Subject: Plant Pathology - Decision on Manuscript ID PP-14-348

Matthew.Dickinson@nottingham.ac.uk <Matthew.Dickinson@nottingham.ac.uk>
to Edward Liew

You are viewing an attached message. UNSRAT Mail can't verify the authenticity of attached messages.

07-Nov-2014
Dear Dr. Liew,

| am pleased to accept this manuscript following minor revision as outlined below.

e s s e e s e e e

Revise your manuscript using a word processing program and save it on your computer. Please also highlight the chang
referee(s) and the editor. In order to expedite the processing of the revised manuscript, please be as specific as possible

It is very important that you refer to our online guidelines for electronic artwork available at http://authorservices.wiley.cor

Once the revised manuscript is prepared, you can upload it and submit it through your Author Centre. To do this, log into
Revision." Your original manuscript number will be appended to denote a revision (.R1).

IMPORTANT: Your original files are available to you when you upload your revised manuscript. Please delete any redun
Because we are trying to facilitate timely publication of manuscripts submitted to Plant Pathology, your revised manuscrig
Once again, thank you for submitting your manuscript to Plant Pathology and | look forward to receiving your revision.
Yours sincerely,

Professor Matt Dickinson

Senior Editor, Plant Pathology
Matthew.Dickinson@nottingham.ac.uk

Referee: 1

Comments to the Author
| found this to be a clear presentation of what appears to have been a well-conceived and executed study. | recommend 1

L 43 If this assertion is to be defended, a different reference is needed. Skorgaard et al do not even mention managemen
of evolutionary origins of a pathogen has had an impact on breeding for resistance or other approaches to management,

L 52 This is not really true. Formae speciales are defined based on host range, with no expectation of a close relationshir
L 80 Delete “more than”
L 180 Substitute “speciales” for “species”

L 208 correct the spelling of rejecting



USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION W l L E Y

Once you have Acrobat Reader open on your computer, click on the Comment tab at the right of the toolbar:

= Tools Comment Share

This will open up a panel down the right side of the document. The majority of
tools you will use for annotating your proof will be in the Annotations section, @ @ @) E@ 8

pictured opposite. We've picked out some of these tools below:

v Annotations

. % ¢ L B

1. Replace (Ins) Tool —for replacing text.

% Strikes a line through text and opens up a text
box where replacement text can be entered.

How to use it
e Highlight a word or sentence.

e Click on the Replace (Ins) icon in the Annotations
section.

e Type the replacement text into the blue box that
appears.

wdard framework for the analysis of m

icy—Nevertheless it alse led to exogt
ole of strateg—= = = 1 f
S| @ - dthreshe =
aber of comy| os/e/2011 155817 4]
“is that the sl which led of
nain compo b
level, are exc nc
2l

: s
IMportant Worms o carory oy ol
M honcafrarth L wa anen tha fhlacl

2. Strikethrough (Del) Tool —for deleting text.

Strikes a red line through text that is to be
deleted.

How to useit
e Highlight a word or sentence.

e Click on the Strikethrough (Del) icon in the
Annotations section.

there 15 no room tor extra profits ai
< ups are zero and the number of
cet) values are not determined by

Blanchard andXKivotaki (1987),
rfect competition in general equilil
ts of aggregate demand and supply
lassical framework assuming monoy

aon an avorennie nuimhber af frme

3. Add note to text Tool —for highlighting a section
to be changed to bold or italic.

E’ Highlights text in yellow and opens up a text
box where comments can be entered.

How to useit
e Highlight the relevant section of text.

o Click on the Add note to text icon in the
Annotations section.

e Type instruction on what should be changed
regarding the text into the yellow box that
appears.

namic responses of mark ups
ent with the VAR evidence

satioy| © " dthreshe Y ith
08/06/2011 15:31:38

y Ma cll

I an ed

on n er

to als Zlon

ctont alea uwnth tha doamand_

4. Add sticky note Tool — for making notes at
specific points in the text.

Marks a point in the proof where a comment
needs to be highlighted.

