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Abstract

Two members of the family Betaflexiviridae associated with yam (Dioscorea spp.) have been described so far: yam latent
virus (YLV) and yam virus Y (YVY). However, their geographical distribution and molecular diversity remain poorly docu-
mented. Using a nested RT-PCR assay, we detected YVY in D. alata, D. bulbifera, D. cayenensis, D. rotundata, and D. trifida
in Guadeloupe, and in D. rotundata in Cote d'Ivoire, thus extending the known host range of this virus and geographical
distribution. Using amplicon sequencing, we determined that the molecular diversity of YVY in the yam samples analyzed
in this work ranged between 0.0 and 29.1% and that this diversity is partially geographically structured. We also identified
three isolates of banana mild mosaic virus (BanMMYV) infecting D. alata in Guadeloupe, providing the first evidence for

BanMMYV infection in yam.

Yam (Dioscorea spp.) is widely cultivated in the intertropi-
cal belt for its nutritional and pharmaceutical properties
[1-3] and economic value [4]. Twenty-five viruses infect-
ing yam are currently recognized by the International Com-
mittee on Taxonomy of Viruses (ICTV) [5], including one
member of family Betaflexiviridae, yam latent virus (YLV)
[6], which is assigned to genus Carlavirus. An additional
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virus, yam virus Y (YVY) [7], has all the hallmarks of
viruses of a member of the family Betaflexiviridae, but has
not been formally recognized as a member of this family.
YLV has been reported only in Dioscorea opposita in China,
whereas YVY has been reported in D. rotundata in germ-
plasm collections in Nigeria and Ghana, where it was found
mostly in mixed infections with yam mosaic virus (YMV), a
potyvirus [7]. The symptomatology associated with YLV or
YVY infection has not been elucidated. Overall, the molecu-
lar diversity, host range, geographical distribution, impact
on production, and transmission mode of YLV and YVY
remain largely unknown.

