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TABLE 1. LS means results of viral copy number as a response to SEGS1

Source N LS Means Standard Error P-Value
Namikonga

Coinfected 54 1.58 0.03 0.4485
Coinfected+SEGS1 50 1.61 0.03
Kibaha

Coinfected 78 1.58 0.03 0.122
Coinfected+SEGS1 90 1.52 0.03
TME14

Coinfected 77 1.28 0.025 | 0.0359 |
Coinfected+SEGS1 62 1.35 0.025
TME3

Coinfected 54 1.74 0.27 | 0.0002 |
Coinfected+SEGS1 54 2.87 0.3
TMS300572

Coinfected 22 1.40 0.07 0.1041
Coinfected+SEGS1 22 1.3 0.07
Mkombozi

Coinfected 66 1.24 0.05 0.3151
Coinfected+SEGS1 15 1.35 0.09

TABLE 2. Percent of infected plants with episomes by CMD resistant cultivars

# Plants
Cultivar Coinfected Coinfected+SEGS1 Coinfected/
Coinfected+SEGS1
Namikonga 66.7% 50% 6/6
Kibaha 57% 50% 28/10
TME14 12% 58% 50/50
TME3 0 1.19% 54/54
TMS300572 0 9.68% 31/31

Mkombozi 55.6% nd 40/-
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FIGURE LEGENDS

Figure 1 | Exogenous SEGS-1 does not enhance symptoms in CMD susceptible and tolerant
cassava. Cassava cultivars Namikonga (susceptible) and Kibaha, (tolerant) were co-inoculated
with ACMV+EACMCV aone (coinfection) or in combination with exogenous SEGS-1 DNA
(coinfection + S1-1.0) under controlled conditions and monitored for incidence of infection,
symptom severity, and viral copy number at 28 dpi. (A) Images of leaves from the susceptible
and tolerant cassava cultivars. Mock-inoculated controls are shown on the left. (B) Average
symptom scores of plants with symptom scores >2. (C) Average copy number of viral DNA-A
per ng total DNA on a logiy scale. The bars represent 2 standard errors. No significant
differences were detected in the absence or presence of exogenous SEGS-1 DNA in (B) using a
Mann Whitney test or in (C) using atwo-tailed Students' T test .

Figure 2 | Exogenous SEGS-1 can overcome CMD?2 resistance in cassava. The CMD resistant
cultivars, TME-14 (CMD2), TME3 (CMD2), and TMS300572 (CMD1) were co-inoculated with
ACMV+EACMCV done (coinfection) or in combination with exogenous SEGS-1 DNA
(coinfection+S1-1.0) under controlled conditions and monitored for incidence of infection,
symptom severity, and viral copy number at 28 dpi. (A) Images of leaves from the resistant
cassava cultivars. Mock-inoculated controls are shown on the left. (B) Incidence of plants (%)
with symptom scores >2. (C) Average symptom scores of plants with symptom scores >2. (D)
Average copy number of viral DNA-A per ng total DNA on a logs scale. The bars represent 2
standard errors. Asterisks indicate significant differences (p-value<0.05) between coinfection
and coinfection+S1.0 treatments within a cultivar. A Mann Whitney test was used in (B) and (C),
and atwo-tailed Students' T test wasused in (D).

Figure 3 | Formation of endogenous SEGS-1 episomes during CMD. (A) Diagram of divergent
primers that amplify across the junction of a SEGS-1 episome but not the linear SEGS-1
sequence in the cassava genome. (B) SEGS-1 episomes were detected in Namikonga
(susceptible, lanes 2 and 3), Kibaha (tolerant, lanes 4 and 5), and TME-14 (CMD2 resistant)
plants co-inoculated with ACMV+EACMCYV alone at 28 dpi. No episomes were detected in the
healthy cassava control (lane 1), demonstrating that the divergent primers do not amplify the
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SEGS-1 genomic sequence. Lane 8 is the positive control (+C) using plasmid S1-1.5a, that
contains the junction sequences as template. Lane 9 isthe no template control (-C).

Figure 4 | Sequence comparison of SEGS-1 genomic regions in CMD2 resistant cultivars. The
genomic copy of full-length SEGS-1, 89 bp of upstream sequence, and 543 bp of downstream
sequence were amplified, cloned, and sequenced from healthy TME3 and TME14 plants. (A)
The sequences from 4 independent plants for each genotype were analyzed. The SEG-1 region
was compared to the cloned SEGS-1 sequence (Ndunguru et al. 2016), and the flanking regions
were compared to the M. esculenta v8.1 reference genome (Phytozyme 13). The SNPs were
classified as present in al plants (yellow), present in at least one plant from both genotypes
(white), present in at least one TMES3 plant (green), and present in at least one TME14 plant. (B)
The number of SNPs in each class and their distributions in the region are shown. SEGS-1 was
divided into 4 segments (see Supplementary Figure 1), with only G and F displaying activity (see
Figure 6). (C) Diagram SEGS-1 junction sequences. The junction is marked by the staggered
line. Flanking nucleotides are in black. SEGS-1 nucleotides at the 3' junction are in blue and
SEGS-1 nucleotides at the 5’ junction are in red. Potential base-pairing at the junction is shown.
No SNPs were detected in the junction sequences.

