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Abstract

Male sterility (MS) caused by nuclear-mitochondrial interaction is called cytoplasmic male sterility (CMS) in which

MS-inducing mitochondria are suppressed by a nuclear gene, restorer-of-fertility. Rf and rf are the suppressing and

non-suppressing alleles, respectively. This dichotomic view, however, seems somewhat unsatisfactory to explain the

recently discovered molecular diversity of Rf loci. In the present study, we first identified sugar beet line NK-305 as a

new source of Rf1. Our crossing experiment revealed that NK-305 Rf is likely a semi-dominant allele that restores

partial fertility when heterozygous but full fertility when homozygous, whereas RfI from another sugar beet line

appeared to be a dominant allele. Proper degeneration of anther tapetum is a prerequisite for pollen development; thus,

we compared tapetal degeneration in the NK-305 Rf7 heterozygote and the homozygote. Degeneration occurred in both

genotypes but to a lesser extent in the heterozygote, suggesting an association between NK-305 Rf7 dose and

incompleteness of tapetal degeneration leading to partial fertility. Our protein analyses revealed a quantitative

correlation between NK-305 Rf7 dose and a reduction in the accumulation of a 250 kDa mitochondrial protein complex

consisting of a CMS-specific mitochondrial protein encoded by MS-inducing mitochondria. The abundance of Rf7

transcripts correlated with NK-305 Rf7 dose. The molecular organization of NK-305 Rf7 suggested that this allele

evolved through intergenic recombination. We propose that the sugar beet RfI locus has a series of multiple alleles that

differ in their ability to restore fertility and are reflective of the complexity of Rf evolution.
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Introduction

Mitochondria are not only the energy sources of eukaryotic cells but also key players in a number of other biological

functions (van der Bliek et al. 2017). Although mitochondria have their own genomes, they are not autonomous due to

their reliance on the nuclear genome for such processes as DNA replication, transcription and translation (Ryan and

Hoogenraad 2007). Additionally, many mitochondrial gene products must interact with nuclear gene products for

proper function; hence, mismatches between mitochondrial and nuclear genes can cause some abnormalities in

development and reproduction (Lane 2011).

In plants, one of the best-known examples of reproductive abnormality caused by mitochondrial-nuclear mismatch

is cytoplasmic male sterility (CMS) (Mackenzie 2005). CMS can be explained genetically by a male-sterility inducing

cytoplasm (S) and a suppressor gene (restorer-of-fertility, Rf) (Budar and Pelletier 2001). The former is usually

characterized at the molecular level as having a unique open reading frame in its mitochondrial genome (hereafter S-orf)

and has been found in more than twenty CMS plants. In general, S-orf genes appear to be organized as chimeras

composed of fragments of known and/or unknown origin (Chen and Liu 2014), but several exceptions in which a

truncated mitochondrial gene or a non-coding RNA are identified as causes of CMS are also known (Ducos et al. 2001;

Stone et al. 2017). The primary sequences of S-orfs in different plants are generally less conserved (Hanson and

Bentolila 2004), suggesting their independent origin, i.e. they have emerged independently in plant lineages during

angiosperm evolution. The mechanism for how S-orfs cause CMS is largely unknown with a few exceptions (Luo et al.

2013), but presumably the S-orfs can exert a deleterious effect on anther tapetal tissue (the innermost cell layer of anther

locules) during and/or after microspore meiosis since morphological abnormalities in this tissue at these specific

developmental stages is evident in many CMS plants (Schnable and Wise 1998).

Rfs have been shown to encode several kinds of proteins, although the most prominent class includes those

encoding pentatrico-peptide-repeat (PPR) proteins (Kim and Zhang 2018) (hereafter PPR-RfS). PPR-Rfs are often

arrayed with homologous genes to form a gene cluster that exhibits organizational diversity in terms of the primary
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sequence and the number of clustered genes (Kato et al. 2007; Geddy and Brown 2007; Mora et al. 2010; Melonek et al.

2016). This organizational diversity is thought to reflect the evolution of the gene cluster to produce novel Rf proteins

that can cope with newly emerging S-orfs (Fujii et al. 2011). In fact, Rfs for different CMSs often map to the same

chromosomal region (Li et al. 1998; Tang et al. 2017). On the other hand, variants of Rf-like gene clusters may have

another characteristic. Genetic analyses have suggested the presence of multiple Rf alleles for a single CMS in some

plants (Wise et al. 1996; Lee et al. 2008; Zhang et al. 2018), although evidence for diallelism of this locus is prevalent

in molecular genetic studies. In maize, for example, Rf1" that is presumably a semi-dominant Rf7 allele for T-type CMS

is known in addition to the dominant Rf7 (Duvick 1965). The relationship between the multiple allelism of Rf and the

molecular diversity of the Rf locus is not fully described but is an interesting issue in terms of Rf evolution.

A semi-dominant Rf can restore partial fertility and full fertility when it is heterozygous and homozygous,

respectively. In this genetic model, the premise is that a semi-dominant Rf insufficiently offsets the effect of S

mitochondria. One may expect that the difference between fully- and partially fertile plants (and between partially

fertile and male sterile plants) would be smaller than the difference between fully fertile and male sterile plants. This

situation provides an interesting opportunity for investigating the detailed mechanism of CMS.

CMS is widely used for commercial hybrid seed production because CMS plants cannot self-pollinate; hence, the

seeds on CMS plants are absolute hybrids (Chase 2007). Fertility, on the other hand, must be restored to the hybrids to

ensure self-pollination if the harvest is seed or fruit. Partial fertility is practically problematic because the limited

amount of pollen produced is inadequate for full pollination, whereas partially fertile plants should not be used as seed

parents because the presence of some selfed seeds will decrease the purity of hybrid seeds. Studies on the restoration of

partial fertility may have practical value.

Sugar beet CMS was first discovered by Owen (Owen 1945) and is thus called Owen-type CMS. Two genetically

independent Rfs are known for Owen CMS (hereafter termed as Rf7 and Rf2), and each has the ability to restore male

fertility without the other in a sporophytic manner (Pillen et al. 1993; Honma et al. 2014). Although the gene-product of

Rf2 is still unknown, molecular cloning of the RfI locus revealed it to encode a mitochondrial membrane protein

6
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resembling OMA1 whose known functions include quality control of mitochondrial membrane proteins by degrading

misfolded proteins in budding yeast, and regulation of mitochondrial dynamics via processing OPA1, a central

component of the mitochondrial fusion machinery in mammals (Matsuhira et al. 2012 and references therein). It is

unlikely that the product of the Omal-like gene at the RfI locus has peptidase activity because its zinc-binding motif is

identical to a mutated form that lacks proteolytic activity (Matsuhira et al. 2012). From a restoring Rf7 allele, a gene

cluster consisting of four copies of the Oma-like gene was found, and one of them (termed orf20) exhibited the

strongest ability to restore male fertility to a CMS plant when expressed as a transgene (Matsuhira et al. 2012).

Translation products of orf20 were shown to bind a CMS-specific protein encoded by preSatp6, the best candidate for

S-orf for Owen CMS (Kitazaki et al. 2015). The preSATP6 protein usually constitutes a 250 kDa complex (likely a

homo oligomer), and the amount of the 250-kDa complex in the anther is highly reduced in Rf7 plants (Kitazaki et al.

2015). This reduction is concomitant with the expression of orf20 and with the appearance of a novel 200 kDa complex,

whereas the amount of monomeric preSATP6 is apparently unchanged. From plants homozygous for a nonrestoring rf7,

a single copy of another orf20-like gene (orf20L) was found (Matsuhira et al. 2012). No binding of ectopically

expressed ORF20L protein with preSATP6 in transgenic suspension cells and no decrease in the amount of the 250-kDa

complex in rf1rf1 anthers was detected (Kitazaki et al. 2015). Therefore, Rf likely encodes a type of molecular

chaperone that changes the higher order structure of preSATP6, whereas the gene product of the nonrestoring rf7

apparently lacks such activity. A hypothetical mechanism for fertility restoration involves protein-protein interaction

between preSATP6 and ORF20 to generate the 200 kDa complex, thereby reducing the amount of the 250 kDa complex

(i.e. the 250 kDa complex was converted into the 200 kDa complex via preSATP6-ORF20 interaction).

We previously reported the organizational diversity of the Rf7 locus among sugar beet lines including copy number

variation of orf20-like genes (Moritani et al. 2013; Ohgami et al. 2016; Arakawa et al. 2018), which is reminiscent of

PPR-Rf. This observation prompted us to investigate further the possibility of functional diversity among restoring Rf/

alleles. In the present study, we report a novel restoring Rf allele that confers partial fertility when the plant is

heterozygous. We morphologically characterized the partial fertility as unique degeneration pattern in anther tapetum.
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In the partially fertile plant, the amount of the 250-kDa complex and Rf7 mRNA was intermediate between fully
fertility restored and male sterile plants. Molecular organization of this Rf7 suggests intergenic recombination was
involved in its evolution. Together with our previous data, we propose that sugar beet Rf7 has evolved multiple alleles

that differ in their ability to restore male fertility to Owen CMS plants.

Materials and methods

Plant materials

All the sugar beet lines used in this study were developed by the Hokkaido Agricultural Research Center, National
Agriculture and Food Research Organization. NK-305 is an old selection of unknown origin. NK-198 is a fertility
restored line (Matsuhira et al. 2012). TA-33BB-CMS is a CMS line and TA-33BB-O is its maintainer inbred line
(Moritani et al. 2013). NK-219mm-CMS is a CMS line that can be used for transgenic experiments (Kagami et al.
2016). Plants were grown in the field of the Field Science Center for Northern Biosphere, Hokkaido University or in the
greenhouse of the Research Faculty of Agriculture, Hokkaido University (maintained at 20-25°C; natural daylight and

illuminated by incandescent light [150pumol/m*/sec] at night).

Male fertility evaluation

Male fertility was evaluated by anther morphology and color and was classified into four distinct classes: fully fertile,
semi-fertile (type a), semi-fertile (type b), and completely sterile as described by Arakawa et al. (2018). The four classes
were indexed from 0 (complete sterile) to 3 (fully fertile), respectively. The male fertility index of a plant is an average

of observations taken on more than four different days. In some genetic analyses, fully fertile and semi-fertile (type a)

8
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types were combined into a single class (Fig. 1a-c). Anther contents were visualized by squashing the anther on a glass

slide in a drop of Alexander's dye (Alexander 1969).

Cytological analysis

Flower buds were collected and immersed into FAA solution [50% (v/v) ethanol, 3.7% (v/v) formaldehyde, 5% (v/v)

acetic acid]. Specimens were dehydrated in a series of isobutyl alcohol and embedded in Paraplast Plus (Sigma-Aldrich

Japan, Tokyo, Japan). Paraplast blocks were sectioned (10 pm thickness) using a rotary microtome HM360 (Carl Zeiss,

Oberkochen, Germany). Sections were stained with Toluidine blue (Chroma Gesellschaft Schmid, Stuttgart, Germany).

Images were collected using a light microscope BX50 (Olympus, Tokyo, Japan) equipped with a CCD camera DP21

(Olympus).

DNA analysis

Total cellular DNA from green leaves was extracted by the CTAB-method described by Doyle and Doyle (1990). DNA
samples were further purified by cesium chloride-ethidium bromide equilibrium centrifugation if necessary. A
mitochondrial DNA marker targets the TR-1 locus that shows polymorphism in the number of 32-bp repeated
sequences among mitotypes (Nishizawa et al. 2000). The presence/absence of a unique HindlIIl restriction site in the
plastid petG-psbE intergenic region is characteristic of male sterility-inducing cytoplasm (Ran and Michaelis 1995).
DNA markers for cytoplasm discrimination were detailed in Cheng et al. (2009). DNA marker s17 was detailed in
Taguchi et al. (2014). DNA gel blot analysis was done according to the method described in Sambrook et al. (1989).
DNA fragments were blotted onto Hybond-N+ (GE Healthcare, Little Chalfont, UK) according to the manufacturer’s
instruction manual. Hybridization probe was prepared as detailed in Ohgami et al. (2016) and labeled with the DIG
Luminescent Detection Kit (Roche Diagnostics, Mannheim, Germany). Hybridization signals were detected on X-ray
film according to the manufacturer’s protocol. PCR products were subjected to sequence analysis either directly or after

being cloned into the pBluescript (SK+) vector. Nucleotide sequences were determined using an ABI3130 Genetic



186 Analyzer (Thermo Fisher Scientific, Waltham, MA, USA). DNA sequences were analyzed using GENETYX (ver. 16)

187  (GENETYX CORPORATION, Tokyo, Japan) and Sequencher (ver. 4.5) (Hitachi Software Engineering, Tokyo, Japan).