In order to fill these knowledge gaps, we undertook a
comprehensive prevalence survey of yam-infecting Betaflex-
iviridae members using three sampling sources (Supplemen-
tary Table S1). The first source, referred to as ‘Guadeloupe’,
included 896 leaf samples of the species D. alata, D. bulbif-
era, D. cayenensis, D. esculenta, D. rotundata, and D. trifida
collected between November 2019 and December 2020 from
18 yam fields scattered across Guadeloupe, as described by
Diouf et al. [8]. Considering that the relationship between
leaf symptoms and viral infection in yam is poorly docu-
mented, symptoms, or lack thereof, were not taken into
consideration during sample collection. A second source,
referred to as ‘BRC-TP’, included 406 leaf samples from the
same species, collected between 2014 and 2019 from the in
vitro yam collection maintained by the Biological Resources
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Center for Tropical Plants (BRC-TP) in Guadeloupe [9]. A s s
third and last source, referred to as ‘CNRA’, included 38 > %’ é = s S
leaf samples of D. rotundata collected in 2018 from the yam g:? § S2lz|l .. e ..
germplasm collection maintained under open field condi-
tions by the Food Crops Research Station of the Centre o - < E g
National de Recherche Agronomique (CNRA) in Bouaké oL g
(Cote d’Ivoire) [10]. Total nucleic acids (TNAs) were puri- ; § g Z, - -~
fied from each leaf sample using extraction procedure 2, .
described by Foissac et al. [11], and were used as template % < | % %
for cDNA synthesis as described by Umber et al. [9]. This o
was followed by a nested PCR using the five inosine-con- 2% 2 I T
taining degenerate primers (PDO) designed by Foissac et
al. [11] (Supplementary Table S2). These primers allow the % §
detection of viruses of the genera Banmivirus, Capillovirus, < |8 "SE;
Foveavirus, and Trichovirus (family Betaflexiviridae), result- % g é % w w
ing in the amplification of a 362-bp fragment containing the olz 5= LR
conserved motifs II, III, IV, and V of the RNA-directed RNA volelnss s s o
polymerases (RdRps) of positive-stranded RNA viruses . E g g slesSssSssSss<s <SS
[12]. The results of the prevalence survey showed that 24.6% ES2E|lz|lccococooo —
(220/896) of the samples from the ‘Guadeloupe’ sampling
... . . © DM NN D~
tested positive (Table 1). Interestingly, the highest preva- o S AR IR IS
lence in this sampling was in plants of the African species > 5 g
D. cayenensis and D. rotundata (96.2% and 67.8%, respec- = i &8 Z|R =~ v <+ o @
tively). The prevalence was similarly high (78.9%; 30/38) in ; & U I
the ‘CNRA’ sampling, which consisted exclusively of sam- = g slegsSsdgdasSy| g
ples from the species D. rotundata, but it was significantly '_E 8 . E
lower (14.3%; 58/406) in the ‘BRC-TP’ sampling. S ~ 3 Z|R -2 -0 s &2
The molecular diversity of yam-infecting members of ‘g . i
the family Betaflexiviridae was also investigated. For this, E" « § “f
31 amplification products (18, 11, and 2 from the ‘Guade- =, &I* 573 —qﬁé
loupe’, ‘BRC-TP’, and ‘CNRA’ samplings, respectively; g $|E o = o - @ g| 2
Supplementary Table S1) were cloned in pPGEM-T Easy i z 2% I T -
Vector (Promega, Charbonnieres, France) according to the f o T oo S SO ™ %
5 . . . = g s N T I I IS I S >
manufacturer’s protocol. One to six clones per amplification = . E 3 2 5
product were randomly chosen and sequenced (Genewiz, £ 85 %E5lz|lmococococ w2
Leipzig, Germany), resulting in a t(.)tal of 80 nucleotide % & oS oo o LZ
sequences of 310 nt length after primer sequences were g é . xRS gSES el g
removed: 50, 22 and 8 sequences originated from the *Gua- E o g 2
deloupe’, ’BRC-TP’, and "CNRA’ samplings, respectively 5 ) 1@ _v_o2.o = Z
(GenBank accession numbers: OP495428-0P495507). This 2 ® g
dataset was completed with nucleotide sequences of refer- é “g’ < g NE § 2 E 2 § g;b
ence isolates for each of the 15 recognized genera of the fam- 2 g- g
ily Betaflexiviridae, banana virus X (BVX-Som; AY710267; 2 a a e o | 5
R = a9 Z |l - = o n o I a.
unassigned Betaflexiviridae) and YLV-SG1 (KJ789130), Z§ <
sequences available for YVY isolates YVY-Mak and YVY- 5. £ g
Dan (MK782910 and MK782911), identified in Nigeria by E? §' <§ _‘f %
high-throughput sequencing (HTS) [7], and for dioscorea = g é g f
virus A (DioVA-PES.1; LC467961), a putative member of ; S|lZ2E2 § © e oo S 2
family Betaflexiviridae reported in yam in Brazil (Hayashi g ; g
et al., unpublished). In addition, sequences from a YVY iso- 5 8 s Z § g g L‘é
late (IgC10YVYDr) and a BanMMYV isolate (IgB10BanM- i 2 g s iS g 2 g 3 = _“é
MVDa) identified in a D. rotundata plant from Benin and in 2 Ele SI§EEE B3| 2
a D. alata plant collected in Guadeloupe, respectively, were N SedsdadaddsElzZ

@ Springer



Yam virus Y and banana mild mosaic virus in yam

Page3of8 180

also included. These sequences were obtained from contigs
assembled de novo from yam RNASeq transcriptomic Illu-
mina reads generated by the ARCAD project and referenced
under numbers SRX1967863 and SRX1967874, respec-
tively, in the SRA GenBank database [13]. A nucleotide
sequence alignment was performed using MAFFT v7.490
[14] and checked visually to ensure that none of the intro-
duced gaps would disrupt conceptually translated protein
sequences. A maximum-likelihood phylogenetic tree con-
structed using IQ-TREE v2.2.0 [15], with the best nucleotide
substitution model (TIM3+F+I+G4) chosen by the program
based on the Bayesian information criterion, and branch sup-
port was estimated with 10,000 ultrafast bootstrap replicates
[16] and 1,000 SH-aLLRT replicates. The sequence identity
matrix was obtained using Clustal Omega v1.2.4 [17].

