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Viral integrations within eukaryotic genomes are frequent events described in a
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wide range of plant families. Integrated viruses can take the form of partial e
and/or highly rearranged non-activatable sequences (dormant) or in rare cases, N
complete and activatable sequences that can cause systemic infection of the :

host plant.

As part of an ongoing study to understand the diversity of the badnavirus complex,

responsible for the cacao swollen shoot disease in West Africa, evidence was found of j}ﬂ;j
virus-like sequences in asymptomatic cacao plants. The present study exploited the wealth pe
of genomic resources in this crop, and combined bioinformatic, molecular, and genetic : |
approaches to report for the first time the presence of integrated badnaviral sequences in g
most of the cacao genetic groups (Figure 1) ; j‘”i’
o e | — Figure 1: Summary of the bioinformatic search for 52 o -
—————— g —————|_ the presence of the different types of viral : @;“w i
——a sequences in cacao genomes. Bar graph ii _]Eﬂff“
= = representing population structure in cacao, redrawn gy Uy T X
— —| —— from [Cornejo, O. E. et al. Population genomic ; o oo kR R
JJJJJ . — e - ———- analyses of the chocolate tree, Theobroma cacao L, ! PR L T
' e B ———— provide insights into its domestication process. ! T o s
-~ s ——— il Gonomes Commun. Biol. 1, 167 (2018)]. The first block on the = S
g e left side represents 79 clones (with names) grouped . _ o | |
g — i _=W into 10 disfi)nct genetic groups(The SR t\)/vg bIoF():ks Figure 2. Maximum likelihood phylogenetic tree of badnavirus S
] — :l e ———— represent 121 admixed clones grouped into five seq(;l_encfes bas;d (;)Ig Iflclglgnl\rlnené of the I?r']l' RbNasehH region of (:Fiﬁn
— —u e ol sub-groups (horizontal bars). The narrow column on reading rame (_ )'_ Umbers On the branches represent the
T | | m— the right side of the individual horizontal bars SH-aLRT (approximate Likelihood ratio test) branch supports over

——— represents the type of viral sequence (I to VI, see :: O.I7. I(The Citl_rus yellow mosaic Virus_ (CiYMV)I (AF347695) and
e J Aabilinedl Gunomes Figure 2) found in the clones positive for the viral | Blackberry virus F_ (YP009229919) In _red colour-are used as
" outgroups along with the other badnavirus infecting cacao trees

Group-1V

mapping. The colours correspond to the followin ; |
- PPING P J I ICYVBYV, CaMMV, CBSLV and species from the Cacao swollen

il —————W® === groups/virus types: Blue (Criollo), Magenta
- H—————  — (Curaray), Golden (Nanay/Ill), Green (Contamana), shoot complex (CSSTAV, CSSTBV, CSSCDV, CS_SCEV’
- e — =_ —— i Red (Amelonado), Dark brown (Marafion/ll), Light CSSGMV, CSSGNYV, CSSGQV). The names of sequences Include
o ———— brown (Nacional), Light blue (Guiana/l), Black :  the name of the cacao clone and the name of the collection from
ei———— (Iquitos/\V/) and Grey (Purts/\VI). Boxes with whlc_:h the_)_/ were obtained. The 12 different viral types of sequence
10 genetic roups of Admixed Genomes Admixed Genomes hatching patterns represent two viral sequences. are identified from | to XII (eTcBV1) and XlII (eTCBV?2).

Badnavirus-type genome (7-8kb) 1 HE——

Typelin GU123 clone - 12244bp  Hmmm)-Bun)-) ) IN-ammmmmns-dud¢ )

chromosome 7 chromosome 7

Type Il in PA107 clone - 11016bp i) I B (S ()

chromosome 9 chromosome 9

Type lll in NA33 clone - 16127bp ) EN{EEEE () ) These sequences, which we propose to name eTcBV for

chromosome 4 chromosome 4

| endogenous Theobroma cacao bacilliform viruses, varied In
Type Vin NA33 clone - 14525bp ) {(E{(EEEEEEENNNG) ) I E) S _ : _ _ o _
chromosome 4 chromosome 4 type with each predominating in a specific cacao genetic

Type Viin PA279 clone - 6050bp NEENE) jemmmmjemm) o)em)mmm—m) group. The partial sequences, divided into 13 types (I to XIII),
belong to two species called eTCBV1 and eTCBV2 for

endogenous Theobroma cacao bacilliform virus 1 and 2

Figure 3: Overview of eTcBV1 structures of type I, IlI, lll, V and VI in cacao genomes. Cacao (Figure 2)_
genomic sequences are in green, with chromosome number. The viral genome is represented In

linear view with light blue, dark blue and red solid arrows indicating ORF1, ORF2 and ORF3 of the

badnaviral genome, respectively. The intergenic regions are in black.

chromosome 5 chromosome 5

The Integration of the type VI sequences was demonstrated by bioinformatics analyses on complete cacao genomes, followed by molecular
biological confirmation. Additionally, we recently described, with the help of Oxford Nanopore technology, viral inserts of type |, Il, lll and V
longer than 10kb (Figure 3). A diagnostic multiplex PCR method was developed to identify the homozygous or hemizygous condition of the
specific insert of type VI, which was inherited as a single Mendelian trait.

These data suggest that these integration events occurred before or during the species diversification in Central and South America, and prior to
Its cultivation In other regions.

Perspectives

Such evidence of integrated sequences Is relevant to the management of cacao guarantine facilities. These results may also
ald novel methods to reduce the impact of such viruses in this crop. In particular, this could be highly significant for cocoa
because as already observed for other viruses, the integration of these two badnaviral species into the cacao genome could
modify their resistance to certain viral species of the swollen shoot associated species complex (CSSVs) via processes that
may Involve interfering RNASs (SIRNAs, responsible for gene silencing, which constitutes one of the plant's antiviral defences).
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