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ABSTRACT The fungus Magnaporthe oryzae is a serious pathogen of rice and other grasses. Telomeric restriction fragments in
Magnaporthe isolates that infect perennial ryegrass (prg) are hotspots for genomic rearrangement and undergo frequent, spontaneous
alterations during fungal culture. The telomeres of rice-infecting isolates are very stable by comparison. Sequencing of chromosome
ends from a number of prg-infecting isolates revealed two related non-LTR retrotransposons (M. oryzae Telomeric Retrotransposons or
MoTeRs) inserted in the telomere repeats. This contrasts with rice pathogen telomeres that are uninterrupted by other sequences.
Genetic evidence indicates that the MoTeR elements are responsible for the observed instability. MoTeRs represent a new family of
telomere-targeted transposons whose members are found exclusively in fungi.

TELOMERES are the sequences that form the ends of
linear chromosomes and are essential for maintaining

the integrity of terminal DNA. In most organisms, the telo-
meres are composed of tandem arrays of short sequence
motifs that are added on to the 39 ends of chromosomes
by telomerase—a specialized reverse transcriptase (Greider
and Blackburn 1989; Yu et al. 1990). This prevents the loss
of DNA that would normally occur as a result of conservative
DNA replication. The telomeres are bound by numerous
proteins that shelter the terminal sequences from degrada-
tion (Garvik et al. 1995; Vodenicharov and Wellinger 2006)
and illegitimate recombination (Dubois et al. 2002). Certain
Diptera lack telomerase and, instead, their chromosome ter-
mini are maintained by different types of repeats (Saiga and
Edstrom 1985; Biessmann et al. 1998; Abad et al. 2004).
The most striking example is in Drosophila whose telomeres
are composed of arrays of non-LTR retrotransposons (Abad

et al. 2004; George et al. 2006), which are capable of trans-
posing to free DNA ends (Traverse and Pardue 1988; Biessmann
et al. 1990). The extension of chromosome ends through
the addition of transposon sequences not only solves the
end-replication problem but also serves to establish a nucle-
oprotein complex that is essential for protecting the chro-
mosome ends and maintaining telomere homoeostasis (Fanti
et al. 1998; Perrini et al. 2004).

In many organisms, the telomeres are attached to a specific
sequence that is duplicated (although often not perfectly) at
many, and sometimes all, chromosome ends. Such sequences,
which usually are TG-rich and often contain short tandem
repeats, define a distinct distal subtelomere domain (Pryde
et al. 1997). In addition to possessing distally located subte-
lomere domains, several organisms have proximal domains
that contain genes and gene families that are also variously
dispersed among different chromosome ends (Pryde et al.
1997). High levels of subtelomere polymorphism are found
in many organisms, including vertebrates (Wilkie et al. 1991;
Bassham et al. 1998; Baird et al. 2000; Mefford et al. 2001),
insects (Biessmann et al. 1998; Anderson et al. 2008; Kern and
Begun 2008), plants (Yang et al. 2005), and fungi (Naumov
et al. 1995, 1996; Naumova et al. 1996; Cuomo et al. 2007;
Kasuga et al. 2009). Indeed, genome-wide analyses of poly-
morphism often point to the subtelomere regions as being the
most variable parts of the genome (Kellis et al. 2003; Winzeler
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et al. 2003; Cuomo et al. 2007; Kasuga et al. 2009), suggesting
that they are “hotbeds” for the rapid evolution of genes and
gene families (Mefford et al. 2001; Fan et al. 2008; Kern and
Begun 2008).

The variable nature of telomere regions provides an
adaptive advantage to a number of pathogens, such as the
protists Plasmodium and Trypanosoma and the fungus
Pneumocystis carinii. The subtelomeres of these organisms
contain highly divergent gene families coding for surface
proteins. Only one gene copy is expressed at any given
time, and occasional switching of the expressed copy ena-
bles these pathogens to evade the host’s immune system.
In Trypanosomes and Pneumocystis, switching involves
ectopic recombination between a subtelomeric gene copy
and another at a different chromosomal locus (Wada and
Nakamura 1996; Horn and Cross 1997). Similarly, ectopic
recombination plays a role in the evolution of the subtelo-
meric virulence factor genes in Plasmodium (Freitas-Junior
et al. 2000).

In the plant pathogenic fungusMagnaporthe oryzae, there
is also an association between chromosome ends and genes
that control interactions with the host. As the causal agent of
a devastating disease of rice, M. oryzae is best known as the
“rice blast fungus.” However, the fungus exists as several
different host-specialized forms that together cause diseases
in .50 species of grasses (Ou 1985). The ability of Magna-
porthe to infect a given host species—or, in some cases,
a specific cultivar of a species—is controlled by “avirulence
genes” that code for secreted proteins that are translocated
in the host cytoplasm. To date, approximately half of the
20-plus avirulence genes that have been identified in
M. oryzae map very close to telomeres (Farman 2007).
Sequencing of subtelomere regions in a rice-infecting strain
of M. oryzae revealed that they are hotspots for transposon
insertions, many of which show evidence of having under-
gone ectopic recombination events (Rehmeyer et al. 2006).
Presumably, avirulence genes tend to be enriched in these
regions because the rearrangement and loss of DNA
sequences that accompany such recombination promote
avirulence gene (and, hence, pathogenic) diversity within
M. oryzae populations.

Even though the chromosome ends of rice-pathogenic
isolates show evidence of historical rearrangements, these
events appear to be fairly infrequent because fungal isolates
that are clonally related—as judged with repetitive DNA
fingerprinting probes—tend to have very similar telomeric
restriction fragment profiles. This is true even of isolates
collected several years apart. In striking contrast, M. oryzae
strains from perennial ryegrass (prg) often exhibit “abso-
lute” telomere polymorphism—i.e., they share no telomeric
fragments in common, even when they have little or no
polymorphism at internal loci. Furthermore, analysis of
clonal isolates derived from single spores revealed that telo-
meric fragments underwent frequent rearrangement during
mitotic growth both in culture and in planta (Farman and
Kim 2005).

The goal of the present study was to determine the
molecular basis for the apparent difference in telomere
stability between M. oryzae isolates that infect rice vs. those
from prg. First, however, we performed a direct comparison
of the rates of telomere change in a prg pathogen vs. a rice-
infecting strain. Then, to determine if frequent telomere
rearrangements in the prg pathogens can be attributed to
differences in the structural organization of the chromosome
ends, we cloned and characterized telomeres from three dif-
ferent prg-infecting isolates and, where possible, compared
individual telomeres to their homologous counterparts in the
rice-infecting strain. This led to the identification of non-LTR
retrotransposons embedded in the telomere repeats of the
prg pathogens. We present genetic evidence that the retro-
transposon insertions promote instability of the telomeres
that contain them.

Materials and Methods

Fungal strains/isolates

The fungal strains and other isolates that were used in the
study are listed in the Supporting Information, Table S1.
Stocks were reactivated by placing them on oatmeal agar
(OA) and allowing them to grow under constant fluores-
cent illumination for 7 days. Spores were harvested by
gently brushing sporulating colonies with a sterilized glass
rod. They were then spread across a 4% water agar (WA)
and placed at room temperature overnight. The spores
were visualized under a dissecting microscope, and a single
germinated spore was transferred to a fresh OA plate.
To minimize telomeric diversity, all strains/isolates used
for the study were single-spored before analysis.

Serial passaging of the fungus through plants

Single spore cultures of 70-15 and LpKY97-1A were grown on
OA plates for 7 days. Conidia were collected by flooding the
agar surface with 10 ml of a 0.1% gelatin solution and
dislodging them with a bent glass rod. The spore suspensions
then were filtered through two layers of cheesecloth and
adjusted to a final density of 1 · 105 conidia/ml by using
a hemacytometer. Two hundred microliters of each conidial
suspension was spread on a 0.4%WA plate, and single conidia
were collected as outlined above. Twenty monoconidial iso-
lates were collected for each fungal strain, and these are
termed generation zero (G0) cultures. The remainder of each
conidial suspension was used to infect plants as follows: Rice
cultivars 51583 (Oryza sativa) and perennial ryegrass (Lolium
perenne) cultivar Linn were placed in separate plastic bags and
sprayed with the conidial suspension of 70-15 and LpKY97-
1A, respectively, using an artist’s airbrush. Inoculation bags
were placed at room temperature in the dark for �18 hr
and then transferred to a growth chamber with a 12-hr
day/night cycle at 27� day and 21� night. The bags were
opened slightly, and the humidity was allowed to equilibrate
over a period of �4 hr. After equilibration, the plants were
removed from the bags, and infections were allowed to

390 J. H. Starnes et al.

http://www.genetics.org /cgi/data/genetics.111.137950/DC1/1
http://www.genetics.org/cgi/data/genetics.111.137950/DC1/14


proceed for 7 days. Leaves showing lesions were then
clipped and placed in a moist chamber to promote sporu-
lation. After 3–5 days, spores were picked off the lesions
using a dry glass rod and resuspended in 2 ml of a 0.1%
gelatin solution. The suspension was filtered through two
layers of cheesecloth and adjusted to a final concentration
of 1 · 105 conidia/ml. Two hundred microliters of the
spore suspension was spread on 0.4% water agar and in-
cubated overnight to allow germination to occur. Twenty
“first-generation” (G1) single spores were then collected.
The remainder of the spore suspension was used to inoc-
ulate a second set of plants. Inoculation and plant growth
was performed as described above, and a second set of
20 single spores was collected. These are referred to as
“second-generation” spores.

Crosses

Crosses were set up by placing 2-mm3 mycelial plugs �5
cm apart on OA plates. The plates were then incubated at
room temperature under constant white-light illumination
until the colonies had merged (�10 days after inoculation).
The plates were then transferred to an incubator set at 18�
with constant illumination from a black light. After the
perithecia had formed (�21 days after inoculation), they
were excised from the agar using a scalpel and transferred
to 4% water agar. The perithecia were then cut open to
release the eight-spored asci, which were spread across
the agar surface using a drawn-out Pasteur pipette. The
plates were incubated overnight at room temperature.
Germinated asci were individually picked to oatmeal
agar and incubated at room temperature until conidio-
spores had formed. Single spores were then isolated and
grown to produce cultures representing individual meiotic
products.

DNA extraction

Mycelium was grown at room temperature with shaking
for �10 days. The mycelial ball was harvested with for-
ceps, blotted dry, snap-frozen in liquid nitrogen, and then
placed in a 96-deep-well plate. After freeze-drying for
24 hr, the mycelium was ground to a powder by shaking
with steel beads in a 2000 GenoGrinder (Spex Certiprep,
Metuchen, NJ). One milliliter of preheated (65�) lysis
buffer (0.5 M NaCl; 1% SDS; 10 mM Tris–HCl, pH 7.5;
10 mM EDTA) was added to the ground mycelium and
incubated at 65� for 30 min, after which 0.66 ml of phe-
nol:chloroform:isoamyl alcohol (25:24:1) was added and
incubated for another 30 min at 65�. The plate was then
centrifuged for 30 min at 3000 · g to pellet the cell debris.
Four hundred microliters of supernatant was transferred to
a fresh 96-well plate, and 240 ml of isopropanol was added.
The DNA was then pelleted by centrifugation at 3000 · g
for 20 min, followed by two 70% ethanol washes. The DNA
pellets were then dried and redissolved in TE containing
RNase A (100 mg/ml). Finally, the DNA samples were quan-
tified by fluorimetry.

Creation of random genomic mini-libraries enriched
for telomeres

Polysaccharides were removed from genomic DNA prepara-
tions by using differential ethanol precipitation (Michaels
et al. 1994). The genomic DNA samples (�2 mg) were then
blunt-ended using the End-It kit (Epicentre Technologies,
Madison, WI) and ligated to EcoRV-digested pBluescript in
a 10-ml volume. This step enriches for DNA sequences adja-
cent to natural DNA ends (i.e., telomeres) and regions flank-
ing physically fragile sites. The ligase was killed by heat
inactivation, 1 ml (20 units) of ApaI (New England Biolabs,
Beverly, MA) was added, and digestion was allowed to pro-
ceed overnight at 25�. The ApaI was then killed by heat
inactivation, the reaction mix was diluted 10-fold with 1·
ligation enzyme buffer, and 0.1 ml T4 DNA ligase (NEB) was
added. After ligation, circularized DNA molecules were res-
cued by transformation into Escherichia coli strain DH5a or
EPI300. This resulted in libraries of clones whose inserts
extend from a natural DNA end—either a telomere or a site
of breakage—to the first ApaI site. Telomere-containing
clones were then identified by colony hybridization using
a (TTAGGG)200-300 probe (Farman 2011).

Hybridization probes

Probes were synthesized as follows: Telomere probe was
generated in a template-less PCR reaction using the
complementary primers TelomereF and TelomereR (Table
S2) at a concentration of 200 nM. The PCR parameters
were: 94� for 5 min, followed by 35 cycles of 94� for 30 sec;
50� for 30 sec; and 72� for 1 min. The final extension was at
72� for 2 min. The reaction products were separated by gel
electrophoresis, and fragments of 1.5–2.0 kb were excised
from the gel and purified using Qiaquik columns (Qiagen,
Valencia, CA). The MoTeR1 and MoTeR2 probes were am-
plified with primer pairs MoTeR1001F and MoTeR1001R
and MoTeR2001F and MoTeR2001R, respectively, using
highly diluted plasmid clones as templates. All primer sequen-
ces are listed in Table S2. PCR was performed using ExTaq
polymerase with the buffer and nucleotides supplied by the
manufacturer (Takara, Shiga, Japan). Amplification products
were purified by gel extraction and labeled with a32P dCTP
(GE Healthcare, Piscataway, NJ) using the Prime-a-Gene La-
beling System (Promega, Madison, WI).

Southern blotting and hybridization experiments

One microgram of genomic DNA was digested in a total
reaction volume of 50 ml in the reaction buffer supplied by the
enzyme manufacturer (NEB). Approximately 400 ng of the
digested DNA was loaded onto a 0.7% agarose gel made up
in 0.5 · TBE, and the gels were run for 24 or 48 hr in a 4� cold
room. After staining with ethidium bromide and photograph-
ing, the gels were electroblotted for 2 hr at 12 V onto Pall
Biodyne B-charged nylon membranes (Pall, East Hills, NY)
using a GENIE electroblotter (Idea Scientific, Minneapolis,
MN) and a power supply purchased from the manufacturer.
After electroblotting, the immobilized DNA was denatured by
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soaking the membrane in 0.4 N NaOH for 10 min and then
neutralized by washing with 2· SSC for 10 min. Finally, the
membrane was covalently attached to the membrane using
a crosslinker (Spectronics, Westbury, NY).

Prehybridization was conducted for 30 min at 65� in hy-
bridization buffer minus probe (0.125 M NaHPO4, pH 6.2; 7%
SDS; 1 mM EDTA). The probe was denatured with 0.1 vol 2 N
NaOH for 8 min and then neutralized with 0.1 vol 1 M Tris–
HCl, pH 7.4. The “prehybridization” solution was then dec-
anted and replaced with 5 ml of fresh hybridization buffer.
The probe was added, and hybridization was conducted for
24 hr at 65�. The blots were washed twice with 2· SSC for
30 min at 65�, followed by a high-stringency wash (0.1%
SSC and 0.1% SDS) for 30 min at 65�. The membranes
were then blotted dry, sandwiched in plastic wrap, and
exposed to Storage Phosphor Screens for 3 days at room
temperature. The screen was then scanned in a phosphor-
imager (GE Systems, Sunnyvale, CA).

Sequencing

Plasmids were sequenced using BigDye V3.0 chemistry
(Applied Biosystems, Carlsbad, CA) and submitted to the
University of Kentucky Advanced Genetic Technologies
Center (UK-AGTC) for analysis by capillary electrophoresis.
Cosmids were sheared using a Hydroshear (GeneMachines,
San Carlos, CA). Fragments were size-selected using agarose
gel electrophoresis, purified using the Qiagen gel extraction
kit, and ligated to the CloneSmart LCamp vector (Lucigen,
Middleton, WI). Colonies were picked to 384-well microtiter
plates, grown overnight, and stored at280�. Prior to freezing,
the cultures were replicated into 2 ml of terrific broth in 96-
deep-well microtiter plates. After overnight culture in a HiGro
(GeneMachines), the cells were pelleted and submitted to the
UK-AGTC for template preparation and sequencing using Big-
Dye chemistry.

Sequences were assembled using Phred/Phrap (Ewing
and Green 1998; Ewing et al. 1998) and visualized in
Consed (Gordon et al. 1998). Repeated sequences were fre-
quently collapsed into a single contig due to sequence identity.
In these cases, restriction mapping and comparison of over-
lapping cosmid clones were used to reconstruct the organiza-
tion of individual repeats within arrays. Relevant sequences
have been deposited in the GenBank database under the ac-
cession nos. JQ747487–JQ7747492.

Phylogenetic analysis

Protein sequences were downloaded from the NCBI or
translated from DNA sequence where protein sequence
was unavailable. The protein (or translated DNA) sequences
used in this study are listed in Table S3.

Reverse transcriptase domains: The putative reverse tran-
scriptase (RT) domains were identified using BLAST align-
ments, and the protein sequences were then trimmed to remove
flanking regions and aligned using Kalign (Lassmann and
Sonnhammer 2005). Where necessary, the multiple alignments

were manually edited in Jalview version 2.4 (Waterhouse
et al. 2009). Phylogenetic analysis using the neighbor-
joining method (NJ) was performed with MEGA version 4
(Tamura et al. 2007). Bootstrapping (1000 replications) was
used to evaluate the statistical support for the NJ tree. The
Poisson correction method (PCM) was used to calculate evolu-
tionary distance. The PCM calculates distance as d̂ =2(12 p),
where p is the proportion of sites that differ between two
sequences.

Endonuclease domains: All ambiguous positions were re-
moved for each sequence pair. The evolutionary distances were
computed using the Dayhoff matrix-based method (Schwartz
and Dayhoff 1979). Analyses were conducted in MEGA5.

Results

Rates of telomere change in M. oryzae isolates from
prg and rice

M. oryzae isolates collected from rice fields show much less
isolate-to-isolate variation in telomeric restriction fragments
than do isolates collected from diseased prg turf (Farman
and Kim 2005; Farman 2007). This observation suggested
that the telomeres of the prg pathogens are less stable. To
test this hypothesis, we monitored changes in telomeric re-
striction fragment profiles after representative strains had
been genetically purified via single-spore isolation. M. ory-
zae spores contain three haploid nuclei that are derived from
a single progenitor nucleus, which means that any telomere
rearrangements detected in the cultures must have arisen in
the developing spore or subsequent to its isolation. Thus,
single-sporing allowed us to compare the rate of telomeric
fragment changes directly. Single-spore cultures of LpKY97-
1A (from prg) and 70-15 (from rice) each were put through
two successive rounds of plant infection on prg cultivar Linn
and rice cultivar 51583, respectively. New single spores were
recovered from the lesions that formed on the second set of
diseased plants, and Southern hybridization analysis was
used to compare the telomeric restriction fragment (TRF)
profiles of 19 single-spore isolates with that of the original
starting culture.

Note that the M. oryzae strains analyzed here have seven
chromosomes and, therefore, should yield 14 hybridization
signals. However, it is not uncommon for more than one
telomeric fragment to migrate. In addition, very large frag-
ments are sometimes sheared during DNA isolation, and
smaller fragments sometimes run off the gel. For this reason,
Southern blots rarely show a full telomere complement. The
Southern hybridization data revealed that the telomeres of
70-15 were highly stable. After two disease cycles, only one
single spore isolate (#5) exhibited a change in its telomere
profile. This involved the appearance of a single novel band
(Table S4), which, judging by its intensity, was not yet fixed
in the culture (Figure 1A). By contrast, there were at least
20 independent, novel telomeres among the single-spore
progeny from LpKY97-1A. Most of the single-spore cultures
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from LpKY97-1A exhibited extensive telomeric fragment
variation (Figure 1B), with the estimated number of band
changes in each isolate ranging from 1 to 8 (Table S4). Ten
isolates showed changes in at least five telomeric fragments.
Here, it is worth pointing out that the numbers of rear-
ranged telomeres in the cultures derived from LpKY97-1A
were underestimated because the use of a probe for an in-
dividual chromosome end revealed that some telomeres had
been altered but the rearrangements were masked by the
coincidental appearance of similarly sized bands (results not
shown). Some newly formed telomeric fragments appeared
to be present in multiple single-spore isolates. For example,
fragments of �6.3 and �8.5 kb were present in isolates 5, 6,
8, and 9, while isolates 12, 13, 17, and 18 all possessed
a novel 3.9-kb fragment (Figure 1B). The isolates within
these two groups also had similar telomere profiles to one
another. Conversely, a novel fragment of �14 kb is shared by
isolates that have quite different profiles. Importantly, the
observed changes cannot be explained simply by expansion
and contraction of telomere repeats because most of the
novel telomeric fragments hybridized with a similar inten-
sity to the ones that did not change. A number of new frag-
ments were exceptional in this regard because they showed
very faint hybridization signals. These represent novel telo-
meric fragments that arose within the mycelium as it was
being grown for DNA extraction. Interestingly, only three
rearrangements were detected among 19 LpKY97-1A spore
cultures sampled from the inoculum that was used for the
first round of plant infection (results not shown).

The above host-related difference in telomere stability
appears to be a general phenomenon because analysis of
single spores from plate-grown cultures of six additional
rice-infecting strains revealed only seven telomere changes
among 78 spore cultures (0.1 changes/telomere/single
spore), while plate cultures of five prg-infecting isolates

exhibited 24 rearrangements among 64 spores (0.47
changes/telomere/spore) (Table S5). Not all prg pathogens
had unstable telomeres, however, because two isolates
each yielded only one novel band among 8 and 10 spore
cultures.

Telomere structure in M. oryzae isolates from rice
and perennial ryegrass

It seemed likely that the difference in telomere stability
between the two host-specific forms of M. oryzae is due to
underlying differences in the organization of the telomeres
or associated subtelomere regions. The 14 telomeres of
strain 70-15 had been sequenced in a prior study (Rehmeyer
et al. 2006). In this strain, the chromosome ends consisted of
an average of 26 copies of the repeating unit, TTAGGG.
Some very short TTAGGG repeats were also found at inter-
nal locations, but the nontelomeric sites never had more
than two tandem units. To characterize the telomeres in
strains from prg, we used a telomere probe to screen chro-
mosome end-enriched, plasmid mini-libraries. This resulted
in the recovery of four telomeres from strain LpKY97-1A,
five from strain FH, and three from strain CHW. Two of
the clones contained telomeres with nothing unusual about
them. The insert into one of them, LpKYTEL1, consisted of
telomere repeats attached to rDNA sequences (Figure 2A)
and, therefore, represents a homolog of telomere 3
(Rehmeyer et al. 2006). The other, CHTEL9, had telomere
repeats attached to a sequence that lacked matches to the
genome sequence of strain 70-15 and, as such, could not be
assigned a specific telomere designation (Figure 2J).

Analysis of the remaining clones revealed novel repetitive
elements embedded within the telomere repeat tract. Clone
LpKYTEL2 contained an �5-kb sequence at the proximal end
of the telomere tract immediately after a partial telomere
repeat (AGGG) (Figure 2B). Interestingly, at the distal end

Figure 1 Changes in telomeric
restriction fragments following
two cycles of plant infection.
Spores were harvested from leaf
lesions, and DNA was extracted
from single-spore cultures. DNAs
were digested with PstI, fraction-
ated by electrophoresis, and elec-
troblotted to membranes. The
immobilized DNAs were then hy-
bridized with a 32P-labeled telo-
mere probe and, finally, exposed
to phosphorimage screens. (A)
Telomere changes in the rice path-
ogen 70-15. (B) Telomere changes
in LpKY97-1A. The numbers on
the right of each phosphorimage
represent molecular sizes in kilo-
bases. The white arrowheadmarks
LpKYTEL2, a telomeric fragment
that undergoes rearrangement
very rarely.
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of the inserted DNA there was a variant telomere sequence,
TTCGGG(TTTGGG)7, followed by canonical (TTAGGG) telo-
mere repeats that extended out to the boundary of the clone
insert, which likely corresponds to the actual chromosome
end. The chromosome-unique sequence adjacent to the telo-
mere matched a region near telomere 5 of 70-15, except that
the LpKY97-1A chromosome end had an �50-kb truncation
relative to the 70-15 homolog.