The phylogenetic analysis confirmed that all 80 sequences
determined in this work belonged to viruses of the family
Betaflexiviridae (Fig. 1). Most of the sequences (77/80)
formed a clade distinct from other genera in the family Betaf-
lexiviridae. This clade also included YVY-Dan, YVY-Mak,
and DioVA-PES.1 and had the CRB603YVYDc sequence
in a basal position. This sequence appeared particularly
divergent relative to the other sequences in this clade, shar-
ing with them, on average, only 74.8% nucleotide sequence
identity (range, 71.9-77.7%) and 82.3% amino acid sequence
identity (79.6-83.5%), while the other sequences in the clade
shared, on average, 87.7% nucleotide sequence identity
(range 79.0-100.0%) and 96.0% amino sequence acid identity
(89.3-100%). Further studies are therefore required to decide
on the taxonomic status of the CRB603YVYDc isolate.
Analysis of the IgC10Y VYDr sequence, which corresponds
to a nearly complete viral genome, showed that it shared
96.0% and 94.9% amino acid sequence identity with both
YVY-Mak and YVY-Dan isolates in the analyzed complete
RdRp and coat protein (CP) region, respectively. Consider-
ing that these figures are well above the species demarcation
threshold established by the ICTV for the family Betaflexi-
viridae (80% amino acid sequence identity in the RdRp or
CP; [18]), IgC10YVYDr has all the hallmarks of a YVY
isolate. The other 76 sequences in this clade, which were
determined in this study and cover part of the RdRp cod-
ing region, shared, on average, 85.6% (range, 82.9-87.7%)
and 86.9% (range, 84.2-96.1%) nucleotide sequence identity
with those of YVY-Mak and YVY-Dan isolates, respectively
(96.9% [94.2-99.0%] and 97.3% [94.2-100%] amino acid
sequence identity), and 84.3% (range, 81.3-86.8%) nucleo-
tide sequence identity with that of IgC10YVYDr (92.7%
[89.3-95.1%] amino acid identity). Since these identity
scores are all in the same range, the 76 sequences generated
in this study should most likely also be considered isolates
of YVY. The same can be concluded for isolate DioVA-
PES. 1, which shared 85.2% and 87.4% nucleotide sequence
identity with YVY-Mak and YVY-Dan, respectively (97.1%

amino acid sequence identity in the encoded protein for
both isolates). The remaining three sequences out of the 80
determined in this study (Kin8BanMMVDa-1, Kin8Ban-
MMYVDa-2, and Kin2BanMMVDa), which were obtained
from D. alata plants of the ‘Guadeloupe’ sampling, shared
79.4-80.0% nucleotide sequence identity and 87.4% amino
acid sequence identity with the reference sequence of banana
mild mosaic virus (BanMMYV; AF314662) and 98.4-99.0%
nucleotide sequence identity and 100% amino acid sequence
identity with IgB10BanMMVDa. Sequence comparisons of
the RdRp and CP proteins from the nearly complete genome
sequence of [gB10BanMMVDa and the BanMMYV reference
isolate showed that IgB10BanMMVDa unambiguously cor-
responds to a BanMMYV isolate (86.3% and 80.2% amino
acid sequence identity to AF314662 in the complete RdRp
and CP, respectively). These figures strongly support the
notion that the three partial sequences determined in this
study belong to BanMMYV isolates and provide evidence that
BanMMV infects D. alata in Guadeloupe.

The YVY isolates characterized in this work displayed
moderately high rates of nucleotide sequence diversity,
with an average sequence dissimilarity of 12.9% (0-22.3%),
approaching those previously reported for other members
of the family Betaflexiviridae [11, 19, 20], but with a rather
low average amino acid sequence dissimilarity of 3.9%
(0-10.7%). Statistical analysis was performed on the 80
YVY sequences used in the phylogenetic analysis described
above, including the 76 YVY sequences generated in this
work but excluding the CRB603Y VYDc sequence, to inves-
tigate a possible geographical and/or historical structuring of
the molecular diversity of YVY. Four groups of sequences
were defined: ‘Africa’ (eight sequences from the ‘CNRA’
sampling, one from Benin, and two from Nigeria), ‘BRC-
TP’ (21 sequences), ‘Guadeloupe’ (47 sequences), and ‘S.
America’ (one sequence from Brazil). An analysis of molec-
ular variance (AMOVA) was carried out on single nucleo-
tide polymorphisms (SNPs), using R v4.2.1 [21] in order
to assess sequence differentiation among these four groups.
This analysis revealed a between-group variance of 7.97
(significantly greater than zero; P = 0.001), showing that
the groups of isolates have diverged from each other. This
result was confirmed by a discriminant analysis of principal
components (DAPC; Fig. 2), which looks for SNP patterns
that maximize between-group distance while minimizing
within-group distance. The first discriminant axis appeared
to separate the ‘Africa’ group from a metagroup composed
of sequences from sources located in the New World (‘BRC-
TP’, ‘Guadeloupe’, and ‘S. America’ groups), and the second
axis separated the latter three groups, thereby showing that
isolates in these groups form genetically differentiated pools.
Sequence comparisons revealed an average between-group
nucleotide dissimilarity of 14.1-15.2%, while the average
within-group dissimilarity was lower (10.2% and 10.5%
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Subfamilia
a Quinvirinae
a Trivirinae
a Unclassified

