Detection and analysis of Cocoa Swollen Shoot Virus by SOP%
Capture Sequencing - a universal method )

Solenn Pruvost!, Julien Marquis'3, Patrick Descombes'!, Maud Lepelley?, Virginie Mérot?, Laurence Bellanger?, Audrey Fillodeau?, Rafael Chan?, Fabrizio Arigoni?
Nestlé Research, Lausanne, Switzerland

’Nestlé Research, Tours, France

3Current address: Lausanne Genomic Technologies Facility, University of Lausanne, Switzerland

& Research and
Development

Introduction Alternative detection strategies

Difficulty for developing a

# Cocoa Swollen Shoot disease (CSSD) I — universal CSSV diagnostic tool:
. . . ze (bp S ame
@ Major viral disease on cocoa 7242 2534963
. . 7161 7040 203 97%|L14546
@ |Impacting cocoa production Zo| S99 Deal  SOK|ANGoRS3) @ Low sequence conservation within the CSSV family
’ ic fr B
Ehdemlc in West A, rica , . 7207]  sera| 173|  76%|ai7sic0s | @ Poorly characterized at the genetic level
@ Virus from the family Caulimoviridae, ras] sm] zas|  eswlineosno, - | f 7
. 7
genus Badnavirus (7 kbp DNA genome) B omplete genome tfor only / isolates
Representative alignment pattern in a = 300 bp window o CSSV qPCR assays not used as a |arge spectrum
# Current methods for CSSV diagnosis: oLl T — diagnostic tool
@ Visual inspection of plant AT T o et R e
@ Inadequate for detecting latent infection B e e B e
in asymptomatic trees v R R s
# Molecular based methods: PCR, qPCR, L c Capture-based approach
immuno-capture methods: i 0 G e
U . . . B e e e oeos ¥ A L .
@ Difficulties to design universal/specific Mmoo N\ WS @ Enriching DNA of interest: CSSV genome [ cocoa
primers :::::: i:f :.::.::;W.o«ct;m'-ctw:«i::;z : r.-.u-.m‘.mue-;'- {""-’{t‘ D genome
@ Not universal assay s L e \ o g<— CI152 E '
e e e st reessossen st S I _a-f':#________; o - @ Flexible Capture Design

‘ B @ High tolerance to mismatches
Pk P Full genome pairwise alignment within the seven CSSV isolates reveals low conservation within the 2 Uni | h/prot | CSSV pathot
- e entire family. The phylogenetic tree has been generated from a = 400 bp region only. A representative niversal approach/protocol any pathotype

300 bp region alignment highlights the difficulty to identify even short stretches of conserved sequences.

Materials & Methods

Workflow of Capture and Sequencing 1st STEP

Analysis Strategy

= Allgnmen.t/ Not computationally
1l eelleEion demanding resources The best match full CSSV
% 200 bp — 2 kbp 1000 CSSV Pathotype Rapid identification of the sequence = reference
\‘\9‘, of oo ~ 400 bp sequence most likely pathotype
\?o 9\-’? '~ —~ 6.Sequencing
o o _ % o
Y Q,, |
s 7 \
: \ fastQ file |
1. DNA extraction 40 (sequencing output) e,
3. Library — 5. Final PCR ::::r—-'" — - ‘ - | -
generation | Adaptors . 97 references P | s Lo Al sl @l sl L a4
’ 4 ' e ; R OiE CEEE PRV R R R R PR R PR B e i
/ : ———— (= 400 b ) g | IE%EE I iﬁ :qi_liiu it q E Eil
e 4. Capture @ P — N P €ac L )
% > s Identification of the most likely pathotype
e 2 @O — T ————
fom ' CSSV
;i:,'." L-'J-l" [ i L k|
Al .
X Optimal full CSSV reference sequence - N— . -
° ° ° H - : . .
Principle for th neration of \'4 re pr 2 -
ciple for the generation of CSSV capture probes KK}Q Theobroma Cacao genome = | | - ~ |
ﬁ ) EF2 ] = ) CoK3ID 4] =g
I— S— — — — |
|= o I
I - E |
....... - Vg2 -. -
e — 1. Long range PCR o _
Known sequence 2. Biotinylation o
\{= 400 hp]/ Coverage per targeted position
\J
2"d STEP
— —
— e :
= o Alignment / Filtering high quality Reconstruction of the
Estimati f th
200 bp — 1 kbp probes CSSV added as an reads exact genome gIobZIIT:plozlj)mbeer i
extra chromosome + High quality mapping sequence of the y
Theobroma cocoa oathotype CSSV per cell
Streptavidin beads genome Coverage

90% Probe Peki7 (94% match)

Probe CI152 (71% match) Our method is

Results ﬂ / Conclusion

80%

Genome | Size |# Mismatch | % Match

CI15 aligned against Peki7 reference sequence ons__| 7029 . 2  Universal

Peki7 7276 | 409
S00K 70%
450K Cl152 7204 2052

400K T v »'\",NM\\«M ' A TN \"\/‘Vb\d‘ " |

@ No need to know a priori the pathotype

60%
o 250K
3 200K
O 1s0Kk-
100K
S0K

0

50% |

Al

% 300K
WL

@ Tolerant to divergence up to 30% from virus's genome |/

B 4405 2892 a233 637 q02t 40% p o b es.
ClI15 aligned against its newly generated reference sequence
450K f’\«‘l WNV'\,\' M’\ M\““v\ 30%
400K A N o\ ' "
2 300K N4 M\""\w/w\\/ﬂ 2 \ /‘N/ \ 20% Qur approach allows to
5 250K/ j
" 2 / \/ \ 10% \ @ Establish a compendium of the CSSV genomic
100K \ 0% Position from the CI15 genome
- \ 0 1'000 2000 3000 2000 5000 6000 7000 sequences and identify mutations.
@ Can be used as a control tool to check whether a cacao
CI15 coverage plot. CSSV coverage plot obtained following the capture tree is infected or not (symptomatic or not)
Alignment of CI1 ncing r inst the Peki7 referen ' ' ‘ . . .
gnment of CI15 sequencing reads against the Peki/ reference with probes with various degree of homology to o Specify which pathotype is present when a cacao leaf
sequence reveals a large number of mismatch positions the target sequence (a CI15 pathotype). o
The capture method is tolerant to probe | target sample is infected
mismatches. @ Can be used as a detection tool in the nurseries and in
the fields

@ High support combined to epidemiology studies