Clone FHTEL14 contained a 1.7-kb sequence arranged in
tandem with a copy of the 5-kb element, with the latter
sequence terminating at an ApaI site due to the cloning pro-
cess (Figure 2H). LpKYTEL4 also contained the 1.7-kb se-
quence in tandem with a drastically truncated version of the
5-kb element, which retained only 262 bp from the proximal
end (Figure 2D). Interestingly, the boundaries of the full-
length 1.7-kb sequences were identical to those in the
5-kb repeat, with the two elements sharing .800 bp of
sequence at their distal termini (including the variant telomere
repeat) and 77 bp at their proximal ends. However, the variant
repeats were slightly different from the ones in the LpKYTEL2

clone: FHTEL14 contained TTCGGG(TTTGGG)8(TTCGGG)2
while LpKYTEL4 had TTCGGG(TTTGGG)8. The remain-
ing clones contained various combinations of 5- and 1.7-kb
elements arranged singly or in tandem and in full-length and
truncated forms (Figure 2, C, E–G, I, K, and L). The truncated
elements lacked the variant repeats at their distal bound-
aries. Instead, they were directly capped with a canonical
telomere when they were the most distal element in the
array (i.e., at the chromosome end). When they were in the
middle of an array, they were separated from their distal
neighbor by short TTAGGG tracts of varying lengths (Fig-
ure 2, K and L).

Comparison of homologous telomeres in M. oryzae
strains FH and 70-15

To gain additional insights into the organization of repeats
within the Magnaporthe telomeres and to determine if there
is additional structural variation in the subterminal regions
that could contribute to telomere instability, we screened
a cosmid library of FH genomic DNA with probes derived

Figure 2 Organization of telo-
meric DNA in three prg-infecting
strains of M. oryzae. The three
strains analyzed were LpKY97-
1A, FH, and CHW. Telomeres
were cloned either as PstI to blunt
end or ApaI to blunt end restric-
tion fragments, and their organi-
zations were determined by
restriction mapping and sequenc-
ing. Panels A–K show the orga-
nization of 11 cloned telomeric
fragments. Telomeric sequence
([TTAGGG]n) is represented by
concatenated circles and the var-
iant telomere tract (consensus se-
quence: [TTTGGG]8[TTCGGG]2)
is depicted by concatenated,
closed circles. Repeats inserted
in the telomere array are shown
as boxes, and regions within the
boxes having the same shading
represent sequences that are iden-
tical (or nearly identical). The num-
bers within the boxes represent the
length of each element. Truncated
repeats are indicated by using dot-
ted lines to mark the truncation
boundary. Chromosome unique
DNA is illustrated with a line, and
the different line styles indicate
that they have different sequences.
The sequences of short telomere
tracts (and telomere-like tracts) at
the junctions of adjacent insertions
are listed below the relevant junc-
tions. Positions of PstI and ApaI re-
striction sites are shown. Boxes and
lines are drawn to scale with the
exception of the circles that repre-
sent the telomeres and telomere-
like sequences.
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from the 5- and 1.7-kb elements. Restriction mapping and
end-sequencing of the clones that were recovered identified
four different chromosome ends. A single clone representing
each end (two clones for the rDNA end) was sequenced to
5· coverage and primer walking was used to fill key gaps.
The organizations of the FH chromosome ends were then
compared with their homologous counterparts in the rice
pathogen, 70-15.

Telomere 3: In 70-15, telomere 3 caps the rDNA array and is
attached to sequences in the untranscribed spacer region
between the 18S and 26S rRNA genes at a position �1.25 kb
downstream of a 26S rRNA gene copy (Figure 3A). The
corresponding telomere of FH also contained rDNA sequen-
ces, but the telomere began only 500 nucleotides down-
stream of one of the 26S rRNA genes. Unlike the “rDNA
telomere” in LpKY97-1A, telomere 3 in FH cosmids 2A9

and 12D21 contained four 59-truncated copies of the 5-kb
element (�0.25, 4.6, 4.6, and 2.5 kb long), a 59-truncated
1.7-kb element (�700 bp), and a fifth copy of the 5-kb
element that was truncated by the cloning process.

Telomere 5: This telomere had already been captured in the
LpKYTEL2 clone described above. However, while strain
LpKY97-1A was found to be missing �50 kb of subterminal
sequence present in 70-15, the FH “allele” contained in cos-
mid FH10L7 was missing only�17.5 kb. Even so, this deletion
encompassed the entire subtelomere region present in 70-15,
as well as �9 kb of proximal sequence (Figure 3B). Alignment
of the homologous regions showed that the FH chromosome
end lacks six transposon insertions that are present in 70-15.
Conversely, it contains a short stretch of sequence that was
missing in 70-15 (dotted line in Figure 3B). The FH telomere
contains a full-length copy of the 5-kb element embedded in

Figure 3 Comparison of homologous chromosome ends in strains 70-15 and FH. Panels A–D show alignments of four pairs of chromosome ends.
Telomere and telomere-like sequences are represented with circles, and the telomere-embedded repeats are depicted as boxes as described in the
legend to Figure 2. The TLH regions in the 70-15 subtelomeres are highlighted with dark gray background shading. For cosmid clones that did not
contain the terminal telomere repeat array, the direction of the telomere is indicated. Transposon insertions and other repeats in the subtelomere
regions are represented by colored boxes with arrows or arrowheads indicating their orientations. Features that are described in the text are labeled.
Regions of alignment between the 70-15 chromosome and the FH homolog are connected by light gray shading. Sequences linked to telomere 11 of FH
align with two sequences that are well separated in the 70-15 genome, and so two alignments are shown. Sequences that were present near the FH
telomeres but absent from the 70-15 genome are drawn as dotted lines, with different line styles representing different sequences. The star-shaped area
of shading between telomere 11 homologs represents an inversion that contains a transposon insertion, which in turn caused a deletion in the recipient
chromosome. All features are drawn to scale with the exception of the circles that represent the telomeres and telomere-like sequences.
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the telomere repeats followed by a copy of the 1.7-kb repeat
which, again, was truncated by the cloning process.

Telomere 8: Cosmid clone FH8B21 contains sequence that
aligns uniquely with the chromosome-unique region located
near telomere 8 of 70-15. Comparison of the homologous
ends revealed that FH again lacks transposon copies that
were present in the 70-15 chromosome (Figure 3C). The
region of homology ended just 209 bp proximal to the sub-
telomere border in 70-15. Beyond that divergence point, the
FH chromosome contained �2.6 kb of sequence that is not
present in the 70-15 genome, followed by a short stretch of
sequence from the RETRO5 retrotransposon (Farman 2002;
Dean et al. 2005). The FH telomere contained a truncated
5-kb element and three tandem copies of the 1.7-kb repeat
with a short TTAGGG tract separating each element (Figure
3C). The most distal 1.7-kb repeat was followed by 24 cop-
ies of the canonical telomere repeat sequence, which was
adjoined to the cloning site in the cosmid vector. On the
basis of their terminal position within the insert DNA, these
repeats likely correspond to the actual chromosome end.

Telomere 11: Cosmid FH8F4 contains sequence that is
homologous to terminal sequence near 70-15 telomere 11
(Figure 3D). Within the region of alignment, the 70-15 chro-
mosome contains a MINE retrotransposon (Fudal et al.
2005) that is not present in the FH homolog. The alignment
between FH8F4 and the telomere 11-associated sequence
ended abruptly when the FH sequence transitioned to match
a 70-15 genomic sequence that is not associated with a telo-
mere in 70-15. This similarity stopped at a short repetitive
sequence beyond which the FH chromosome contains a se-
quence that is not present at all in the 70-15 genome. The
telomere was adjoined to this novel sequence and contained
three variant copies of the 5-kb element. The most distal

copy was joined to a truncated 1.7-kb element which, again,
was truncated by the cloning process. Interestingly, this
chromosome end was homologous to the one in LpKYTEL4
that contained the 5-kb element and a truncated copy in
tandem. However, in LpKY97-1A, the telomere contained
just one intact copy of the 5-kb element (see Figure 2D).

One of the repeats within the Magnaporthe telomeres
is a non-LTR retrotransposon; the other
is a derivative element

Translation of the nucleotide sequence of the 5-kb element
revealed a large open reading frame (ORF) that is predicted to
code for a 1070-amino-acid protein with a RT domain (Pfam
ID: PF00078.18) (Figure 4A). A BLAST search of the GenBank
database produced top matches to hypothetical proteins in the
fungi Nectria hematococca, Fusarium oxysporum, and Crypto-
coccus neoformans. Further investigation revealed that the
Nectria proteins also are encoded by repeated elements em-
bedded in telomeres; the Fusarium proteins are encoded by
the FoNLR9 non-LTR retroelement previously described by
Novikova and et al. (2009); and the Cryptococcus proteins
are encoded by the telomere-associated non-LTR retroelement
Cnl1 (Goodwin and Poulter 2001). There was also significant
similarity to reverse transcriptases encoded by the SLACS non-
LTR retrotransposons found in Trypanosoma brucei gambiense
(Aksoy et al. 1990) and Leishmania braziliensis (Peacock et al.
2007) and to the CRE1 and CRE2 retrotransposons in Crithidia
fasciculate (Gabriel et al. 1990; Teng et al. 1995). On the basis
of these findings, we conclude that the elements in the Mag-
naporthe telomeres are non-LTR retrotransposons, or MoTeRs.
The 5-kb element is designated MoTeR1 and the 1.7-kb ele-
ment, MoTeR2. Likewise, we have named the related Nectria
element, NhTeR1.

Identification of the reverse transcriptase gene in MoTeR1
established that the 59 terminus of the element is the one that

Figure 4 Organization of MoTER1
and MoTER2. (A) Overall struc-
tures showing positions of rele-
vant features. Both elements are
drawn to scale. Coding regions
are depicted by a dark-gray ar-
row. Blocks of tandem repeats
are shown as medium-gray boxes.
The sequences and copy numbers
of the individual repeat units are
listed in Table S6. Light-gray shad-
ing connecting the termini of
MoTER1 and MoTER2 shows
regions of significant sequence
identity between the two ele-
ments. The positions of the REL-
endo domains and the probes
used in this study are shown. (B)
Alignment of the MoTeR1 REL-
endo domain with those found
in other retrotransposons. The

names of the retroelements are listed on the left. Arrows indicate the positions of the CCHC and REL domains. Asterisks indicate the characteristic
AD..D residues. Values in parentheses indicate the numbers of amino acid residues between the highly conserved motifs.
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occurs proximal to the chromosome tip and is the end that
contains the variant telomere repeat. It is also the end that is
missing from truncated elements. The terminus of MoTeR2 is
identical to that of MoTeR1, with 860 bp from the 59 end and
77 bp from the 39 end being common to the two elements
(Figure 4A). MoTeR2 does not encode its own reverse tran-
scriptase but contains a single ORF that codes for a predicted
protein of 280 amino acids. This protein lacked similarity to
sequences in the databases. The orientation of MoTeR2 can
be inferred through its alignment with MoTeR1. It, too, was
invariably inserted with its 59 terminus pointed toward the
chromosome tips.

Both MoTeR1 and MoTeR2 contain numerous short
tandem repeat (STR) motifs, mostly concentrated in their
59 ends, upstream of where the RT ORF starts in MoTeR1.
Eleven different repeating units were identified in MoTeR1
and 9 in MoTeR2. Six of the STRs are present in both ele-
ments and reside in the region of 59 shared sequence (Figure
4A). The sequences and locations of the individual repeat
units are listed in Table S6.

The SLACS and CRE elements have strict insertion-site
preferences, with both elements transposing into specific
nucleotide positions in spliced leader sequence genes (Aksoy
et al. 1990; Gabriel et al. 1990; Teng et al. 1995). Integration
involves an endonuclease activity possessed by the RT protein
(Yang et al. 1999; McClure et al. 2002). Motivated by the
close similarity to the SLACS and CRE RT proteins, and the
apparent site specificity of the MoTeR elements, we searched
for a putative endonuclease domain in the MoTeR1 RT protein
sequence. The C-terminal regions of the RT proteins of SLACS,
CRE1, and CRE2, as well as other elements, have restriction
endonuclease-like “PD-(D/E)” domains, with the consensus
organization C[X1-3]C[X7-8]H[X3-4]C[X9-10]RHD/N..X19-33..
E..X9-21..R/KPD..X12-14..D/E) (Yang et al. 1999). A good
match to this motif was identified in the C-terminal region
of the predicted MoTeR1 RT, which has the sequence C[X2]
C[X6]H[X3]C[X9]RHD..X20..E..X49..RAD..X12..E (Figure 4B).
Similar motifs were found in the proteins encoded by the
Nectria, Cryptococcus, and Fusarium elements.

Multiple alignments of four full-length copies of MoTeR1
found in the genome of strain FH revealed that the copies
present in cosmid FH8F4 had significance sequence differ-
ences relative to the others (Figure S1). In particular, 77 bp
from positions 874 to 950 in the consensus element were
replaced by an unrelated 38-bp sequence. In addition, the
“H” tandem repeat array was one repeat unit shorter than
the consensus. The sequence replacement was also present
in the MoTeR in clone FHTEL13-1 but the “H” array in the
latter element was full length (results not shown). In addi-
tion to the major sequence differences, a few single nucleo-
tide polymorphisms (SNPs) and short indels were also
detected. Alignment of sequences from four MoTeR2 copies
revealed only SNPs and short indels (Figure S2).

Phylogenetic analysis of a representative set of reverse
transcriptase protein sequences placed the MoTeR RT in
a group that contains proteins encoded by NhTeR1, Cnl1,

FoNLR9, SLACS, and CRE1/2 (Figure S3A). These elements
were in a sister group to Giardia Genie (GilM and GilT)
elements, which insert into a telomere-associated tandem
repeat but are not telomeric per se (Arkhipova and Morrison
2001; Burke et al. 2002). The MoTeR RT was only distantly
related to other retrotransposons that insert specifically into
(or onto) telomeres (Figure S3A, telomeric elements high-
lighted in dark gray). The MoTeRs were more distantly
related to other retrotransposons that have been identified
in Magnaporthe (light gray shading). A phylogenetic analy-
sis based on the restriction-enzyme like endonuclease (REL-
endo) domains in reverse transcriptases from select site-
specific elements produced the same tree architecture as
that obtained with the RT sequences (Figure S3B).

Analysis of MoTeR 59 and 39 insertion junctions

Non-LTR retrotransposons often produce target-site duplica-
tions (TSDs) upon integration. To determine if there are TSDs
flanking the MoTeR insertions, we examined in more detail
a number of 59 and 39 insertion junctions for several full-
length and truncated MoTeRs, some of which were inserted
at distal positions and others of which were embedded in the
middle of arrays. As shown in Figure S4, regardless of whether
the elements were full length, the 39 insertion junctions al-
ways occurred in the same register within the telomere
repeats, with the three cytosines of the telomere repeat ad-
joining the four adenines at the 39 end of the MoTeRs (AAAA.
CCCTAA or AAGA.CCCTAA in the case of insertion #2 in
LpKYTEL4; Figure S4D). For full-length elements containing
at least a portion of the variant telomere motif, the variant
repeats were always inserted in precise register with the telo-
mere (i.e., CCCTAA.CCCGAA or CCCTAA.CCCAAA). In con-
trast, 59-truncated elements were found in several different
registers within the telomere repeats. In most cases there
was a stretch of microhomology between the boundary of
the truncated element and the flanking telomere sequence,
which precluded precise determination of the insertion site.
However, analysis of several truncated MoTeR 59 junctions
that lacked homology revealed a significant predominance
of the CCCTAA, truncated MoTeR register (Table S7).

We also amplified several individual (unpaired) MoTeR-
MoTeR junctions from a number of different strains. This
revealed significant variation in the number of telomere
repeats separating adjacent elements, ranging from half a re-
peat to 28. In addition, some junctions appeared to contain
more than one variant repeat array. For example, LpKY97-1A
exhibited a number of junctions with noncontiguous CCCAAA
motifs (Table S8).

Because the variant repeats at the MoTeR 59 ends were
in the same register as the telomere repeats, full-length
MoTeR insertions automatically exhibited what appear to
be TSDs with the sequence CCCTAA (see Figure S4). How-
ever, because the telomere is repetitive to start off with, it is
not possible to say if these are true TSDs resulting from
staggered cleavage of the target site. Even if they are TSDs,
their sequences and lengths are unclear because, in most
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instances, the ends of the MoTeRs and the start of the telomere
could not be precisely defined. Exceptions to this rule were the
59 truncated MoTeR (tMoTeR) junctions generated via non-
homologous end joining (Table S7). Surprisingly, the majority
of these junctions also exhibited a structure consistent with
TSD (i.e., CCCTAA-tMoTeR-CCCTAA), although there were
a number of other junctions with alternative registers.

Genomic distribution of MoTeR elements

To determine if the MoTeRs also occur at internal genomic
locations, DNA samples from several M. oryzae isolates from
prg were digested with PstI, which lacks sites within either
MoTeR1 or MoTeR2. The digested DNAs were fractionated
by electrophoresis and electroblotted to nylon membranes.
The blots were hybridized sequentially with probes for the
telomere repeat, MoTeR1, and MoTeR2. Comparison of the
hybridization patterns for the three probes revealed that
MoTeR1 and MoTeR2 sequences usually occurred on frag-
ments that hybridized with the telomere probe (Figure 5).
There were only five obvious exceptions where fragments
that hybridized strongly to the MoTeR1 probe did not hy-
bridize to the telomere probe. These were in isolates CHRF,
KS330, RGNJ, and TFMS and are highlighted with asterisks
in Figure 5. Cloning of the exceptional fragment from RGNJ
revealed an insertion of the MGLR retrotransposon in MoTeR1.
This insertion introduced a PstI site distal to the probe’s target
sequence, thereby obscuring a probable linkage between the
MoTeR and the telomere. Another faint, nontelomeric,
MoTeR1-hybridizing fragment was observed in several iso-
lates (indicated with a white arrowhead in Figure 5B). Clon-
ing of this fragment revealed that it corresponds to a highly
mutated, internal fragment of MoTeR1 situated at a non-
telomeric location. Neither the MoTeR1 nor the MoTeR2
probe hybridized to 70-15 DNA (results not shown).

Several of the previously described telomere clones
revealed the presence of both MoTeR1 and MoTeR2 inserted
in a single telomere. The hybridization data showed that this
is a common occurrence, as evidenced by many cases in
which both MoTeRs hybridized to a single telomeric fragment

(Figure 5). There were also numerous examples of telomeric
fragments that contained only MoTeR1 or MoTeR2 in single
or multiple copies. Finally, there were a number of telomeres
that appeared to lack MoTeR elements altogether (Table S9),
although we cannot rule out the possibility that some of
these telomeres contain MoTeR arrays with other (PstI site-
containing) transposons embedded within them.

The copy numbers of the MoTeR elements in the various
prg pathogen genomes were estimated by counting the
fragments that hybridized to each probe, taking into account
the relative hybridization intensities of each fragment. We
also used densitometric scanning of the Southern blot lanes
to provide an independent assessment. The two sets of
estimates are presented in Table S10. On the basis of den-
sitometric scanning, the copy number of MoTeR1 ranged
from �10 to 27 with an average of 15.5, while MoTeR2
copy number ranged from 0 to �23 (average = 11.3). Sim-
ilar values were obtained by counting bands, although in
general this method tended to underestimate the values
due to the conservative interpretation of intense hybridiza-
tion signals. Table S10 also provides estimates of the num-
ber of telomeric fragments. In most cases, our estimates
were close to the expected number of 14.

Analysis of the cosmid sequences for FH revealed one
severely truncated MoTeR copy at an internal location �2 kb
from the telomere. This vestige was truncated within the T-rich
repeat and consisted of only 129 bp from the 39 terminus. De-
spite its internal disposition, this vestigial copy still had a short
telomere tract at the 39 insertion boundary. Surprisingly, anal-
ysis of the 70-15 genome sequence also revealed four greatly
truncated MoTeR copies at internal locations. Two copies were
closely linked to one another and were positioned �35 kb
away from telomere 1, while the others were �100 kb and
3 Mb away from telomeres 12 and 2, respectively.

Mitotic instability is restricted to telomeres that contain
MoTeR insertions

The MoTeR insertions represent a major structural difference
between the telomeres of LpKY97-1A and those of 70-15,

Figure 5 Genomic distribution of
MoTER elements. PstI-digested DNA sam-
ples (�200 ng/lane) were fractionated by
electrophoresis and electroblotted to
membranes. The immobilized DNAs were
then hybridized with a MoTER1 probe (A).
After exposure to a phosphorimage
screen, the probe was stripped off
and the DNAs were reprobed with a
MoTER2-specific fragment (B). Finally,
the DNA samples were hybridized with
the telomere probe (C). Asterisks high-
light MoTeR-containing fragments that
did not hybridize to the telomere
probe. Isolate names are listed above
the relevant lanes, and molecular sizes
are shown on the left. The white ar-
rowhead marks a highly degenerate in-
ternal MoTeR sequence.
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which led us to hypothesize that they were the underlying
cause of the observed telomere instability. However, an al-
ternative possibility is that instability is due to an unrelated
factor in the prg pathogens. For example, they might possess
an inefficient telomerase gene or lack a key telosome protein,
either of which could result in the telomeres experiencing
frequent rearrangements. To distinguish between these two
scenarios, we crossed the MoTeR-containing, “unstable telo-
mere” strain FH (a prg pathogen) with 2539, a strain whose
telomeres largely lack MoTeRs and are comparatively stable.
Thus, if FH contains a major factor conferring telomere in-
stability, this trait should segregate in a simple Mendelian
fashion.

Progeny were collected and genetically purified by single-
spore isolation, and each isolate was then used to initiate
a series of subcultures that were continued either for 10
generations on small (60-mm) petri plates or for 5 gener-
ations on standard ones (85 mm). DNA was extracted from
the original (G0) isolates, as well as from the 5th (G5) or
10th generation (G10) cultures, and instability was assessed
by comparing the telomere profiles of the G5/G10 DNA
samples with those of the starting cultures (G0), as well as
with the original parental isolates.

M. oryzae is a haploid fungus, and, therefore, if telomere
instability is due to a recessive mutation in a single gene,
one would expect to see the trait segregate 1:1 among the
progeny. In actuality, numerous telomere changes were ob-
served in all 29 of the progeny isolates examined (Figure
6A). This effectively ruled out the possibility that instability
is due to a simple Mendelian factor (or indeed multiple re-
cessive genes). Instead, the data were consistent with the
presence of multiple dominant factors, each of which func-
tions independently of the others. Significantly, Southern
hybridization showed that all of the progeny inherited sev-
eral copies of MoTeR1 (Figure 6B) and MoTeR2 (data not
shown), a finding consistent with the notion that the MoTeR
elements are responsible for the observed instability.

Further evidence in support of this hypothesis came from
the analysis of instability at individual telomeres: Eleven of
the 14 telomeres in 2539 lack MoTeR insertions. Owing to
good electrophoretic resolution, it was straightforward to
monitor the segregation of these MoTeR-less telomeres. Ten
were perfectly stable during extended vegetative growth of
the progeny isolates that had inherited them; i.e., if the
telomere was visible in the G0 culture of a given progeny
isolate, it was also present in the G5/G10 culture (Figure
6A). In total, we monitored stability at 136 telomeric loci
lacking MoTeR insertions and only 2 showed evidence of
rearrangement (Figure 6A). In both cases, it was 2539
Tel-3 (the rDNA telomere) that was affected.