How to use it

e Click on the Add sticky note icon in the
Annotations section.

e Click at the point in the proof where the comment
should be inserted.

e Type the comment into the yellow box that
appears.

Lell1UL eIl hll})t}l}' STIUUKRS. IVIUSL UL

aepmi et

‘ @l & ~ dthreshe |

numbel|| os/06/2011 15:18:08 iff

dard fr 18

cy. New ) €

le of sty Wi
Fa

Y
11)(:1‘ ()f .\\.IlLLJ:JL.LLL\Jl.1 TIICE CIIC 1.111})

is that the structure of the secto




USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION W l L E Y

5. Attach File Tool —for inserting large amounts of
text or replacement figures.

é Inserts an icon linking to the attached file in the
appropriate place in the text.

How to useiit

e Click on the Attach File icon in the Annotations
section.

e Click on the proof to where you'd like the attached
file to be linked.

e Select the file to be attached from your computer
or network.

e Select the colour and type of icon that will appear
in the proof. Click OK.

END

B 0.20F

0.10

nnsl: A

6. Drawing Markups Tools —for drawing
shapes, lines and freeform annotations on
proofs and commenting on these marks.
Allows shapes, lines and freeform annotations to be
drawn on proofs and for comment to be made on
these marks.

~ Drawing Markups

How to use it

«  Click on one of the shapes in the Drawing Markups
section.

«  Click on the proof at the relevant point and draw the
selected shape with the cursor.

* To add a comment to the drawn shape, move the
cursor over the shape until an arrowhead appears.

« Double click on the shape and type any text in the
red box that appears.

TTEhR A I 1T 0L TR 0
New Incorpormion

- ameeane
OL0E2011 162554

Move to the bottnm of the left
[ p—




Plant Pathology (2015)

Doi: 10.1111/ppa.12365

Phylogeny and origin of Fusarium oxysporum f.sp. vanillae in

Indonesia
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Technology Park, Eveleigh, NSW 2015, Australia

Vanilla stem rot, caused by Fusarium oxysporum f.sp. vanillae (Fov), is the main constraint to increasing vanilla pro-
duction in the major vanilla-producing countries, including Indonesia. The current study investigated the origin of Fov

in Indonesia using a multigene phylogenetic approach. Nineteen Fov isolates were selected to represent Indonesia, the

Comoros, Mexico and Réunion Island. The translation elongation factor 1 alpha gene and the mitochondrial small sub-
unit ribosomal RNA gene phylogenies resolved the Fov isolates into three distinct clades in both phylogenetic species
of the F. oxysporum species complex, indicating a polyphyletic pattern of evolution. In addition, Fov isolates from

Indonesia were also polyphyletic. These results suggest that the vanilla stem rot pathogen in Indonesia has a complex

origin. The implications for disease management are discussed.

Keywords: introduction, pathogen evolution, spread, vanilla stem rot, wilt

Introduction

Vanilla stem rot, caused by Fusarium oxysporum f.sp.
vanillae (Fov; Tombe et al., 1994), is the main produc-
tion constraint in major vanilla-producing countries,
including Indonesia (Thomas et al., 2002). The pathogen
has been recovered from all production areas in Indone-
sia (Pinaria ef al., 2010), causing devastating losses to
smallholder farmers whose livelihood relies heavily on
income generated from this high value crop. Manage-
ment of diseases caused by F. oxysporum relies predomi-
nantly on host resistance (Fravel et al., 2003), but to
date all of the limited Vamnilla planifolia cultivars avail-
able in Indonesia are highly susceptible to this pathogen.
Although Fov is prevalent in most production regions
worldwide, there is no information on the origins and
evolutionary patterns of this pathogen.