188

189  Protein analysis

190

191 Mitochondria were isolated from transgenic calli according to the method of Kitazaki et al. (2015). Samples of anther

192 and crude mitochondria for blue native polyacrylamide gel electrophoresis (BN-PAGE) were prepared following the

193 method of Kitazaki et al. (2015). BN-PAGE was performed using the Native PAGE Novex BisTris Gel system (Thermo

194 Fisher Scientific) according to the manufacturer’s instructions. Sample preparation and electrophoresis for SDS-PAGE

195  were performed by the method described by Yamamoto et al. (2005). Procedures for immunoblot analysis after BN- and

196  SDS-PAGE were described in Kitazaki et al. (2015). Anti-FLAG antibody («FLAG) was purchased from Medical and

197 Biological Laboratories (Nagoya, Japan) and was diluted to 50 ng/mL for immunoblot analysis. Anti-preSATP6

198  (apreSATP6) (Yamamoto et al. 2005) was diluted to 42.5 ng/mL and 0.34 pg/mL for blots of SDS-PAGE and

199  BN-PAGE, respectively, except for quantification of the preSATP6 protein complex in which apreSATP6 was diluted

200 to 68 ng/mL. Anti-COXI (aCOXI) (Yamamoto et al. 2005) was diluted to 42.5 ng/mL. Signal intensity was quantified

201 by using Image J (http://rsbweb.nih.gov/ij/download.html). Conditions for the quantification were verified by

202  constructing a calibration curve.

203

204  Real-time reverse transcription PCR analysis

205

206 Anthers were sorted according to their developmental stages as described in Kitazaki et al. (2015). Total cellular RNA

207 from anthers was extracted with an RNeasy Plant Mini Kit (Qiagen, Valencia, CA, USA) and treated with RNase-free

208  DNase I (Takara Bio, Kusatsu, Japan). RNA samples (300 ng) were reverse-transcribed with the SuperScript I11

209 First-Strand Synthesis System (Thermo Fisher Scientific) using an oligo dT primer. The resultant cDNA was mixed

10
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with primers (0.2 uM each) and PowerUp SYBR Green Master Mix (Life Technologies, Carlsbad, CA, USA). Two
constitutively expressed genes (elongation factor 1o and Actin) were chosen for the internal controls (Arakawa et al.,
2018). Nucleotide sequences of the primers are shown in Supplementary Table 1. PCR was monitored with a Chromo 4,
Opticon Monitor (ver. 3.1) with a DNA-Engine PTC-200 (Bio-Rad Laboratories, Hercules, CA, USA). The PCR
protocol was 50 °Cfor 2 min, 95 °Cfor 2 min, and then 40 cycles of 95 °Cfor 15 s and 60.8 °Cfor 1 min. After the
quantification, all the reactants were heated to 95°C (1 min) and then cooled to 50°C. A melting-curve was then drawn
(53 to 87°C, data acquisition every 0.5°C) to verify that there was a single amplicon. The delta-Ct method was used for

quantification of Ct values according to the method described in Kitazaki et al. (2011).

Generation of transgenic suspension cells

Binary vectors for the transgenic experiment were constructed according to the method of Arakawa et al. (2018).
Briefly, for each orf20-like gene, the coding sequence and 5'- and 3'- untranslated regions were amplified from NK-305
total DNA using two pairs of primers as shown in Supplementary Table 1. The amplicons were cloned into pPDONRzeo
(Thermo Fisher Scientific) using the BP Clonase Enzyme mix (Thermo Fisher Scientific) according to the
manufacturer's instructions. A FLAG tag was inserted into 3'-end of the coding region by PCR-based mutagenesis
described in Arakawa et al. (2018). After confirmation by nucleotide sequencing of the resultant vectors, FLAG-fused
genes were transferred to the binary vector pMDCQ (Kitazaki et al. 2015) using the LR Clonase Enzyme mix (Thermo
Fisher Scientific). The resultant binary vectors were introduced into sugar beet suspension cells via Agrobacterium. The
procedure for transformation was as described in Kagami et al. (2015). Suspension cells were derived from callus

cultures of NK-219mm-CMS.

Statistical tests

11
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Fisher's exact test, the y” test, the Steel-Dwass test, the Tukey-Kramer test, and Welch's ¢ test were conducted using the
website http://aoki2.si.gunma-u.ac.jp/exact/exact.html; accessed on Jun 27, 2018 or by using Microsoft Excel

(Microsoft Japan, Tokyo, Japan).

Accession number

Nucleotide sequence data were deposited in DDBJ/ EMBL/GenBank under the accession number LC385768.

Results

Identification of a semi-dominant Restorer-of-fertility 1 allele

We observed that NK-305 flowers shed pollen grains when grown in field conditions and examined the cytoplasm type
of seventy-four NK-305 plants by mitochondrial and plastid DNA marker analysis. In the analysis of the mitochondrial
TR-1 locus, all seventy-four plants had an identical pattern to that of plants with male sterility-inducing cytoplasm
(Supplementary Fig. 1a). We also confirmed that their cytoplasms were of the male-sterility inducing type as evidenced
by the plastid marker (Supplementary Fig. 1b). The male fertile phenotype, despite having a male-sterility inducing
cytoplasm, indicated that NK-305 is a fertility restored line.

To examine whether Rf7 or Rf2 (or both) are involved in fertility restoration, we selected one NK-305 plant and
crossed it with TA-33BB-CMS, a CMS line. The resultant F; plants restored male fertility, but they were only partially
fertile at best (see Fig. 1a-c). One of the F; plants was self-pollinated to obtain an F, population of 26 plants. Pollen
fertility in the progeny segregated as shown in Table 1. We tested the genetic association between the phenotype and

two nuclear DNA markers linked to Rf7 and Rf2.
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We used DNA marker 07, a DNA fragment length polymorphic marker linked to Rf2 (Arakawa et al. 2018) to
evaluate the genetic association of Rf2 with fertility restoration. TA-33BB-CMS is homozygous for a 2.6-kbp fragment
(T allele), whereas the parental line NK-305 yields a 1.4 kbp fragment (K allele) (Supplementary Fig. 2a). The F; plant
had 2.6- and 1.4-kbp fragments, indicating that it was heterozygous. Plants in the F, population generated either 2.6, 1.4,
or 2.6 and 1.4 kbp fragments, indicating that they were T homozygous, K homozygous, and heterozygous, respectively
(Supplementary Table 2). Association between the genotype and the phenotype was statistically tested, and the null
hypothesis of their independence was not rejected (p=0.150 for fertility restoration [fully fertile+partial fertile] vs.
genotype, and p=0.139 for three classes of male fertility vs. genotype; Fisher's exact test).

We next genotyped the F, plants using the s17 marker, which is a cleaved amplified length polymorphic marker
linked to Rf7 (Taguchi et al. 2014). The size and number of DNA fragments on the agarose gel of s17 were as follows:
TA-33BB-CMS produces 1.1 and 0.6 kbp fragments and is referred to as pattern 4 (hereafter denoted as p4), whereas
the parental NK-305 plant produces 1.4 and 0.5 kbp fragments, which is referred to as pattern 2 (p2) (Fig. 2a). The F,
plant produced 1.4, 1.1, 0.6 and 0.5 kbp fragments, indicating that it was heterozygous (p2p4). In the F, population,
plants exhibited one of three banding patterns: 1.4 and 0.5 kbp, 1.1 and 0.6 kbp, or 1.4, 1.1, 0.6 and 0.5 kbp that
correspond to genotypes of p2p2, p4p4, and p2p4, respectively (Table 1). The association of fertility restoration and the
genotype was obvious (p=8.69 x 107; Fisher's exact test). Therefore, it seemed likely that Rf/ was involved in the
observed fertility restoration.

We noticed that the occurrence of fully fertile plants was more frequent in the p2p2 genotype (five out of six
plants) compared to the p2p4 genotype (one out of 14 plants) in the F, population and hypothesized that NK-305 Rf7 is
a weak allele but its effect is cumulative, i.e. a semi-dominant allele. We next made two additional populations, one
segregating NK-305 RfI and the other segregating an RfI from a different source and compared the patterns of their
fertility restoration.

In attempting to produce a new population segregating NK-305 Rf7, our concern was the small number of seeds

from a selfed F, plant of TA-33BB-CMS x NK-305 due to its low pollen fertility. Therefore, one of the F; plants was

13
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paper-bag enclosed with TA-33BB-0, a normally fertile line with normal (N) cytoplasm but the same nuclear genotype
as TA-33BB-CMS (i.e. [N]rf1rfIrf2rf2). As such, the obtained seeds from this F; plant were, in effect, an admixture of
a three-way cross [i.e. (TA-33BB-CMS x NK-305) x TA-33BB-O] and the F, (self-pollinated TA-33BB-CMS x
NK-305). The NK-305 RfI was expected to segregate because both TA-33BB-0O and TA-33BB-CMS are the
rflrflrf2rf2 genotype. In the admixture population, male fertility, and 07 and s17 genotypes segregated as shown in
Supplementary Table 3. The null hypothesis for independence of fertility restoration in the 07 genotype was not rejected
(p=1 for fertility restoration vs. genotype, and p=0.985 for three classes of male fertility vs. genotype; Fisher's exact
test). On the other hand, that for independence of fertility restoration in the s17 genotype was rejected (p=4.08 x 107
for fertility restoration vs. genotype, and p=1.92 x 10™" for three classes of male fertility vs. genotype; Fisher's exact
test). Pollen fertility of each plant was indexed, and its segregation is depicted in Fig. 3.

In our previous study, sugar beet line NK-198 was used for the molecular cloning of the Rf7 locus (Matsuhira et al.
2012). In this study, an NK-198 plant was crossed with TA-33BB-CMS, resulting in two fully fertile F; plants. Using
fertility-restored plants as pollen parents and TA-33BB-CMS as seed parents, we repeated the back-cross to obtain BC,.
Of the four BC, plants, two were fully fertile, whereas the remainder were sterile. The s17 of NK-198 produces pattern
1 (pl) (Fig. 2b). As expected, the two fully fertile BC, plants were p1p4 and the two male-sterile plants were p4p4. One
of the fully fertile plants was selfed to generate a BC,F, population. We examined the segregation of s17 and found that
the numbers of plpl, plp4, and p4p4 plants were 21, 61, and 18, respectively. This result did not deviate statistically
from the expected segregation (y* test for 1:2:1; p=0.081). As eighty-three plants flowered, their male fertility was
investigated. In the BC,F, population, male fertility and the s17 genotypes segregated as shown in Supplementary Table
4. The null hypothesis for independence of fertility restoration in the s17 genotype was rejected (p=3.58 x 10” for
fertility restoration vs. genotype, and p=5.95 x 10" for three classes of male fertility vs. genotype; Fisher's exact test).
Pollen fertility segregation is depicted in Fig. 3.

Comparing the averages of male fertility indices, groups plpl, plp4, and p2p2 are statistically indistinguishable

from each other (class a in Fig. 3). Two groups of p4p4 (one from the admixture population and the other from the
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BC,F, population) formed a separate group (class b in Fig. 3). The group of p2p4 plants are not only statistically

different from those of plp1, plp4, and p2p2, but also from p4p4 (class c in Fig. 3).

Tapetum degeneration in the anthers of semi-fertile plants

In an effort to characterize the partially fertile phenotype of p2p4, we examined anthers and pollen grains

microscopically. Most of the pollen grains in the anthers of p2p4 plants were not stained with Alexander's dye and were

rather small compared to fully stainable pollen grains (compare Figs. 1e and 1g), but exine-like patterns on the pollen

grain surfaces were visible. Fully fertile p2p2 plants shed pollen grains that were comparable to those shed by

TA-33BB-O (Fig. 1d). In male-sterile p4p4 plants, the anthers were shriveled and contained only some undeveloped

pollen grains as was also seen in TA-33BB-CMS (Figs. 1f and 1h).

The internal structure of anthers was investigated histologically by collecting a developmental series of immature

flower buds from each of the p2p2, p2p4, p4p4 and TA-33BB-O plants. Microspore development in TA-33BB-O

appeared to follow the pattern previously reported in sugar beet (e. g. Majewska-Sawka et al. 1993). We defined six

stages as follows: the meiosis stage in which microspore mother cells enter meiosis, corresponding to Stage 6 in

Arabidopsis anther development (Sanders et al. 1999); the tetrad stage in which meiosis is completed, corresponding to

Arabidopsis Stage 7; microspore stage Sa in which individual microspores are released from tetrads, corresponding to

Arabidopsis Stage 8; microspore stage Sb-1 in which the walls of microspores are thickened and the tapetum becomes

thinner and less stained with Toluidine blue dye, corresponding to Arabidopsis Stage 9, although the onset of tapetal

degeneration in sugar beet appeared to be earlier; microspore stage Sb-2 in which the endothecium develops radial bars

of thickenings and the tapetum is invisible; and the pollen stage in which the septum degenerates and the stomium

breaks resulting in anther dehiscence (Fig. 4a-f). Anther development of p2p2 plants was indistinguishable from that of

TA-33BB-0 from the meiosis stage to the pollen stage (Fig. 4g-1).
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The morphology of p2p4 anthers was similar to that of p2p2 plants until the microspore stage Sa (Fig. 4m-o).

However, during the microspore Sb-1 stage, the tapetum of p2p4 plants was thicker and more intensely stained than that

of p2p2 plants (Fig. 4p). During the microspore Sb-2 stage, tapetal residue was still visible, although radial bars of

thickenings were seen in the endothecium (Fig. 4q). At the pollen stage, stomium breakage was rarely observed in p2p4

plants, although the septum connecting two anther locules degenerated (Fig. 4r). Pollen grains in p2p4 locules were less

stained compared to those in p2p2 anthers, suggesting that they were less developed.