It was not possible to score the segregation and stability
for most of the telomeres inherited from FH or for the
MoTeR-containing telomeres from 2539. First, their large
size prevented sufficient resolution of the different telomeric
fragments. More importantly, however, so many of the novel
telomere fragments were large that, in most cases, it was not

possible to tell if a progeny had inherited a particular
telomere from FH or if it contained a newly rearranged
telomere of a similar size. Therefore, to monitor stability of
MoTeR-containing telomeres, we rehybridized the Southern
blot shown in Figure 6A with MoTeR1 and MoTeR2 probes
and looked for individual MoTeR-containing telomeres (ei-
ther inherited from FH or newly formed) that were present
in the G0 culture but missing in the G5/10. This identified
155 score-able telomeric fragments containing MoTeR in-
sertions, 41 (over one quarter) of which were rearranged
during subculture (representative results for MoTeR1 are
shown in Figure 6B). It is important to note that all of these
rearrangements were independent events.

Not all of the MoTeR-containing telomeres were un-
stable, however. For example, 2539 Tel-10 contains a tan-
dem array of two MoTeR2 insertions, but no rearrangements
of this telomere were detected among the progeny isolates
(arrowed in Figure 6A). We were unable to monitor changes
at the two other MoTeR-containing telomeres contributed
by 2539 (2539 Tel-13 and 2539 Tel-14) because similarly
sized telomeric fragments inherited from FH obscured them.
However, analysis of just six progeny from a different cross
(2539 · Guy11, a strain that lacks telomeric MoTeRs alto-
gether) revealed mitotic rearrangements in both of these
telomeres, with frequencies of 0.25 (one of four progeny
that inherited 2539 Tel-13) and 0.6 (three of five with
2539 Tel-14). As before, the non-MoTeR telomeres and
2539 Tel-10 were mitotically stable in the progeny from
the 2539 · Guy11 cross (results not shown).

Discussion

DNA fingerprinting studies have shown that M. oryzae iso-
lates from prg exhibit extreme variation in their telomere
profiles, even when there is little or no polymorphism at
internal DNA loci (Farman and Kim 2005). In contrast,
rice-infecting isolates that have similar “internal DNA” pro-
files to one another tend also to have highly similar telomere
banding patterns (Farman 2007). In the present study, we
found that the telomeres of a number of prg pathogens un-
derwent frequent, spontaneous rearrangement during
growth in planta, while those from rice-infecting strains
were very stable by comparison. Thus, we conclude that
the differences in telomere variation among isolates within
the two host-specialized populations is a reflection of inher-
ent differences in telomere stability. In isolate LpKY97-1A,
the rate of telomeric fragment change was quite extraordi-
nary. After only two disease cycles, some single spores ex-
perienced rearrangement of at least half of the parental
telomere fragments. Therefore, it is reasonable to suppose
that as few as four or five disease cycles could be sufficient
for all traces of a parental telomere profile to be erased. A
paucity of rearrangements among spores in the initial inoc-
ulum suggested that most changes occurred during growth
in planta. This was surprising because the fungal growth
within the plant was very limited (average colony diameter:

Telomeric Tetrotransposons in Magnaporthe 399



,0.5 cm) compared with the growth on the initial plate
(colony diameter: 8.5 cm). Consequently, the fungus ought
to have undergone more nuclear divisions prior to inoculum
production than it would have done in the plant. This sug-
gests that telomere instability is promoted either by growth
in planta or by the process of sporulation.

In several instances, specific newly formed telomere frag-
ments were present in more than one single-spore isolate.
Although we cannot rule out the possibility that these were
identical, independent rearrangements, the general similarity
in telomere profiles indicates that these spores inherited
telomere variants descending from events that occurred quite
early in the experiment, possibly in sectors of the colony used
to produce the spores for infection cycle 1.

Only certain telomeres in LpKY97-1Awere hypervariable;
others appeared to be quite resistant to change. LpKY97TEL-2
is an example of a stable telomere, with the rearrangement
in single spore isolate #4 (Figure 1B) being one of only two
such alterations detected in.150 single spores analyzed to
date. Recalcitrance to change does not appear to persist
over the long term, however, because no telomere restric-
tion fragments appeared to be even remotely conserved
among field isolates (Farman and Kim 2005). Indeed, as
reported above, the LpKY97-1A and FH clones that contain
this telomere (LpKY97TEL-2 and cosmid FH10L7) were
polymorphic.

A previous sequencing study showed that the telomeres
of 70-15 consist of an average of 26 TTAGGG repeats and
are devoid of MoTeR sequences. Sequences of telomeres
from other rice pathogens (Gao et al. 2002; M. L. Farman,
unpublished data) as well as Southern hybridization data in-
dicate that this telomere organization is typical of the rice-

infecting population as a whole. Strain 70-15 did, however,
have four highly truncated MoTeR vestiges in its genome, and
the presence of short TTAGGG motifs at the 39 insertion junc-
tions of these relics suggests that they are inserted in former
telomeres that have since become internalized.

All of the prg-infecting isolates that we have analyzed to
date possess MoTeRs in their telomeres (Figure 6; J. H.
Starnes, O. S. Novikova, and M. L. Farman, unpublished
data), and, although Southern hybridization revealed very
few nontelomeric copies, genome sequencing revealed nu-
merous extremely short 39 terminus relics at internal loca-
tions. It seems likely that the MoTeRs are responsible for the
observed instability because sequencing of several kilobases
of subterminal DNA in strain FH revealed no other features
that would be expected to promote rearrangements. In fact,
with the exception of the rDNA units and the MoTeRs, the
subterminal regions of the FH chromosomes appear to be
largely devoid of repeated sequences (Figure 3). The most
compelling evidence for MoTeR involvement in instability
came from a genetic analysis, which gave no indication that
other loci were at play. Moreover, when MoTeR-containing
and MoTeR-less telomeres were recombined into the same
genetic background, only the telomeres with MoTeR inser-
tions were rearranged during subculture. The rDNA telomere
from 2539 was a notable exception. However, telomeres
linked to the rDNA array have proven to be highly unstable
even when they lack MoTeR insertions (as an example, see
the bottom band in Figure 1B), so it was not surprising to
detect rearrangements at this particular chromosome end.
The lack of changes in the majority of MoTeR-less telomeres
was significant from another perspective because it indicated
that de novo transposition events are not very frequent, at least

Figure 6 Segregation of telomere in-
stability in a genetic cross. DNA was
extracted from single-spore cultures of
each progeny isolate (G1). These isolates
were subcultured for four additional
generations, new single-spore cultures
(G5) were established, and DNA was
extracted from the resulting cultures.
The genomic DNA samples were digested
with PstI, fractionated by electrophoresis,
and electroblotted to a membrane. The
membrane was probed sequentially with
32P-labeled telomere and MoTeR1 frag-
ments. The left and right lanes contain
the DNAs from the parental strains.
DNA samples from the G1 and G5 sub-
cultures of an individual progeny isolate
were loaded in adjacent lanes to allow
comparison of their telomeric restriction
fragment profiles. Molecular sizes are
shown on the left. The white arrowhead
marks 2539TEL10, a MoTeR2-containing
telomere that was highly stable. (A) Phos-
phorimage of the TTAGGG-probed gel.

Boxes outline fragments that segregated among the progeny but that were not present in either parent. (B) The same membrane used in A was stripped
and reprobed with a fragment from the MoTeR1 RT. Asterisks mark hybridizing fragments that were present in the G0 culture but absent in the G5. Open
circles show fragments that appeared in the G5 cultures.
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onto telomeres that lack MoTeR insertions. Nevertheless, we
have identified de novo MoTeR insertions in telomeres that
formerly lacked them (“naked” telomeres), which indicates
that naked telomeres are receptive to transposition and, fur-
thermore, that the MoTeRs are mobile (O. S. Novikova, J. H.
Starnes, and M. L. Farman, unpublished results).

Interestingly, not all MoTeR-containing telomeres un-
derwent rearrangement. As discussed above, the highly
stable telomere represented by clone LpKYTEL-2 contains
a single MoTeR1 insertion. Likewise, 2539TEL-10 contains
two MoTeR2s in tandem, yet it also remained unaltered
during vegetative growth. A single truncation of telomere 10
was observed among 26 progeny from the 2539 · Guy11
cross although, in this case, it is possible that the rearrange-
ment occurred during meiosis. MoTeR2 insertions do, nev-
ertheless, promote mitotic rearrangements, as evidenced by
a highly unstable telomere in LpKY97-1A that contains only
tandem insertions of MoTeR2 (O. S. Novikova, J. H. Starnes,
and M. L. Farman, unpublished results). We speculate that the
mutability of individual MoTeR arrays is determined by the
specific length of the internal telomere tract that is created
when a MoTeR inserts, with short arrays being recalcitrant to
change. This could explain why some of the MoTeR-containing
strains show infrequent telomere rearrangement (Table S4).

Aside from the transposition events, it is not yet known by
what mechanism the MoTeRs promote rearrangements, al-
though it seems likely that the initiating event is some kind of
double-strand break. Possibly, the tracts of interstitial telomere
sequence created when MoTeRs insert cause replication fork
stalling during replication, resulting in subsequent strand
breakage, as has been shown for interstitial telomeres in yeast
(Ivessa et al. 2002). An even more attractive idea, however, is
that overexpression or hyperactivity of the MoTeR RT protein
leads to indiscriminate scission of telomeric DNA without at-
tendant reverse transcription. Finally, perhaps the MoTeR
sequences themselves—specifically the variant telomeres or
the extensive internal homopolymeric tracts—promote break-
age. Repair of exposed ends could then proceed by de novo
telomere formation, by break-induced replication using MoTeR
arrays or internal sequences as templates, or by nonhomolo-
gous end-joining.

MoTeRs are site-specific retrotransposons that target
telomere repeats

Here we show that the vast majority of intact MoTeRs are
located on telomeric restriction fragments, and character-
ization of one exceptional fragment suggested that it most
likely was telomeric, too. Also, every insertion-site junction
characterized to date contained short tracts of telomere
repeat sequence immediately flanking the MoTeR border.
There are two possible reasons for such telomere specificity.
One is that the MoTeRs have the same transposition strategy
as the TRAS and SART elements in Bombyx mori that insert
into telomere repeats following target-site cleavage by element-
encoded endonucleases (Okazaki et al. 1995; Takahashi et al.
1997). Alternatively, the MoTeRs may add on to chromo-

some ends when the terminal TTAGGG tract is compro-
mised, a strategy that would be functionally similar to that
of the HeT-A and TART transposons in Drosophila and to
what has been proposed for the Penelope-like elements
found in a number of organisms (Gladyshev and Arkhipova
2007). Current data favor the operation of a TRAS/SART-
like insertion mechanism. First, the organization of MoTeR
arrays is consistent with repeated insertions into telomere
repeats and maintenance of an extended terminal telomere
tract. If, instead, the elements were to insert onto compro-
mised chromosome ends, the observed structural organi-
zation would necessitate that the terminal tract is first
degraded and then replenished after each MoTeR insertion.
Although we cannot rule out such occurrences, this is a less
economical explanation of the data. A second reason to sus-
pect insertion into telomeres is that the predicted MoTeR1
RT protein shares amino acid residues found in the REL-
endo domains of RTs encoded by site-specific retroelements
that recognize and cleave their genomic targets. The MoTeRs
encode proteins with a slight variant of the PD-(D/E) motif,
namely AD-D, which happens to be present in the HincII re-
striction enzyme (Menon et al. 2010) and several newly iden-
tified type II endonucleases (Kosinski et al. 2005). The
presence of a REL-endo domain suggests that MoTeR inser-
tion also initiates through the recognition and cleavage of
a specific sequence—in this case, telomere repeats. Here, it
is important to note that, while the MoTeR features suggest
that they primarily cleave DNA before inserting, we cannot
exclude the possibility that they are capable also of adding on
to compromised chromosome ends, as has been shown for
endonuclease-deficient LINE-1 elements (Morrish et al. 2007).

MoTeR1 appears to code for everything that would be
required for transposition and is, therefore, likely an au-
tonomous element. On the other hand, MoTeR2 apparently
was derived from MoTeR1 through the substitution of in-
ternal sequences, which resulted in the loss of the RT gene.
Consequently, MoTeR2 is unlikely to be capable of trans-
position by itself and probably requires the RT protein
supplied by MoTeR1. The conservation of sequence at the 59
and 39 ends of the two MoTeR elements is intriguing and
suggests that these regions are important for transposition.
Most likely, the short stretch of sequence that is common to
the 39 ends is important for binding to the RT protein. In this
regard, MoTeR2 resembles SINE elements. The similarity
stops there, however, because MoTeR2 lacks other features
characteristic of SINEs, namely poly(A) tails and putative
RNA polymerase III binding sites (results not shown).

Both elements contain numerous blocks of tandem and
interspersed repeats. In fact, such sequences compose at
least 50% of MoTeR2. Interestingly, two major blocks of
tandem repeats end just upstream of the predicted start site
of the reverse transcriptase gene in MoTeR1 and the start of
the predicted protein encoded by MoTeR2. This organization
is strikingly reminiscent of the promoter regions of telomere-
linked helicase genes present in the subtelomere regions of
rice pathogenic isolates of M. oryzae (Rehmeyer et al. 2006)

Telomeric Tetrotransposons in Magnaporthe 401

http://www.genetics.org/cgi/data/genetics.111.137950/DC1/3


and in the fungus Aspergillus nidulans (Clutterbuck and
Farman 2007). Possibly, tandem repeats are important for
the expression or regulation of telomere-linked genes.

MoTeR elements are exquisitely adapted for insertion
into telomeres

Many non-LTR retrotransposons exhibit variable-length poly
(A) tracts at their 39 insertion junctions (Biessmann et al.
1992; Higashiyama et al. 1997; Moran and Gilbert 2002;
Fujiwara et al. 2005), which indicates that the elements are
mobilized via a polyadenylated RNA intermediate and, fur-
thermore, that reverse transcription initiates within the poly
(A) sequence (Luan et al. 1993; Symer et al. 2002). MoTeR
elements represent examples of non-LTR retrotransposons
that lack poly(A) sequences at their insertion junctions. Al-
though MoTeR insertions have four adenine residues at their
39 borders (59..CGCGAATTAAAA 39), which could be construed
as a poly(A) tail, the strict conservation of the length and
position of this sequence argues against post-transcriptional
addition and is more consistent with its presence in the pri-
mary transcript. A similar situation exists with the R2 ele-
ments in B. mori. R2 insertion boundaries also consist of
four adenine residues joined directly to the 28S rRNA target
sequence (Luan et al. 1993). Originally, the A4 motif was
thought be derived from a poly(A) tail (Luan and Eickbush
1995). However, subsequent in vitro transposition studies
showed that transcripts extending into the downstream 28S
rRNA sequences faithfully recreated the insertion junctions
seen in vivo (Luan and Eickbush 1996), while transcripts
ending with the four adenines did not (Luan and Eickbush
1995). Accordingly, it was proposed that R2 utilizes read-

through transcripts for transposition in vivo (Luan and
Eickbush 1996). Considering the structural similarity be-
tween the R2 and MoTeR 39 junctions and the fact that
intact MoTeRs always insert in precise register with the
telomere repeats, it seems likely that MoTeR transposition
also utilizes read-through transcripts that would allow accu-
rate positioning at the target site (see Figure 7). As such, the
MoTeRs appear to be better adapted for telomeric insertion
than TRAS or SART whose poly(A) tails have essentially no
complementarity with the Bombyx telomere sequence.

The most striking feature of the MoTeRs, however, is the
presence of variant telomere repeats at their 59 ends. We
propose that these serve a number of functions related to the
MoTeRs’ telomeric existence. First, because the variant
repeats always occur in precise register with the flanking
telomere sequences, it appears that they could be involved
in the process of 59 end insertion via homology-mediated
end-joining (see Figure 7). Presumably, 39 end insertion is
initiated by a nick (Figure 7A), and annealing of the MoTeR
transcript to the free 39 end would allow DNA synthesis to
proceed via target-primed reverse transcription (Figure 7B).
Once reverse transcription proceeds through the repeats,
the newly synthesized DNA strand would have near its 39
end a region of homology to the bottom strand of the target
site (Figure 7C). Annealing of homologous sequences would
allow the second MoTeR strand to be completed via target-
primed DNA synthesis (Figure 7D). The differences in vari-
ant repeat length shown in Table S8 could be explained by
annealing at different positions within the variant array.
Similarly, discontinuous arrays could arise through MoTeR
insertions into existing variant repeats. The availability of

Figure 7 Proposed transposition mech-
anism for the MoTeR elements. (A) Nick-
ing of the telomere repeat top strand by
the MoTeR RT. The nick site is identified
with an asterisk (note that the specific
nick position is not known). (B) Annealing
between the 39 end on the top strand
of the nicked telomeric DNA and the
CCCTAA sequences predicted to occur
at, or near, the 39 end of a MoTeR tran-
script. (C) First-strand synthesis of MoTeR
cDNA and nicking of the bottom telo-
meric DNA strand. The model shows
a 39 overhang with four nucleotides,
but the length and type of overhang
may be different (note that a 59 overhang
would produce a target-site deletion, as
opposed to a duplication). (D) Annealing
between the 39 end released by nicking
the bottom strand and the 39 end of the
newly synthesized MoTeR cDNA, fol-
lowed by second-strand synthesis with
concomitant RNA strand displacement.
(E) Ligation of remaining nicks would re-
sult in a MoTeR element inserted pre-
cisely in the telomere repeats.
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significant homology to facilitate 59-end insertion could
explain why there are so many full-length MoTeRs in the
M. oryzae telomeres, while the telomere-specific and telomere-
associated elements found in other organisms (which lack var-
iant repeats) are almost always truncated to varying degrees
(Higashiyama et al. 1997; Arkhipova and Morrison 2001).

A number of 59-truncated MoTeRs were identified by
querying several genome sequences. Most of these elements
were inserted at positions having short stretches of homol-
ogy to their truncated 59 borders. The frequency distribution
of overlap sizes was inconsistent with random nucleotide
matches, leading us to conclude that integration of trun-
cated 59 ends is microhomology-driven, as has been
reported for truncated LINE-1 elements (Zingler et al.
2005). There were also a number of truncated elements
inserted at locations lacking homology to the 59 borders.
Surprisingly, the majority of such insertions shared the
same telomeric register (CCCTAA-tMoTeR). Possibly, this
reflects a template jump from an incomplete MoTeR tran-
script onto the 39 overhang of the target site (Bibillo and
Eickbush 2004). Alternatively, it may result from direct
ligation between a blunt-ended target site and the DNA
moiety of a DNA/RNA hybrid.

The variant telomere sequence might perform other
functions beneficial to the MoTeRs’ existence within telo-
meres. First, should the 59 end of the MoTeRs fail to become
incorporated into the existing telomere, the variant tract
might act as a seed for de novo telomere addition by telo-
merase, thereby slowing or preventing erosion of MoTeR
sequences. Finally, the variant repeats could also affect telo-
mere function in ways that would be beneficial to MoTeR
propagation. For example, they might influence the protein
complement of the telomere or its chromatin configuration,
thereby serving the dual purposes of promoting MoTeR tran-
scription and making the telomeres more receptive to sub-
sequent MoTeR insertions.

MoTeR elements represent a new class of
telomere-targeted retrotransposons unique to fungi

The MoTeR RT was most similar to hypothetical proteins
encoded by the C. neoformans Cnl1 element, N. hematococca
NhTeR1, and F. oxysporum FoNLR9. The original report of
Cnl1 stated that the element is telomere-associated and that
it inserts preferentially into other Cnl1 copies (Goodwin and
Poulter 2001). However, a careful examination of the pub-
lished data, as well as genome sequence information,
revealed that nearly all Cnl1 insertions are sandwiched be-
tween telomere repeats (data not shown). Therefore, it is
clear that Cnl1 inserts into telomeres and not into other
Cnl1 copies, as previously reported. Interestingly, however,
only 6 of the �40 Cnl1 copies in C. neoformans strain B-
3501A are currently in telomeres; the remainder are at in-
ternal locations. Likewise, some copies of NhTeR1 were
present at internal locations (data not shown).

FoNLR9 was originally identified as a CRE-like element in
the F. oxysporum genome. At the same time, a related ele-

ment (FvNLR4) was identified in Fusarium verticillioides
(FvNLR4) (Novikova et al. 2009). Although no MoTeR
matches were identified by BLAST, a tBLASTn search of
the F. verticillioides genome revealed that FvNLR4 codes
for a predicted protein that shares 46% identity with the
MoTeR1 RT. A survey of FoNLR9 and FvNLR4 sequences
within the respective genomes revealed that neither con-
tained intact copies of FoNLR9 or FoNLR4 (all copies were
missing their 59 ends), and none of the elements were telo-
meric. However, several 39 termini were identified, and all of
them all possessed short tracts of telomere sequence at their
insertion junctions (data not shown). This suggests that the
FoNLR4 and FoNLR9 are also telomere-targeted transposons
and, furthermore, that the telomeric sequences at their 39
insertion junctions represent former telomeres.

The fungal elements were only distantly related to the
three other groups of telomeric transposons. Instead, their
nearest phylogenetic neighbors were CRE1/2, SLACS, and
CZAR, which, although site-specific in nature, insert at non-
telomeric rDNA loci. Intriguingly, all of the major groups of
telomeric transposons described to date are most closely
related to nontelomeric elements. For example, TART and
TAHRE are related to elements in the Jockey clade (Figure
S3A; Malik et al. 1999; Abad et al. 2004), whose members
mostly lack target-site specificity and insert at random chro-
mosomal locations. Likewise, the recently described Penelope-
like elements, which are proposed to add onto chromosome
ends (Gladyshev and Arkhipova 2007), belong to a distinct
clade that contains the non-site-specific, nontelomeric Penel-
ope transposons Poseidon and Neptune (Evgen’ev et al. 1997;
Volff et al. 2001). Although TRAS and SART are quite differ-
ent from the fungal elements from a phylogenetic standpoint,
they share the property of being most closely related to ele-
ments that insert into 28S rDNA repeats. This raises the ques-
tion as to whether these close relationships between telomeric
transposons and rDNA transposons are more than coinciden-
tal. Finally, on the basis of the phylogenetic distribution of the
four classes of telomeric retroelements, it appears that telo-
mere specificity has arisen independently a number of times.

It should be noted that a number of other telomere-
associated retrotransposons have been reported in the litera-
ture. However, while these elements tend to be found near
telomeres, they are not truly telomeric. For example, the Ty5
retrotransposon in Saccharomyces cerevisiae inserts into re-
gions of telomeric heterochromatin but not at telomeres per
se (Zou et al. 1996). GilM and GilT from Giardia lamblia were
first described as telomeric elements (Arkhipova and Morrison
2001), but a subsequent study showed them to be site-specific
transposons that insert into a subtelomeric tandem repeat
(Burke et al. 2002). Finally, the Zepp element is found in
association with Chlorella telomeres (Higashiyama et al.
1997; Noutoshi et al. 1998) but actually inserts into other
Zepp copies, and it is not yet known if the element is truly
telomere-specific.