Origin
® BRC-TP
® Brazil
® Benin
China
® Cote d'lvoire
® Guadeloupe

® Ado5YVYDb-1 OP495428

® Ori6YVYDa-1 OP495482

® GrC3YVYDr-1 OP495469

® Kin10YVYDa OP495479

® GrC3YVYDr-4 OP495472

® GrC3YVYDr-2 OP495470

® Goa2lYVYDa-2 OP495467
® Pac33YVYDa-2 OP495488

® Pac20YVYDa OP495486

® Ado5YVYDb-2 OP495429

® Goa2lYVYDa-1 OP495466
® Pli25YVYDa-1 OP495489

@® Pli25YVYDa-2 OP495490

® Pac33YVYDa-1 0P495487

® GrC3YVYDr-3 0P495471

® StV36YVYDa-1 OP495493

® GrC51YVYDr-3 OP495475

® StV36YVYDa-2 0P495494

® CRB35YVYDa-1 0P495440
® CRB35YVYDa-2 OP495441
® IgJ10YVYDc OP495477

® Kab130YVYDa OP495478
® CRB455YVYDa-1 OP495448
® StV54YVYDa-3 OP495501
® CRB455YVYDa-2 OP495449
@ CRB455YVYDa-3 OP495450
® StV53YVYDa-1 OP495495

Nigeria
//
4 : CLBV»SRA~1V%/
AVCAV-VC HG008921

ﬁ/
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PVX-X3 D00344

® CRB455YVYDa-6 OP495453
® StV53YVYDa-2 OP495496
® StV54YVYDa-4 OP495502
® CRB455YVYDa-4 OP495451
® StV54YVYDa-5 OP495503
® StV53YVYDa-4 OP495498
® StV54YVYDa-2 OP495500
® StV54YVYDa-6 OP495504
® StV54YVYDa-1 OP495499
® StV53YVYDa-3 OP495497
® CRB455YVYDa-5 OP495452
® CRB585YVYDc-1 OP495460
@® CRB585YVYDc-2 OP495461
® CRB193YVYDc-1 OP495445
® CRB193YVYDc-2 OP495446
® CRB193YVYDc-3 OP495447
® CRB487YVYDt-2 OP495455
® CRB487YVYDt-1 0P495454
® CRB586YVYDc-1 OP495462
@ Civc057YVYDr-1 OP495430
® Civc076YVYDr-1 OP495435
@ Civc076YVYDr-2 OP495436
® Civc076YVYDr-3 OP495437
® YVY-Dan MK782911

® GrC51YVYDr-4 OP495476
® Pli25YVYDa-4 OP495492
® Pli25YVYDa-3 OP495491
1 | ® Civc057YVYDr-2 OP495431
® Civc057YVYDr-5 OP495434
® Civc057YVYDr-3 OP495432
@ Civc057YVYDr-4 OP495433
@® CRB115YVYDa-1 OP495442
® CRB608YVYDa OP495465
@® CRB115YVYDa-2 OP495443
® CRB115YVYDa-3 OP495444
® DioVA-PES5.1 LC467961
® YVY-Mak MK782910
Ty ® CRB16YVYDa-1 OP495438
® CRB16YVYDa-2 OP495439
@® CRB489YVYDt OP495456
@® CRB491YVYDt-3 OP495459
® CRB491YVYDt-1 OP495457
@® CRB491YVYDt-2 OP495458
® Goa2lYVYDa-3 OP495468
® GrC51YVYDr-1 0P495473
® Ori6YVYDa-3 OP495484
® GrC51YVYDr-2 OP495474
® Ori6YVYDa-2 0P495483
® Ori4YVYDa-1 0P495480
@® Ori6YVYDa-4 OP495485
® OridYVYDa-2 OP495481
1gC10YVYDr SRX1967863
@® CRB603YVYDc OP495464
ASPV-PA66 D21829
PotVM-Russian Wild D14449
YLV-SG1 KJ789130
BVX-Som AY710267
CNRMV-Rott AF237816