No sexual structure has ever been observed in the
F. oxysporum species complex (FOSC; Booth, 1971).
This fungus is hence believed to transmit its whole gen-
ome as a unit from one generation to the next, with dif-
ferent parts of the genome sharing the same evolutionary
history (Taylor et al., 1999b). Isolates within a forma
specialis were traditionally predicted to be genetically
similar and separate from those with different host speci-
ficities. It was therefore thought that gene genealogies
could be used to trace the evolution of phenotypic char-
acters suchas host specificity within this species complex
(O’Donne Q I., 1998; Taylor et al., 1999a). However,
O’Donnell"(1998) revealed that F. oxysporum f.sp.
cubense evolved from multiple independent origins, i.e.
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the host specificity to banana has a polyphyletic origin.
There are now numerous evolutionary studies on patho-
genic strains within the FOSC. Although there are exam-
ples of monophyletic formae speciales, e.g. lillii, tulipae
and ciceris (Baayen et al., 2000; Jimenez-Gasco et al.,

2002) the majority are not, e.g. asparagi, dianthi, glaa@
al

li, lini (Baayen et al., 2000), vasinfectum (Skovga

2001), canariensis (Laurence et al., 2015) and cucumeri-

num (Lievens et al., 2007).

Previous Fov population studies in Indonesia revealed
the presence of multiple vegetative compatibility groups
(VCG; Tombe et al., 1994; Pinaria, 2010) and a number
of distinct fingerprinting haplotypes. As VCG analysis
can be used to infer evolutionary origin (Elias et al.,
1993), these findings suggest that the origin of Fov in
Indonesia may be complex, with the possibility of a non-
monophyletic pattern of evolution.

The knowledge of whether Fov was introduced into
Indonesia and/or evolved locally has practical disease
management implications. At present most planting
materials in vanilla-producing areas in Indonesia are
based on clonal propagation sourced from established
farms or nurseries, many of which have varying levels of
disease incidence, hence facilitating the spread of the
pathogen over large distances. However, these produc-
tion areas are often geographically disparate island prov-
inces, a scenario in which the control of pathogen spread
can potentially be achieved to a great extent.

With an aim of elucidating the origin of Fov in Indo-
nesia, this study was designed to test two hypotheses: (i)
that Fov isolates obtained from Indonesia and overseas
including Mexico, where the host vanilla originated,
form a monophyletic evolutionary lineage; and (ii) that
the Indonesian Fov isolates form a monophyletic lineage.
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Evolutionary inferences were made by constructing gene
genealogies from partial DNA sequences of the transla-
tion elongation factor (EF-1x) and the mitochondrial
small subunit ribosomal RNA genes (m£SSU).

Materials and methods

Fungal isolates

Nineteen Fov isolates, representative of different geographical
regions, were used in this study (Table 1). These isolates were
isolated from vanilla stems showing typical stem rot symptoms,
including water-soaking, chlorosis, internal discolouration and
necrosis. The purification and identification of isolates were
undertaken as described by Burgess et al. (1994). The overseas
isolates were recovered from diseased stems from the Como-
ros and La Réunion, kindly provided by Dr Michel Grisoni
(CIRAD, La Réunion, France), and from Mexico, supplied by
Dr Araceli Perez Silva (Instituto Tecnologico de Tuxtepec, Mex-
ico). Cultures of the 19 isolates are maintained in the culture
collection of the Royal Botanic Gardens, Sydney, Australia.

Pathogenicity test

The pathogenicity of the 19 Fov isolates was tested on vanilla
stems to rule out the possibility of endophytic and nonpatho-
genic isolates. The glasshouse tests were conducted with three
replications for each isolate. The inoculum was generated by
incorporating colonized millet seed into sterile potting mix. A
control mix was made by adding 10 mL sterile deionized water
only to the millet seed. Details of the pathogenicity test and dis-
ease assessment were as previously described by Pinaria et al.
(2010).

DNA extraction, PCR amplification and DNA
sequencing

The Fov cultures were grown for 10 days on potato dextrose
agar at 25°C under a combination of fluorescent white and
ultraviolet light, and DNA was extracted as described by Pinaria
et al. (2010).