In conclusion, we have shown that telomere hypervari-
ability inM. oryzae isolates from perennial ryegrass is caused
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by the presence of MoTeRs within the telomere repeats.
Although telomeric transposons have been identified in
a number of other organisms, this is the first example where
their presence causes the chromosome ends to be extremely
unstable. It is intriguing that there is no obvious fitness cost
to having telomeres that undergo continual rearrangement.
This is evident because Magnaporthe isolates from perennial
ryegrass are aggressive pathogens that cause devastating
losses of perennial ryegrass turf (Vincelli 1999). This raises
the question as to whether the MoTeR-induced telomere
dynamics provide an immediate adaptive advantage to the
pathogen. In Drosophila, the expansion and contraction of
HeT-A/TART arrays can affect the expression of neighboring
genes through alteration of the chromatin environment
(Golubovsky et al. 2001). If MoTeR sequences also have
the capacity to affect chromatin structure, then MoTeR-
induced rearrangements at chromosome ends potentially
could lead to terminally located genes being turned on
and off in a stochastic fashion. Functionally, such a system
would resemble the telomere-based mechanisms that switch
expression of surface proteins in Plasmodium (Scherf et al.
1998), Trypanosomes (Horn and Cross 1997), and Pneumo-
cystis (Wada and Nakamura 1996), which allow these
pathogens to evade the host’s immune system. For this rea-
son, it will be interesting to determine if MoTeR activity
affects the expression of neighboring genes and if these
genes have roles in host interactions and pathogen survival
or spread.
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MoTeR1_FH2A9 ------------------------------------------------------------ 
MoTeR1_FH10L7 CCCTAACCCGAACCCGAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAA 
MoTeR1_FH8F4 CCCTAACCCGAACCCGAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAA 
MoTeR1_FH8F4-2 CCCTAACCCGAACCCGAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAA 
  
MoTeR1_FH2A9 ------------------------------------------------------------ 
MoTeR1_FH10L7 CCCAAACCCGGAGGGTTCCCAAGTCGCCTAAACCCGAAGGGTTTAGGATATTATTTCGTT 
MoTeR1_FH8F4 CCCAAACCCGAAGGGTTCCCAAGTCGCCTAAACCCGAAGGGTTTAGGATATTATTTCGTT 
MoTeR1_FH8F4-2 CCCAAACCCGAAGGGTTCCCAAGTCGCCTAAACCCGAAGGGTTTAGGATATTATTTCGTT 
  
MoTeR1_FH2A9 ------------------------------------------------------------ 
MoTeR1_FH10L7 TATTAGAATTGGATAATTATTTACCCCTGTTGGACAGGGGGGTTGCAGGGGTTAAATTAA 
MoTeR1_FH8F4 TATTAGAATTGGATAATTATTTACCCCTGTTGGACAGGGGGGTTGCAGGGGTTAAATTAA 
MoTeR1_FH8F4-2 TATTAGAATTGGATAATTATTTACCCCTGTTGGACAGGGGGGTTGCAGGGGTTAAATTAA 
  
MoTeR1_FH2A9 ------------------------------------------------------------ 
MoTeR1_FH10L7 GGTTTTTTATTATTTATGCGCCGTTTATTTGTTTACCCCCCCAAATATTATAAAAGCGCG 
MoTeR1_FH8F4 GGTTTTTTATTATTTATGCGCCGTTTATTTGTTTACCCCCCCAAATATTATAAAAGCGCG 
MoTeR1_FH8F4-2 GGTTTTTTATTATTTATGCGCCGTTTATTTGTTTACCCCCCCAAATATTATAAAAGCGCG 
  
MoTeR1_FH2A9 ------------------------------------------------------------ 
MoTeR1_FH10L7 TTCCATCCTCTTAGGAAAAGCGAAGCTTTTCCTTGTAAAAGTCGCTAGACTTTTACTATA 
MoTeR1_FH8F4 TTCCATCCTCTTAGGAAAAGCGAAGCTTTTCCTTGTAAAAGTCGCTAGACTTTTACTATA 
MoTeR1_FH8F4-2 TTCCATCCTCTTAGGAAAAGCGAAGCTTTTCCTTGTAAAAGTCGCTAGACTTTTACTATA 
  
  
MoTeR1_FH2A9 ------------------------------------------------------------ 
MoTeR1_FH10L7 AAAGTCGCTAGACTTTTATACCAATCTTTTAACAAAAAGCGTAGCTTTTTGTTGCCAATC 
MoTeR1_FH8F4 AAAGTCGCTAGACTTTTATACCAATCTTTTAACAAAAAGCGTAGCTTTTTGTTGCCAATC 
MoTeR1_FH8F4-2 AAAGTCGCTAGACTTTTATACCAATCTTTTAACAAAAAGCGTAGCTTTTTGTTGCCAATC 
  
  
MoTeR1_FH2A9 ------------------------------------------------------------ 
MoTeR1_FH10L7 TATTAAAAAAAGCGGAGCTTTTTTTAACTTTTTCTTTTTTTTTTTTTTTTCTTTTTTTTT 
MoTeR1_FH8F4 TATTAAAAAAAGCGGAGCTTTTTTTAACTTTTTC-TTTTTTTTTTTTTTTCTTTTTTTTT 
MoTeR1_FH8F4-2 TATTAAAAAAAGCGGAGCTTTTTTTAACTTTTTC-TTTTTTTTTTTTTTTCTTTTTTTTT 
  
  
MoTeR1_FH2A9 -----------------------------------TATATTATTATTATTATTATTAGCG 
MoTeR1_FH10L7 TTTTTTTTTCTTTTTTTTTTTTTTTTTTTTTTATATATATTATTATTATTATTATTAGCG 
MoTeR1_FH8F4 TTTTTTTTTCTTTTTTTTTTTTTTTTTTTTTTATATATATTATTATTATTATTATTAGCG 
MoTeR1_FH8F4-2 TTTTTTTTTCTTTTTTTTTTTTTTTTTTTTTTATATATATTATTATTATTATTATTAGCG 
            ************************* 
  
MoTeR1_FH2A9 GTGGGGCTATTTATGCGCTTTAATTTGTGCGGGGCTATTTATGCGCTTTAATTTGTGCGG 
MoTeR1_FH10L7 GTGGGGCTATTTATGCGCTTTAATTTGTGCGGGGCTATTTATGCGCTTTAATTTGTGCGG 
MoTeR1_FH8F4 GTGGGGCTATTTATGCGCTTTAATTTGTGCGGGGCTATTTATGCGCTTTAATTTGTGCGG 
MoTeR1_FH8F4-2 GTGGGGCTATTTATGCGCTTTAATTTGTGCGGGGCTATTTATGCGCTTTAATTTGTGCGG 
 ************************************************************ 

Figure S1. Multiple alignment of MoTeR1 copies present in the genome of strain FH. 
Alignments were performed using the Clustalw2 program (www.ebi.ac.uk/Tools/msa/clustalw2/) 
using the default parameters.  



J.	
  H.	
  Starnes	
  et	
  al.	
   3	
  SI	
  

 

Figure S1 (cont.) 2 

MoTeR1_FH2A9 GGCTATTAATGCGCTTTAACTTTACAAATTTTATTTATGCGCTTTAATTGCTGCGGGCCT 
MoTeR1_FH10L7 GGCTATTAATGCGCTTTAACTTTACAAATTTTATTTATGCGCTTTAATTGCTGCGGGCCT 
MoTeR1_FH8F4 GGCTATTAATGCGCTTTAACTTTACAAATTTTATTTATGCGCTTTAATTGCTGCGGGCCT 
MoTeR1_FH8F4-2 GGCTATTAATGCGCTTTAACTTTACAAATTTTATTTATGCGCTTTAATTGCTGCGGGCCT 
 ************************************************************ 
  
MoTeR1_FH2A9 GTTAATGCGCTTTAATTTACAAATTTCATTAATGCGCTTTAACTTTTATATTTACTAATG 
MoTeR1_FH10L7 GTTAATGCGCTTTAATTTACAAATTTCATTAATGCGCTTTAACTTTTATATTTACTAATG 
MoTeR1_FH8F4 GTTAATGCGCTTTAATTTACAAATTTCATTAATGCGCTTTAACTTTTATATTTACTAATG 
MoTeR1_FH8F4-2 GTTAATGCGCTTTAATTTACAAATTTCATTAATGCGCTTTAACTTTTATATTTACTAATG 
 ************************************************************ 
  
MoTeR1_FH2A9 CGTTATTTATATAATTGCTATTATTATCGTTGCTATTATTATTATTGCTATTATTATCGT 
MoTeR1_FH10L7 CGTTATTTATATAATTGCTATTATTATCGTTGCTATTATTATTATTGCTATTATTATCGT 
MoTeR1_FH8F4 CGTTATTTATATAATTGCTATTATTATCGTTGCTATTATTATTATTGCTATTATTATCGT 
MoTeR1_FH8F4-2 CGTTATTTATATAATTGCTATTATTATCGTTGCTATTATTATTATTGCTATTATTATCGT 
 ************************************************************ 
  
MoTeR1_FH2A9 TATTATTATTGCAATTTTATTATATAAACCCTCGTTTGTCCCTCGATTTATCCCGTTTCT 
MoTeR1_FH10L7 TATTATTATTGCAATTTTATTATATAAACCCTCGTTTGTCCCTCGATTTATCCCGTTTCT 
MoTeR1_FH8F4 TATTATTATTGCAATTTTATTATATAAACCCTCGTTTGTCCCTCGATTTATCCCGTTTCT 
MoTeR1_FH8F4-2 TATTATTATTGCAATTTTATTATATAAACCCTCGTTTGTCCCTCGATTTATCCCGTTTCT 
 ************************************************************ 
  
MoTeR1_FH2A9 TTTCCATCCCATCGCGCGTTTTCGTAAGCTTTGGTTTTCGTAGGATTTGCTTTCGTAGGC 
MoTeR1_FH10L7 TTTCCATCCCATCGCGCGTTTTCGTAAGCTTTGGTTTTCGTAGGATTTGCTTTCGTAGGC 
MoTeR1_FH8F4 TTTCCATCCCATCGCGCGTTTTCGTAAGCTTTGGTTTTCGTAGGATTTGCTTTCGTAGGC 
MoTeR1_FH8F4-2 TTTCCATCCCATCGCGCGTTTTCGTAAGCTTTGGTTTTCGTAGGATTTGCTTTCGTAGGC 
 ************************************************************ 
  
MoTeR1_FH2A9 TTTGCTTTCGTAGGCTTTCGTCAGCTTTTACCTGCTTTTATTTTTTCTTTTTCTTTTTAT 
MoTeR1_FH10L7 TTTGCTTTCGTAGGCTTTCGTCAGCTTTTACCTGCTTTTATTTTTTCTTTTTCTTTTTAT 
MoTeR1_FH8F4 TTTGCTTTCGTAGGCTTTCGTCAGCTTTTACCTGCTTTT-----------------TTA- 
MoTeR1_FH8F4-2 TTTGCTTTCGTAGGCTTTCGTCAGCTTTTACCTGCTTTT-----------------TTA- 
 ***************************************                 ***  
  
MoTeR1_FH2A9 TCCCCCCCCTTTTTTTTACCTGGTTTATTAGCGGTTTACCTGCTTTTATTACCTGGTTCC 
MoTeR1_FH10L7 TCCCCCCCCTTTTTTTTACCTGGTTTATTAGCGGTTTACCTGCTTTTATTACCTGGTTCC 
MoTeR1_FH8F4 -----CCTGCTTTTATCACTTGTTTT----------TATTTCCCTTT--TAC----TTTC 
MoTeR1_FH8F4-2 -----CCTGCTTTTATCACTTGTTTT----------TATTTCCCTTT--TAC----TTTC 
       **   **** * ** ** ***          **  * * ***  ***    ** * 
  
MoTeR1_FH2A9 CCTTTACCTGTTTTATTAGCGGTTTACCTGCTTTTATTACCTGGTTCCCCTTTACCTACT 
MoTeR1_FH10L7 CCTTTACCTGTTTTATTAGCGGTTTACCTGCTTTTATTACCTGGTTCCCCTTTACCTACT 
MoTeR1_FH8F4 CCTTTACCTGTTTTATTAGCGGTTTACCTGCTTTTATTACCTGGTTCCCCTTTACCTACT 
MoTeR1_FH8F4-2 CCTTTACCTGTTTTATTAGCGGTTTACCTGCTTTTATTACCTGGTTCCCCTTTACCTACT 
 ************************************************************ 
  
MoTeR1_FH2A9 TTATAAGCGGTTTACCTGCTTTTATTACCTGGTTCCCCTTTACCTGTTTTATTAGCGGTT 
MoTeR1_FH10L7 TTATAAGCGGTTTACCTGCTTTTATTACCTGGTTCCCCTTTACCTGTTTTATTAGCGGTT 
MoTeR1_FH8F4 TTATAAGCGGTTTACCTGCTTTTATTACCTGGTTCCCCTTTACCTGTTTTATTAGCGGTT 
MoTeR1_FH8F4-2 TTATAAGCGGTTTACCTGCTTTTATTACCTGGTTCCCCTTTACCTGTTTTATTAGCGGTT 
 ************************************************************ 
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Figure S1 (cont.) 3 

  
MoTeR1_FH2A9 TACCTGCTTTTATTACCTGGTTCCCCTTTACCTGTTTTATTAGCGGTTTACCTGCTTTTA 
MoTeR1_FH10L7 TACCTGCTTTTATTACCTGGTTCCCCTTTACCTGTTTTATTAGCGGTTTACCAGCTTTTA 
MoTeR1_FH8F4 TACCTGCTTTTATTACCTGGTTCCCCTTTACCTGTTTTATTAGCGGTTTACCTGCTTTTA 
MoTeR1_FH8F4-2 TACCTGCTTTTATTACCTGGTTCCCCTTTACCTGTTTTATTAGCGGTTTACCTGCTTTTA 
 **************************************************** ******* 
  
MoTeR1_FH2A9 TTACCTGGTTCCCCTTTACCTACTTTATTAGCGGTTTACCCGTTTCTATTAGTGGGCATT 
MoTeR1_FH10L7 TTACCTGGTTCCCCTTTACCTACTTTATTAGCGGTTTACCCGTTTCTATTAGTGGGCATT 
MoTeR1_FH8F4 TTACCTGGTTCCCCTTTACCTACTTTATTAGCGGTTTACCCGTTTCTATTAGTGGGCATT 
MoTeR1_FH8F4-2 TTACCTGGTTCCCCTTTACCTACTTTATTAGCGGTTTACCCGTTTCTATTAGTGGGCATT 
 ************************************************************ 
  
MoTeR1_FH2A9 TATTTCCCGTTTTTATTAGCAGTTAAATTTACCCTTTTAAGGTTATTTACCTGCTTTTAT 
MoTeR1_FH10L7 TATTTCCCGTTTTTATTAGCAGTTAAATTTACCCTTTTAAGGTTATTTACCTGCTTTTAT 
MoTeR1_FH8F4 TATTTCCCGTTTTTATTAGCAGTTAAATTTACCCTTTTAAGGTTATTTACCTGCTTTTAT 
MoTeR1_FH8F4-2 TATTTCCCGTTTTTATTAGCAGTTAAATTTACCCTTTTAAGGTTATTTACCTGCTTTTAT 
 ************************************************************ 
  
MoTeR1_FH2A9 TCACAGGGCACCCCTGTTTTTACTAGCAGTTAAATTTACCTTTTTAAGGTTATTTACCTG 
MoTeR1_FH10L7 TCACAGGGCACCCCTGTTTTTACTAGCAGTTAAATTTACCTTTTTAAGGTTATTTACCTG 
MoTeR1_FH8F4 TCACAGGGCACCCCTGTTTTTACTAGCAGTTAAATTTACCTTTTTAAGGTTATTTACCTG 
MoTeR1_FH8F4-2 TCACAGGGCACCCCTGTTTTTACTAGCAGTTAAATTTACCTTTTTAAGGTTATTTACCTG 
 ************************************************************ 
  
MoTeR1_FH2A9 CTTTTATTCACAGGGCACCCCTGTTTTTACCAGCAGTTAAATTTACCTTTTTAAGGTTAT 
MoTeR1_FH10L7 CTTTTATTCACAGGGCACCCCTGTTTTTACCAGCAGTTAAATTTACCTTTTTAAGGTTAT 
MoTeR1_FH8F4 CTTTTATT---------------------------------------------------- 
MoTeR1_FH8F4-2 CTTTTATT---------------------------------------------------- 
 ********                                                     
  
MoTeR1_FH2A9 TTACCTGCTTTTATTAACAACCCTTTATTTTTTCCTATTAACGGGTATTTATTTACCTGT 
MoTeR1_FH10L7 TTACCTGCTTTTATTAACAACCCTTTATTTTTTCCTATTAACGGGTATTTATTTACCTGT 
MoTeR1_FH8F4 ---------------AACAACCCTTTATTTTTTCCTATTAACGGGTATTTATTTACCTGT 
MoTeR1_FH8F4-2 ---------------AACAACCCTTTATTTTTTCCTATTAACGGGTATTTATTTACCTGT 
         ********************************************* 
  
MoTeR1_FH2A9 TTTATTGGAATTCACCCGTTGGACGGCATGGTTTGCCCAACCTGTAACGGCGTTTACGCC 
MoTeR1_FH10L7 TTTATTGGAATTCACCCGTTGGACGGCATGGTTTGCCCAACCTGTAACGGCGTTTACGCC 
MoTeR1_FH8F4 TTTATTGGAATTCACCCGTTGGACGGCATGGTTTGCCCAACCTGTAACGGCGTTTACGCC 
MoTeR1_FH8F4-2 TTTATTGGAATTCACCCGTTGGACGGCATGGTTTGCCCAACCTGTAACGGCGTTTACGCC 
 ************************************************************ 
  
MoTeR1_FH2A9 GATTACAACGACCATATCCGGAAAAAACACCCGGACGAACGTTATACCGCCCTCCAACTC 
MoTeR1_FH10L7 GATTACAACGACCATATCCGGAAAAAACACCCGGACGAACGTTATACCGCCCTCCAACTC 
MoTeR1_FH8F4 GATTACAACGACCATATCCGGAAAAAACACCCGGACGAACGTTATACCGCCCTCCAACTC 
MoTeR1_FH8F4-2 GATTACAACGACCATATCCGGAAAAAACACCCGGACGAACGTTATACCGCCCTCCAACTC 
 ************************************************************ 
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Figure S1 (cont.) 4 

MoTeR1_FH2A9 CAACCATTGGGTTTAACCCCCTGCCCTATATGCAAAACCGCTTGCAAAAACGATTTGGGC 
MoTeR1_FH10L7 CAACCATTGGGTTTAACCCCCTGCCCTATATGCAAAACCGCTTGCAAAAACGATTTGGGC 
MoTeR1_FH8F4 CAACCATTGGGTTTAACCCCCTGCCCTATATGCAAAACCGCTTGCAAAAACGATTTGGGC 
MoTeR1_FH8F4-2 CAACCATTGGGTTTAACCCCCTGCCCTATATGCAAAACCGCTTGCAAAAACGATTTGGGC 
 ************************************************************ 
  
MoTeR1_FH2A9 GTTAAAACCCACCTATCCAAAATCCACAAAATATCCGGTGCATCGAAAATTTCAACCCAA 
MoTeR1_FH10L7 GTTAAAACCCACCTATCCAAAATCCACAAAATATCCGGTGCATCGAAAATTTCAACCCAA 
MoTeR1_FH8F4 GTTAAAACCCACCTATCCAAAATCCACAAAATATCCGGTGCATCGAAAATTTCAACCCAA 
MoTeR1_FH8F4-2 GTTAAAACCCACCTATCCAAAATCCACAAAATATCCGGTGCATCGAAAATTTCAACCCAA 
 ************************************************************ 
  
MoTeR1_FH2A9 CCGCGTATACGAACGGAAAATACGGATAATACCAATTCGGTCCCCACGTCGTCGTTTAAC 
MoTeR1_FH10L7 CCGCGTATACGAACGGAAAATACGGATAATACCAATTCGGTCCCCACGTCGTCGTTTAAC 
MoTeR1_FH8F4 CCGCGTATACGAACGGAAAATACGGATAATACCAATTCGGTCCCCACGTCGTCGTTTAAC 
MoTeR1_FH8F4-2 CCGCGTATACGAACGGAAAATACGGATAATACCAATTCGGTCCCCACGTCGTCGTTTAAC 
 ************************************************************ 
  
MoTeR1_FH2A9 CCTGTCCTTCCCGAAATCCAAACGTTAACCCCGGGGTTAAATAACAGCCGTTGGGCCGAT 
MoTeR1_FH10L7 CCTGTCCTTCCCGAAATCCAAACGTTAACCCCGGGGTTAAATAACAGCCGTTGGGCCGAT 
MoTeR1_FH8F4 CCTGTCCTTCCCGAAATCCAAACGTTAACCCCGGGGTTAAATAACAGCCGTTGGGCCGAT 
MoTeR1_FH8F4-2 CCTGTCCTTCCCGAAATCCAAACGTTAACCCCGGGGTTAAATAACAGCCGTTGGGCCGAT 
 ************************************************************ 
  
MoTeR1_FH2A9 AACCCCAGAAAACGACGGGCCGATACCCCCTCCCCAACACGGGGTCGGAATACACGCCCA 
MoTeR1_FH10L7 AACCCCAGAAAACGACGGGCCGATACCCCCTCCCCAACACGGGGTCGGAATACACGCCCA 
MoTeR1_FH8F4 AACCCCAGAAAACGACGGGCCGATACCCCCTCCCCAACACGGGGTCGGAATACACGCCCA 
MoTeR1_FH8F4-2 AACCCCAGAAAACGACGGGCCGATACCCCCTCCCCAACACGGGGTCGGAATACACGCCCA 
 ************************************************************ 
  
MoTeR1_FH2A9 CGTCGATTTTCATATACGGATATCGATTTAACAAACGACGAACCGGCGGATAACCCCAGG 
MoTeR1_FH10L7 CGTCGATTTTCATATACGGATATCGATTTAACAAACGACGAACCGGCGGATAACCCCAGG 
MoTeR1_FH8F4 CGTCGATTTTCATATACGGATATCGATTTAACAAACGACGAACCGGCGGATAACCCCAGG 
MoTeR1_FH8F4-2 CGTCGATTTTCATATACGGATATCGATTTAACAAACGACGAACCGGCGGATAACCCCAGG 
 ************************************************************ 
  
MoTeR1_FH2A9 GCTAATAACCCCAGGGTTAATAACCCCAGGGTTAATAACGAACCCCCCTCCAGCCCAAAT 
MoTeR1_FH10L7 GCTAATAACCCCAGGGTTAATAACCCCAGGGTTAATAACGAACCCCCCTCCAGCCCAAAT 
MoTeR1_FH8F4 GCTAATAACCCCAGGGTTAATAACCCCAGGGTTAATAACGAACCCCCCTCCAGCCCAAAT 
MoTeR1_FH8F4-2 GCTAATAACCCCAGGGTTAATAACCCCAGGGTTAATAACGAACCCCCCTCCAGCCCAAAT 
 ************************************************************ 
  
MoTeR1_FH2A9 TCGTTACCTTCGATTTCCGAATTTCACACCCCTGGGACCCTACCCCTAACCAATTCGAAT 
MoTeR1_FH10L7 TCGTTACCTTCGATTTCCGAATTTCACACCCCTGGGACCCTACCCCTAACCAATTCGAAT 
MoTeR1_FH8F4 TCGTTACCTTCGATTTCCGAATTTCACACCCCTGGGACCCTACCCCTAACCAATTCGAAT 
MoTeR1_FH8F4-2 TCGTTACCTTCGATTTCCGAATTTCACACCCCTGGGACCCTACCCCTAACCAATTCGAAT 
 ************************************************************ 
  
MoTeR1_FH2A9 ATATCGTTAAAAGACCAGCACGACAAAATTACCGGCCCTATATTGCAAAAACCGTTAATC 
MoTeR1_FH10L7 ATATCGTTAAAAGACCAGCACGACAAAATTACCGGCCCTATATTGCAAAAACCGTTAATC 
MoTeR1_FH8F4 ATATCGTTAAAAGACCAGCACGACAAAATTACCGGCCCTATACTGCAAAAACCGTTAATC 
MoTeR1_FH8F4-2 ATATCGTTAAAAGACCAGCACGACAAAATTACCGGCCCTATACTGCAAAAACCGTTAATC 
 ****************************************** ***************** 
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Figure S1 (cont.) 5 

  
MoTeR1_FH2A9 CAAAAATTAATCGAATATTCGAAAATCCCAATCCCAGAACACCACCTCCACGCCAGGCAG 
MoTeR1_FH10L7 CAAAAATTAATCGAATATTCGAAAATCCCAATCCCAGAACACCACCTCCACGCCAGGCAG 
MoTeR1_FH8F4 CAAAAATTAATCGAATATTCGAAAATCCCAATCCCAGAACACCACCTCCACGCCAGGCAG 
MoTeR1_FH8F4-2 CAAAAATTAATCGAATATTCGAAAATCCCAATCCCAGAACACCACCTCCACGCCAGGCAG 
 ************************************************************ 
  
MoTeR1_FH2A9 GCTAAAATTTTTGCTGACGCCGCAAATCGAATCGCCAAAAATTTTATACAAAGCCCAACG 
MoTeR1_FH10L7 GCTAAAATTTTTGCTGACGCCGCAAATCGAATCGCCAAAAATTTTATACAAAGCCCAACG 
MoTeR1_FH8F4 GCTAAAATTTTTGCTGACGCCGCAAATCGAATCGCCAAAAATTTTATACAAAGCCCAACG 
MoTeR1_FH8F4-2 GCTAAAATTTTTGCTGACGCCGCAAATCGAATCGCCAAAAATTTTATACAAAGCCCAACG 
 ************************************************************ 
  
