide a 'GCATvTAGAC' '

- single nucleotide substitutions G TATAAGAC:

. +*GTATGAGAC:*
Non-coding :

- single nucleotide insertions and deletions s GTATCAGAC:-

- double nucleotide substitutions around promoters

+*GAATAAGAC:*

+*GAATGAGAC:*

+*GAATCAGAC:*

33
*GGATAAGAC:



Mutational strategy : SNPs and beyond

JecDV TR s S e m— i -

Genone-wide

: : N +:GTATAAGAC::
- single nucleotide substitutions
+:GTATGAGAC"*
Non-coding
. . . . +*GCATTAGAC:  **GTATCAGAC:
- single nucleotide insertions and deletions _ v
- double nucleotide substitutions around promoters GAC™ . GAATARGAC-
- 6-nucleotides deletions e AC--
+:GAATGAGAC*
ee ©  ..GAATCAGAC-

++GCA
-+GGATAAGAC**



Mutational strategy : SNPs and beyond

JcDV TR —meinsas S o -

Genone-wide "'GCATvTAGAC"
- single nucleotide substitutions ++GCATTAGAC:*
. AGAGA
No.n-codmg o . . - GTATAAGAC:-

- single nucleotide insertions and deletions
- double nucleotide substitutions around promoters **GTATGAGAC:
- 6-nucleotides deletions o GTATCAGAC
- 5 and 10-nucleotides insertions

++*GAATAAGAC:

*GAATGAGAC:" .
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