Sections of p4p4 anthers were similar to those of the other genotypes until the tetrad stage (Figs. 4s and t); however,

in sections containing microspores, tapetal cells were attached together unlike the dissociated tapetal cells found in

other genotypes (Fig. 4u). Occasionally, the p4p4 tapetum was irregularly shaped and vacuolated unlike those of the

other genotypes (Fig. 4v). In the following stages, p4p4 anther locules were deformed (Fig. 4w). Microspores or

tapetum were not identifiable inside of p4p4 locules but remnants of microspore or tapetum that were misshapen by

deformed anther walls were seen (Fig. 4w). Radial bars of thickenings of the endothecium were observed in some

sections that had empty locules (Fig. 4x).

NK-305 RfI is a novel molecular variant

We next investigated the molecular organization of NK-305 RfI. Because the sugar beet Rf locus contains a gene

cluster of orf20-like genes, we first examined the number of clustered genes in the NK-305 locus by DNA gel blot

analysis. A DNA probe corresponding to the 3'-untranslated region (UTR) that is conserved among orf20-like genes

was hybridized with total cellular DNA isolated from one of the p2p2 NK-305 plants. Two HindllI restriction bands of

7.0 and 5.4 kbp appeared on the blot (ESM Fig. 3), indicating that NK-305 Rf7 contains two copies of orf20-like genes.

The nucleotide sequences of the previously characterized Rf1/rf1 enabled us to PCR amplify the entire NK-305 Rf1

locus as overlapping segments whose nucleotide sequences were assembled into a contig of 20019 bp. From this
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nucleotide sequence, two HindllI restriction fragments of 7167 and 5277 bp are expected to hybridize with the 3'-UTR

probe, a result confirmed by our DNA blot analysis.

From the obtained sequence, two orf20-like genes were found that were designated as orf20yx.395.; and

orf20yk.305.2 (Fig. 5). Comparison with previously characterized orf20-like genes revealed two introns in each of the

newly identified orf20-like genes (Supplementary Figs. S4 and S5) as were also present in the other orf20-like genes.

The best match for orf20yk_305.; was orf20 in NK-198 (hereafter orf20yx.195); the sequences differ in two nucleotide

residues in exon 1 (one synonymous and one nonsynonymous), one residue in exon 2 (nonsynonymous), and their

introns are identical (ESM Supplementary Fig. 4). Consequently, their translation products differ in two amino acid

residues (Supplementary Fig. 6). Sequence homology extends 1.5 kbp in the upstream region and 1.6 kbp in the

downstream region (Supplementary Fig. 4). In contrast, orf20yx.;s.> had the highest similarity to orf20Lg that had been

identified previously as an orf20-like gene in a specific group of rf1rf1 lines (Ohgami et al. 2016); the two ORFs are

identical in exon 1, intron 1, and exon 2, but differ in intron 2 (12 nucleotide substitutions) and exon 3 (11 nucleotide

substitutions and a small deletion of 3 bp in 0rf20yx.305.) (Supplementary Fig. 5). Deduced protein products of the two

OREFs differ in 11 amino acid residues, all of which occur in the carboxyl-terminal region (Supplementary Fig. 7).

Sequence homology extends 5.2 kbp downstream; however, the most closely matched upstream region of orf20yx.30s.

was not that of orf20Lg but orf19, another orf20-like gene accompanying orf20yx.;9s (Supplementary Fig. 8).

Interestingly, the upstream region of orf20Lg showed sequence homology to the upstream region of orf20yk.305.;

(Supplementary Fig. 9). Altogether, the molecular organization of NK-305 RfI appears to be a chimera of several

previously characterized restoring and non-restoring alleles.

Lower accumulation of a protein complex containing preSATP6 correlates with NK-305 Rf1 dose

Sugar beet CMS is associated with a 250 kDa protein complex containing preSATP6, and accumulation of the complex

is lower in the fertility-restored line NK-198 (Kitazaki et al. 2015). Because NK-305 was identified as another restored
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line, we examined whether decreased accumulation of the 250-kDa complex also occurred. Immature anthers (meiosis

and tetrad stages) of NK-198, NK-305, and TA-33BB-CMS were collected, and protein extracts were subjected to Blue

Native polyacrylamide gel electrophoresis (BN-PAGE) combined with immunoblotting using antiserum against

preSATP6 protein expressed in E. coli (apreSATP6) (Yamamoto et al. 2005) to determine the size and relative amounts

of the 250-kDa complex in each genotype.

TA-33BB-CMS had an intense signal band of 250 kDa on the blot, whereas NK-198 had a smeared image with

three faint bands of 250, 200 and 150 kDa (Figs. 6a and 6b). Because the signal bands detected by anti-COXI (aCOXI)

were very similar for TA-33BB-CMS and NK-198 on this blot (Fig. 6¢), degradation of the protein sample was unlikely.

NK-305 also gave a smeared signal, but the 250-kDa band was more conspicuous and the 200 and 150 kDa bands were

less intense (Figs. 6a and 6b). The latter two bands emerged after longer exposure of the blot, and their signal intensity

appeared to be less than that of NK-198. The total amount of preSATP6 protein was apparently different among the

TA-33BB-CMS, NK-198 and NK-305 samples on the immunoblot after SDS-PAGE for an unknown reason but there

was no correlation with male fertility or the reduced amount of the 250 kDa complex (Fig. 6d).

We next investigated the accumulation of the 250-kDa complex in semi-fertile anthers. Plants characterized as

p2p2 (fully fertile), p2p4 (semi-fertile) and p4p4 (complete sterile) were selected from the admixture population and

analyzed (Fig. 7). Because our focus was on the 250-kDa complex, antiserum concentration was minimized, hence the

200- and 150-kDa signal bands were barely visible on the blots. We quantified the signal intensity of the 250-kDa band

by normalizing the signal intensity of Complex IV that was detected by aCOXI. Signal intensities were highest in p4p4,

followed by p2p4, and the lowest in p2p2. Compared to p4p4, the signal intensity of p2p4 was reduced by 50% and that

of p2p2 was reduced by 92% (Fig. 7).

One of the two orf20-like genes in the locus encodes a protein capable of preSATP6 interaction and its transcript

abundance correlates with NK-305 Rf7 dose
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A correlation between the accumulation of the 250-kDa complex and the s17 genotype (hence gene dosage of NK-305

RfT) prompted us to investigate the quantity of mRNA for orf20-like genes. There are two classes of orf20-like genes,

one is preSATP6-interacting and the other is non-interacting (Kitazaki et al. 2015). We first examined whether the two

orf20-like genes in NK-305 RfI interacted with preSATP6. Each of the two orf20-like genes was situated downstream

of the cauliflower mosaic virus (CaMV) 35S promoter in constructs that were introduced into suspension cells of CMS

sugar beet line NK-219mm-CMS via Agrobacterium. Because the two transgenes were tagged with FLAG, their

expression was checked by immunoblot analysis using anti-FLAG (aFLAG). Suspension cells expressing orf20yx.305.1

had a major 43 kDa band and a minor 41 kDa band, whereas those expressing orf20yx.39s5., had only the 44 kDa band

( Supplementary Fig. 10). The reason for this difference is unknown but similar results were obtained when other

orf20-like genes were expressed as transgenes (Kitazaki et al., 2015; Arakawa et al., 2018). According to Kitazaki et al.

(2015) and Arakawa et al. (2018), no correlation was seen between the number of detected signal bands of the

ORF20-like protein expressed from the transgene and protein-protein interaction between preSATP6 and the

transgene’s translation product. Mitochondrial proteins of the transgenic suspension cells were separated by BN-PAGE

and subjected to immunoblot analysis using apreSATP6. Proteins from orf20yx.;05.;-expressing cells had smeared

images with a bold 250-kDa band and faint 200- and 150-kDa bands (Supplementary Fig. 11). The 150-kDa band was

so faint that it was sometimes visible only with longer exposures. The smeared image containing three bands was also

observed from the cells expressing orf20yk.10s (Supplementary Fig. 11), whose translation product binds to preSATP6

protein and likely alters the higher order structure of preSATP6 (Kitazaki et al. 2015). Images obtained from

mitochondrial proteins of 0rf20yx.39s5.,-expressing cells were also smeared but lacked the 200-kDa band. These images

were very similar to those expressing non preSATP6-interacting orf20 homologues such as orf20L and the vector

control (Kitazaki et al. 2015; Arakawa et al. 2018; Supplementary Fig. 11). Considering that the 200 kDa protein

complex contains both preSATP6 and ORF20-like proteins (Kitazaki et al. 2015), orf20yx.395.; encodes a protein that

can interact with preSATP6 and the protein encoded by 0rf20yx.395., does not interact with preSATP6 (Supplementary

Fig. 11).
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To quantify the orf20yk_305.; mRNA, a primer pair specific to orf20yx.;0s.; was designed to discriminate orf20yk.30s.1

mRNA from orf20yk.395.. mRNA. Note that the sequence homology among the four orf20-like gene copies in NK-198

Rf1 locus is so high that specific amplification of orf20y. ;95 Was infeasible (see Fig. 5 and Matsuhira et al. 2012).

Results of our real-time reverse transcription PCR analysis are shown in Table 2. No mRNA was detected from p4p4

plants, confirming the specificity of the primers. In p2p2 and p2p4 plants, the orf20yk 305.; mMRNA was most abundant in

the tetrad stage, meiosis stage and microspore stage, in that order. Comparing the two genotypes, fold changes between

p2p2 and p2p4 were in the range of 1.5-2.2.

Discussion

Here, we show the genetic divergence of the restoring RfI allele in sugar beet; although both NK-305 Rf7 (hereafter

Rf1yk.305) and NK-198 Rf1 are restoring alleles, RfI yk.395 is a weaker allele in its ability to restore male fertility. A single

Rf1yk 305 allele is insufficient to restore male fertility completely; however, the effect is cumulative, and homozygotes

are fully fertile. Hence, Rf1yx.305 acts as a semi-dominant allele.

Genetic interaction between Rf/ and S mitochondria involves a post-translational mechanism between ORF20-like

protein and preSATP6 proteins (Kitazaki et al. 2015). The preSATP6-interacting orf20-like gene in Rf1 k. 395 is

orf20yk.305.1, whose mRNA accumulation level was halved in the heterozygote compared to the homozygote. In

accordance with the amount of 0rf20yk._39s.; mRNA, the amount of the 250-kDa complex was reduced by 50% and 92%

in the heterozygote and the homozygote, respectively. Nevertheless, the amount of preSATP6, the constituent protein of

the 250 kDa complex, is almost unchanged irrespective of the genotype. Therefore, the Rf7 yx.395s dose possibly affects a

higher order structure of the preSATP6 protein. Comparing anthers of rf1rf1, Rflyk ;osrf1, and Rf1yk 30sRf1 yk.305, the

amount of the 250 kDa complex was correlated with the level of male sterility. This line of evidence suggests that the

250 kDa complex is strongly associated with the expression of CMS.
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The level of male sterility expression correlated with the extent of tapetal degeneration. Anther tapetum is known

to play a very important role in pollen development (Papini et al. 1999). In Rf7 vk 305Rf1nk.305 plants, the tapetum starts

to degenerate at the microspore Sb-1 stage and is invisible in the Sb-2 stage, as is observed in N mitochondrial plants. In

CMS sugar beet, the tapetum swells with large vacuoles during the microspore stage then collapses with the

microspores. In Rf7 k. s0s7f1 plants, such tapetal hypertrophy does not occur; however, the first visible difference

compared to fully fertile plants is that the tapetum is thicker than in Rf7 y.30sRf1 nk-305 at the microspore Sb-1 stage. In

the later Sb-2 stage, the tapetum persists in Rf7 vk 30571 plants. This finding suggests either retardation in the onset

and/or irregularity in the process of tapetal degeneration. Tapetal degeneration is considered to be the crucial step for

pollen development as exemplified by some male sterile mutants in model plants (Rogers 2006; Wilson and Zhang

2009). If the tapetum provides nutrients or other substances necessary for microspore development at the expense of its

degeneration, there should be a linear correlation between male fertility and the extent of tapetal degeneration.

The extent of tapetal degeneration can be controlled by Rf7 yk.39s dose in S mitochondrial plants. Tapetal

degeneration is an example of programmed cell death (PCD) in plants (Parish and Li 2010); hence, tapetal PCD should

properly occur in an Rf1 yk.30sRf1 yk.305 plant, should be impeded in an Rf7 y.3957f1 and should be abolished in an rf1rf1.

A quantitative factor derived from interaction between Rf7 yx.39s and S mitochondria is assumed in this model. Our

results suggest that the quantity of this factor is correlated with the amount of the 250 kDa complex. The 250 kDa

complex is likely an oligomer of preSATP6, but its function is unknown (Yamamoto et al. 2005; Kitazaki et al. 2015).