MoTeR1_FH2A9 GAGAAAACATTATTTAATTTACTTATATTACCCCGCATATTCGGTATCGGGTTAATAAAC 
MoTeR1_FH10L7 GAGAAAACATTATTTAATTTACTTATATTACCCCGCATATTCGGTATCGGGTTAATAAAC 
MoTeR1_FH8F4 GAGAAAACATTATTTAATTTACTTATATTACCCCGCATATTCGGTATCGGGTTAATAAAC 
MoTeR1_FH8F4-2 GAGAAAACATTATTTAATTTACTTATATTACCCCGCATATTCGGTATCGGGTTAATAAAC 
 ************************************************************ 
  
MoTeR1_FH2A9 GGAAAAGTAACTAAAATAATGCAAAACTTCCCATCCCAAATACCCCCTATTCCAAAAATT 
MoTeR1_FH10L7 GGAAAAGTAACTAAAATAATGCAAAACTTCCCATCCCAAATACCCCCTATTCCAAAAATT 
MoTeR1_FH8F4 GGAAAAGTAACTAAAATAATGCAAAACTTCCCATCCCAAATACCCCCTATTCCAAAAATT 
MoTeR1_FH8F4-2 GGAAAAGTAACTAAAATAATGCAAAACTTCCCATCCCAAATACCCCCTATTCCAAAAATT 
 ************************************************************ 
  
MoTeR1_FH2A9 GATTTTCCATCCGAAAAAACCGATTCCGACCCGGTTTTAAACGCCAAAAAATTATTGGAA 
MoTeR1_FH10L7 GATTTTCCATCCGAAAAAACCGATTCCGACCCGGTTTTAAACGCCAAAAAATTATTGGAA 
MoTeR1_FH8F4 GATTTTCCATCCGAAAAAACCGATTCCGACCCGGTTTTAAACGCCAAAAAATTATTGGAA 
MoTeR1_FH8F4-2 GATTTTCCATCCGAAAAAACCGATTCCGACCCGGTTTTAAACGCCAAAAAATTATTGGAA 
 ************************************************************ 
  
MoTeR1_FH2A9 AAAGGGTATATTGGCCGTGCGGCAAAGGCTATTATCGATCCAACCCCCGTTGCCCCAGAA 
MoTeR1_FH10L7 AAAGGGTATATTGGCCGTGCGGCAAAGGCTATTATCGATCCAACCCCCGTTGCCCCAGAA 
MoTeR1_FH8F4 AAAGGGTATATTGGCCGTGCGGCAAAGGCTATTATCGATCCAACCCCCGTTGCCCCAGAA 
MoTeR1_FH8F4-2 AAAGGGTATATTGGCCGTGCGGCAAAGGCTATTATCGATCCAACCCCCGTTGCCCCAGAA 
 ************************************************************ 
  
MoTeR1_FH2A9 ACCCCGGAATCGTTAAATATTTTACGGGAAAAACACCCTATTGGCCAAAATAACCCGTTT 
MoTeR1_FH10L7 ACCCCGGAATCGTTAAATATTTTACGGGAAAAACACCCTATTGGCCAAAATAACCCGTTT 
MoTeR1_FH8F4 ACCCCGGAATCGTTAAATATTTTACGGGAAAAACACCCTATTGGCCAAAATAACCCGTTT 
MoTeR1_FH8F4-2 ACCCCGGAATCGTTAAATATTTTACGGGAAAAACACCCTATTGGCCAAAATAACCCGTTT 
 ************************************************************ 
  
MoTeR1_FH2A9 AATACAAAATCCCAACCAATATCAGGCAGGCAAATTACCGAAAAAGCTATTTTATTAGCT 
MoTeR1_FH10L7 AATACAAAATCCCAACCAATATCAGGCAGGCAAATTACCGAAAAAGCTATTTTATTAGCT 
MoTeR1_FH8F4 AATACAAAATCCCAACCAATATCAGGCAGGCAAATTACCGAAAAAGCTATTTTATTAGCT 
MoTeR1_FH8F4-2 AATACAAAATCCCAACCAATATCAGGCAGGCAAATTACCGAAAAAGCTATTTTATTAGCT 
 ************************************************************ 
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Figure S1 (cont.) 6 

MoTeR1_FH2A9 ATTTCGTCTATTGGCCGGGAAAAAGCTCCGGGCCTTAGCGGGTGGACGAGATCGTTATTA 
MoTeR1_FH10L7 ATTTCGTCTATTGGCCGGGAAAAAGCTCCGGGCCTTAGCGGGTGGACGAGATCGTTATTA 
MoTeR1_FH8F4 ATTTCGTCTATTGGCCGGGAAAAAGCTCCGGGCCTTAGCGGGTGGACGAGATCGTTATTA 
MoTeR1_FH8F4-2 ATTTCGTCTATTGGCCGGGAAAAAGCTCCGGGCCTTAGCGGGTGGACGAGATCGTTATTA 
 ************************************************************ 
  
MoTeR1_FH2A9 GATGCAGCCATTAAAATACCTACCCAAAACGACGTAATTCCGGCTTTACGACTCTTAACG 
MoTeR1_FH10L7 GATGCAGCCATTAAAATACCTACCCAAAACGACGTAATTCCGGCTTTACGACTCTTAACG 
MoTeR1_FH8F4 GATGCAGCCATTAAAATACCTACCCAAAACGACGTAATTCCGGCTTTACGACTCTTAACG 
MoTeR1_FH8F4-2 GATGCAGCCATTAAAATACCTACCCAAAACGACGTAATTCCGGCTTTACGACTCTTAACG 
 ************************************************************ 
  
MoTeR1_FH2A9 GATATGATTCGCCAGGGTACCGCACCGGGTAGGGAATTATTATGCGCTTCGCGTTTAATA 
MoTeR1_FH10L7 GATATGATTCGCCAGGGTACCGCACCGGGTAGGGAATTATTATGCGCTTCGCGTTTAATA 
MoTeR1_FH8F4 GATATGATTCGCCAGGGTACCGCACCGGGTAGGGAATTATTATGCGCTTCGCGTTTAATA 
MoTeR1_FH8F4-2 GATATGATTCGCCAGGGTACCGCACCGGGTAGGGAATTATTATGCGCTTCGCGTTTAATA 
 ************************************************************ 
  
MoTeR1_FH2A9 GGGCTATCCAAACCCGACGGCGGCGTACGCCCAATAGCCGTTGGGGACCTATTATATAAA 
MoTeR1_FH10L7 GGGCTATCCAAACCCGACGGCGGCGTACGCCCAATAGCCGTTGGGGACCTATTATATAAA 
MoTeR1_FH8F4 GGGCTATCCAAACCCGACGGCGGCGTACGCCCAATAGCCGTTGGGGACCTATTATATAAA 
MoTeR1_FH8F4-2 GGGCTATCCAAACCCGACGGCGGCGTACGCCCAATAGCCGTTGGGGACCTATTATATAAA 
 ************************************************************ 
  
MoTeR1_FH2A9 ATAGCCTTTAAAGCTATTTTAAATACCCTATGGTCCCCAAACTGTTTATTACCTTACCAA 
MoTeR1_FH10L7 ATAGCCTTTAAAGCTATTTTAAATACCCTATGGTCCCCAAACTGTTTATTACCTTACCAA 
MoTeR1_FH8F4 ATAGCCTTTAAAGCTATTTTAAATACCCTATGGTCCCCAAACTGTTTATTACCTTACCAA 
MoTeR1_FH8F4-2 ATAGCCTTTAAAGCTATTTTAAATACCCTATGGTCCCCAAACTGTTTATTACCTTACCAA 
 ************************************************************ 
  
MoTeR1_FH2A9 TTAGGTGTAAATAGTATAGGTGGCGTCGAACCCGCTATTTTTACCCTCGAAGAGGCTATA 
MoTeR1_FH10L7 TTAGGTGTAAATAGTATAGGTGGCGTCGAACCCGCTATTTTTACCCTCGAAGAGGCTATA 
MoTeR1_FH8F4 TTAGGTGTAAATAGTATAGGTGGCGTCGAACCCGCTATTTTTACCCTCGAAGAGGCTATA 
MoTeR1_FH8F4-2 TTAGGTGTAAATAGTATAGGTGGCGTCGAACCCGCTATTTTTACCCTCGAAGAGGCTATA 
 ************************************************************ 
  
MoTeR1_FH2A9 ATGGGCCCTAATATTAACGGTATAAAATCGATTACCTCCCTCGATTTAAAAAACGCGTTT 
MoTeR1_FH10L7 ATGGGCCCTAATATTAACGGTATAAAATCGATTACCTCCCTCGATTTAAAAAACGCGTTT 
MoTeR1_FH8F4 ATGGGCCCTAATATTAACGGTATAAAATCGATTACCTCCCTCGATTTAAAAAACGCGTTT 
MoTeR1_FH8F4-2 ATGGGCCCTAATATTAACGGTATAAAATCGATTACCTCCCTCGATTTAAAAAACGCGTTT 
 ************************************************************ 
  
MoTeR1_FH2A9 AATAGCGTATCCAGGGCTGCAATAGCCTCGTCGGTAGCTAAATACGCACCAACTTTCTAC 
MoTeR1_FH10L7 AATAGCGTATCCAGGGCTGCAATAGCCTCGTCGGTAGCTAAATACGCACCAACTTTCTAC 
MoTeR1_FH8F4 AATAGCGTATCCAGGGCTGCAATAGCCTCGTCGGTAGCTAAATACGCACCAACTTTCTAC 
MoTeR1_FH8F4-2 AATAGCGTATCCAGGGCTGCAATAGCCTCGTCGGTAGCTAAATACGCACCAACTTTCTAC 
 ************************************************************ 
  
MoTeR1_FH2A9 CGTTCTACCTGTTGGGCCTATAACCAACCTTCGATTTTAATAACGGAAAACGGTTCCGTC 
MoTeR1_FH10L7 CGTTCTACCTGTTGGGCCTATAACCAACCTTCGATTTTAATAACGGAAAACGGTTCCGTC 
MoTeR1_FH8F4 CGTTCTACCTGTTGGGCCTATAACCAACCTTCGATTTTAATAACGGAAAACGGTTCCGTC 
MoTeR1_FH8F4-2 CGTTCTACCTGTTGGGCCTATAACCAACCTTCGATTTTAATAACGGAAAACGGTTCCGTC 
 ************************************************************ 
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Figure S1 (cont.) 7 

  
MoTeR1_FH2A9 CTGGCTAGTGCACAAGGTATACGCCAAGGCGATCCGTTAGGCCCGTTGTTATTCAGCCTT 
MoTeR1_FH10L7 CTGGCTAGTGCACAAGGTATACGCCAAGGCGATCCGTTAGGCCCGTTGTTATTCAGCCTT 
MoTeR1_FH8F4 CTGGCTAGTGCACAAGGTATACGCCAAGGCGATCCGTTAGGCCCGTTGTTATTCAGCCTT 
MoTeR1_FH8F4-2 CTGGCTAGTGCACAAGGTATACGCCAAGGCGATCCGTTAGGCCCGTTGTTATTCAGCCTT 
 ************************************************************ 
  
MoTeR1_FH2A9 GCTTTTCGACCTACGTTGGAAACGATCCAAAAATCGCTTCCATATACGTATATAGCGGCT 
MoTeR1_FH10L7 GCTTTTCGACCTACGTTGGAAACGATCCAAAAATCGCTTCCATATACGTATATAGCGGCT 
MoTeR1_FH8F4 GCTTTTCGACCTACGTTGGAAACGATCCAAAAATCGCTTCCATATACGTATATAGCGGCT 
MoTeR1_FH8F4-2 GCTTTTCGACCTACGTTGGAAACGATCCAAAAATCGCTTCCATATACGTATATAGCGGCT 
 ************************************************************ 
  
MoTeR1_FH2A9 TATTTGGACGACGTTTATATTTTATCCAAAACGCCCGTTAAAGATAAAATAGCCAAAATA 
MoTeR1_FH10L7 TATTTGGACGACGTTTATATTTTATCCAAAACGCCCGTTAAAGATAAAATAGCCAAAATA 
MoTeR1_FH8F4 TATTTGGACGACGTTTATATTTTATCCAAAACGCCCGTTAAAGATAAAATAGCCAAAATA 
MoTeR1_FH8F4-2 TATTTGGACGACGTTTATATTTTATCCAAAACGCCCGTTAAAGATAAAATAGCCAAAATA 
 ************************************************************ 
  
MoTeR1_FH2A9 ATCGAAAAAAGCCCGTTTACCCTAAATTCCGCCAAAACGACAGAAACGGATATCGATACG 
MoTeR1_FH10L7 ATCGAAAAAAGCCCGTTTACCCTAAATTCCGCCAAAACGACAGAAACGGATATCGATACG 
MoTeR1_FH8F4 ATCGAAAAAAGCCCGTTTACCCTAAATTCCGCCAAAACGACAGAAACGGATATCGATACG 
MoTeR1_FH8F4-2 ATCGAAAAAAGCCCGTTTACCCTAAATTCCGCCAAAACGACAGAAACGGATATCGATACG 
 ************************************************************ 
  
MoTeR1_FH2A9 TTAAAAACCAATGGTTTAAAAACGCTCGGCTCGTTTATTGGACCAACGGAATTACGGAAG 
MoTeR1_FH10L7 TTAAAAACCAATGGTTTAAAAACGCTCGGCTCGTTTATTGGACCAACGGAATTACGGAAG 
MoTeR1_FH8F4 TTAAAAACCAATGGTTTAAAAACGCTCGGCTCGTTTATTGGACCAACGGAATTACGGAAG 
MoTeR1_FH8F4-2 TTAAAAACCAATGGTTTAAAAACGCTCGGCTCGTTTATTGGACCAACGGAATTACGGAAG 
 ************************************************************ 
  
MoTeR1_FH2A9 GAATTTTTGCAAAATAAAATTCAAAATTTCGAATCGTCCATTAACGCCCTGAAAAAACTC 
MoTeR1_FH10L7 GAATTTTTGCAAAATAAAATTCAAAATTTCGAATCGTCCATTAACGCCCTGAAAAAACTC 
MoTeR1_FH8F4 GAATTTTTGCAAAATAAAATTCAAAATTTCGAATCGTCCATTAACGCCCTGAAAAAACTC 
MoTeR1_FH8F4-2 GAATTTTTGCAAAATAAAATTCAAAATTTCGAATCGTCCATTAACGCCCTGAAAAAACTC 
 ************************************************************ 
  
MoTeR1_FH2A9 CCTAAACAATACGGATTGCTAATCTTGCGTAAAAGTACACAATTACTTTTACGCCATTTG 
MoTeR1_FH10L7 CCTAAACAATACGGATTGCTAATCTTGCGTAAAAGTACACAATTACTTTTACGCCATTTG 
MoTeR1_FH8F4 CCTAAACAATACGGATTGCTAATCTTGCGTAAAAGTACACAATTACTTTTACGCCATTTG 
MoTeR1_FH8F4-2 CCTAAACAATACGGATTGCTAATCTTGCGTAAAAGTACACAATTACTTTTACGCCATTTG 
 ************************************************************ 
  
MoTeR1_FH2A9 CTCCGTACTTTAAATTCCCAGGACCTGTGGGAATTATGGGAAAAAACAGATAAATTAATA 
MoTeR1_FH10L7 CTCCGTACTTTAAATTCCCAGGACCTGTGGGAATTATGGGAAAAAACAGATAAATTAATA 
MoTeR1_FH8F4 CTCCGTACTTTAAATTCCCAGGACCTGTGGGAATTATGGGAAAAAACAGATAAATTAATA 
MoTeR1_FH8F4-2 CTCCGTACTTTAAATTCCCAGGACCTGTGGGAATTATGGGAAAAAACAGATAAATTAATA 
 ************************************************************ 
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Figure S1 (cont.) 8 

MoTeR1_FH2A9 GCGGATTTCGTTATAAATTTAACTGTTACAAAACGGAAAAAACGGCCAATTACGGATTTC 
MoTeR1_FH10L7 GCGGATTTCGTTATAAATTTAACTGTTACAAAACGGAAAAAACGGCCAATTACGGATTTC 
MoTeR1_FH8F4 GCGGATTTCGTTATAAATTTAACTGTTACAAAACGGAAAAAACGGCCAATTACGGATTTC 
MoTeR1_FH8F4-2 GCGGATTTCGTTATAAATTTAACTGTTACAAAACGGAAAAAACGGCCAATTACGGATTTC 
 ************************************************************ 
  
MoTeR1_FH2A9 GTTACGCCGTTAATTACGTTACCTATAAAGGACGGAGGTTTTGGATTATTACGGCATAAC 
MoTeR1_FH10L7 GTTACGCCGTTAATTACGTTACCTATAAAGGACGGAGGTTTTGGATTATTACGGCATAAC 
MoTeR1_FH8F4 GTTACGCCGTTAATTACGTTACCTATAAAGGACGGAGGTTTTGGATTATTACGGCATAAC 
MoTeR1_FH8F4-2 GTTACGCCGTTAATTACGTTACCTATAAAGGACGGAGGTTTTGGATTATTACGGCATAAC 
 ************************************************************ 
  
MoTeR1_FH2A9 GGAATAGCCCAAGATATTTATTTTGCGGCCAAGGATTTAACAACCGAAATTCGGCACAAA 
MoTeR1_FH10L7 GGAATAGCCCAAGATATTTATTTTGCGGCCAAGGATTTAACAACCGAAATTCGGCACAAA 
MoTeR1_FH8F4 GGAATAGCCCAAGATATTTATTTTGCGGCCAAGGATTTAACAACCGAAATTCGGCACAAA 
MoTeR1_FH8F4-2 GGAATAGCCCAAGATATTTATTTTGCGGCCAAGGATTTAACAACCGAAATTCGGCACAAA 
 ************************************************************ 
  
MoTeR1_FH2A9 ATCCAACGTATATCCAACGATTTTCCACAAAATCAAAGCCCTACCGCCACCGAGATTTTG 
MoTeR1_FH10L7 ATCCAACGTATATCCAACGATTTTCCACAAAATCAAAGCCCTACCGCCACCGAGATTTTG 
MoTeR1_FH8F4 ATCCAACGTATATCCAACGATTTTCCACAAAATCAAAGCCCTACCGCCACCGAGATTTTG 
MoTeR1_FH8F4-2 ATCCAACGTATATCCAACGATTTTCCACAAAATCAAAGCCCTACCGCCACCGAGATTTTG 
 ************************************************************ 
  
MoTeR1_FH2A9 CATTTGTTGCATAACGGGGTTTTAGCAGATTGCAAAAACGGGTTAACAAACGCCCAATTA 
MoTeR1_FH10L7 CATTTGTTGCATAACGGGGTTTTAGCAGATTGCAAAAACGGGTTAACAAACGCCCAATTA 
MoTeR1_FH8F4 CATTTGTTGCATAACGGGGTTTTAGCAGATTGCAAAAACGGGTTAACAAACGCCCAATTA 
MoTeR1_FH8F4-2 CATTTGTTGCATAACGGGGTTTTAGCAGATTGCAAAAACGGGTTAACAAACGCCCAATTA 
 ************************************************************ 
  
MoTeR1_FH2A9 AACGCTTTAACCGAAAACGCTAGTTATTTAGGTCGAAAATGGCTTAACATTTTACCTATC 
MoTeR1_FH10L7 AACGCTTTAACCGAAAACGCTAGTTATTTAGGTCGAAAATGGCTTAACATTTTACCTATC 
MoTeR1_FH8F4 AACGCTTTAACCGAAAACGCTAGTTATTTAGGTCGAAAATGGCTTAACATTTTACCTATC 
MoTeR1_FH8F4-2 AACGCTTTAACCGAAAACGCTAGTTATTTAGGTCGAAAATGGCTTAACATTTTACCTATC 
 ************************************************************ 
  
MoTeR1_FH2A9 CAAAAATCAAATCGATTAACGGATTGGGAAATGGCTGAAGCCGTTCGATTAAGATTATTA 
MoTeR1_FH10L7 CAAAAATCAAATCGATTAACGGATTGGGAAATGGCTGAAGCCGTTCGATTAAGATTATTA 
MoTeR1_FH8F4 CAAAAATCAAATCGATTAACGGATTGGGAAATGGCTGAAGCCGTTCGATTAAGATTATTA 
MoTeR1_FH8F4-2 CAAAAATCAAATCGATTAACGGATTGGGAAATGGCTGAAGCCGTTCGATTAAGATTATTA 
 ************************************************************ 
  
MoTeR1_FH2A9 GCCCCGGTTAAACCGTTAACCCACCCCTGCAACCATTGCGGAAATCGGACCAATATAAAC 
MoTeR1_FH10L7 GCCCCGGTTAAACCGTTAACCCACCCCTGCAACCATTGCGGAAATCGGACCAATATAAAC 
MoTeR1_FH8F4 GCCCCGGTTAAACCGTTAACCCACCCCTGCAACCATTGCGGAAATCGGACCAATATAAAC 
MoTeR1_FH8F4-2 GCCCCGGTTAAACCGTTAACCCACCCCTGCAACCATTGCGGAAATCGGACCAATATAAAC 
 ************************************************************ 
  
MoTeR1_FH2A9 CACGAGGACGTTTGCAAAGGTGCCGTACGCAAATATACGGCCCGTCACGACCAAATAAAC 
MoTeR1_FH10L7 CACGAGGACGTTTGCAAAGGTGCCGTACGCAAATATACGGCCCGTCACGACCAAATAAAC 
MoTeR1_FH8F4 CACGAGGACGTTTGCAAAGGTGCCGTACGCAAATATACGGCCCGTCACGACCAAATAAAC 
MoTeR1_FH8F4-2 CACGAGGACGTTTGCAAAGGTGCCGTACGCAAATATACGGCCCGTCACGACCAAATAAAC 
 ************************************************************ 
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Figure S1 (cont.) 9 

  
MoTeR1_FH2A9 AGAAGTTTCGTCAATTCGTTAAAAAGTCGACCAGAAATCGACGTCGAAATCGAACCCGAT 
MoTeR1_FH10L7 AGAAGTTTCGTCAATTCGTTAAAAAGTCGACCAGAAATCGACGTCGAAATCGAACCCGAT 
MoTeR1_FH8F4 AGAAGTTTCGTCAATTCGTTAAAAAGTCGACCAGAAATCGACGTCGAAATCGAACCCGAT 
MoTeR1_FH8F4-2 AGAAGTTTCGTCAATTCGTTAAAAAGTCGACCAGAAATCGACGTCGAAATCGAACCCGAT 
 ************************************************************ 
  
MoTeR1_FH2A9 TTAAATAACGAAAATAACGTAAATAACGCCAATACAACCACCGAAAATCCCACCCCTAGC 
MoTeR1_FH10L7 TTAAATAACGAAAATAACGTAAATAACGCCAATACAACCACCGAAAATCCCACCCCTAGC 
MoTeR1_FH8F4 TTAAATAACGAAAATAACGTAAATAACGCCAATACAACCACCGAAAATCCCACCCCTAGC 
MoTeR1_FH8F4-2 TTAAATAACGAAAATAACGTAAATAACGCCAATACAACCACCGAAAATCCCACCCCTAGC 
 ************************************************************ 
  
MoTeR1_FH2A9 CCCAACGGCCAAAACGATACCGGATGCCTTTTTACAACCCCTATTCGCTCCGGGACCCGT 
MoTeR1_FH10L7 CCCAACGGCCAAAACGATACCGGATGCCTTTTTACAACCCCTATTCGCTCCGGGACCCGT 
MoTeR1_FH8F4 CCCAACGGCCAAAACGATACCGGATGCCTTTTTACAACCCCTATTCGCTCCGGGACCCGT 
MoTeR1_FH8F4-2 CCCAACGGCCAAAACGATACCGGATGCCTTTTTACAACCCCTATTCGCTCCGGGACCCGT 
 ************************************************************ 
  