—— BanMMV-Gambley AF314662
@ IgBl10BanMMVDa SRX1967874
® Kin2BanMMVDa OP495505
® Kin8BanMMVDa-2 OP495507
® Kin8BanMMVDa-1 OP495506

MoaBV-ITC0528 OK721096

DVA-SW3.3 JX173276

@® CRB586YVYDc-2 OP495463

CCV1-S20 KF533711

YVY
clade

ACLSV-P863 M58152

PVT-Peru EU835937

GVA-Is 151 X75433

ASGV-P209 D14995

3 AJ318061
MA-KF15 KY363796

RAVA-Oregon MF166685

0.7
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«Fig. 1 Maximum-likelihood phylogenetic tree showing the rela-
tionships between betaflexivirid sequences obtained in this study
(in bold) and those of previously characterized isolates. Phyloge-
netic analysis was performed based on the amplified sequences
(310 nt) corresponding to nucleotide positions 4612—4921 of the
genome of YVY-Mak and coding for part of the RdRp. Potato virus
X (PVX) was used to root the tree. Keys are provided for the coloured
sequence names according to their taxonomic position in the family
Betaflexiviridae (subfamilies recognized by the ICTV), and to the col-
oured dots referring for the location of the samples from which the
sequences originated. Significant branch support (ultrafast bootstrap
values above 95% of 10,000 replicates and SH-aLRT above 85% of
1,000 replicates) is indicated by an orange rectangle across the sup-
ported branches. Da, Dioscorea alata; Db, D. bulbifera; Dc, D. cay-
enensis; Dr, D. rotundata; Dt, D. trifida

for ‘Africa’ and ‘Guadeloupe’, respectively), except for the
‘BRC-TP’ group, whose average within-group nucleotide
dissimilarity (14.1%) was in the same range as the average
between-group dissimilarity.

The prevalence of YVY and BanMMYV in the three
samplings was investigated. For this, two species-specific
primer pairs were designed based on sequence comparisons
between all available sequences of YVY and BanMMYV yam
isolates, in order to capture the molecular diversity of both
viruses, and used for virus indexing. Primers YVY-F and
YVY-R (Supplementary Table S2) were used in nested RT-
PCR experiments, using the PCR products generated from
the first PCR step of the PDO-PCR assay as a template.
This YVY-specific RT-PCR assay produced amplicons of
275 bp corresponding to nucleotide positions 4640-4914 in
the YVY-Mak genome. Conditions for the nested PCR were
an initial denaturation step of 2 min at 95° C, followed by
30 cycles of 30 s at 95°C, 30 s at 54°C, and 30 s at 72°C,
and a final elongation of 5 min at 72°C. The primers Yam-
BanF and YamBanR (Supplementary Table S2) were used
in RT-PCR experiments, producing amplicons of 226 bp
corresponding to nucleotide positions 4552-4777 of the Ban-
MMV reference isolate (AF314662). PCR conditions were
the same as above except that the annealing temperature
was increased to 57°C. Indexing results showed that most
of the samples used in this study that were positive with
broad-range PDO primers also tested positive when using
Y VY-specific primers (Table 1; Supplementary Table S1).
This proportion was 97.3% for samples of the ‘Guadeloupe’
sampling, 91.4% for those of the ‘BRC-TP’ sampling, and
96.7% for those of the ‘CNRA’ sampling (Table 1), show-
ing the efficiency of this specific detection tool. In contrast,
the prevalence of BanMMYV was very low, with only 0.3%
and 0.2% of the samples from the ‘Guadeloupe’ and ‘BRC-
PT’ samplings, respectively, testing positive. All 38 samples
from the ‘CNRA’ sampling were negative for BanMMYV,
strengthening the observation that only D. alata seems to
be prone to infection by this virus.