Several S-orfs whose translation products also form oligomers are known (Rhoads et al. 1988; Duroc et al. 2005). Duroc

et al. (2009) proposed that the oligomers could be mild uncouplers. If the 250 kDa complex is also a mild uncoupler, in

accordance with its accumulation, the physiological state of mitochondria could be linearly changed, resulting in

changes in the production of, for example, reactive oxygen species (ROS). A relationship between ROS and the

progression of PCD in anthers has been reported (Hu et al. 2011). Further study is necessary to characterize tapetal PCD

in fertility-restored sugar beet.
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In addition to Rf7 yk.305, we have recently identified 7f7 g0, from leaf beet, another allele whose effect on the

accumulation of the 250 kDa complex is so faint that it was genetically referred to as a non-restoring allele (Arakawa et

al. 2018). Another non-restoring allele selected by sugar beet breeders has apparently no effect on the accumulation of

the 250 kDa complex (Kitazaki et al. 2015). Thus, it appears that multiple Rf1/rf1 alleles with different effects on the

accumulation of the 250 kDa complex exist in beet. Differences in the molecular effect can be explained by the amount

of mRNA that encodes ORF20-like proteins capable of interacting with preSATP6. Given that the amount of

ORF20-like protein correlates with its transcript abundance, higher levels of ORF20-like protein convert the 250 kDa

complex into the 200 kDa complex because the ORF20-like protein plays a principal role in this conversion process.

Consequently, the amount of 250 kDa complex is reduced; however, the possibility cannot be excluded that alterations

in the amino acid sequence of the ORF20-like protein may also affect the strength of the allele.

Molecular organization of the Rf1/rfI alleles indicates that the number of orf20-like genes and their primary

sequences are diverse (see Fig. 5). At a glance, intergenic recombination likely played a pivotal role in the

organizational diversity of Rf7. Despite the differences in the gene products, this level of diversity is reminiscent of the

evolution of PPR-Rf'(Kato et al. 2007; Geddy and Brown 2007; Mora et al. 2010; Melonek et al. 2016). At present,

however, it remains unknown whether any of the sugar beet Rf1/rfI alleles are able to restore CMS lines other than

those of the Owen type, as has been suggested for PPR-Rf (Fujii et al. 2011). This question should be investigated in the

future. Note that beet Rfs for two other CMS lines have been mapped onto different chromosomes (Laporte et al. 1998;

Touzet et al. 2004).

On the other hand, a series of alleles with various strengths in their molecular effect on the 250 kDa complex

prompted us to think of another possibility. Perhaps sugar beet Rf7 is in its infancy toward evolving into the most

suitable Rf7 allele. In relation to this proposal, one population genetics theory predicts that plants with a restoring Rf'

allele incur some negative effect on their fitness, otherwise sexual dimorphism of a population (i.e. females expressed

by CMS and hermaphrodites) could not be maintained (e.g. Dufay et al. 2007). Considering the molecular

chaperone-like function of ORF20-like proteins, their off-target effect may not be negligible when these gene products
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are abundant. For example, excess ORF20-like protein may occasionally interact with the mitochondrial respiratory

complex and impair its function, leading to a slight decrease in male fitness. This phenomenon could occur more likely

in normal cytoplasm lacking preSatp6; hence, an RfI allele that is too strong might not be favoured. Moreover, the

frequency of the Owen-type mitochondria is generally low but differs among populations (Touzet 2012; Cheng et al.

2011). These factors as well as other unknown influences, including the presence of numerous alleles throughout the

entire population of beets, could make the selection of RfI alleles complicated. This notion needs some theoretical

support and more data about the organizational and functional variation of this gene family in order to fully describe the

molecular evolution of sugar beet Rf].

Supplementary Material

Supplementary Fig. 1. Agarose (2%) gel electrophoresis of PCR products amplified with primers for cytoplasmic

DNA markers.

Supplementary Fig. 2. PCR products amplified with primers for DNA marker o7.

Supplementary Fig. 3. DNA gel blot analysis of an NK-305 plant probed with an orf20-like 3'-UTR.

Supplementary Fig. 4. Alignment of nucleotide sequences of 07f20yk.;9s and orf20yk._30s.; coding and flanking regions.

Supplementary Fig. 5. Alignment of nucleotide sequences of 07f20Lg and orf20yk._395., coding and flanking regions.

Supplementary Fig. 6. Alignment of amino acid sequences of the protein products deduced from orf20,._ ;95 and

orf20yk.305.; nucleotide sequences.

Supplementary Fig. 7. Alignment of amino acid sequences of the protein products deduced from orf20Ls and

orf20yk.305., nucleotide sequences.

Supplementary Fig. 8. Alignment of nucleotide sequences of the upstream regions of orf19 and orf20yk.30s.2-

Supplementary Fig. 9. Alignment of nucleotide sequences of the upstream regions of orf20Lgs and orf20yx_395.;-

Supplementary Fig. 10. Immunoblot analysis of proteins from transgenic suspension cells separated by SDS-PAGE.

Supplementary Fig. 11. Immunoblot analysis of proteins from transgenic suspension cells separated by BN-PAGE.
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Supplementary Table 1. Nucleotide sequences of primers used in this study.

Supplementary Table 2. Segregation of male fertility and o7 marker types in an F, population.

Supplementary Table 3. Segregation of male fertility and s17 marker types in an admixture population.

Supplementary Table 4. Segregation of male fertility and s17 type in a BC,F, population.
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642 Table 1. Segregation of male fertility and s17 marker genotypes in F, populations derived from TA-33BB-CMS x

643  NK-305
s17 (length of DNA Male fertility
fragment in kbp) Fully fertile Partial fertile Sterile Total
5 1
p2p2 (0.5 and 1.4) 0 6
6
p2p4 (0.5, 0.6, 1.1, 1 13
0 14
and 1.4) 14
0 0
p4p4 (0.6 and 1.1) 6 6
0
6 14
Total 6 26
20
644
645
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Table 2. Quantity of 0rf20yk_;9s.; mRNA in anthers with different NK-305 Rf7 doses

Anther stage  Reference sl7 Fold change
p2p2 (n=5) p2p4 (n=4) p4p4 (n=3)  (p2p2 vs. p2p4)

Meiosis Actin = 0.285+0.079  0.177+0.015 ND' .61+
Tetrad 0.357+0.112 0.188+0.002 1.9%
Microspore 0.185+0.067 0.122+0.031 NA® 1.52
Meiosis efla 0.097+0.036 0.055+0.009 ND 1.77*
Tetrad 0.115+0.046 0.053+0.005 2.16%*
Microspore 0.078+0.009 0.043+0.017 NA 1.8*

'ND, not detected; NA, not applicable; **, p<0.05 (Welch's ¢ test); ***, p<0.01 (Welch's # test).
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651 Figure legends

652

653 Fig 1 Sugar beet flowers with varying levels of male fertility and their anther contents. (a) A fully fertile flower. The
654 anther is well developed and has dehisced to shed abundant pollen grains. The anther color is yellow to bright yellow.
655 The semi-fertile type (type a) can be included in this class but less pollen is released. (b) A partially fertile or

656 semi-fertile (type b) flower. The anther is fairly well developed but rarely dehisces. No or very little pollen is shed. The
657 anther color is more orangish than a fully fertile anther. (c) A male-sterile flower with shriveled anthers. The anther
658 color is white or brown. (d-h) The typical anther content of plants with different genotypes and cytoplasm types. The
659 scale bar is 50 pum in length. (d) A fully-fertile plant of s17 marker type p2p2. () A partially-fertile plant of s17 marker
660 type p2p4. (f) A male-sterile plant of s17 marker type p4p4. (g) TA-33BB-O (normal fertile cytoplasm and rf1rf1rf2rf2).
661 (h) TA-33BB-CMS (Owen cytoplasm and rf1rf1rf2rf2).

662

663 Fig 2 (a) Agarose gel electrophoresis of marker s17 cleaved amplified fragments from plants of TA-33BB-CMS,

664  NK-305 and representatives of their F, population, (b) TA-33BB-CMS, NK-198, and their BC,F,. Size markers are
665  shown on the left (kbp). Marker genotypes are shown below the gel images.

666

667 Fig 3 Distribution of male fertility indices in populations segregating NK-198 Rf7 (BC,F, population) or NK-305 Rf7
668 (admixture population). The vertical axis indicates the male fertility index. Genotypes of the s17 marker are shown
669 under the horizontal axis. Boxes indicate the first and third quartiles, and the inside lines are median values. The upper
670 and lower external whisker lines indicate first quartiles-1.5 x interquartiles and third quartiles+1.5 x interquartiles,

671 respectively. Outliers are plotted as circles. Classes a, b and ¢ were defined by the Steel-Dwass test (p<0.01).

672

673 Fig 4 Light microscopic observations of transverse sections of sugar beet anthers of different genotypes. TA-33BB-O
674 has normally fertile mitochondria and an rf17f1rf2rf2 genotype. Plants with s17 genotypes of p2p2, p2p4, and p4p4
675 were analyzed. Anther developmental stages defined in this study are shown at the top except for p4p4 due to its severe
676 developmental abnormalities. Scale bars are 50 pm. (a-f) TA-33BB-O, from meiosis- to pollen stages, respectively. (g-1)
677 Plants with a p2p2 genotype, from meiosis- to pollen stages, respectively. (m-r) Plants with a p2p4 genotype, from

678 meiosis- to pollen stages, respectively. (s-x) Plants with a p4p4 genotype. Panels s and t are in the meiosis and tetrad

679 stages, respectively. Panels u to x deviate from normal anther development.

680
31



681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

Fig 5 Comparison of the molecular organization of Rf7 among beets. PI615522 is a sugar beet line selected as an
[N1rf1rf1rf2rf2 genotype by U.S. breeders (Ohgami ef al., 2016). Fukkoku-ouba is a leaf beet landrace in Japan whose
rf1 is likely a hypomorphic allele (Arakawa et al., 2018). Pentagons indicate the coding regions of orf20-like genes
(introns are omitted). Their transcriptional direction is from left to right. Dotted regions show homologous regions. The

scale bar is shown below.

Fig 6 Immunoblot analyses of immature anthers from sugar beet lines TA-33BB-CMS (lane 1), NK-198 (lane 2), and
NK-305 (lanes 3 and 4). Size markers are shown on the left (a, c, d) or the right (b) (kDa). (a) Total cellular proteins
were separated by BN-PAGE and the blot was probed with apreSATP6. The exposure time was 10 sec. (b) The same
blot as panel a. The exposure time was 5 min. (¢) Total cellular proteins were separated by BN-PAGE and the blot was
probed with aCOXI. (d) Total cellular proteins were separated by SDS-PAGE and the blot was probed with

apreSATP6.

Fig 7 Immunoblot analyses of immature anthers from p4p4, p2p4, and p2p2 plants. Size markers are shown on the left
(kDa). (a) Total cellular proteins were separated by BN-PAGE and the blot was probed with apreSATP6. The exposure
time was 1 min. (b) The same blot as panel A was probed with aCOXI. The exposure time was 5 min. (¢) The relative
signal intensities of 250-kDa complexes detected by apreSATP6. Values are the ratio between the 250 kDa complex
and the 420 kDa complex that was detected by aCOXI. s17, genotype of s17; n, number of replicates; SD, standard

deviation; p, probability calculated by Tukey-Kramer test.