MoTeR1_FH2A9 AACGGCCAAAACGGCCTTAGGGCGGATTTTGCCGTTATTAACGGCGTATCCAAATATTAT 
MoTeR1_FH10L7 AACGGCCAAAACGGCCTTAGGGCGGATTTTGCCGTTATTAACGGCGTATCCAAATATTAT 
MoTeR1_FH8F4 AACGGCCAAAACGGCCTTAGGGCGGATTTTGCCGTTATTAACGGCGTATCCAAATATTAT 
MoTeR1_FH8F4-2 AACGGCCAAAACGGCCTTAGGGCGGATTTTGCCGTTATTAACGGCGTATCCAAATATTAT 
 ************************************************************ 
  
MoTeR1_FH2A9 TACGACGTGCAAATCGTTGCAATTAATAAGGATTCCGGTAATACAAATCCGTTAAATACG 
MoTeR1_FH10L7 TACGACGTGCAAATCGTTGCAATTAATAAGGATTCCGGTAATACAAATCCGTTAAATACG 
MoTeR1_FH8F4 TACGACGTGCAAATCGTTGCAATTAATAAGGATTCCGGTAATACAAATCCGTTAAATACG 
MoTeR1_FH8F4-2 TACGACGTGCAAATCGTTGCAATTAATAAGGATTCCGGTAATACAAATCCGTTAAATACG 
 ************************************************************ 
  
MoTeR1_FH2A9 TTAGCAGACGCAGCAAATAACAAACGACGTAAATACCAATTTTTGGATCCATTTTTCCAT 
MoTeR1_FH10L7 TTAGCAGACGCAGCAAATAACAAACGACGTAAATACCAATTTTTGGATCCATTTTTCCAT 
MoTeR1_FH8F4 TTAGCAGACGCAGCAAATAACAAACGACGTAAATACCAATTTTTGGATCCATTTTTCCAT 
MoTeR1_FH8F4-2 TTAGCAGACGCAGCAAATAACAAACGACGTAAATACCAATTTTTGGATCCATTTTTCCAT 
 ************************************************************ 
  
MoTeR1_FH2A9 CCAATTATAATAAGCGCCGGAGGCCTTATGGAAAAGGATACAGCACAGGCGTACAAACAA 
MoTeR1_FH10L7 CCAATTATAATAAGCGCCGGAGGCCTTATGGAAAAGGATACAGCACAGGCGTACAAACAA 
MoTeR1_FH8F4 CCAATTATAATAAGCGCCGGAGGCCTTATGGAAAAGGATACAGCACAGGCGTACAAACAA 
MoTeR1_FH8F4-2 CCAATTATAATAAGCGCCGGAGGCCTTATGGAAAAGGATACAGCACAGGCGTACAAACAA 
 ************************************************************ 
  
MoTeR1_FH2A9 ATCCAAAAATTAATAGGCCCCGTTGCGGCCCATTGGTTGGATACGTCGATTTCGTTAATT 
MoTeR1_FH10L7 ATCCAAAAATTAATAGGCCCCGTTGCGGCCCATTGGTTGGATACGTCGATTTCGTTAATT 
MoTeR1_FH8F4 ATCCAAAAATTAATAGGCCCCGTTGCGGCCCATTGGTTGGATACGTCGATTTCGTTAATT 
MoTeR1_FH8F4-2 ATCCAAAAATTAATAGGCCCCGTTGCGGCCCATTGGTTGGATACGTCGATTTCGTTAATT 
 ************************************************************ 
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Figure S1 (cont.) 10 

MoTeR1_FH2A9 TTGTTACGGTCCAGAACGACGGCAGCAATTTCTATTGCTAAAAACCGCCCTCGTGCGTAA 
MoTeR1_FH10L7 TTGTTACGGTCCAGAACGACGGCAGCAATTTCTATTGCTAAAAACCGCCCTCGTGCGTAA 
MoTeR1_FH8F4 TTGTTACGGTCCAGAACGACGGCAGCAATTTCTATTGCTAAAAACCGCCCTCGTGCGTAA 
MoTeR1_FH8F4-2 TTGTTACGGTCCAGAACGACGGCAGCAATTTCTATTGCTAAAAACCGCCCTCGTGCGTAA 
 ************************************************************ 
  
MoTeR1_FH2A9 TAGGTAACGTCCCTATTTTTGTCTTTGGTTTTGTTTTTATCTTTGTTTTTGTTTTTGTTT 
MoTeR1_FH10L7 TAGGTAACGTCCCTATTTTTGTCTTTGGTTTTGTTTTTATCTTTGTTTTTGTTTTTGTTT 
MoTeR1_FH8F4 TAGGTAACGTCCCTATTTTTGTCTTTGGTTTTGTTTTTATCTTTGTTTTTGTTTTTGTTT 
MoTeR1_FH8F4-2 TAGGTAACGTCCCTATTTTTGTCTTTGGTTTTGTTTTTATCTTTGTTTTTGTTTTTGTTT 
 ************************************************************ 
  
MoTeR1_FH2A9 TCGTTTTTGTTTTTGTTTTCGTTTTTGTTTTTTTTTTTGTTTTTGTTTTTGTTTTTGCCT 
MoTeR1_FH10L7 TCGTTTTTGTTTTTGTTTTCGTTTTTGTTTTTTTTTTTGTTTTTGTTTTTGTTTTTGCCT 
MoTeR1_FH8F4 TCGTTTTTGTTTTTGTTTTCGTTTTTGTTTTTTTTTTTGTTTTTGTTTTTGTTTTTGCCT 
MoTeR1_FH8F4-2 TCGTTTTTGTTTTTGTTTTCGTTTTTGTTTTTTTTTTTGTTTTTGTTTTTGTTTTTGCCT 
 ************************************************************ 
  
MoTeR1_FH2A9 TTGTTTTTGTTTTTATCTTTATTTTTGTTTTTGTTTTTACTTTGTTTTATTTGTTTTATA 
MoTeR1_FH10L7 TTGTTTTTGTTTTTATCTTTATTTTTGTTTTTGTTTTTACTTTGTTTTATTTGTTTTATA 
MoTeR1_FH8F4 TTGTTTTTGTTTTTATCTTTATTTTTGTTTTTGTTTTTACTTTGTTTTATTTGTTTTATA 
MoTeR1_FH8F4-2 TTGTTTTTGTTTTTATCTTTATTTTTGTTTTTGTTTTTACTTTGTTTTATTTGTTTTATA 
 ************************************************************ 
  
MoTeR1_FH2A9 TTTACCTTTTGATTTTTTCTATTTTTCCCACCCTTATTATTATAACCCCAACCTACTAAT 
MoTeR1_FH10L7 TTTACCTTTTGATTTTTTCTATTTTTCCCACCCTTATTATTATAACCCCAACCTACTAAT 
MoTeR1_FH8F4 TTTACCTTTTGATTTTTTCTATTTTTCCCACCCTTATTATTATAACCCCAACCTACTAAT 
MoTeR1_FH8F4-2 TTTACCTTTTGATTTTTTCTATTTTTCCCACCCTTATTATTATAACCCCAACCTACTAAT 
 ************************************************************ 
  
MoTeR1_FH2A9 ATTTTTTCTTTTTTCTTTTTTCTTTTTACGGTTTTATTTTCCCGTTTGTTTTTTCTATTT 
MoTeR1_FH10L7 ATTTTTTCTTTTTTCTTTTTTCTTTTTACGGTTTTATTTTCCCGTTTGTTTTTTCTATTT 
MoTeR1_FH8F4 ATTTTTTCTTTTTTCTTTTTTCTTTTTACGGTTTTATTTTCCCGTTTGTTTTTTCTATTT 
MoTeR1_FH8F4-2 ATTTTTTCTTTTTTCTTTTTTCTTTTTACGGTTTTATTTTCCCGTTTGTTTTTTCTATTT 
 ************************************************************ 
  
MoTeR1_FH2A9 TATTTGTACGACAAAACCCTTAGCAAATAAGCTTAGAATATAATAAAGCGCGAATTAAAA 
MoTeR1_FH10L7 TATTTGTACGACAAAACCCTTAGCAAATAAGCTTAGAATATAATAAAGCGCGAATTAAAA 
MoTeR1_FH8F4 TATTTGTACGACAAAACCCTTAGCAAATAAGCTTAGAATATAATAAAGCGCGAATTAAAA 
MoTeR1_FH8F4-2 TATTTGTACGACAAAACCCTTAGCAAATAAGCTTAGAATATAATAAAGCGCGAATTAAAA 
 ************************************************************ 
  
MoTeR1_FH2A9 CCCTAACCCTAA 
MoTeR1_FH10L7 CCCTAACCCTAA 
MoTeR1_FH8F4 CCCTAACCCTAA 
MoTeR1_FH8F4-2 CCCTAACCCTAA 
 ************   
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 1 

FHTEL1 GAACCCGAACCC------AAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCC 
FHTEL9 GAACCCGAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCC 
FH8B21 GAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCC 
FH8B21-2 GAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCCAAACCC 
 ****** *****      ****************************************** 
 
FHTEL1 GAAGGGTTCCCAAGTCGCCTAAACCCGAAGGGTTTAGGATATTATTTCGTTTATTAGAAT 
FHTEL9 GAAGGGTTCCCAAGTCGCCTAAACCCGAAGGGTTTAGGATATTATTTCGTTTATTAGAAT 
FH8B21 GAAGGGTTCCCAAGTCGCCTAAACCCGAAGGGTTTAGGATATTATTTCGTTTATTAGAAT 
FH8B21-2 GAAGGGTTCCCAAGTCGCCTAAACCCGAAGGGTTTAGGATATTATTTCGTTTATTAGAAT 
  ************************************************************ 
 
FHTEL1 TGGATAATTATTTACCCCTGTTGGACAGGGGGGTTGCAGGGGTTAAATTAAGGTTTTTTA 
FHTEL9 TGGATAATTATTTACCCCTGTTGGACAGGGGGGTTGCAGGGGTTAAATTAAGGTTTTTTA 
FH8B21 TGGATAATTATTTACCCCTGTTGGACAGGGGGGTTGCAGGGGTTAAATTAAGGTTTTTTA 
FH8B21-2 TGGATAATTATTTACCCCTGTTGGACAGGGGGGTTGCAGGGGTTAAATTAAGGTTTTTTA 
 ************************************************************ 
 
FHTEL1 TTATTTATGCGCCGTTTATTTGTTTACCCCCCCAAATATTATAAAAGCGCGTTCCATCCT 
FHTEL9 TTATTTATGCGCCGTTTATTTGTTTACCCCCCCAAATATTATAAAAGCGCGTTCCATCCT 
FH8B21 TTATTTATGCGCCGTTTATTTGTTTACCCCCCCAAATATTATAAAAGCGCGTTCCATCCT 
FH8B21-2 TTATTTATGCGCCGTTTATTTGTTTACCCCCCCAAATATTATAAAAGCGCGTTCCATCCT 
 ************************************************************ 
 
FHTEL1 CTTAGGAAAAGCGAAGCTTTTCCTTGTAAAAGTCGCTAGACTTTTACTATAAAAGTCGCT 
FHTEL9 CTTAGGAAAAGCGAAGCTTTTCCTTGTAAAAGTCGCTAGACTTTTACTATAAAAGTCGCT 
FH8B21 TTTAGGAAAAGCGAAGCTTTTCCTTGTAAAAGTCGCTAGACTTTTACTATAAAAGTCGCT 
FH8B21-2 CTTAGGAAAAGCGAAGCTTTTCCTTGTAAAAGTCGCTAGACTTTTACTATAAAAGTCGCT 
 *********************************************************** 
 
FHTEL1 AGACTTTTATACCAATCTTTTAACAAAAAGCGTAGCTTTTTGTTGCCAATCTATTAAAAA 
FHTEL9 AGACTTTTATACCAATCTTTTAACAAAAAGCGTAGCTTTTTGTTGCCAATCTATTAAAAA 
FH8B21 AGACTTTTATACCAATCTTTTAACAAAAAGCGTAGCTTTTTGTTGCCAATCTATTAAAAA 
FH8B21-2 AGACTTTTATACCAATCTTTTAACAAAAAGCGTAGCTTTTTGTTGCCAATCTATTAAAAA 
 ************************************************************ 
 
FHTEL1 AAGCGGAGCTTTTTTTAACTTTTTCTTTTTTTTTTTTTTTTCTTTTTTTTTTTTTTTTTT 
FHTEL9 AAGCGGAGCTTTTTTTAACTTTTTCTTTTTTTTTTTTTTTTCTTTTTTTTTTTTTTTTTT 
FH8B21 AAGCGGAGCTTTTTTTAACTTTTTCTTTTTTTTTTTTTTTTCTTTTTTTTTTTTTTTTTT 
FH8B21-2 AAGCGGAGCTTTTTTTAACTTTTTCTTTTTTTTTTTTTTTTCTTTTTTTTTTTTTTTTTT 
 ************************************************************ 
 
FHTEL1 CTTTTTTTTTTTTTTTTTTTTTTATATATATTATTATTATTATTATTAGCGGTGGGGCTA 
FHTEL9 CTTTTTTTTTTTTTTTTTTTTTTATATATATTATTATTATTATTATTAGCGGTGGGGCTA 
FH8B21 CTTTTTTTTTTTTTTTTTTTTTTATATATATTATTATTATTATTATTAGCGGTGGGGCTA 
FH8B21-2 CTTTTTTTTTTTTTTTTTTTTTTATATATATTATTATTATTATTATTAGCGGTGGGGCTA 
 ************************************************************ 
 
Figure S2.  Multiple alignment of MoTeR2 copies present in the genome of strain FH.  
Alignments were performed using the Clustalw2 program as described in Figure S1 
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Figure S2 (cont.) 
 

2 

FHTEL1 TTTATGCGCTTTAATTTGTGCGGGGCTATTTATGCGCTTTAATTTGTGCGGGGCTATTAA 
FHTEL9 TTTATGCGCTTTAATTTGTGCGGGGCTATTTATGCGCTTTAATTTGTGCGGGGCTATTAA 
FH8B21 TTTATGCGCTTTAATTTGTGCGGGGCTATTTATGCGCTTTAATTTGTGCGGGGCTATTAA 
FH8B21-2 TTTATGCGCTTTAATTTGTGCGGGGCTATTTATGCGCTTTAATTTGTGCGGGGCTATTAA 
 ************************************************************ 
 
FHTEL1 TGCGCTTTAACTTTACAAATTTTATTTATGCGCTTTAATTGCTGCGGGCCTGTTAATGCG 
FHTEL9 TGCGCTTTAACTTTACAAATTTTATTTATGCGCTTTAATTGCTGCGGGCCTGTTAATGCG 
FH8B21 TGCGCTTTAACTTTACAAATTTTATTTATGCGCTTTAATTGCTGCGGGCCTGTTAATGCG 
FH8B21-2 TGCGCTTTAACTTTACAAATTTTATTTATGCGCTTTAATTGCTGCGGGCCTGTTAATGCG 
 ************************************************************ 
 
FHTEL1 CTTTAATTTACAAATTTCATTAATGCGCTTTAACTTTTATATTTACTAATGCGTTATTTA 
FHTEL9 CTTTAATTTACAAATTTCATTAATGCGCTTTAACTTTTATATTTACTAATGCGTTATTTA 
FH8B21 CTTTAATTTACAAATTTCATTAATGCGCTTTAACTTTTATATTTACTAATGCGTTATTTA 
FH8B21-2 CTTTAATTTACAAATTTCATTAATGCGCTTTAACTTTTATATTTACTAATGCGTTATTTA 
 ************************************************************ 
 
FHTEL1 TATAATTGCTATTATTATCGTTGCTATTATTATTATTGCTATTATTATCGTTATTATTAT 
FHTEL9 TATAATTGCTATTATTATCGTTGCTATTATTATTATTGCTATTATTATCGTTATTATTAT 
FH8B21 TATAATTGCTATTATTATCGTTGCTATTATTATTATTGCTATTATTATCGTTATTATTAT 
FH8B21-2 TATAATTGCTATTATTATCGTTGCTATTATTATTATTGCTATTATTATCGTTATTATTAT 
 ************************************************************ 
 
FHTEL1 TGCAATTTTATTATATAAACCCTCGTTTGTCCCTCGATTTATCCCGTTTCTTTTCCATCC 
FHTEL9 TGCAATTTTATTATATAAACCCTCGTTTGTCCCTCGATTTATCCCGTTTCTTTTCCATCC 
FH8B21 TGCAATTTTATTATATAAACCCTCGTTTGTCCCTCGATTTATCCCGTTTCTTTTCCATCC 
FH8B21-2 TGCAATTTTATTATATAAACCCTCGTTTGTCCCTCGATTTATCCCGTTTCTTTTCCATCC 
 ************************************************************ 
 
FHTEL1 CATCGCGCGTTTTCGTAAGCTTTGGTTTTCGTAGGATTTGCTTTCGTAGGCTTTGCTTTC 
FHTEL9 CATCGCGCGTTTTCGTAAGCTTTGGTTTTCGTAGGATTTGCTTTCGTAGGCTTTGCTTTC 
FH8B21 CATCGCGCGTTTTCGTAAGCTTTGGTTTTCGTAGGATTTGCTTTCGTAGGCTTTGCTTTC 
FH8B21-2 CATCGCGCGTTTTCGTAAGCTTTGGTTTTCGTAGGATTTGCTTTCGTAGGCTTTGCTTTC 
 ************************************************************ 
 
FHTEL1 GTAGGCTTTCGTCAGCTTTTACCTGCTTTTTTACCTGCTTTTATCACTTGTTTTTATTTC 
FHTEL9 GTAGGCTTTCGTCAGCTTTTACCTGCTTTTTTACCTGCTTTTATCACTTGTTTTTATTTC 
FH8B21 GTAGGCTTTCGTCAGCTTTTACCTGCTTTTTTACCTGCTTTTATCACTTGTTTTTATTTC 
FH8B21-2 GTAGGCTTTCGTCAGCTTTTACCTGCTTTTTTACCTGCTTTTATCACTTGTTTTTATTTC 
 ************************************************************ 
 
FHTEL1 CCTTTTACTTTCCCTTTACCTGTTTCACAGGTATTTATTATGGATTTATTTATAAACCCC 
FHTEL9 CCTTTTACTTTCCCTTTACCTGTTTCACAGGTATTTATTATGGATTTATTTATAAACCCC 
FH8B21 CCTTTTACTTTCCCTTTACCTGTTTCACAGGTATTTATTATGGATTTATTTATAAACCCC 
FH8B21-2 CCTTTTACTTTCCCTTTACCTGTTTCACAGGTATTTATTATGGATTTATTTATAAACCCC 
 ************************************************************ 
 
FHTEL1 CCAAACCCAACCCCCGACCTCGACCCCGACCCTGATCCGGACCCCGACCCTGACCCGGAT 
FHTEL9 CCAAACCCAACCCCCGACCTCGACCCCGACCCTGATCCGGACCCCGACCCTGACCCGGAT 
FH8B21 CCAAACCCAACCCCCGACCTCGACCCCGACCCTGATCCGGACCCCGACCCTGACCCGGAT 
FH8B21-2 CCAAACCCAACCCCCGACCTCGACCCCGACCCTGATCCGGACCCCGACCCTGACCCGGAT 
 ************************************************************ 
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Figure S2 (cont.) 
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FHTEL1 CCCTATCCAAATATTAACGCCGCCGTCGATTCGTCCCGCCAAAAATCAAATATATATATC 
FHTEL9 CCCTATCCAAATATTAACGCCGCCGTCGATTCGTCCCGCCAAAAATCAAATATATATATC 
FH8B21 CCCTATCCAAATATTAACGCCGCCGTCGATTCGTCCCGCCAAAAATCAAATATATATATC 
FH8B21-2 CCCTATCCAAATATTAACGCCGCCGTCGATTCGTCCCGCCAAAAATCAAATATATATATC 
 ************************************************************ 
 
FHTEL1 GATTTAAATTCCAAATTTAATTCGGTTAACCCCCGGTATATTAAAGTCGCTAAAAAATCC 
FHTEL9 GATTTAAATTCCAAATTTAATTCGGTTAACCCCCGGTATATTAAAGTCGCTAAAAAATCC 
FH8B21 GATTTAAATTCCAAATTTAATTCGGTTAACCCCCGGTATATTAAAGTCGCTAAAAAATCC 
FH8B21-2 GATTTAAATTCCAAATTTAATTCGGTTAACCCCCGGTATATTAAAGTCGCTAAAAAATCC 
 ************************************************************ 
 
FHTEL1 TGGAATATACGTGCCTTTTTAAAACAACTTTTTGCCGTCCCTATCCAGATAACATGGTTT 
FHTEL9 TGGAATATACGTGCCTTTTTAAAACAACTTTTTGCCGTCCCTATCCAGATAACATGGTTT 
FH8B21 TGGAATATACGTGCCTTTTTAAAACAACTTTTTGCCGTCCCTATCCAGATAACATGGTTT 
FH8B21-2 TGGAATATACGTGCCTTTTTAAAACAACTTTTTGCCGTCCCTATCCAGATAACATGGTTT 
 ************************************************************ 
 
FHTEL1 TTTAGCAATGTTATTATCCACGGGTTTACCAATTCTATATTTGGTATTTATTCGATTTAT 
FHTEL9 TTTAGCAATGTTATTATCCACGGGTTTACCAATTCTATATTTGGTATTTATTCGATTTAT 
FH8B21 TTTAGCAATGTTATTATCCACGGGTTTACCAATTCTATATTTGGTATTTATTCGATTTAT 
FH8B21-2 TTTAGCAATGTTATTATCCACGGGTTTACCAATTCTATATTTGGTATTTATTCGATTTAT 
 ************************************************************ 
 
FHTEL1 TTATTCGATTTTAACCCCCGATTTCGACCGACTATTATCGATTTATTACGCCAAAAGTCC 
FHTEL9 TTATTCGATTTTAACCCCCGATTTCGACCGACTATTATCGATTTATTACGCCAAAAGTCC 
FH8B21 TTATTCGATTTTAACCCCCGATTTCGACCGACTATTATCGATTTATTACGCCAAAAGTCC 
FH8B21-2 TTATTCGATTTTAACCCCCGATTTCGACCGACTATTATCGATTTATTACGCCAAAAGTCC 
 ************************************************************ 
 
FHTEL1 AGCAAATATACCGATTTAAATCCCGAATTTGAATTGGCTAACCCCCTGCATATTAAATTG 
FHTEL9 AGCAAATATACCGATTTAAATCCCGAATTTGAATTGGCTAACCCCCTGCATATTAAATTG 
FH8B21 AGCAAATATACCGATTTAAATCCCGAATTTGAATTGGCTAACCCCCTGCATATTAAATTG 
FH8B21-2 AGCAAATATACCGATTTAAATCCCGAATTTGAATTGGCTAACCCCCTGCATATTAAATTG 
 ************************************************************ 
 
FHTEL1 GCTGAAAAATCCTGGAATATACGTGCCTTTCTAAAACAACTTTTTGCCGTCCCTATCCAG 
FHTEL9 GCTGAAAAATCCTGGAATATACGTGCCTTTCTAAAACAACTTTTTGCCGTCCCTATCCAG 
FH8B21 GCTGAAAAATCCTGGAATATACGTGCCTTTCTAAAACAACTTTTTGCCGTCCCTATCCAG 
FH8B21-2 GCTGAAAAATCCTGGAATATACGTGCCTTTCTAAAACAACTTTTTGCCGTCCCTATCCAG 
 ************************************************************ 
 
FHTEL1 ATAACATGGTTTTTTAGCAATATTTCTATCCTCAGGGTTAACCAATTTTATATTTGGTAT 
FHTEL9 ATAACATGGTTTTTTAGCAATATTTCTATCCTCAGGGTTAACCAATTTTATATTTGGTAT 
FH8B21 ATAACATGGTTTTTTAGCAATATTTCTATCCTCAGGGTTAACCAATTTTATATTTGGTAT 
FH8B21-2 ATAACATGGTTTTTTAGCAATATTTCTATCCTCAGGGTTAACCAATTTTATATTTGGTAT 
 ************************************************************ 
 
FHTEL1 TTATTCGATTTATTTATTGGATTTAATCCGCTAAATAAATTGTTAATCCGTTAATTATAT 
FHTEL9 TTATTCGATTTATTTATTGGATTTAATCCGCTAAATAAATTGTTAATCCGTTAATTATAT 
FH8B21 TTATTCGATTTATTTATTGGATTTAATCCGCTAAATAAATTGTTAATCCGTTAATTATAT 
FH8B21-2 TTATTCGATTTATTTATTGGATTTAATCCGCTAAATAAATTGTTAATCCGTTAATTATAT 
 ************************************************************ 
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Figure S2 (cont.) 
 