Two gene regions, the translation EF-1a and the m2SSU, were
sequenced. The EF-1o was amplified using primers EF-1 and EF-
2 (Carbone & Kohn, 1999). PCR amplification, purification of
PCR product and DNA sequencing of the EF-1o gene were car-
ried out as described by Pinaria et al. (2010).

The mtSSU gene region was amplified using primers MS 1
and MS 2 (White et al., 1990). PCR amplification, product puri-
fication and DNA sequencing of the 72SSU were conducted as
per the EF-1o gene region. The purified sequencing product was
sent to the DNA sequencing facility at the Ramaciotti Centre
for gene function analysis at the University of New South Wales,
Sydney, Australia.

Phylogenetic analysis

The EF-1o and the mtSSU sequences were aligned with reference
sequences of the FOSC obtained from GenBank using the multi-
ple alignment program crLustatW (v. 1.83) plug-in (Thompson
et al., 1997) in the software GeENeious v. 5.3.6 (Kearse et al.,
2012). The alignment was edited manually using GENEIOUS
v. 5.3.6 and all polymorphisms were confirmed by re-examining

the electropherograms. Twenty-four reference sequences down-
loaded from GenBank were selected based on previous published
phylogenetic trees by Baayen et al. (2000) and O’Donnell et al.
(1998) and are listed in Table 1. Sequences generated in this
study were deposited in GenBank with accession numbers also
listed in Table 1.

Unweighted parsimony and neighbour-joining analyses were
conducted using paup v. 4.0b10 (Swofford, 2002) on the individ-
ual and combined EF-1o and #SSU data sets. Heuristic
searches for maximum parsimony trees were conducted with
1000 random addition sequences and tree bisection reconnection
branch swapping algorithm. Gaps were treated as missing data.
Trees were rooted using the out-group method. Two Fusarium
spp. (NRRL 22903 and 25184) used by O’Donnell et al. (1998)
were used as the out-group for rooting gene trees. The partition-
homogeneity test (PHT) implemented within pAUP was used to
evaluate concordance of the two gene data sets. The consistency
index (CI) and retention index (RI) were calculated for each tree
to evaluate the amount of homoplasy present. Bootstrap analysis
implemented with pauP was assessed using 1000 random replica-
tions for all trees, with bootstrap values of >50 indicating clade
stability.

The Shimodaira-Hasewaga (SH) test was used for constraint
testing under maximum likelihood criteria on the combined
EF-1a. and mtSSU data set. Monophyly of the global and the
Indonesian population of Fov were used as the SH test con-
straints. Monophyly was rejected if the constrained tree (mono-
phyletic) log likelihood score was significantly different from
unconstrained topology with 95% confidence level (P < 0-05).
All SH testing was implemented in paup v. 4.0b10.

Results

Pathogenicity test

The first sign of discolouration was observed 7 days after
inoculation. All 19 Fov isolates induced necrosis and dis-
colouration symptoms. Five isolates (2, 155, 176, 424
and 397) caused symptoms of discolouration in two rep-
licates, whereas the remaining isolates produced symp-
toms in all three replicates. No symptoms were detected
in the negative control at the completion of the pathoge-
nicity test (60 days). The pathogen was successfully
re-isolated from each isolate tested.

Phylogenetic analysis

The EF-1o gene data set consisted of 656 nucleotide
characters, of which 36 (5-5%) were parsimony informa-
tive. Parsimony analysis generated 26 most parsimonious
trees (MPT) of 83 steps with three distinct clades
(CI = 0-96, RI = 0-98; Fig. 1). Clade I included one iso-
late of Fov (from Indonesia) and five isolates from other
formae speciales (NRRL 25603, 26038, 26035, 26029
and 22550) with strong bootstrap support (90%). Clade
II consisted of two isolates of Fov (both from Indonesia)
and 10 isolates from other formae speciales (NRRL
26178, 28356, 25609, 26961, 25420, 25598, 28923,
28928, 28401 and 25607) with bootstrap support of
61%. Clade III grouped together 16 isolates of Fov (all
overseas and remaining Indonesian isolates) and seven