Figure 5 | Genomic SEGS-1 episomes increases CMD symptoms and viral copy number in a
CMD2 resistant cultivar but in not a tolerant cultivar. (A) Incidence of plants (%) with symptom
scores >2. (B and D) Average symptom scores of plants with symptom scores >2. (C and E)
Average copy number of viral DNA-A per ng total DNA on alog;o scale. The bars represent 2
standard errors. Results for TME14 (CM D2 resistant) are shown panels (A), (B) and (C). Results
for Kibaha (tolerant) are shown in panels (D) and (E). The incidence of infection for Kibaha was
100% in all treatments (not shown). Asterisks indicate significant differences (p-value<0.05)
between coinfection and coinfection+S1.0 or = SEG-1 episome treatments within a cultivar. A
Mann Whitney test was used in A, B, and D. A two-tailed Students’ T test was used in C and E.

Figure 6 | The regions of SEGS-1 that enhance CMB infection in a CMD2 cultivar. (A)
Exogenous SEGS-1 was cloned into four segments G, H, Jand F (see Supplementary Figure 1).
(B) Images of leaves from TME3 plants co-inoculated with ACMV+EACMCV adone

(coinfection) or in combination with exogenous SEGS-1 DNA segments (coinfection + G, H, J


https://doi.org/10.1101/2024.06.12.598742
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.06.12.598742; this version posted June 12, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

or F) under controlled conditions at 28 dpi. The coinfection + S1-1.0 treatment was a positive
control (C) Incidence of plants (%) with symptom scores >2. (D) Average symptom severity of
plants with symptom scores >2. (E) Average copy number of viral DNA-A per ng total DNA on
alogo scale. The bars represent 2 standard errors. Asterisks indicate significant differences (p-
value<0.05) between coinfection and coinfection+SEGS-1 segments treatments. A Mann
Whitney test was used in (C) and (D), and atwo-tailed Students' T test was used (E).

Figure 7 | The SEGS-1 episome junction does not increase activity. (A) Diagram of the SEGS-1
episome showing the N region that combines the F and G regions to reconstitute episome
junction sequences. (B) Incidence of plants (%) with symptom scores >2. (C) Average symptom
severity of plants with symptom scores >2. (D) Average copy number of vira DNA-A per ng
total DNA on a logio scale. The bars represent 2 standard errors. Asterisks indicate significant
differences (p-value<0.05) between coinfection and coinfection+SEGS-1 segments treatments.
No differences were detected between the SEGS-1 regions. A Mann Whitney test was used in
(B) and (C), and atwo-tailed Students' T test was used (D).

SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure 1| SEGS-1 fragments. (Top) Properties of SEGS-1 fragments. In the
primer sequences, black marks SEGS-1 sequences, red marks the Notl linker, and blue marks

added residues not in the linker or SEGS-1. (Bottom) The sequences of the SEGS-1 fragments.
The green shading indicates the GC-rich region. The blue line marks the junction position. The

underlined nucleotides overlap the adjacent fragment.

Supplementary Figure 2 | CMD symptom scoring. Images of leaves illustrating the symptom

scores. Description of the extent of symptomsis below each image.
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Supplementary Figure 3 | Confirmation of CM D2 mutations. Sanger sequencing profiles for
the TME3, TME14, Kibaha, and TM S30752 plants used in our studies. The codonsin exon 18 of
the MePOLD1 gene (Manes. 12G077400) containing the nonsynonymous SNP haplotypes,
G680V and A684G, is shown at the top. The G680V and A684G SNPs are highlighted in red in
each profile. Except for TM S30752 used as control negative, The TME3 and TM14
chromatograms show double peaks in codon 680 indicating that they are chimeric for wild-type
GGT (glycine) and mutant GTT (valine) at this position. The Kibaha chromatogram shows a
double peak in codon 684 indicating that it is chimeric for wild-type GCC (alanine) and mutant
GGC (glycine) at thisposition. TM S30752, which isnot a CMD2 cultivar, does not have a
mutation at either position. Codons 680 and 684 are marked and the SNPs are indicated by an

asterisk (*).
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