4 

FHTEL1 TGGAATTAATCCCCGAAAGAGGACCAACCCAATATATATTCCGATAGGGAATTTTTTCTT 
FHTEL9 TGGAATTAATCCCCGAAAGAGGACCAACCCAATATATATTCCGATAGGGAATTTTTTCTT 
FH8B21 TGGAATTAATCCCCGAAAGAGGACCAACCCAATATATATTCCGATAGGGAATTTTTTCTT 
FH8B21-2 TGGAATTAATCCCCGAAAGAGGACCAACCCAATATATATTCCGATAGGGAATTTTTTCTT 
 ************************************************************ 
 
FHTEL1 TTTCTTTTTTCTTTTTTTTTACGGGTTTATTTTTTTCTACCCTATTTGTACGACAAAACC 
FHTEL9 TTTCTTTTTTCTTTTTTTT-ACGGGTTTATTTTTT-CTACCCTATTTGTACGACAAAACC 
FH8B21 TTTCTTTTTTCTTTTTTTT-ACGGGTTTATTTTTT-CTACCCTATTTGTACGACAAAACC 
FH8B21-2 TTTCTTTTTTCTTTTTTTT-ACGGGTTTATTTTTT-CTACCCTATTTGTACGACAAAACC 
 ******************* *************** ************************  
 
FHTEL1 CTTAGCAAATAAGCTTAGAATATAATAAAGCGCGAATTAAAA 
FHTEL9 CTTAGCAAATAAGCTTAGAATATAATAAAGCGCGAATTAAAA 
FH8B21 CTTAGCAAATAAGCTTAGAATATAATAAAGCGCGAATTAAAA 
FH8B21-2 CTTAGCAAATAAGCTTAGAATATAATAAAGCGCGAATTAAAA 
 ****************************************** 
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Figure	
  S3	
  	
  	
  Phylogenetic	
  placement	
  of	
  MoTeR1	
  based	
  on	
  reverse	
  transcriptase	
  and	
  REL-­‐domain	
  alignments.	
  A)	
  based	
  on	
  RT	
  
protein	
  sequences;	
  B)	
  based	
  on	
  REL-­‐domain	
  sequences.	
  Evolutionary	
  histories	
  were	
  inferred	
  using	
  the	
  Neighbor-­‐Joining	
  method	
  
(Saitou	
  and	
  Nei	
  1987).	
  Shown	
  are	
  bootstrap	
  consensus	
  trees	
  inferred	
  from	
  1000	
  replicates.	
  Evolutionary	
  distances	
  are	
  in	
  the	
  
units	
  of	
  the	
  number	
  of	
  amino	
  acid	
  substitutions	
  per	
  site.	
  The	
  sources	
  of	
  sequences	
  included	
  in	
  the	
  analysis	
  are	
  listed	
  in	
  Table	
  
S3.	
  For	
  A),	
  branches	
  corresponding	
  to	
  partitions	
  reproduced	
  in	
  less	
  than	
  50%	
  bootstrap	
  replicates	
  were	
  collapsed.	
  There	
  were	
  a	
  
total	
  of	
  485	
  positions	
  in	
  the	
  final	
  dataset.	
  For	
  B),	
  the	
  percentage	
  of	
  replicate	
  trees	
  in	
  which	
  the	
  associated	
  sequences	
  clustered	
  
together	
  in	
  the	
  bootstrap	
  test	
  (1000	
  replicates)	
  are	
  shown	
  next	
  to	
  each	
  node.	
  There	
  were	
  a	
  total	
  of	
  66	
  positions	
  in	
  the	
  final	
  
dataset.	
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A) LpKYTEL2   *[CCCTAA]16([CCCAAA]7CCCGAA..MoTeR1..AATTAAAA)CCCTTTCCCGG 
                                  1 

 

B) LpKYTEL3 *[CCCTAA]18([CCCGAA]2[CCCAAA]8CCCGAA..MoTeR1..AATTAAAA)CCCTAACCCTAAGACTTG 
         1 

 

C) LpKYTEL4-1   *[CCCTAA]30([CCCAAA]8CCCGAA..MoTeR1..AATTAAAA)CCCTAA(GTTTTCGTTTTT 
         1         4888 

 

D) LpKYTEL4-2  AATTAAAA)CCCTAA(GTTTTCGTTT..tMoTeR1..AATTAAGA)CCCTAAGAACCAGGGAT 
             4888 

 
E) FH10L7    AATTAAAA)CCCTAA([CCCGAA]2[CCCAAA]8..MoTeR1..AATTAAAA)CCCTAACCCTAA(CGCCCAATT 
                       1           3882 

 

F) FH8F4     AATTAAAA)CCCTAA([CCCGAA]2[CCCAAA]8..MoTeR1..AATTAAAA)CCCTAACCCTAAGACTTGAAT 
                       1 

 

G) FH8B21     AATTAAAA)CCC(TAACCCCAA..tMoTeR1..AATTAAAA)CCCTAACCCTAACTTCCATTG 
           4894 

  

H) FH2A9      AATTAAAA)CCC(AAAATAACC..tMoTeR1..AATTAAAA)CCCTAACCCTAA(GGATCC 
           2498         1017(tMoTeR2) 

 

I) FH2G17 AATTAAAA)CCCTAACCCTAACCC(TTGTTTTTG..tMoTeR1..AATTAAAA)CCCTAACCCTACCCTGCA 
           4774 

 

 

 

Figure S4.  Sequences flanking MoTeR1 insertions.  Shown are nine representative 5’ and 3’ insertion junction pairs.  The MoTeRs 

are oriented 5’ to 3,’ left to right.  MoTeR sequences are delimited by parentheses and are highlighted using boldface italics.   

Asterisks indicate terminal telomere repeat arrays.  MoTeRs with 5’ truncations are listed as “tMoTeR” and the position of the 

truncation is listed below the relevant border. Telomere repeats are underlined.  On the left are the IDs of the clones that contain the 

respective junctions.  Suffixes represent different MoTeR copies within an individual clone. 

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Figure	
  S4	
  	
  	
  Sequences	
  flanking	
  MoTeR1	
  insertions.	
  Shown	
  are	
  nine	
  representative	
  5’	
  and	
  3’	
  insertion	
  junction	
  pairs.	
  The	
  MoTeRs	
  
are	
  oriented	
  5’	
  to	
  3,’	
  left	
  to	
  right.	
  MoTeR	
  sequences	
  are	
  delimited	
  by	
  parentheses	
  and	
  are	
  highlighted	
  using	
  boldface	
  italics.	
  
Asterisks	
  indicate	
  terminal	
  telomere	
  repeat	
  arrays.	
  MoTeRs	
  with	
  5’	
  truncations	
  are	
  listed	
  as	
  “tMoTeR”	
  and	
  the	
  position	
  of	
  the	
  
truncation	
  is	
  listed	
  below	
  the	
  relevant	
  border.	
  Telomere	
  repeats	
  are	
  underlined.	
  On	
  the	
  left	
  are	
  the	
  IDs	
  of	
  the	
  clones	
  that	
  
contain	
  the	
  respective	
  junctions.	
  Suffixes	
  represent	
  different	
  MoTeR	
  copies	
  within	
  an	
  individual	
  clone.	
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Table	
  S1	
  	
  	
  Magnaporthe	
  isolates	
  used	
  in	
  this	
  study	
  

Isolate	
  	
   Host	
   Year	
   Place	
  of	
  Isolation	
   Source	
  

TFGGA	
   Festuca	
  arundinea	
   1997	
   Georgia	
   W.	
  Uddin/L.	
  Burpee	
  

TFRGA	
   “	
   1997	
   Georgia	
   W.	
  Uddin/L.	
  Burpee	
  

PL1	
   Lolium	
  multiflorum	
   2003	
   Pulaski	
  Co.,	
  KY	
   P.	
  Vincelli	
  

PL2	
   “	
   2003	
   Pulaski	
  Co.,	
  KY	
   “	
  

PL3	
   “	
   2003	
   Pulaski	
  Co.,	
  KY	
  	
   “	
  

CHRF	
   Lolium	
  perenne	
   1995	
   Cherry	
  Hill,	
  MD	
   P.	
  Dernoeden	
  

CHW	
   “	
   1995	
   Severna	
  Park,	
  MD	
   “	
  

CPMD	
   “	
   2001	
   MD	
   P.	
  Dernoeden	
  

FH	
   “	
   1996	
   Hagerstown,	
  MD	
   “	
  

GG9	
   	
   1997	
   	
   “	
  

GG13	
   “	
   1997	
   Lexington,	
  KY	
   M.	
  Farman/P.	
  Vincelli	
  

HO	
   “	
   1996	
   Hanover,	
  PA	
   P.	
  Dernoeden	
  

IN0106	
   “	
   2001	
   Bloomington,	
  IN	
   R.	
  Latin	
  

IN0107	
   “	
   2001	
   Franklin,	
  IN	
   “	
  

KS320	
   “	
   1996	
   Manhattan,	
  KS	
   N.	
  Tisserat	
  

KS330	
   “	
   1996	
   Salina,	
  KS	
   “	
  

KS331	
   “	
   1996	
   Salina,	
  KS	
   “	
  

LES2	
   “	
   2003	
   Lexington,	
  KY	
   M.	
  Farman	
  

LES3	
   “	
   2003	
   “	
   “	
  

LpKY96-­‐1	
   “	
   1996	
   Lexington,	
  KY	
   P.	
  Vincelli	
  

LpKY97-­‐1	
   “	
   1997	
   Lexington,	
  KY	
   “	
  

LpMS97-­‐1	
   “	
   1997	
   MS	
   M.	
  Tomaso-­‐Peterson/L.	
  Trevathan	
  

LpOH1	
   “	
   1997	
   OH	
   J.	
  Rimelspach	
  

LpOH3	
   “	
   1997	
   OH	
   “	
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Isolate	
  	
   Host	
   Year	
   Place	
  of	
  Isolation	
   Source	
  

LpOH1	
   “	
   1997	
   OH	
   J.	
  Rimelspach	
  

LpOH3	
   “	
   1997	
   OH	
   “	
  

LpRI00-­‐1	
   “	
   2001	
   	
   N.	
  Jackson	
  

LpRI00-­‐2	
   “	
   2001	
   	
   “	
  

RGNJ	
   “	
   1996	
   Lawrenceville,	
  NJ	
   S.	
  Vaiciunas/B.	
  Clarke	
  

WF9722	
   “	
   1997	
   Bloomington,	
  IL	
   H.	
  Wilkinson	
  

WF9723	
   “	
   1997	
   “	
   “	
  

WF9724	
   “	
   1997	
   “	
   “	
  

70-­‐15	
   (laboratory	
  strain	
  –	
  Oryza	
  sativa)	
   	
   	
   A.	
  Ellingboe	
  

340-­‐2	
   “	
   	
   	
   “	
  

89L32	
   Oryza	
  sativa	
   1989	
   LA	
   “	
  

91L5	
   “	
   1991	
   LA	
   “	
  

90T8	
   “	
   1991	
   TX	
   “	
  

92345	
   “	
   1992	
   “	
   “	
  

CD128	
   “	
   1993	
   China	
   D.Tharreau	
  

IN17	
   “	
   1986	
   India	
   “	
  

ML33	
   “	
   1993	
   Mali	
   A.	
  Ellingboe	
  

O-­‐135	
   “	
   1985	
   China	
   B.	
  Valent	
  

O-­‐219	
   “	
   	
   Ivory	
  Coast	
   S.	
  Kang	
  

O-­‐312	
   Oryza	
  glaberrima	
   	
   Cameroon	
   “	
  

O-­‐314	
   “	
   	
   Senegal	
   “	
  

O-­‐315	
   Oryza	
  longistaminata	
   	
   Cameroon	
   “	
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Table	
  S2	
  	
  	
  Sequences	
  of	
  primers	
  used	
  in	
  this	
  study	
  

Primer	
   Sequence	
  5’	
  to	
  3’	
   Probe	
   PositionA	
  

TelomereF	
   TTAGGGTTAGGGTTAGGG	
   Telomere	
   n/a	
  

TelomereR	
   CCCTAACCCTAACCC	
   Telomere	
   n/a	
  

MoTeR1001F	
   TCCCGGCCAATAGACGAA	
   MoTER1	
  RT	
   2591-­‐2574	
  

MoTeR1001R	
   CGTTAAAAGACCAGCACGAC	
   MoTER1	
  RT	
   2036-­‐2055	
  

MoTER1002R	
   AGGGACGTTACCTATTACG	
   MoTER1(3’)	
   4685-­‐4667	
  

MoTER1002F	
   TAACGCCAATACAACCACC	
   MoTER1(3’)	
   4215-­‐4234	
  

MoTeR2002R	
   TTGGTTAACCCTGAGGATAGAA	
   MoTER2	
   1485-­‐1464	
  

MoTeR2002F	
   AATATTAACGCCGCCGTC	
   MoTER2	
   1030-­‐1047	
  

A	
  Position	
  within	
  the	
  respective	
  MoTeR	
  sequences.
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Table	
  S3	
  	
  	
  Protein	
  sequences	
  used	
  in	
  the	
  phylogenetic	
  analysis	
  of	
  MoTeR1	
  

Name	
   Organism	
   Genbank	
  Accession	
   Reference	
   Pubmed	
  ref	
  

Bilbo	
   Drosophila	
  subobscura	
   AAB92389.1	
   (Blesa	
  and	
  Martinez-­‐Sebastian	
  1997)	
   9364772	
  

CR1	
   Gallus	
  gallus	
   AAA49027.1	
   (Burch	
  et	
  al.	
  1993)	
   8396264	
  

Doc	
   Drosophila	
  melanogaster	
   CAA35587.1	
   (O'hare	
  et	
  al.	
  1991)	
   1705654	
  

F	
   Drosophila	
  melanogaster	
   AAA28508	
   (Di	
  Nocera	
  and	
  Casari	
  1987)	
   2441397	
  

Jockey	
   Drosophila	
  funebris	
   P21329	
   (Mizrokhi	
  and	
  Mazo	
  1990)	
   1701254	
  

Juan	
   Aedes	
  aegypti	
   AAA29354.1	
   (Mouches	
  et	
  al.	
  1992)	
   1327974	
  

Lian	
   Aedes	
  aegypti	
   AAB65093.1	
   (Tu	
  et	
  al.	
  1998)	
   9656485	
  

MGR583	
   Magnaporthe	
  grisea	
   AAB71689.1	
   (Meyn	
  et	
  al.)	
  	
  

(Nishimura	
  et	
  al.	
  2000)	
  

	
  

10939262	
  

NeSL1(Cb)	
   Caenorhabditis	
  briggsae	
   AAZ15238.1	
   (Novikova	
  and	
  Blinov	
  2005)	
   	
  

NeSL1(Ce)	
   Caenorhabditis	
  elegans	
   T25782	
   (Bradshaw	
  1996)	
   	
  

NLR1	
   Chironomus	
  thummi	
   AAB26437.2	
   (Blinov	
  et	
  al.	
  1993)	
   8387152	
  

Q	
   Anopheles	
  gambiae	
   AAA53489.1	
   (Besansky	
  et	
  al.	
  1994)	
   8069416	
  

R1(Bm)	
   Bombyx	
  mori	
   AAC13649.1	
   (Xiong	
  and	
  Eickbush	
  1988)	
   2447482	
  

R1(Dm)	
   Drosophila	
  melanogaster	
   P16425.1	
   (Jakubczak	
  et	
  al.	
  1990)	
   1690812	
  

RT1	
   Anopheles	
  gambiae	
   AAA29363	
   (Besansky	
  et	
  al.	
  1992)	
   1328871	
  

RT2	
   Anopheles	
  gambiae	
   AAA29365.1	
   (Besansky	
  et	
  al.	
  1992)	
   1328871	
  

SART1	
   Bombyx	
  mori	
   BAA19776.1	
   (Takahashi	
  et	
  al.	
  1997)	
   9092665	
  

SR1	
   Schistosoma	
  mansoni	
   AAC06263.1	
   (Drew	
  and	
  Brindley	
  1997)	
   9190061	
  

Tad1	
   Neurospora	
  crassa	
   AAA21792.1	
   (Cambareri	
  et	
  al.	
  1994)	
   7512193	
  

TAHRE	
   Drosophila	
  melanogaster	
   CAD65869.1	
   (Abad	
  et	
  al.	
  2004)	
   15175413	
  

TART-­‐B1	
   Drosophila	
  melanogaster	
   T13173	
   (Sheen	
  and	
  Levis	
  1994)	
  	
   7809068	
  

TRAS	
   Bombyx	
  mori	
   BAA07467.1	
   (Okazaki	
  et	
  al.	
  1995)	
   7623845	
  

Dong	
   Bombyx	
  mori	
   AAA92147	
   (Xiong	
  and	
  Eickbush	
  1993)	
   8385316	
  

L1(clf)	
   Canis	
  lupus	
  familiaris	
   BAA25253.1	
   (Choi	
  et	
  al.	
  1999)	
   10050284	
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Name	
   Organism	
   Genbank	
  Accession	
   Reference	
   Pubmed	
  ref	
  

L1(h)	
   Homo	
  sapiens	
   AAC51276.1	
   (Sassaman	
  et	
  al.	
  1997)	
   9140393	
  

L1(mm)	
   Mus	
  musculus	
   P11369.2	
   (Loeb	
  et	
  al.	
  1986)	
   3023821	
  

R2(Bm)	
   Bombyx	
  mori	
   T18197	
   (Burke	
  et	
  al.	
  1987)	
   2439905	
  

R2(Dm)	
   Drosophila	
  mercatorum	
   AAB94032.1	
   (Malik	
  and	
  Eickbush	
  1999)	
   9927458	
  

R4	
   Ascaris	
  lumbricoides	
   S60004	
   (Burke	
  et	
  al.	
  1995)	
   8524653	
  

Swimmer	
  [SW1]	
   Oryzias	
  latipes	
   AAD02928.1	
   (Duvernell	
  and	
  Turner	
  1998)	
   9866212	
  

TX1	
   Xenopus	
  laevis	
   P14381.1	
   (Garrett	
  et	
  al.	
  1989)	
   2550791	
  

ZEPP	
   Chlorella	
  vulgaris	
   BAA25763	
   (Higashiyama	
  et	
  al.	
  1997)	
   9218812	
  

Zorro1	
   Candida	
  albicans	
  SC5314	
   XP_710131.1	
   (Jones	
  et	
  al.	
  2004)	
   15123810	
  

Zorro3	
   Candida	
  albicans	
  SC5314	
   XP_710326.1	
   (Jones	
  et	
  al.	
  2004)	
   15123810	
  

Cnl1	
   Cryptococcus	
  neoformans	
  var.	
  neoformans	
  

JEC21	
  

XP_567259.1	
   (Goodwin	
  and	
  Poulter	
  2001)	
   11427969	
  

CRE1	
   Crithidia	
  fasciculata	
   AAA75435.2	
   (Gabriel	
  et	
  al.	
  1990)	
   2153919	
  

CZAR	
   Trypanosoma	
  cruzi	
   B41950	
   (Villanueva	
  et	
  al.	
  1991)	
   1719380	
  

FoNLR9	
   Fusarium	
  oxysporium	
   N/A	
   (Novikova	
  et	
  al.	
  2009)	
   18677522	
  

Genie	
   Giardia	
  intestinalis	
   AAL76330.1	
   (Burke	
  et	
  al.	
  2002)	
   11961096	
  

GIlT	
   Giardia	
  intestinalis	
   ABB04054.1	
   (Prabhu	
  et	
  al.	
  2007)	
   17275000	
  

MoTER1	
   Magnaporthe	
  oryzae	
   N/A	
   Current	
  Paper	
   	
  

SLACS1	
   Trypanosoma	
  brucei	
   XP_827644.1	
   (Berriman	
  et	
  al.	
  2005)	
   16020726	
  

Colg2	
   mitochondrion	
  Podospora	
  anserine	
   CAA38781.1	
   (Cummings	
  et	
  al.	
  1985)	
   2997455	
  

CoxI	
   mitochondrion	
  Marchantia	
  polymorpha	
   AAC09454.1	
   (Oda	
  et	
  al.	
  1992)	
   1731062	
  

Ec107	
   Escherichia	
  coli	
   CAA44468.1	
   (Herzer	
  et	
  al.	
  1992)	
   1372675	
  

ECO157	
   Escherichia	
  coli	
  O157:H7	
  str.	
  Sakai]	
   NP_052642.1	
   (Makino	
  et	
  al.	
  1998)	
   9628576	
  

Mx162	
   Myxococcus	
  xanthus	
   P23072.1	
   (Inouye	
  et	
  al.	
  1989)	
   2465092	
  

Mx65	
   Myxococcus	
  xanthus	
   P23071.1	
   (Inouye	
  et	
  al.	
  1990)	
   1689062	
  

Pstso	
   chloroplast	
  Scenedesmus	
  obliquus	
   P19593.1	
   (Kuck	
  1989)	
   2476655	
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Name	
   Organism	
   Genbank	
  Accession	
   Reference	
   Pubmed	
  ref	
  

RET(Ec)	
   Escherichia	
  coli	
   CAA78293.1	
   (Lim	
  1992)	
   1282191	
  

RT67	
   Escherichia	
  coli	
   P21325.1	
   (Lampson	
  et	
  al.	
  1989)	
   2466332	
  

RT86	
   Escherichia	
  coli	
   P23070.1	
   (Lim	
  and	
  Maas	
  1989)	
   2466573	
  

1731	
   Drosophila	
  melanogaster	
   S00954	
   (Fourcade-­‐Peronnet	
  et	
  al.	
  1988)	
   2456522	
  

RETRO5	
   Magnaporthe	
  oryzae	
   N\A	
   (Dean	
  et	
  al.	
  2005)	
   15846337	
  

Ta1-­‐2	
   Arabidopsis	
  thaliana	
   CAA37920.1	
   (Konieczny	
  et	
  al.	
  1991)	
   1709409	
  

TNT1	
   Nicotiana	
  tabacum	
   P10978.1	
   (Grandbastien	
  et	
  al.	
  1989)	
   2536143	
  

TY1	
   Saccharomyces	
  cerevisiae	
   P47100.3	
   (Zagulski	
  et	
  al.	
  1995)	
   8619316	
  

Ty4	
   Saccharomyces	
  cerevisiae	
   P47024.2	
   (Janetzky	
  and	
  Lehle	
  1992)	
   1328182	
  

Ty5	
   Saccharomyces	
  paradoxus	
   AAC02631.1	
   (Zou	
  et	
  al.	
  1995)	
   7846079	
  

Grasshopper	
  [GH]	
   Magnaporthe	
  oryzae	
   AAA21442.1	
   (Dobinson	
  et	
  al.	
  1993)	
   7679935	
  

MAGGY	
   Magnaporthe	
  oryzae	
   AAA33420.1	
   (Farman	
  et	
  al.	
  1996)	
   8757397	
  

MGLR3	
   Magnaporthe	
  oryzae	
   AAK01619.1	
   (Kang	
  2001)	
   11277622	
  

Pyret2	
   Magnaporthe	
  oryzae	
   XP_360100.2	
   (Dean	
  et	
  al.	
  2005)	
   15846337	
  

RETRO61	
   Magnaporthe	
  oryzae	
   	
   (Dean	
  et	
  al.	
  2005)	
   15846337	
  

RETRO71	
   Magnaporthe	
  oryzae	
   N\A	
   (Dean	
  et	
  al.	
  2005)	
   15846337	
  