Plant Pathology (2015)
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Table 1 Sources and accessions of Fusarium oxysporum f.sp. vanilla isolates used in the study and GenBank and fungal herbarium accessions of

reference strains

GenBank accession

Fungal herbarium Study

F. oxysporum forma specialis accession® accession mtSSU rDNA EF-1a Country of origin

F. oxysporum f.sp. batatas NRRL 26409° AF008450 AF008484

F. oxysporum f.sp. canariensis NRRL 26035° AF008451 AF008485

F. oxysporum f.sp. cubense NRRL 25603° AF008453 AF008487
NRRL 25607° AF008455 AF008489
NRRL 25609° AF008456 AF008490
NRRL 26029° AF008459 AF008493
NRRL 26038° AF008460 AF008494

F. oxysporum f.sp. dianthi NRRL 26961°¢ AF250568 AF246840
NRRL 28356° AF250582 AF246854
NRRL 28401° AF250587 AF246859

F. oxysporum f.sp. gladioli NRRL 26989° AF250575 AF246847
NRRL 26992° AF250573 AF246845

F. oxysporum f.sp. glycines NRRL 25598° AF008462 AF008496

F. oxysporum f.sp. lini NRRL 28923° AF250604 AF246876
NRRL 28928° AF250605 AF246877

F. oxysporum f.sp. melonis NRRL 26178° AF008469 AF008503

F. oxysporum f.sp. opuntiarum NRRL 28368° AF250599 AF246871
NRRL 28279°¢ AF250564 AF246836

F. oxysporum f.sp. passiflorae NRRL 22549° AF008471 AF008505

F. oxysporum f.sp. perniciosum NRRL 22550° AF008472 AF008506

F. oxysporum f.sp. tulipae NRRL 26954° AF250566 AF246838

F. oxysporum f.sp. vanillae RBG 5370 2 KM102470 KM115168 Indonesia (North Sulawesi)
RBG 5391 57 KM102475 KM115183 Indonesia (North Sulawesi)
RBG 5371 77 KM102477 KM115184 Indonesia (West Java)
RBG 5373 102 KM102486 KM115171 Indonesia (West Java)
RBG 5392 104 KM102488 KM115173 Indonesia (West Java)
RBG 5393 149 KM102484 KM115174 Indonesia (Jogjakarta)
RBG 5375 155 KM102471 KM115169 Indonesia (West Nusatenggara)
RBG 5394 173 KM102483 KM115181 Indonesia (West Nusatenggara)
RBG 5376 176 KM102472 KM115170 Indonesia (West Nusatenggara)
RBG 5382 331 KM102474 KM115182 Indonesia (Lampung)
RBG 5395 397 KM102481 KM115186 Réunion
RBG 5396 401 KM102478 KM115175 Réunion
RBG 5397 408 KM102473 KM115177 Réunion
RBG 5398 410 KM102480 KM115178 Réunion
RBG 5399 424 KM102479 KM115172 Comoros
RBG 5400 434 KM102476 KM115179 Mexico
RBG 5401 439 KM102487 KM115180 Mexico
RBG 5402 441 KM102482 KM115185 Mexico
RBG 5403 442 KM102485 KM115176 Mexico

F. oxysporum f.sp. vasinvectum NRRL 22550° AF008478 AF008512

Fusarium sp. NRRL 22903° U34509 AF008513

Fusarium sp. NRRL 25184° U61608 AF008514

ANRRL: United States Department of Agriculture Northern Regional Research Laboratory (also American Research Service, ARS) culture collection;

RBG: Royal Botanic Gardens Sydney culture collection.
PO’Donnell et al. (1998).
°Baayen et al. (2000).

from other formae speciales (NRRL 22549, 26409,
26989, 26992, 28368, 28279 and 26954) with bootstrap
support of 62%.