32






SIND-ggee-vL vdrd  spo-ggee-vi
SOE-MN gded 86 L-MN

pdyd
fdzd
pdzd a0
pdyd
2dzd

¥ T, O ~ 00w
© —_—_—r OO0 0 -0

F2




Male fertility index

1.0

3.0

20 25

1.5

0.5

0.0

a a b a c b
o
o |
8 : o
O
o o
: e
5 e R V—
— -
& — —_—
T T T T T T
pipi pip4  pdp4 p2p2 p2p4 p4p4
NK-198 Rf1 NK-305 Rf1




Microspore
Meiosis Tetrad Sa Sb-1 Sb-2 Pollen

TA-33BB-0O




P1615522 rf1

NK-305 Rf1 ] e e
! | % . O P
o ffzﬂmaas_r NK-305-2

orf21 | |\ \orfl9  orfi8

NK-198 Rf1 =

Fukkoku-ouba rf1

0rf20skkoku 5 kbp



1 23 4 b 1234

1236
1024

720
480

242

146
1024

720
480

242




242

150

420

s17 n  Mean = SD p
pdp4d 3 1.568*0.164 0.0019
p2p4 3 0.857*0.068 0.0013
p2p2 2 0.118+0.014




oo o
Wy *

Supplementary Fig 1 Agarose (2%) gel electrophoresis of PCR products amplified with primers
for cytoplasmic DNA markers. Lanes 1, 2, and 3 are NK-305, TA-33BB-CMS, and
TA-33BB-O plants, respectively. Size markers are shown on the left (kbp). A. A mitochondrial
marker targeting TR-1. B. A chloroplast marker targeting the perG-psbE intergenic region. Note
that the PCR products of NK-305 and TA-33BB-CMS (lanes 1 and 2, respectively) are cut into
two fragments of 0.3 and 0.5 kbp after HindlIII digestion, whereas those from TA-33BB-O

remain intact. An asterisk indicates the DNA bands derived from non-specific amplification.
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Supplementary Fig 2 PCR products amplified with primers for DNA marker o7. Results from
plants of TA-33BB-CMS, NK-305, and representatives of their F. population are shown. Size

markers are shown on the left (kbp). Marker types are shown below the gel images.
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Supplementary Fig 3 DNA gel blot analysis of an NK-305 plant probed with a 3'-UTR from
bvORF 19 (an orf20-like gene). HindIlI-digested total cellular DNA was electrophoresed in a

1.0% agarose gel. Size markers are shown on the right (kbp).
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~TCATAGGAAAACTCCTAT-AACATTTGCATA————CATTGT-AGGTCTTTGT———TGC -1896
ATCATTGTGGTACTTTAATTAAAATTCTAATAATAACATAATCAACTAATAGTGATATGA -1884
sokkok ok sdkk dok kk okl ok fkk ok ok kK kk *ok

ACTT-TAATCCCTCGGGGCTCGTATATTGATATTAAGTGTATTTTAATCTACGTTTTTTT -1837
AATTATGAATAACAAAATAATGGACAATAATAC-AAATGTATATTAAACATTGACTATTT -1825
* dok ok k * ok ok ok kokk kk okkkkk skokkk k% ok sokk

————— CTATTGCAACAATTACTACTTTGGATAATTTTACATCTATTGCAACAATTTCACT -1782
GGACCTTATTGGAGG——TTATTAGACCTGAT———TGAAACTTATTG-GACCTTATTAGA -1772
sfrdokk k ok dokk Kk sokk * ok %k okbokkk kk ok k%

TTTGGTATAAAAAGCAATATTTCAGAACAAAGCAGCATTGTGCACCCGAGA—————— GA -1729
CCTGAT-TGGAACTTATTGCACCTGATTGAAACT-TATTG-—CACCTGGAACTTATTGGA -1716
*k ok ok Kk K %k * kk okk ok kbl kokkk k% *ok

ACATACCAT-TCATATAGAAGAATATGATTTTTTTTCAAC———— AACTTTTCAAGA -1678
CCTTATTAGACCGTTATTGGAAGTTATTGCGCTTATTAGACCTTATTACAACTTATCTGAA -1656
* ok ok ok okkk ok ok kkk kK kk oKk fordkokk Kk %k

TAAAAAAAGCATACAATATAA———- AATTAA—AGAACATG——TAAATCTCCAAC -1631
CTTATTGGACCTGAAACTTAATTTTTTTAAGTTGAGCAGAACGCACCCTAAATCTCCAAT -1596
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AACATTTGAAAAAACCTA—— AAAAAAAAGCATCTATTGTAAATGAACATTTAGTCT -1577
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AAATTTAAAGAACCTAACTTTTAAATGTAAAAATTTGAAAAAAGGAATCTCGGCAACAAC 1517
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CATTTTTCCTAAAAGGTAAAACAAGTTGCAAGATTTAATGAAACAGATAACAACATTTTT -1457
CATTTTTCCTAAAAGGTAAAACAAGTTGCAAGATTTAATGAAACAGATAACAACATTTTT -1423
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TTTATGCGTACTTGGATGCATGTTCCTATTTGCGCGTTTTCCATTCCCTAAAAAACCGAGT -1337
TTTATGCGTACTTGGATGCATGTTCCTATTTGCGGTTTTTCATTCCCTAAAAAACCGAGT -1303
soptoksoksokkokokokokokokiokkokoktokiokokoktoktokk  kskoksokokokokokarokoksorokk

CTAAAGCTATTGTTATAATACACTCTAGTAGTGCTCTCAAAAAAAA-TAAGGCTTTGCTA -1278
CTAAAGCTATTGTTATAATACACTCTAGTAGTCGTCTCAAAAAAAAATAAGGCTTTGCTA -1243
optoksokokkokiokokkokoriokkokokiokolokk stokstokstokokokolk  kokokatokorsoroksk
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AATTACGCCCTAAATTTTTCTGGTAACGCCGCTAAATACGGTATTTTCATACCGTATTTAT
AATTACGCCCTAAATTTTTCTGGTAACGCCCTAAATACGGTATTTTCATACCGTATTTAT
soptoksokstokkokokokkokokiokkokokstokstokokoksokstokstokokoksokokdokdokokarokkskokokk

ATACCTGCATTTCGTTTCGTGTCTTTCCCCTTCACGTCACTCACTTTCTGTGTCCTGTGCAC
ATACCTGCATTTCGTTTCGTGTCTTTCCCCTTCAGTCACTCACTTTCTGTCTCCTCGTGCA-
soptokstokstokkokokokokokokiokaiokakoktokstokokdokokoksokokdokoratokarokorkoktoktokkokok

CATAACTGCCAGCAATTTCTCTCTCCTGTGCAGCACAACTGGCACCAGAGCCACCACTACC
CCACAACTGCCACCACAGCAGCACTACGGC
sookokokstokatokaokstoktokokdokdokdokokk

ATATTCTTCTGCAATTTCACACTTCGTGACTGTTATGTCTTCTAACAACATTGTGCCGGCA
ATATTCTTCTGCAATTTCACACTTTTGACTCCGTATGTCTTCTAACAACATTGTGTCGGCA
sopoksokiokkokiokiokkdokioriokork sokiokiok soksokstokstokokokolokdokdorokarok sokoksk

CCACCAGCACCGAGGTACCCGCGACACGCCACCATCGTCGTATCGCCGGGCACCAGGCGGCG
CCACCAGCACCGAGGTACCCGCGAGCACGCCACCATCGTCGTATGCCGGGCACCAGGCGGCG
soptoksoksokkokokkokkokokiokkokoktokstokokoktokstokstokokoksokokdokokokarokoksorokk

TAGCGCCGACACACCACCACCATCCGCTTTTTCTGTACTCCGTTTTCTTTATTTTCTGAA
TAGCGCCGACACACCACCACCATCCGCTTTTTCTCGTACTCCGTTTTCTTTATTTTCTGA-
sotokstokstokokokoksokokokokiokaiokaksoktokstokokdokoksoksokokokorkatokarokoksok ok ok kokok

TTTTTTTTTTAAAAAAAAGGGGAGGCGTCCACCATGGACGCCCCACCACTGGTGGAGGCG
=TTTTTTTTTTAAAAAAAGGGGAGGCGTCCACCATGGACGCCCCATCACTGGTGGAGGCG
shlolololololok skekilolololololokkkskskiolloloeokskskiollololofeoekkok  solololooekokskskslololok

TCCATG-CAGGCGGCTCACCATGTGGTGAAGCGCCGTGCCATAGACGGCTCCCCTTTTTTT
TCCATGGCAGGCGGCTCACCATGTGGTGAAGCGCCTGCCATAGACGGCTCCCCTTTTTTT
sotokiok kkkokiokokokokokiokakokokstoksiokokoktoktokstokokoksokokdokokokarokoksokokk

TAAAAAAAATTTCAAATTACTGTTAATGAAGAAACATAGAAGAGGAGGGTGGGTTACGAGC
TAAAAAAAATTTCAAATTACTGTTAATGAAGAAACATAGAAGAGGAGGGTGGGTTACGAGC
soptoksokstokkokokokkokokiokkokokstoksiokokoksokstokstokokoksokokdokokokarokoksorokk

GGTTGTGGTGCGGTGGCAGTGTGTCGGTGGTGCGGCGCAGTACTGGTGCGACGGCGACTG
GGTTGTGGTGCGGTGGCAGTGTGTCGGTGGTGCGGCGCAGTATTGGTGCGACGGCGACTG
soptoksokstokkokiokkokkokokiokkokoktokiokokoktoktokstokork sokksokorokarokorsoroksk

GTGCGGCGGTGGTGGTGCAATGGTCCCCAATGGTAATGTGGGAGAAGAGGGGAGAGAAGT
GTGCGGCGGTGGTGGTGCAACGGTCCCCAATGGTAATGTGGGAGAAGAGGGGAGAGAAGT
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GTTAGTAAGATATTCTAGGGCGTCGTTTAGCAAATGAGAAAAGATAATACACTCTAGTTG
GTTAGTAAGATATTCTAGGGCGTCGTTTAGCAAATGAGAAAAAATAATACACTCTAGCTG
soptoksokokkokiokokkokokiokkokoktokokokoktoktokstokork sokksokorokatokodkor kok
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TCGTAGACTCTCAATATGTGTCATTTAGAGACTCGTAACGCATTGACGCACTTACTCGGG
TCGTAGACTCTCAATATGTGTCATTTAGAGACTCGTAACGCATTGACGCACTTACTCGGG
soptoksokstokkokokokkokokiokkokokstokstokokoksokstokstokokoksokokdokdokokarokkskokokk

GTAGAAATATTTTGTTCCATTTATTAAATGAGAAAATTTCATCCCCTGATCCCAATTATC
GTAGAAATATTTTGTTCCATTTATTAAATGAGAAAATTTCATCCCCTGATCCCAATTATC
soptoksokstokkokokokokokokiokkokokstokiokokoktokstokstokoksoksokokdokokokrokorksorokk

AAATCAACATCTAAAAATTTAAAATGAGTAGGTACGTAACGAAAAACGAATGACTCTCGA
AAATCAACATCTAAAAATTTAAAATGACTAGGTACGTAACGAAAAACGAATGACTCTCGA
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TAATAGTACACCCCATTAATCCATTCTTAGTTTGTTGCATAGTTTGTTGCGTAGTGCATA
soptokstokstokkokokkokokokokiokkokoktokaiokokokstokstokstokoksoksokokdok ook rokksokokk

GCTGGCTGCAAAAGAAATCTTTTGCACAGAGAAAACTTTTGCAGTTTCGGAATTCAGCAG
GCTGGCTGCAAAAGAAATCTTTTGCACAGAGAAAACTTTTGCAGTTTCGGAATTCAGCAG
soptoksokstokkokokokokokokiokkokoktokstokokoktokstokstokokoksokokdokokokrokoksorokk

GAATATCATAAGCATTTATGGAAGCAACAACTCTTGTGAGCGATTTCATCTAAAAGCCTT
GAATATCATAGGCATTTATGGAAGCAACAACTCTTGTGACCGATTTCATCTAAAAGCCTT
soptokokiolkk  sokkokkokokiokakokokstokaiokokoksokstokstokoksoksokokdokdokoksrokoksorokk

AATCTCATAAATTTTACATTTCAGAATTCAAAAATCACGTAATTTTTTTTTTTGGTATGT
AATCTCATAAATTTTACATTTCAGAATTCAAAAATCACGTAATTTTTTTTTT-GGTATGT
soptokstokstokkokokokkokokiokkokokstokiokokoktoktokstokokoksokokdokdorok skoksoroksk

TAGTTGAACCCAGTTCATAACTGACCCTGAAATTCAAGAATTTGGAGCAAAGTTAGCAGC
TAGTTGAACCCAGTTCATAACTGACCCTGAAATTCAAGAATTTGGAGCAAAGTTAGCACC
soptoksoksokkokiokokkokokiokkokoktokiokokoktoktokstokokoksokokdokorfoktokokdork %k

TTTTGTTGTTCAAAAATC -1
TTTTGTTGTTCAAAAATC -1
sostokstokstokoksdokdokkokokdok

/ Exon 1

ATGGCGTGGTACAGAAATTCAAGGTTTGTCTACAATGCTTTAAAACTCAACTTGCGTTCC
ATGGCGTGGTACAGAAATTCAAGGTTTGTCTACAATGCTTTAAAACTCAACTTGCGTTCC
$eorkskoroksokkokokokokskskokkskokksdokokskokkskstoksokokskskokokskokkskokokskokokskskokskkokskskoksk ook

AAAACATTTGGTACTATTCCAACTCCAAGAGTTCATTCGAATTCCTCATCTTTGTTTTAC
AAAACATTTGGTACTATTCCAACTCCAAGAGTTCATTCGAATTCCTCATCTTTGTTTTAC
sepklololololoekkekksiolololloolokkskskkiloleokskskokoklololoeekkeksolololololokkokskskstookok

AATCAATCTACTAATAAGTGTAGTGGGTTATTTGGGTCTGCAAAATCTGGGTATTTTAAT
AATCAATCTACTAATAAGTGTAGTGGGTTATTTGGGTCTGCAAAATCTGGGTATTTTAAT
sepkllolololoekkkksiololollololorkskskkikoleokskskkllloloeekkslololololokkokskskkookok

GGGTTTAAACATCATCAAGAGATTAGCTCTTTCTCTGGTTTTGCAAGGAGAAATTATCAT
GGCGTTTAAACATCATCAAGAGATTAGCTCTTTCTCTGGTTATGCAAGGAGAAATTATCAT
sk kokiokkokokokkokiokiokkokokokaokokoktokokstok soksokoksokokokatokorksorokk
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GGTGATAAAACCGAAGTAAGTGTTGAATCATGGCTGGAAAAATTCCTTGTTCCAATTGGA 300
GGTGATAAAACCGAAGTAAGTGTTGAATCATGGCTGGAAAAATTCCTTGTTCCAATTGGA 300
soptoksokstokkokokokkokokiokkokokstokstokokoksokstokstokokoksokokdokdokokarokkskokokk