Skippy	
   Fusarium	
  oxysporum	
   S60179	
   (Anaya	
  and	
  Roncero	
  1995)	
   8544829	
  

17.6	
   Drosophila	
  melanogaster	
   P04323.1	
   (Saigo	
  et	
  al.	
  1984)	
   6209583	
  

297	
   Drosophila	
  melanogaster	
   P20825.1	
   (Inouye	
  et	
  al.	
  1986)	
   2417839	
  

412	
   Drosophila	
  melanogaster	
   P10394.1	
   (Yuki	
  et	
  al.	
  1986)	
   2426108	
  

Cinful	
   Zea	
  mays	
   AAD11615.1	
   (Sanz-­‐Alferez	
  et	
  al.	
  2003)	
   14608391	
  

Gypsy	
   Drosophila	
  melanogaster	
   P10401.1	
   (Marlor	
  et	
  al.	
  1986)	
   3023871	
  

RTSb	
   Sorghum	
  bicolor	
   AAD27571.1	
   (Llaca	
  et	
  al.	
  1998)	
   	
  

TY3	
   Saccharomyces	
  cerevisiae	
   Q7LHG5.2	
   (Hansen	
  et	
  al.	
  1988)	
   2854194	
  

BSV	
   Banana	
  streak	
  OL	
  virus	
   NP_569150.1	
   (Harper	
  and	
  Hull	
  1998)	
   9926402	
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Name	
   Organism	
   Genbank	
  Accession	
   Reference	
   Pubmed	
  ref	
  

CSSV	
   Cacao	
  swollen	
  shoot	
  virus	
   NP_041734.1	
   (Hagen	
  et	
  al.	
  1993)	
   7690503	
  

CsVMV	
   Cassava	
  vein	
  mosaic	
  virus	
   NP_056848.1	
   (De	
  Kochko	
  et	
  al.	
  1998)	
   9645200	
  

FMV	
   Figwort	
  mosaic	
  virus	
   NP_619548.1	
   (Richins	
  et	
  al.	
  1987)	
   3671088	
  

PCSV	
   Peanut	
  chlorotic	
  streak	
  virus	
   NP_042513.1	
   (Richins	
  1993)	
   	
  

SVBV	
   Strawberry	
  vein	
  banding	
  virus	
   NP_043933.1	
   (Petrzik	
  et	
  al.	
  1998)	
   9654684	
  

BFV	
   Bovine	
  foamy	
  virus	
   NP_044929.1	
   (Renshaw	
  and	
  Casey	
  1994)	
   8289332	
  

FFV	
   Feline	
  foamy	
  virus	
   NP_056914.1	
   (Bodem	
  et	
  al.	
  1998)	
   9601510	
  

SFV	
   Macaque	
  simian	
  foamy	
  virus	
  (SFVmac)	
   YP_001961122.1	
   (Kupiec	
  et	
  al.	
  1991)	
   1647358	
  

BaEV	
   Baboon	
  endogenous	
  virus	
  strain	
  M7	
   P10272.1	
   (Kato	
  et	
  al.	
  1987)	
   	
  

BIV	
   Bovine	
  immunodeficiency	
  virus	
  R29	
   P19560.2	
   (Garvey	
  et	
  al.	
  1990)	
   2183467	
  

BLV	
   Bovine	
  leukemia	
  virus	
   P25059.1	
   (Coulston	
  et	
  al.	
  1990)	
   2167927	
  

CAEV	
   Caprine	
  arthritis	
  encephalitis	
  virus	
  strain	
  Cork	
   P33459.1	
   (Saltarelli	
  et	
  al.	
  1990)	
   2171210	
  

FIV	
   Feline	
  immunodeficiency	
  virus	
  (isolate	
  TM2)	
   P31822.1	
   (Kiyomasu	
  et	
  al.	
  1991)	
   1649349	
  

HIV1	
   Human	
  immunodeficiency	
  virus	
  type	
  1	
  (MAL	
  

ISOLATE)	
  

P04588.3	
   (Alizon	
  et	
  al.	
  1986)	
   2424612	
  

HTLV	
   Human	
  T-­‐cell	
  lymphotrophic	
  virus	
  type	
  1	
  (strain	
  

ATK)	
  

P03362.3	
   (Seiki	
  et	
  al.	
  1983)	
   3021121	
  

JDV	
   Jembrana	
  disease	
  virus	
   Q82851.1	
   (Chadwick	
  et	
  al.	
  1995)	
   9049370	
  

MLV	
   AKR	
  (endogenous)	
  murine	
  leukemia	
  virus	
   P03356.2	
   (Herr	
  1984)	
   6319746	
  

RSV	
   Rous	
  sarcoma	
  virus	
  -­‐	
  Prague	
  C	
   P03354.1	
   (Schwartz	
  et	
  al.	
  1983)	
   6299578	
  

SRV	
   Simian	
  retrovirus	
  1	
   P04025.1	
   (Power	
  et	
  al.	
  1986)	
   3006247	
  

DHBV	
   Duck	
  hepatitis	
  B	
  virus	
  strain	
  China	
   P30028.1	
   (Tong	
  et	
  al.	
  1990)	
   2235506	
  

HBV	
   Hepatitis	
  B	
  virus	
   NP_647604.2	
   (Okamoto	
  et	
  al.	
  1986)	
   3783127	
  

WHV	
   Woodchuck	
  hepatitis	
  virus	
  59	
   P12899.1	
   (Cohen	
  et	
  al.	
  1988)	
  	
   3336938	
  

TERT(At)	
   Arabidopsis	
  thaliana	
   AAD54276.1	
   (Fitzgerald	
  et	
  al.	
  1999)	
   10611295	
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Name	
   Organism	
   Genbank	
  Accession	
   Reference	
   Pubmed	
  ref	
  

TERT(Gl)	
   Giardia	
  lamblia	
  ATCC	
  50803	
   XP_001709571.1	
   (Morrison	
  et	
  al.	
  2007)	
   17901334	
  

TERT(Hs)	
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  sapiens	
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   (Lingner	
  et	
  al.	
  1997)	
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   (Dean	
  et	
  al.	
  2005)	
   15846337	
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   (Nakamura	
  et	
  al.	
  1997)	
   9252327	
  

Athena(AvO)	
   Adineta	
  vaga	
   N/A	
   (Gladyshev	
  and	
  Arkhipova	
  2007)	
   17483479	
  

Athena(PrB)	
   Philodina	
  roseola	
   N/A	
   (Gladyshev	
  and	
  Arkhipova	
  2007)	
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Cercyon	
   Schistosoma	
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   (Arkhipova	
  et	
  al.	
  2003)	
   12524543	
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   Phanerochaete	
  chrysosporium	
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   (Goodwin	
  and	
  Poulter)	
   	
  

Neptune(Dr1)	
   Danio	
  rerio	
   N/A	
   (Gladyshev	
  and	
  Arkhipova	
  2007)	
   17483479	
  

Neptune(Dr2)	
   Danio	
  rerio	
   N/A	
   (Gladyshev	
  and	
  Arkhipova	
  2007)	
   17483479	
  

Penelope	
   Drosophila	
  virilis	
   AAA92124.2	
   (Evgenev	
  et	
  al.	
  1997)	
   8990185	
  

Xena	
   Takifugu	
  rubripes	
  (Fugu	
  rubripes)	
   AAK58879.1	
   (Nogare	
  et	
  al.	
  2002)	
   11861884	
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Table	
  S4	
  	
  	
  	
  De	
  novo	
  telomere	
  changes	
  following	
  two	
  generations	
  of	
  growth	
  in	
  planta.	
  

Isolate	
   Spore	
  number	
   Telomere	
  

changes	
  

Isolate	
   Spore	
  number	
   Telomere	
  

changes	
  

	
  70-­‐15	
   7G0-­‐1	
   -­‐	
   LpKY97-­‐1A	
   LpG0-­‐1	
   -­‐	
  

	
   7G2-­‐1	
   0	
   	
   LpG2-­‐1	
   1	
  

	
   7G2-­‐2	
   0	
   	
   LpG2-­‐2	
   2	
  

	
   7G2-­‐3	
   0	
   	
   LpG2-­‐3	
   1	
  

	
   7G2-­‐4	
   0	
   	
   LpG2-­‐4	
   7	
  

	
   7G2-­‐5	
   1	
   	
   LpG2-­‐5	
   7	
  

	
   7G2-­‐6	
   0	
   	
   LpG2-­‐6	
   7	
  

	
   7G2-­‐7	
   0	
   	
   LpG2-­‐7	
   2	
  

	
   7G2-­‐8	
   0	
   	
   LpG2-­‐8	
   6	
  

	
   7G2-­‐9	
   0	
   	
   LpG2-­‐9	
   6	
  

	
   7G2-­‐11	
   0	
   	
   LpG2-­‐11	
   2	
  

	
   7G2-­‐12	
   0	
   	
   LpG2-­‐12	
   5	
  

	
   7G2-­‐13	
   0	
   	
   LpG2-­‐13	
   5	
  

	
   7G2-­‐14	
   0	
   	
   LpG2-­‐14	
   5	
  

	
   7G2-­‐15	
   0	
   	
   LpG2-­‐15	
   2	
  

	
   7G2-­‐16	
   0	
   	
   LpG2-­‐16	
   1	
  

	
   7G2-­‐17	
   0	
   	
   LpG2-­‐17	
   5	
  

	
   7G2-­‐18	
   0	
   	
   LpG2-­‐18	
   8	
  

	
   7G2-­‐19	
   0	
   	
   LpG2-­‐19	
   3	
  

	
   7G2-­‐20	
   0	
   	
   LpG2-­‐20	
   2	
  

Average	
  per	
  isolate	
   0.05	
   Average	
  per	
  isolate	
   4.1	
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Table	
  S5	
  	
  	
  Telomere	
  rearrangements	
  among	
  single	
  spore	
  cultures	
  of	
  M.	
  oryzae	
  isolates	
  from	
  rice	
  and	
  perennial	
  ryegrass.	
  

Strain	
   #Single	
  Spores	
   #	
  Novel	
  Telomeres	
  

rice	
   	
   	
  

340-­‐2	
   9	
   1	
  

IN17	
   8	
   1	
  

91L5	
   8	
   1	
  

CD128	
   8	
   2	
  

ML33P6	
   9	
   0	
  

O-­‐135	
   8	
   1	
  

O-­‐219	
   10	
   0	
  

O-­‐312	
   10	
   1	
  

O-­‐314	
   10	
   3	
  

O-­‐315	
   10	
   0	
  

89L32	
   10	
   1	
  

90T8	
   10	
   0	
  

9234	
   5	
   0	
  

average	
   0.1	
  changes/spore	
  

perennial	
  ryegrass	
   	
   	
  

TFGGA	
   18	
   8	
  

PL1-­‐1	
   10	
   1	
  

PRG331	
   8	
   4	
  

LES2	
   10	
   7	
  

LES3	
   10	
   3	
  

KS320	
   8	
   1	
  

0106	
   2	
   3	
  

0107	
   2	
   3	
  

LpOH1	
   2	
   3	
  

CPMD	
   2	
   1	
  

average	
   0.47	
  changes/spore	
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Table	
  S6	
  	
  	
  Tandem	
  repeats	
  within	
  the	
  MoTeRs	
  

Repeat	
   Consensus	
  Sequence	
  of	
  Repeat	
  Unit	
  	
   Length	
   Location	
   Copies	
  

MoTeR1	
  and	
  MoTeR2	
   	
   	
   	
  

A	
   CCCGAA	
   6	
   1-­‐12	
   2	
  

B	
   CCCAAA	
   6	
   13-­‐63	
   8	
  

C	
   GGGGCTATTTATGCGCTTTAATTTGTGCA	
   28	
   477-­‐553	
   2.8	
  

D	
   TATTT(ATGCGCTTTAATT)TGAGCGGGGC	
  

TATTA(ATGCGCTTTAATT)TACAAATTTB	
  
55	
   510-­‐636	
   2.3	
  

	
  

E	
   ATTGCTATTATTATCGTTACTATTATTATT	
   30	
   668-­‐724	
   1.9	
  

F	
   TTTCGTAGGCTTTGC	
   15	
   794-­‐852	
   3.9	
  

MoTeR1-­‐specific	
   	
   	
   	
  

G	
   TTTACCTGTTTTATTAGCGGTTTACCTGCTTTTATTACCTGGTTCCCC	
   48	
   909-­‐1174	
   2.6	
  

H	
   GTTTTTACTAGCAGTTAAATTTACCTTTTTAAGGTTATTTACCTGCTTTTATTCAC

AGGGCACCCCT	
  

67	
   1203-­‐1389	
   3	
  

I	
   ATAACCCCAGGGTTA	
   15	
   1904-­‐1953	
   3.3	
  

J	
   TTTTTG	
   6	
   4690-­‐4832	
   23.8	
  

K	
   TTTTTTC	
   7	
   4916-­‐4941	
   3.7	
  

MoTeR2-­‐specific	
   	
   	
   	
  

L	
   CGCCAAAAGTCCAGTATATATATCGATTTAAATTCCGAATTTGAATTGGTTAAC

CCCCTGTATATTAAATTGGCTGAAAAATCCTGGAATATACGTGCCTTTTTAAAA

CAACTTTTTGCCGTCCCTATCCAGATAACATGGTTTTTTAGCAATGTTTCTATCC

TCAGGGTTTACCAATTTTATATTTGGTATTTATTCGATTTATTTATTGGATTTTA

ACCCCCGATTTCGACCGACTATTATCGATTTATTA	
  

253	
   1072-­‐1539	
   1.9	
  

M	
   TATTTATTCGATT	
   13	
   1251-­‐1277	
   2.1	
  

N	
   ATTGGATTAATCCGCTAAATAA	
   22	
   1522-­‐1578	
   2.6	
  

O	
   TTTTTTCTTTTTC	
   13	
   1618-­‐1642	
   1.9	
  

	
  
A	
   Sequence	
  motifs	
  that	
  are	
  present	
  in	
  two	
  different	
  tandem	
  repeats	
  are	
  underlined	
  in	
  the	
  same	
  style.	
  	
  
B	
   Sequences	
  in	
  parentheses	
  are	
  duplicated	
  within	
  a	
  single	
  repeat	
  unit.	
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Table	
  S7	
  	
  	
  	
  	
  Alignments	
  of	
  telomere-­‐5’	
  truncated	
  MoTeR	
  junctions	
  and	
  the	
  corresponding	
  MoTeR	
  target	
  sites.	
  
	
  
Table	
  S7	
  is	
  available	
  for	
  download	
  at	
  http://www.genetics.org/content/suppl/2012/03/23/genetics.111.137950.DC1.	
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Table	
  S8	
  	
  	
  	
  Variability	
  among	
  MoTeR-­‐MoTeR	
  junctions	
  in	
  six	
  different	
  Magnaporthe	
  strains.	
  

Junction	
  Type	
   Sequence	
  (5’	
  to	
  3’)A	
   Isolate(s)	
  

M1/2B	
  to	
  M2	
   1	
   …(CCCTAA)3[CCCAAA]11CCCGAA…	
   LPKY97-­‐1A	
  

2	
   …(CCCTAA)2CCCAAA(CCCTAA)[CCCAAA]10CCCGAA…	
   LPKY97-­‐1A	
  

3	
   …(CCCTAA)3(CCCAAA)(CCCTAA)2[CCCAAA]10CCCGAA…	
   LPKY97-­‐1A	
  

4	
   …(CCCTAA)4CCCAAA(CCCTAA)[CCCAAA]10CCCGAA…	
   LPKY97-­‐1A	
  

5	
   …(CCCTAA)3CCCAAA(CCCTAA)[CCCAAA]10CCCGAA…	
   LPKY97-­‐1A	
  

6	
   …(CCCTAA)(CCCGAA)2[CCCAAA]8CCCGAA…	
   FH	
  

7	
   …(CCCTAA)2	
  TAATAAAGCGCGAATTAAAA(CCCGAA)2[CCCAAA]8CCCGAA…	
   FH	
  

8	
   …(CCCTAA)[CCCAAA]8CCCGAA…	
   FH	
  

9	
   …(CCCTAA)[CCCAAA]3CCCGAA…	
   FH	
  

10	
   …(CCCTAA)CCCGAA[CCCAAA]6CCCGAA…	
   RGNJ	
  

11	
   …	
  CCCGAA[CCCAAA]6CCCGAA…	
   RGNJ	
  

12	
   …(CCCTAA)(CCCGAA)[CCCAAA]6CCCGAA…	
   RGNJ	
  

13	
   …(CCCTAA)[CCCAAA]6CCCGAA…	
   RGNJ	
  

14	
   …(CCCTAA)CCC	
  GCAAATAAGCTTAGAATATAATAAAGCGCGAATTAAAA	
  (CCCTAA)5(CCCGAA)[CCCAAA]5CCCGAA…	
   RGNJ	
  

15	
   …(CCCTAA)(CCCTAG)(CCCTAA)27(CCCGAA)(CCCTAA)(CCCGAA)[CCCAAA]5CCCGAA…	
   RGNJ	
  

16	
   …(CCCTAA)28(CCCGAA)(CCCTAA)(CCCGAA)[CCCAAA]5CCCGAA…	
   RGNJ	
  

17	
   …(CCCTAA)(GCCAAA)[CCCAAA]5CCCGAA…	
   RGNJ	
  

18	
   …(CCCTAA)18[CCCAAA]4CCCGAA…	
   RGNJ	
  

19	
   …(CCCTAA)5(CCCGAA)[CCCAAA]4CCCGAA…	
   RGNJ	
  

20	
   …(CCCTAA)28[CCCAAA]2CCCGAA…	
   PL1-­‐1	
  

21	
   …(CCCTAA)3[CCCAAA]2CCCGAA…	
   PL1-­‐1	
  

22	
   …(CCCTAA)3[CCCAAA]7CCCGAA…	
   LPKY97-­‐1A,	
  FH	
  

23	
   …(CCCTAA)2[CCCGAA]2[CCCAAA]8CCCGAA…	
   FH,	
  RGNJ	
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Junction	
  Type	
   Sequence	
  (5’	
  to	
  3’)A	
   Isolate(s)	
  

24	
   …(CCCTAA)3[CCCAAA]4CCCGAA…	
   FH,	
  RGNJ	
  

25	
   …	
  CCCTAA[CCCAAA]6CCCGAA…	
   RGNJ,	
  PL1-­‐1	
  

26	
   …[CCCAAA]3CCCGAA…	
   PL1-­‐1,	
  KS320	
  

M1/2B	
  to	
  M1	
   	
   	
  

27	
   …	
  CCC(456)…	
   FH	
  

28	
   …	
  CCC(454)…	
   FH	
  

29	
   …(CCCTAA)2CCC(454)…	
   FH	
  

M2	
  to	
  M1	
   	
   	
  

30	
   …(CCCTAA)G(791)…	
   LpKY97-­‐1A,	
  FH,	
  

RGNJ	
  

31	
   …(CCCTAA)3(369)…	
   LpKY97-­‐1A	
  

32	
   …(CCCTAA)3[CCCAAA]7CCCGAA…	
   LpKY97-­‐1A	
  

A	
   Variant	
  repeats	
  are	
  shown	
  in	
  bold	
  type.	
  “…”	
  prefixing	
  each	
  sequence	
  represents	
  the	
  intact	
  3’	
  terminus	
  of	
  the	
  distal	
  MoTeR.	
  	
  The	
  “…”	
  suffix	
  represents	
  the	
  proximal	
  MoTeR	
  

sequences.	
  	
  If	
  this	
  suffix	
  is	
  preceded	
  by	
  a	
  parenthetical	
  number,	
  this	
  indicates	
  that	
  the	
  proximal	
  MoTeR	
  is	
  5’	
  truncated	
  and	
  the	
  number	
  corresponds	
  to	
  the	
  starting	
  

nucleotide	
  position.	
  	
  MoTeR	
  sequences	
  are	
  shown	
  in	
  bold	
  type.	
  	
  Note,	
  however,	
  that	
  it	
  is	
  not	
  possible	
  to	
  say	
  precisely	
  where	
  the	
  telomere	
  ends	
  and	
  the	
  MoTeR	
  starts.	
  

B	
   It	
  was	
  not	
  possible	
  to	
  distinguish	
  between	
  the	
  5’	
  ends	
  of	
  M1	
  and	
  M2	
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Table	
  S9	
  	
  	
  	
  Telomeric	
  distribution	
  of	
  MoTeR1	
  and	
  MoTeR	
  in	
  several	
  prg-­‐infecting	
  strains	
  

Isolate	
   Distinct	
  telomeric	
  

fragmentsA	
  
MoTeR1	
  

only	
  B	
  

MoTeR2	
  only	
  

B	
  

MoTER1	
  +	
  

MoTeR2B	
  
no	
  MoTeR	
  

hybridization	
  B	
  

PL1-­‐1	
   11	
   1	
   0	
   7	
   3	
  

PL2-­‐1	
   9	
   1	
   3	
   4	
   1	
  

PL3-­‐1	
   13	
   13	
   0	
   0	
   0	
  

CHW	
   10	
   3	
   3	
   4	
   0	
  

CHRF	
   8	
   2	
   2	
   3	
   1	
  

GG9	
   7	
   1	
   2	
   4	
   0	
  

GG13	
   9	
   2	
   1	
   6	
   0	
  

KS320	
   12	
   2	
   3	
   5	
   2	
  

KS330	
   11	
   1	
   3	
   5	
   2	
  

LpOH97-­‐1	
   10	
   4	
   2	
   4	
   0	
  

LpOH3	
   9	
   4	
   2	
   2	
   1	
  

RGNJ	
   10	
   2	
   2	
   5	
   1	
  

TFMS	
   12	
   5	
   1	
   4	
   2	
  

TFRGA	
   5	
   1	
   1	
   3	
   0	
  

Average	
   10.5	
   3.2	
   1.9	
   4.3	
   1	
  

	
  
A	
   Fragments	
  showing	
  good	
  electrophoretic	
  resolution	
  and	
  with	
  a	
  hybridization	
  signal	
  consistent	
  with	
  a	
  single	
  

telomere.	
  

B	
   Values	
  indicate	
  the	
  number	
  of	
  telomeres	
  that	
  contain	
  the	
  probe(s)	
  indicated.
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Table	
  S10	
  	
  	
  Copy	
  numbers	
  of	
  MoTeR	
  elements	
  in	
  M.	
  oryzae	
  isolates	
  from	
  perennial	
  ryegrass.	
  

Isolate	
   Band	
  Counting	
   Densometric	
  Scan	
  

	
  
Telomere	
   MoTeR1	
   MoTeR2	
   Telomere	
   MoTeR1	
   MoTeR2	
  

PL1-­‐1	
   13	
   14	
   13	
   14.9	
   19.3	
   12.9	
  

PL2-­‐1	
   14	
   14	
   12	
   15.0	
   22.4	
   13.0	
  

PL3-­‐1	
   15	
   15	
   0	
   14.7	
   14.8	
   0	
  

CHW	
   10	
   10	
   9	
   9.6	
   10.5	
   9.1	
  

CHRF	
   14	
   14	
   15	
   13.9	
   27.4	
   22.9	
  

GG-­‐9	
   12	
   7	
   11	
   14.8	
   10.0	
   13.4	
  

GG-­‐13	
   13	
   11	
   11	
   12.9	
   15.6	
   10.1	
  

KS320	
   14	
   10	
   10	
   14.2	
   14.5	
   12.2	
  

KS330	
   14	
   12	
   13	
   13.9	
   12.3	
   19.0	
  

LpOH97-­‐1	
   15	
   16	
   12	
   15.5	
   15.9	
   11.2	
  

LPOH97-­‐3	
   14	
   16	
   5	
   13.8	
   15.5	
   6.0	
  

RGNJ	
   15	
   16	
   13	
   17.3	
   15.6	
   14.7	
  

TFMS	
   14	
   11	
   5	
   14.3	
   12.4	
   4.2	
  

TFRGA	
   9	
   8	
   10	
   15.3	
   11.0	
   9.6	
  

average	
   13.3	
   12.4	
   9.9	
   14.3	
   15.5	
   11.3	
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