Analysis of the m#SSU gene data set resulted in 695
nucleotide characters, of which 23 (3-:3%) were parsi-
mony informative. Parsimony analysis generated 100
MPTs of 52 steps, also with three distinct clades
(CI=0-87, RI =0-95; Fig. 2). Again, the three clades

Plant Pathology (2015)

had relatively high bootstrap support with clustering of
taxa as per the EF-1o tree.

Results of the PHT (P = 0-15) suggested that the
EF-1o gene tree and the mtSSU gene tree generated the
same underlying phylogeny. The two gene regions were
then combined for further phylogenetic analysis. No
major topological variations were found between
trees generated by neighbour-joining and unweighted
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parsimony on the combined gene data set (data not
shown). For the parsimony analysis, the combined EF-1«
and mtSSU gene data set consisted of 1351 nucleotide
characters, 57 (4-2%) of which were parsimony informa-
tive. Parsimony analysis of the combined data set yielded
99 MPT of 134 steps (CI = 0-93, RI = 0-97) with three
distinct clades (Fig. 3).

Overall bootstrap support increased when characters
from the two gene regions were combined, in particular
values on the nodes separating the three distinct clades
(Fig. 3). The combined gene data set tree shows that iso-
lates of Fov from Indonesia are scattered across the dif-
ferent clades. In Clade III, the Indonesian isolates are
clustered with isolates from the Comoros, Mexico and
Réunion Island, whereas Clade I and II consist of Indo-
nesian isolates alone. The combined gene tree also
reveals that Fov isolates from Indonesia in Clade III
(102, 104 and 149) are identical with one isolate from
Réunion Island (401) and one from Mexico (442). The

SH test confirmed the topology observation, rejecting the
monophyly of both the global and Indonesian Fov popu-
lations (P < 0-05).

Discussion

Phylogenies inferred from the EF-I1o, mtSSU and com-
bined data sets clearly showed that isolates of Fov
resolved into three distinct clades in both phylogenetic
species (semsu Laurence et al., 2014), suggesting the
pathogen of vanilla stem rot has not evolved from a
recent common ancestor. This finding revealed that Fov
is polyphyletic, consisting of at least three distinct lin-
eages. The first hypothesis that isolates of Fov obtained
from Indonesia and overseas form a monophyletic evolu-
tionary lineage is rejected.

The three clades within the FOSC were first docu-
mented by O’Donnell et al. (1998). It was assumed,
without clear scientific justification, that isolates within a
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forma specialis were genetically more similar than iso-
lates with different host specificities, and likely to have a
common origin (Kistler, 1997). Many formae speciales
have now been shown not to be so (e.g. O’Donnell et al.,
1998; Baayen et al., 2000; Skovgaard et al., 2001; Jime-
nez-Gasco et al., 2002; Mbofung et al., 2007; Wunsch
et al., 2009). Formae speciales with a polyphyletic origin
tend to have at least two or more VCGs (Baayen et al.,
2000). Similar to this finding, at least four different
VCGs were found within the Indonesian Fov isolates
(Pinaria, 2010).

On the basis of the evidence that Fov isolates are scat-
tered across the three different lineages, the issue as to
the origin of the pathogen in Indonesia is not a simple
one, raising the question of how pathogenicity to the
same host evolved. Covert (1998) proposed that horizon-
tal (vegetative) spread of dispensable chromosomes car-
rying pathogenicity genes or gene clusters across
evolutionary distinct lineage could shed light on that
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question. Indeed, Ma et al. (2010) demonstrated hori-
zontal gene transfer (HGT) in vitro of one such chromo-
some from a pathogenic strain, F. oxysporum f.sp.
lycopersici, to a nonpathogenic strain, giving the latter
the ability to cause the same symptoms on tomato as the
pathogenic strain. This chromosome is now understood
to contain effector genes that confer cysteine-rich pro-
teins found in xylem sap during infection, designated
Secreted In Xylem (SIX; Rep et al., 2002, 2004; Rep,
2005; De Wit et al., 2009). Furthermore, HGT is the
most probable explanation of the incongruence between
the EF-1a and SIX gene phylogenies in the forma special-
is canariensis at the population level and is probably
widespread within the FOSC (Laurence et al., 20135).
The 16 isolates of Fov in Clade III represent not only
isolates from Indonesia but all other geographic origins
included in the investigation, suggesting a common
ancestor for these isolates. Clades I and II contain the
remaining three Indonesian isolates with no overseas
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isolates. These findings suggest that there are multiple
possibilities for the origin of Fov in Indonesia. One ori-
gin is most likely introduction from overseas, while the
second origin is either a separate introduction or local
evolution, combined with perhaps the horizontal transfer
of pathogenicity elements.