CTAATCTTGACTTTTGGTATACTTGGTTAGCCTCATGTGCAGCCAGTAGTTGTGCCATAT 360
CTAATCTTGACTTTTGGTATACTTGGTTAGCCTCATGTGCAGCCAGTAGTTGTGCCATAT 360
soptoksokstokkokokokokokokiokkokokstokiokokoktokstokstokoksoksokokdokokokrokorksorokk

ACAGGAAGGAAGCATTATGTGCTTATGTCAACAACTCGTGAGAATGAAATTGGAGAAGTT 420
ACAGGAAGGAAGCATTATGTGCTTATGTCAACAACTCGTGAGAATGAAATTGGAGAAGTT 420
soptokstokstokkokokkokokokokiokkokokstokstokokoksokstokstokokoksokokdokokokarokoksorokk

GAGAAGCGGAAAATACAACCTGCTACACAGCCTGATACTGATAGGGTTAGGTCAATATTC 480
GAGAAGCGGAAAATACAACCTGCTACACAGCCTGATACTGATAGGGTTAGGTCAATATTC 480
soptokstokstokkokiokokkokokiokkokokstokstokokokstoktokstokoksoksokokdokokokrokoksorokk

CAACACATTCTTGAATCACTGGAAAGAGAGATTAATCACCATGAACTCGAACTCGAAAGA 540
CAACACATTCTTGAATCACTGGAAAGAGAGATTAATCACCATGAACTCGAACTCGAAAGA 540
soptoksokstokkokokkokokokokiokkokoktokaiokokokstokstokstokoksoksokokdokokokrokorksokokk

GATGAAACTTTCAAGGAGAAAACCATTTGGAAGGAGGAGACAGTTGATGATAAAGATAGT 600
GATGAAACTTTCAAGGAGAAAACCATTTGGAAGGAGGAGACAGTTGATGATAAAGATAGT 600
soptokstokstokksokokkokkokokiokakokokstokatokokoksokstokstokokokokokdokokokarokorksokokk

AGGAAGAAGCATAGTGGGGCTAAGATAACTACTAACCATTTGGAAGGGATGAATTGGGAA 660
AGGAAGAAGCATAGTGGGGCTAAGATAACTACTAACCATTTGGAAGGGATGAATTGGGAA 660
soptokstokstokkokokkokokokokiokkokokstokaiokokoksokstokstokoksoksokokdokokokarokoksokokk

ATTTTCGTTGTTGATAAACCGTTGGTTGAGTCCAGTTATTTATTAGGTGGGAAGATTGTT 720
ATTTTCGTTGTTGATAAACCGTTGGTTGAGTCCAGTTATTTATTAGGTGGGAAGATTGTT 720
soptokstokstokkokokkokokokokiokkokokstokstokokoksokstokstokoksoksokokdokokokrokorkskokokk

GTTTACACCGGATTGCTCAACCATTGCAACTCTGATGCTGAATTGGCTACAATTATCGCG 780
GTTTACACCGGATTGCTCAACCATTGCAACTCTGATGCTGAATTGGCTACAATTATCGCG 780
seorkskoroksokkokorkokokskskokkskokksdokokskokkskstoksokokskskokokskokksokokskokokskskokskkokskskoksk ook

/ Intron 1
CATCAGGTATATAAAACTATTCATGGGACTCCAATTATGTGCTTAAGCTGATGGTTAATA 840
CATCAGGTATATAAAACTATTCATGGGACTCCAATTATGTGCTTAAGCTGATGGTTAATA 840
$eorkskoroksokkkokorkokokskskokkskokksdokokskokkskstoksokokskskokokskokksokokskokokskskokskkokskskoksk ook

GAACTATACAAAAAAACTGATGAATTTTAGGTTATCAGATTACATTATGAATGTCATATG 900
GAACTATACAAAAAAACTGATGAATTTTAGGTTATCAGATTACATTATGAATGTCATATG 900
$eorkskoroksokkokokokokskskokkskokksdokokskokkskstoksokokskskokokskokkskokokskokokskskokskkokskskoksk ook

/ Exon 2
TCAATTTGGTGGTATGTATTTGTTAGGTTGGGCATGCTGTGGCTCGACATGAGGCAGAGG 960
TCAATTTGGTGGTATGTATTTGTTAGGTTGGGCATGCTGTGGCTCGACATGAGGCAGAGG 960
seorkskoroksokkskokkokokskskokkskokksdokokskokkskstoksokokskskokokskokoksdokokskokokskskokskkokskskoksk ok

ATTCGACAGCATTTTTCTGGTTGTTAATATCGCTCAACGTGATATTATTTAAAATTCTAT 1020
ATTCGACAGCATTTTTCTGGTTGTTAATATCGCTCAACGTGATATTATTTAAAATTCTAT 1020
soptoksokstokkokiokkokokokokiokkokokstokstokokoktoktokstokokokokokokokokarokoksorokk
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TTACTGAGCCTGAATCTGCCAATGCAAGATCAAAACTACTCTTAAGGCATCCTCTCTTGC
TTACTGAGCCTGAATTTGCCAATGCAAGATCAAAACTACTCTTAAGGCATCCTCTCTTGC
sekorkskooksorkdokorkok  skekokkkokksokokskokkskstoksokokskskokokskokkskokokskokokskskokkkokskskoksk ook
/ Intron 2
AAAAGTAAGTCTCTTACTCTTAAAATGTTTTCTTGATGATTAACAAACATGTGGTACTGC
AAAAGTAAGTCTCTTACTCTTAAAATGTTTTCTTGATGATTAACAAACATGTGGTACTGC
$eorkskoroksokkokorkokokskskokkskokksdokokskokokskstoksokokskskorkokskokkskokokskokokskskokskkokskskoksk ook

TAGTGCATAACTGTGTTACTGCATCACATATGTTACTGCATAATTGCAAACTATATTACA
TAGTGCATAACTGTGTTACTGCATCACATATGTTACTGCATAATTGCAAACTATATTACA
soptokstokstokkokokkokokokokiokkokokstokstokokoksokstokstokokoksokokdokokokarokoksorokk

TGCCCGGACCTAGTAAGTTGTTTCATTTGTCAGCGATTTCATTTAGATATCCATTTGAGA
TGCCCGGACCTAGTAAGTTGTTTCATTTGTCAGCGATTTCATTTAGATATCCATTTGAGA
soptokstokstokkokiokokkokokiokkokokstokstokokokstoktokstokoksoksokokdokokokrokoksorokk

GCAAGTTAAATTTGTATCAAGTTGTGGAATGGAAAAGTAATAGAACTAAATAGAGAGGTG
GCAAGTTAAATTTGTATCAAGTTGTGGAATGGAAAAGTAATAGAACTAAATAGAGAGGTG
soptoksokstokkokokkokokokokiokkokoktokaiokokokstokstokstokoksoksokokdokokokrokorksokokk

TGATGCTAATAAAATCTAATCCATTACTGAGTAATGGTTTTGGATCGATATATGGATTGC
TGATGCTAATAAAATCTAATCCATTACTGAGTAATGGTTTTGGATCGATATATGGATTGC
soptokstokstokksokokkokkokokiokakokokstokatokokoksokstokstokokokokokdokokokarokorksokokk

TATATTGCACAGATTCTATCCTTTGTCGCAGATAACATTAAATTTATGTTGTTTATGCAC
TATATTGCACAGATTCTATCCTTTGTCGCAGATAACATTAAATTTATGTTGTTTATGCAC
soptokstokstokkokokkokokokokiokkokokstokaiokokoksokstokstokoksoksokokdokokokarokoksokokk

ATTTGACACAATAAATTTGAGTTGTGGACTATAATATATATGTGAGTTAGGTAACATATG
ATTTGACACAATAAATTTGAGTTGTGGACTATAATATATATGTGAGTTAGGTAACATATG
$eorkskoroksokkokokokokskskokkskokksdokokskokkskstoksokokskskokokskokksokoksokokskskokskokokskskoksk ook
/ Exon 3
GTGTCAATTTACAGAGTTTGGAAGATTATTCAGGCTAGAGCTCCACAATTACTGCCACGA
GTGTCAATTTACAGAGTTTGGAAGATTATTCAGGCTAGAGCTCCACAATTACTGCCACGA
seorkskoroksokkokorkokokskskokkskokksdokokskokkskstoksokokskskokokskokksokokskokokskskokskkokskskoksk ook

ACTATCTGCTTGTCCCTTGTTGGATTGTTTTCCTCGGTGTTTATTCTTTATTATGGTCGG
ACTATCTGCTTGTCCCGTTGTTGGATTGTTTTCCTCGGTGTTTATTCTTTATTATGGTCGG
soptoksokstokkokokokkokokiokkokokstokstokokoksokstokstokokoksokokdokdokokarokkskokokk

AAGGAAATAGAAGCAGATCACATTGGAGTGCTTCTGATGGCTTCTGCTGGATACGAGGCG
AAGGAAATAGAAGCAGATCACATTGGAGTGCTTCTGATGGCTTCTGCTGGATACGAGGCG
soptokstokstokokokiokkokkokokiokskokokstokstokokoksokstokstokoksoksokokokokokarokoksorokk

CGAGTTGCACCTCAAGTATATGACAAGCTTGCAAAGCCACTGGGCGACTGGAACTGTTTA
CGAGTTGCACCTCAAGTATATGACAAGCTTGCAAAGCCACTGGGCGACTGGAACTGTTTA
soptokstokstokkokokkokokokokiokkokokstokstokokoksokstokstokoksoksokokdokokokrokorkskokokk

GCAACTGATCCATTTGCAAGAATGAGAGCAAAGTTGTTAGCTCGAGCTGATGTTATGAAG
GCAACTGATCCATTTGCAAGAATGAGAGCAAAGTTGTTAGCTCGAGCTGATGTTATGAAG
soptoksokstokkokiokkokokokokiokkokokstokstokokoktoktokstokokokokokokokokarokoksorokk
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GAAGCAGATAAGATATACAATGAAGTTGTAGCAGGACGTGCAATTCAAGGTCTTCAGTAA
GAAGCAGATAAGATATACAATGAAGTTGTAGCAGGACGTGCAATTCAAGGTCTTCAGTAA
soptoksokstokkokokokkokokiokkokokstokstokokoksokstokstokokoksokokdokdokokarokkskokokk

CCATTTACCAAGCAGCATCTTCTTTTAGCAGCTTCGGCTGTTTATGAATTGTGGTAATCA
CCATTTACCAACCAGCATCTTCTTTTAGCAGCTTCGGCTGTTTATGAATTATGGTAATCA
soptokstokstokkokokkokkokokiokkokokstokaiokokoktokstokstokokoksokokdordor kakokorsoroksk

AAATTAAACAGCTCATCGATCATTATATTGTCGTTATATTTCATCTGTTTGACAAAGTTT
AAATTAAACAGCTCATGGATCATTATATTGTCGTTATATTTCGTCTGTTTGACAAAGTTT
soptokokokkokiokiokok kokiokokoksiokaiokokoktoktoksiokork sokksoksokokarokorsoroksk

AGAGGTTAATTTGAGTTGAGAACTTGCTATTAGTATGTTATCCACTTGTTAATTCAATCT
AGAGGTTAATTTGAGTTGAAAACTTGCTATTAGT-TGTTATCCACTTGTTAATTCAATCT
soptoksokokkokiokiokokdork okkokokokolokiok kstokstokokoksokokdokdokokarokoksorokk

AATTTGGTTCCTATGTTAATCACGTGCTCTTTTTCTCCTTCAAGAGATGCTCTCTATCTTT
AATTTGGTTCCTATGTTAATCACGTGCTCTTTTTCTCCTTCAAGAGATGCTCTCTATCTTT
soptokstoksiokkokokkokkokoriokkokokstoksiokokokstokstokstokokoksokokdokokokarokoksokokk

TTCTTTTTTTAAGCAGTAGTAGTAGATAGCAGAGTAGTGGAGATGAGTTTCTCTTTTAGG
TTCTTTTTTTAAGCAGTAGTAGTAGATAGCAGAGTAGTAGAGATGAGTTTCTCTTTTAGG
soptoksoksiokkokokokkokokiokkokokstokaiokokoktoktor soksoksokokokokokarokorsorokk

TAGATATTAGTATAAACCGGGAAAGGGTCACTCAAAATACAAATTAAATGTTTTCAAAAC
TAGATATTAGTATAAACCGGGGAAGGGTCACTCAAAATACAAATTAAATGTTTTCAAAAC
soptoksokokkokiokokokdokdork  kokoksiokaiokokoksokstokstokokoksokokdokokokarokoksorokk

CATCCGTTTTCCTGTTTGCCTCCCTAGCGTAAACTATCCGCAAGGCTATTTGCTCCTCTTGC
CATCGGTTTTCCGCCGTTTGCCTCCCTAGCGTAAACTATCCGCAAGGCTATTTGCTCCTCTTGC
soptokokokkdokk  skekkokokiokakokokstokaiokokoktokstokstokokoksokokdokokokkokoksorokk