Our results extend the known natural host range of
YVY to several additional yam species, including D.
alata, D. bulbifera, D. cayenensis, and D. trifida in addi-
tion to D. rotundata, which had been reported previously
[7], and its known geographical distribution to Benin,
Cote d'Ivoire and Guadeloupe, where it is widespread.
Whether YVY was introduced into Guadeloupe through
infected yam imported from Africa during the slave trade
[22], as hypothesized for YMV and yam mild mosaic virus
(YMMV) [23, 24], remains to be investigated and requires
extensive phylogeographical studies with large samplings
in Africa. The ‘BRC-TP’ collection includes yam acces-
sions originating from various parts of the world (the
Caribbean, South America, Africa, and the South Pacific;
Supplementary Table S1) that were introduced before
accurate viral diagnostic tools were available, making it
impossible to know whether accessions in this collection
were infected by YVY prior to their introduction into Gua-
deloupe or became contaminated while being maintained
under field conditions in Guadeloupe prior to their intro-
duction into the ‘BRC-TP’ in vitro collection.

The YVY isolates characterized in this work display lev-
els of molecular diversity similar to those reported for other
yam-infecting viruses, such as YMV, YMMYV, and Dioscorea
mosaic associated virus (DMaV) [23, 25, 26]. However,
diversity among YVY isolates could be partitioned into
four distinct genetic pools by the DAPC analysis (Fig. 2),
reflecting a genetic differentiation also seen in the phyloge-
netic tree in Figure 1 in the form of origin-specific subclades
of isolates. The molecular diversity among infected plants
was moderate, whereas within-plant molecular diversity was
low, contrary to the situation encountered for other yam-
infecting viruses such as DMaV [26]. Some YVY sequences
with 100% identity were amplified from distinct samples
collected from distinct species (Fig. 1), suggesting plant-to-
plant transmission of this virus. Whether such transmission
occurs mechanically through the use of infected tools for
fragmenting yam tubers before planting or involves biologi-
cal vectors remains to be elucidated. YVY might also be
transmitted vertically through vegetative propagation and the
use of infected tubers as planting material, as demonstrated
for other yam viruses [8]. Since most YV Y-infected plants
reported in this work were coinfected with other viruses such
as YMMYV and YaV1 [8, 10], we could not associate YVY
with specific symptoms.

The use of primers YVY-F and YVY-R allowed the
detection of YVY in 94.2% (290/308) of the samples that
tested positive using degenerate PDO primers (Supple-
mentary Table S1), as well as in six samples that tested
negative with the PDO primers. On the other hand, 5.8%
(18/308) of the samples tested positive when using the
PDO primers and negative when using the YV Y-specific
primers. Four of the latter samples were found to be
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Fig.2 Ordination plot of the discriminant analysis of principal com-
ponents performed on 76 YVY sequences obtained in this work
and four YVY sequences obtained from GenBank. Sequences were
assigned to four groups (‘Africa’, ‘BRC-TP’, ‘Guadeloupe’, and °S.
America’) according to their sampling location and are coloured

infected by BanMMYV, suggesting that the remaining 14
could have been infected by another virus of the family
Betaflexiviridae, including potentially uncharacterized
YVY variants that escaped detection with the YVY-spe-
cific primers described in this work.

Here, we report the first occurrence of BanMMYV iso-
lates infecting yam. BanMMYV was detected in three D.
alata samples collected from the same plot, in one D. alata
hybrid collected in Guadeloupe and used for RNASeq
analysis and in one D. alata accession from the ‘BRC-TP’
sampling, originating in Vanuatu (CRB767; Supplemen-
tary Table S1). The latter was introduced into Guadeloupe
in 2003 and maintained under field conditions until it was
introduced in vitro in 2014. Therefore, it may have been
infected by BanMMV either before or after its introduc-
tion into Guadeloupe. There is experimental evidence of
plant-to-plant transmission of BanMMYV in banana in Gua-
deloupe [19], although the actual mode of transmission
(mechanical and/or vector-borne) of this virus has not been
elucidated. A possible scenario might involve vector-borne
transmission of BanMMYV from banana to yam, consid-
ering that BanMMYV is widespread in banana in Guade-
loupe and that both crops are often present together on

@ Springer

accordingly on the plot. Ellipses delineate the confidence interval
around the group centroids. A between-group percent sequence dis-
similarity matrix is shown in the bottom right corner, with the stand-
ard deviation in parentheses and within-group dissimilarities shown
along the matrix diagonal. NA, not applicable

farm plots, a situation that could favour host jumps from
banana to yam.

Supplementary Information The online version contains supplemen-
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