The host V. planifolia is thought to have originated in
Central America. Given that many important plant
pathogens are believed to have co-evolved with their host
(Fetch et al., 2003), Central America is a possible source
of Fov in Indonesia. It is also well understood that
human activities play a significant role in contributing to
the global migration of pathogens through commerce,
especially via the movement of host germplasm. Vanilla
was introduced from Mexico into Europe around 1510
by Dr Fransisco Hernandez (Webster, 1995), which was

then sent to Indonesia from Antwerp to Buitenzorg (now
Bogor), Java in 1819 (Weis, 2002). Although vanilla is a
relatively new crop in Indonesia, the high global demand
since its introduction has been a driving force for the
rapid expansion of vanilla cultivation throughout the
country via vegetative propagation. In the absence of
enforceable regulations on plant movement and inspec-
tions, such dissemination of planting material could
potentially be spreading plant pathogens including Fov.
There have been many reports of F. oxysporum being an
endophytic fungus (e.g. Leslie e al.,, 1990; Kuldau &
Yates, 2000; Vu et al., 2006; Athman et al., 2007; Wang
et al., 2007) and Fov is no exception. It has been isolated
as an endophyte from vanilla stems without any external
or internal symptoms, yet such an endophytic isolate
was shown to be pathogenic in greenhouse trials (Liew
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et al., 2008) and genetically ide@l to pathogenic iso-
lates (authors’ unpublished data).

An interesting finding in this investigation is the poly-
phyly of Fov isolates obtained from Indonesia and that
some of these isolates could have evolved from indige-
nous sources. These isolates are not opportunistic endo-
phytes co-isolated from diseased tissue but rather have
been shown to be true pathogens of vanilla. It is specu-
lated that the pathogen may be derived from indigenous
nonpathogenic strains having acquired the pathogenicity
elements from an introduced pathogenic strain via HGT.
The concept of the pathogen of an introduced crop hav-
ing an indigenous origin is not novel. It has been shown
in the cotton wilt pathogen, F. oxysporum f.sp. vasinfec-
tum, in Australia (Davis, 1996; Wang et al., 2004; Kim
et al., 2005). More recently Laurence et al. (2014) dem-
onstrated evidence for the HGT of SIX genes in F. oxy-
sporum f.sp. canariensis, which have also been shown to
be polyphyletic.

In summary, the vanilla stem rot pathogen in Indone-
sia appears to have been derived from multiple origins,
whereby introduction from overseas is one probable sce-
nario, although a separate indigenous derivation or intro-
duction from the surrounding region cannot be ruled
out. This has important implications for further investi-
gations as well as disease management. While work is
on-going in obtaining a more representative and compre-
hensive collection of Fov isolates throughout the various
vanilla-growing regions in Indonesia to further under-
stand the diversity within this polyphyletic population,
quarantine measures should be in place. These measures
should not only include screening of germplasm intro-
duced from overseas but should also consider inter-regio-
nal transfer of planting materials. Acknowledging the
challenge of implementing internal quarantine, education
on hygiene measures in disease management should be
stepped up. Current and future work on screening for
host resistance should include representatives of geneti-
cally disparate isolates. Investigations into the presence
and nature of SIX genes should also be conducted.
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