CTTCGTGAGTTAGTCTAACGCCTTCTTGATCTTGGAGCAACTCCCTGCAAGGATCAATCA
CTTCGTGAGTTAGTCTAACGCCTTCTTGATCT-GGAGCAACTCCCTGCAAGGATCAATCA
soptoksokokkokiokokokokokiokkokokokolok  kskoksokstokokoksokokdokokokarokorsokokk

AATGAGAGAGGTAATCTTTTAAAGTATTTGAATTAATAGTTGAGAGTTGAGAGTTGTTAA
AATGAGAGAGGTAATCTTTTAAAGTATTTGAATTAATAGTTGAGAGTTGAGAGTTGTTAA
soptokstokstokokokiokkokkokokiokskokokstokstokokoksokstokstokoksoksokokokokokarokoksorokk

CCCTCAATCCAGGACCCAGGTACCCAAATGATCATGGCATAGCATACCCAAGCAAGCAAG
CCCGTTAATCCAGGACCCAGGTACCCAAATGATTATGGCATAGCATACCCAAGCAAGCAAG
sk ktokkokiokiokkokokiokokokiokiolok  kskoksoksokokokokokokokokarokokokokk

ATTAGTATCCAAGAAGAAAGATGCATCAGTGTTAATTTTTAGGTGGTTTAGCGGTGGAGG
ATTAGTATCCAAGAAGAAAGATGCATCAGCGTTAATTTTTAGGTGGTTTAGCGGTGGAGG
soptoksoksokkokiokiokkokoriokorokior oksoksokstokstokokoksokokdokdokokarokoksorokk

AATCCAAGCTGAGGGAACAACGGGATTGGGAGCTTTACCTACCTTAGGTTGGTTTTGGGT
AATCCAAGCTGAGGGAACAACGGGATTGGGAGCTTTACCTACCTTAGGTTGGTTTTGGGT
soptoksokstokokokokkokokokokiokkokokstokatokokoksokstokstokoksoksokokdokokokrokoksokokk
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AAAGAACCATTCTGTGACGGTCCAAATGGAATTTTTATAAGGACATCTGATGGTATATTT
AAAGAATCATTCTGTGACGGTCCAAATGGAATTTTTATAAGGACATCTGATGGTATATTT
sotokiok kkkokiokokokokokiokakokokstokaiokokokstokstokstokoksoksokokdokokokarokoksokokk

TTCTTTTTGAAAAAGATGTTTTGTCCACATTTTGATCTCTTGATGGGTCTGTAACTAAAT
TTCTTTTTGAAAAAGATGTTTTGTCCACATTTTGATCTCTTGATGGGTCTGTAACTAAAT
soptoksokstokkokokokokokokiokkokokstokiokokoktokstokstokoksoksokokdokokokrokorksorokk

AATAAACCAAATCAGAAATCTGGCGTTAGAATCTTTCTTCTAAGAACACTTTCACGTGAT
AATAAGCCAAATCAGAAATATGCTGTTAGAATCTTTCTTCTAAGAACACTTTCACGTGAT
sookk okl sokk kokiokaiokokoksokstokstokokoksokokdokokokarokoksokokk

TCAAGTTTCTATATTGATTTTAGTGTTTTAGACAAACATAAGCTTGAATTTTCAAAAAGT
TCAAGTTTCTATATTGATTTTAGTGTTTTAGACAAACATAAGCTTGAGTTTTTAAAAAGT
soptoksoksokkokokokokokokiokkokoktokiokokoktoktokstokokokorokk ook skoksoroksk

TTTT—— ATAAAAAAAAATCACCTTATATAGACACTATTATTCTAATTGAAAAAACTA
TTTTTATAAAAAAAAAAAAATCACCTTATATAGACACTATTATTCTAATTGAAAAAACTA
sokokok * shokokokiokiskokokokokdokokiokakokokokstokstokarsoksoksokokdokdokdokokk

TTAGTAAATTAAAAATTTCAGGGCCTATTTGGTATCACTCCCAATTTAACTAACATATCT
TTAGTAAATTAAAAATCTCAGGGCCTATTTG-TATCACTCCCAATTTAACTAACATATCT
soptokokokkokiokiokok kokiokokokiokiok soksoksokstokokoksokokdokokokarokoksokokk

AGGCGTTTGATACTTCTATCCTTGAAATAATGTTAGTAATTTAGAGTCGAAATTATACCA
AGGCGTTTGGTACTTCTATCCTTGAAATAATGTTAGTAATTTAGAGTCGAAATTATACCA
soptoktokiolk  kkokkokokokokiokakokokstoksiokokokstokstokstokokokokokdokokokrokokskokokk

TTTCAAAGTCAGCTTCTTCCTTAATTCTATATGACATTAGAGCACCATATGAAAAATTTG
TTTCAAAGTCAGCTTCGTTCCTTAATTCTATATGACATTAGAGCACCATATGATAAATTTG
soptoksokstokkokokkokkokokiokkokoktoksiokokoktoktokstokokoksokokdokdorok koksoroksk

GCAATAATTTGGCAATATATAGCACTATGTTCTTTGAATCTTAGCTGTAGTGGTGCAATA
GCAATAATTTGGCAATATATAGCACTATGTTCTTTGAATCTTTGCTGTAGTGGTGCAATA
soptoksokstokkokiokokkokokiokkokoktokiokokoktoktokstokork sokksokokokarokorsoroksk

ATAACTAATCTTGCAGCTCCTTTAAGACTAAGAAGTCAAATACCTTGCTTGTAGATTTGG
ATAACTAATCTTGCAGCTCCTTTAAGACTAAGAAGTCAAATACCTTGCTTGTAGATTTGG
soptoksokstokkokokokkokokiokkokokstokstokokoksokstokstokokoksokokdokdokokarokkskokokk

TAGATAACAATCGTATCATATTAGTTGGTAATACGATGATATCTCTTTATTATAAATAGC
GAAATAAAAATCATATCATATCAGTTAATAATACGATGATATCTCTTCATTATAAATAGC
* sokbok skkkok kool kol sokselokokoksolokokokokok skokaksokstokstokokdok

TAGTTTTGAGGTTCAAAACTTTCATCAATTATCTCTAATAATTAATTTCCACTTATAATA
TAGTTTTGAGGCTCAAAACTTTCATCAATTATCTCTA-—ATTAACTTCCACTTATAATA
sopokiokiolkdok kkkkokiokiokokokiokiokioktokk koo soksokokatokoksoroksk

TA-TGGAGAGAGCTTCAGTTAAGTTAGCTTTTCTAGTTGTCGTCGTAGGTTCTGCATCAT
TAATGGAGAGAGCTTCAGTTAAGTTAGCTTTTCTAGTTGTCGTCGTAGGTTCTGCATCAT
sk kbokokkokiokokkokokiokakokokstokaiokokoktokstokstokoksoksokokdokokokrokokskokokk
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orf20_NK-198 GTAAGTGTCTCTGATAATCTCCAAAATTATCTTTGTATTAGCAAAATTATTTTCTACTGT 3414
orf20_NK-305-1 GTAAGTGTCTCTGATAATCTCCAAAATTATCTTTGTATTGGCAAAATTATATTCTACTGT 3414

soptoksoksiokkokiokokokokokiokkokoktoktokokoktoktokk  kkoksokokdordor skkokorsoroksk

orf20_NK-198 TTGAATGTCTAATATAATATACAATCTTAGCCACTAACTCATGACG- 3460
orf20_NK-305-1 TTGAATCGTCTAATACTCCCTGCGTCGCCATATTTTTTATTAAT-ACGG 3460
sostokstokstokokdokdoksk * x % * ok ok kk skkk

Supplementary Fig 4 Alignment of nucleotide sequences of orf20nxk.19s and orf20nk-30s.1 coding and flanking
regions. Asterisks denote matched residues. Exon/intron boundaries are shown by forward slashes. Stop codons

are underlined. Nucleotides are numbered from the first residue of the initiation codon as +1.
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orf20L_S

/ Exon 1
ATGGCGTGGTACAGAAATTCAAGGTTTGTCTACAATGCTTTAAAACTCAACTTGCGTTCC 60
ATGGCGTGGTACAGAAATTCAAGGTTTGTCTACAATGCTTTAAAACTCAACTTGCGTTCC 60

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokskok sk skk sk sk ok sk sk sksksk sk sk sk sk sk k

AAAACATTTGGTACTATTCCAACTCCAAGAGTTCATTCGAATTCCTCATCTTTGTTTTAC 120
AAAACATTTGGTACTATTCCAACTCCAAGAGTTCATTCGAATTCCTCATCTTTGTTTTAC 120

skekskokakakakskskskskskskskskokskokokokskskokok sk kokokokkokskskskskskskakskokokokskkkok sk sk ok sk sk sk sksk sk sk sk sk sk k

AATCAATCTACTAAGTGTAGTGGGTTATTTGGGTCTGCAAAATCTGGGTATTTTAATGGG 180
AATCAATCTACTAAGTGTAGTGGGTTATTTGGGTCTGCAAAATCTGGGTATTTTAATGGG 180

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokkokokkk sk sk ok sk sk skksk sk sk sk sk sk k

TTTAAACATCATCAAGAGATTAGCTCTTTCTCTGGTTTTGCAAGGAGAAATTATCATGGT 240
TTTAAACATCATCAAGAGATTAGCTCTTTCTCTGGTTTTGCAAGGAGAAATTATCATGGT 240

skekskskakakakskskskskskskskskokskokokokskskokkkkokokoksksk sk sk sk sk sk kakskokokskskkskk sk sk ok sk sk ksksk sk sk sk sk sk k

GATAAAACCGAAGTAAGTGTTGAATCATGGCTGGAAAAATTACTTCTTGGAATTGCACTA 300
GATAAAACCGAAGTAAGTGTTGAATCATGGCTGGAAAAATTACTTCTTGGAATTGCACTA 300

skekskskakakakskskskskskskskskokskokokokskskokok sk kokokoksksk sk sk sk sk sk skakskokokokokkskk sk sk k sk sk sk skok sk sk sk sk sk k

ATGTTGAGTACTGGTATATTTGCTTACCGTCATGTGCACCCAGTAGTTGTGCCATATACA 360
ATGTTGAGTACTGGTATATTTGCTTACCGTCATGTGCACCCAGTAGTTGTGCCATATACA 360

skekskokokakakskskskskskskskskokskokokokskskok ok sk kokokoksksk sk sk sk sk sk kakskokokskkkskok sk sk ok sk sk kksk sk sk sk sk sk k

GGAAGGAAGCATTATGTGCTTATATCAACAACTGATGAGAATGAAAAGGGAGAAGTTGAG 420
GGAAGGAAGCATTATGTGCTTATATCAACAACTGATGAGAATGAAAAGGGAGAAGTTGAG 420

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokokkskok sk sk k sk sk sk sksk sk sk sk sk sk k

AAGCGGAAAATACAACCTGCTACACACCCTGATACTGATAGGGTTAGGTCAATATTCCAA 480
AAGCGGAAAATACAACCTGCTACACACCCTGATACTGATAGGGTTAGGTCAATATTCCAA 480

skekskskokakakskskskskskskskskokskokokskskskokkkkokokoksksk sk sk sk sk sk skakskokokokokkskk sk sk ok sk sk sk sksk sk sk sk sk sk k

CACATTCTTGAATCACTGGAAAGAGAGATTAATCACCATGAACTCGAACTCGAAAGAGAT 540
CACATTCTTGAATCACTGGAAAGAGAGATTAATCACCATGAACTCGAACTCGAAAGAGAT 540

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokskoksk sk sk sk sk kakskokokokskkkk sk sk k sk sk ksksk sk sk sk sk sk k

GAAACTTTCAAGGAGATAACCATTTGGAAGGAGGAGACAGTTGATGATAAAGATAGTAGG 600
GAAACTTTCAAGGAGATAACCATTTGGAAGGAGGAGACAGTTGATGATAAAGATAGTAGG 600

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokkok sk sk sk sk sk kakskokokokok sk sk ok sk sk ok sk sk ksksk sk sk sk sk sk k

AAGAAGCATAGTGGGGCTAAGATAACTACTAACCATTTGGAAGGGTTGAATTGGGAAATT 660
AAGAAGCATAGTGGGGCTAAGATAACTACTAACCATTTGGAAGGGTTGAATTGGGAAATT 660

skekskokokakakskskskskskskskskokskokokokskskokskkkokokoksksk sk sk sk sk sk kakskokokokokkkk sk sk ok sk sk sksksk sk sk sk sk sk k

TTCGTTGTTGATAAACCGTTGGTTGAGTCCAGTTGTTTATTTGGTGGGAAGATTGTTGTT 720
TTCGTTGTTGATAAACCGTTGGTTGAGTCCAGTTGTTTATTTGGTGGGAAGATTGTTGTT 720

skekskokakakakskskskskskskskskokskokokokskskokkkkokokoksksk sk sk sk sk sk skakskokokokskkkk sk sk k sk sk skksk sk sk sk sk sk k

TACACCGGATTGCTCAACCATTGCAACTCTGATGCTGAATTGGCTACAATTATCGCGCAT 780
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TACACCGGATTGCTCAACCATTGCAACTCTGATGCTGAATTGGCTACAATTATCGCGCAT 780
Skeskskeskokskeokak ke sk ok sk ok sk sk sk sk ke sk ok skeske sk ke sk sk ok skesk sk sk ke sk ke sk sk sk sk sk ke sk ke sk ok sk sk sk ke sk ok sk sk sk sk sk ke sk ok sk

/ Intron 1
CAGGTATATAAAAGCTATTCCTGGGACTCCAATTATGTGCTTAAGCTGATGGTTAATAGAA 840
CAGGTATATAAAAGCTATTCCTGGGACTCCAATTATGTGCTTAAGCTGATGGTTAATAGAA 840

skekskskakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokkkskk sk sk ok sk sk kksk sk sk sk sk sk k

CTATACAAAAAACATGAAAGGAATTATATGAAAAAAAACTGATGAATTTTAGGTTATCAG 900
CTATACAAAAAACATGAAAGGAATTATATGAAAAAAAACTGATGAATTTTAGGTTATCAG 900
Skeskskeskokskokak ke sk ok sk ok sk sk sk sk ke sk ok skeske sk ke sk sk ok skesk sk sk ke sk ke sk sk sk sk sk ke sk ke sk sk sk sk sk ke sk ke sk ok sk sk sk ke sk ok sk

/ Exon 2
ATTACATTATGAATGTCATATGTCAATGTGGTGGTATGTATTTGTTAGGTTGGGCATGCT 960
ATTACATTATGAATGTCATATGTCAATGTGGTGGTATGTATTTGTTAGGTTGGGCATGCT 960

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokskoksk sk sk sk sk kakskokokokskkkk sk sk k sk sk ksksk sk sk sk sk sk k

GTGGCTCGACATCAGGCAGAGGATCGGACAGCATTCTTCTGGTGGTCAATGTCCCTCTAG 1020
GTGGCTCGACATCAGGCAGAGGATCGGACAGCATTCTTCTGGTGGTCAATGTCCCTCTAG 1020

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokskskkskk sk sk ok sk sk sksksk sk sk sk sk sk k

GTGATAATATTTGAAGTTCTATTTACTGCGCGTAAATTTGCCAATGCAAGATCAAAACTA 1080
GTGATAATATTTGAAGTTCTATTTACTGCGCGTAAATTTGCCAATGCAAGATCAAAACTA 1080
Skeskskeskokskokak ke sk ok sk ok sk sk sk sk ke sk ke skeske sk ke sk sk ok skesk sk sk ke sk ke sk ok sk sk sk ke sk ke sk sk sk sk ke sk ke sk ok sk sk sk ke sk ok sk
/ Intron 2
CTCTTAAGGCATCCTCTCTTGCAAAAGTAAGTCTCTTACTCTTAAAATGTTTTCTTGATG 1140
CTCTTAAGGCATCCTCTCTTGCAAAAGTAAGTCTCTTACTCTTAAAATGTTTTCTTGATG 1140
Skeskskeskokskokak ke sk ok sk ok sk sk sk sk ke sk ok skeske sk ke sk sk sk skesk sk sk ke sk ke sk sk sk sk sk ke sk ke sk sk sk ke sk ke sk ok sk ok sk sk sk ke sk ok sk
ATTAACAAACATGTGGTACTGCTACTGCATAACTGTGTTACTGCATCACATATGTTACTG 1200
ATTAACAAACATGTGGTACTGCTACTGCATAACTGTGTTACTGCATCACATATGTTACTG 1200

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokokkskok sk sk k sk sk sk sksk sk sk sk sk sk k

CATAATTGCAAAACATATCACATTGCCCGGACCTAGTAACTTGTTTCATTTGTCAGCGAT 1260
CATAATTGCAAAACATATCACATTGCCCGGACCTAGTCACTTGTTTCATTTGTCAGCGAT 1260

skekskskokakakskskskskskskskskokskokokskskskokokkkokokokskokskskskskokok - skokskskskskskokakkakskskskokskskkkkkk

TTCATTTAGACATCCATTTGAAAGCAAGTTAAATTTGTATCAAGTTGTGGAATGGAAAAG 1320
TTCATTTAGACATCCATTTGAAAGCAAGTTAAATTTGTATCAAGTTGTGGAATGGAAAAG 1320

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokskoksk sk sk sk sk kakskokokokskkkk sk sk k sk sk ksksk sk sk sk sk sk k

TAATAGAACTAAATAGAGAGGTGTGATGCTAACAAAATCTAATCCATTACTGAGTAATGG 1380
TAATAGAACTAAATAGAGAGGTGTGATGCTAACAAAATCTAATCCATTACTGAGTAATGG 1380

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokkok sk sk sk sk sk kakskokokokok sk sk ok sk sk ok sk sk ksksk sk sk sk sk sk k

TTTTGGATCAATATATGGATTGCTATATTCCACATATTCTATACTTTGCCGCAGATAACA 1440
TTTTGGATCGATATATGGATTGCTATATTCCACAGATTCTATCCTTTGTCGCAGATAACA 1440

skkskokokkkoksk  skskskskskakkokokskskskskokkkokokokskskskskk  skkskkokoksk skskkkk skkkokskskskkkkk

TTAAATTGATGTTGTTTATTTACATTTGACACATTAAAATTGAGTTGTGGACTATAATAT 1500
TTAAATTTATGTTGTTTATGCACATTTGACACAATAAATTTGAGTTGTGGACTATAATAT 1500
Sekskskokskok  Skkokskokskokskskskok  skskskskskskokskoksksksk  Skskokk  skskskokskokskskskskskokskokskskkokkokk

/ Exon 3
ATATGCGAGTTAGGTAACATAGAGTGTCAATTTACAGGGTTTGGAAGATTATTCAGGCTA 1560
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ATATGTGAGTTAGGTAACATATGGTGTCAATTTACAGAGTTTGGAAGATTATTCAGGCTA 1560

skkkokk kokskskskskskskskokskkokoksk  kekakokskskskskskskskskkk  skskskskskskskskakakakskkkokskskkkkkk

GATTTCATCAATTACTGCCACGAACTACCTTGCACTTGGGCTTTCTTGGATTGTCTTCCT 1620

GAGCTCCACAATTACTGCCACGAACTATCT-——GCTTGTCCCTTGTTGGATTGTTTTCCT 1617
KKKk kkkklllllloRkkkiok Rk kokokk K kK skkkokokokokolok ook

TGGTGTTTATTCTTTATTTTGGTCGGAAGGAAATAGAAGCAGATCACATTGGAGTGCTTC 1680
CGGTGTTTATTCTTTATTATGGTCGGAAGGAAATAGAAGCAGATCACATTGGAGTGCTTC 1677

skekskskakakokskskskskskskskokaksk  skskskskskokakokokskskskskskskskskkokkokokskokokskok sk sk kkkkkskkskkkkk

TGATGGCTTCTGCTGGATACGACCCGCGAGTTGCACCTCAAGTATATGACAAGCTTGCAA 1740
TGATGGCTTCTGCTGGATACGACCCGCGAGTTGCACCTCAAGTATATGACAAGCTTGCAA 1737

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokskoksk sk sk sk sk kakskokokokskkkk sk sk k sk sk ksksk sk sk sk sk sk k

AGCCACTGGGCGACTGGAACTGTTTAGCAACTCATCCATTTGCAAGAATGAGAGCAAAGT 1800
AGCCACTGGGCGACTGGAACTGTTTAGCAACTCATCCATTTGCAAGAATGAGAGCAAAGT 1797

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokskskkskk sk sk ok sk sk sksksk sk sk sk sk sk k

TGTTAGCTCGAGCTGATGTTATGAAGGAAGCAGATAAGATATACAATGAAGTTGTAGCAG 1860
TGTTAGCTCGAGCTGATGTTATGAAGGAAGCAGATAAGATATACAATGAAGTTGTAGCAG 1857

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskskakskokokokk ok skk sk sk ok sk sk sk sksk sk sk sk sk sk k

GACGTGCAATTCAAGGTCTTCAGTAA 1886
GACGTGCAATTCAAGGTCTTCAGTAA 1883
KRKKKKKKKKKKKKAFFFFFFAK KKK

CCATTTACCAACCAGCATCTTCTTTTAGCAGCTTCGCCTGTTTATGAATTATGGTAATCA 1946
CCATTTACCAACCAGCATCTTCTTTTAGCAGCTTCGCCTGTTTATGAATTATGGTAATCA 1943

skekskokakakakskskskskskskskskokskokokskskskokkkkokokokskokskskskskskskakskokokkokkkok sk sk k sk sk sk sksk sk sk sk sk sk k

AAATTAAACAGCTCATGGATCATTTTATTGTCGTTATATTTCGTCTGTTTGACAAAGTTT 2006
AAATTAAACAGCTCATGGATCATTATATTGTCGTTATATTTCGTCTGTTTGACAAAGTTT 2003

skekskokokakakskskskskskskskskokskokokokokokokok - kokskskskskskskskskskskakokokokskskokskokkkkkkkkskkkkk ok k

AGAGGTTAATTTGAGTTGAAAACTTGCTATTAGTATGTTATCCTATCCCACTGACCTTGT 2066
AGAGGTTAATTTGAGTTGAAAACTTGCTATTAGTATGTTATCCTATCCCACTGGCCTTGT 2063

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskkakskokokokokokokokkkokkskoksk  skkskskokk

TAATTCAATCTAATTTAGTTCCTATGTTAATTCACTGCTCTTTTTCTCCTTTAATAGATC 2126
TAATTCAATCTAATTTAGTTCCTATGTTAATTCACTGCTCTTTTTCTCCTTTAATAGATC 2123

skekskskakakakskskskskskskskskokskokokokskskokkkkokokoksksk sk sk sk sk sk kakskokokokok sk sk ok sk sk ok sk sk skksk sk sk sk sk sk k

CTCTCTATCCGTTTTTCTTTTTTCTTTTTGAGAAAAGGAGCATCATAGATAAATATAAAT 2186
CTCTCTATCCGTTTTTCTTTTTTCTTTTTGAGAAAAGGAGCATCATAGATAAATATAAAT 2183

skekskskakakakskskskskskskskskokskokokokskskokkkkokokokkokskskskskskkakskokokokskkskk sk sk ok sk sk sk sksk sk sk sk sk sk k

CGAAGTCATTACAAACTAAACTAGAGCTTCCAATATAAGTCCCTGGAAGTCCGAAAGCAA 2246
CGAAGTCATTACAAACTAAACTAGAGCTTCCAATATAAGTCCCTGGAAGTCCGAAAGCAA 2243

skekskskokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokokkskok sk sk ok sk sk sk sksk sk sk sk sk sk k



orf20L_S
orf20_NK-305-2

orf20L_S
orf20_NK-305-2

orf20L_S
orf20_NK-305-2

orf20L_S
orf20_NK-305-2

orf20L_S
orf20_NK-305-2

orf20L_S

or20_NK-305-2

orf20L_S

or20_NK-305-2

orf20L_S
orf20_NK-305-2

orf20L_S
orf20_NK-305-2

orf20L_S
orf20_NK-305-2

orf20L_S
orf20_NK-305-2

orf20L_S
orf20_NK-305-2

orf20L_S

TAGTAGTAGATAGCATAGTAGAGATGAGTTTCTCTTTTAGGTAGATAGTAGATAGGAGGA 2306
TAGTAGTAGATAGCATAGTAGAGATGAGTTTCTCTTTTAGGTAGATAGTAGATAGGAGGA 2303

skekskokokakakskskskskskskskskokskokokokskskokokkkokokokskskskskskskskkakskokokskkkk ok sk sk ok sk sk sk sksk sk sk sk sk sk k

TCGATAGATGACCCACCATTGTCGCCGCTTTCGGCGCCACCAACACCAGGGGAAGAAGAG 2366
TCGATAGATGACCCACCATTGTCGCCGCTTTCGGCGCCACCAACACCAGGGGAAGAAGAG 2363

skekskskokakakskskskskskskskskokskokokskskskok sk sk kokokokskskskskskskskkakskokokokkkskok sk sk k sk sk sk sksk sk sk sk sk sk k

CCTCCAATCTGGCCACCACCGGATATAGGAATACCAAGCATAGGTTTGCCACCTGGATAT 2426
CCTCCAATCTGGCCACCACCGGATATAGGAATACCAAGCATAGATTTGCCACCTGGATAT 2423

skekskskakakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskkkakokokokokok  skokakakakskskskokskskskkkkk

CAATTCACTCCTTAACGTCCATGGATGTGATTACCCCATGCATGGATAAACGAGACTGTG 2486
CAATTCACTCCTTAACGTCCATGGATGTGATTACCCCATGCATGGATAAACGAGACTGTG 2483

skekskskokakakskskskskskskskskokskokokskskskokkkkokokokkok sk sk sk sk sk kakskokokokskkkok sk sk ok sk sk skksk sk sk sk sk sk k

ATTGGCCCTGCATGTTTCGTTGTGGCAAATGCAATGGCACTTGTTGCCTCAGTAAAATGA 2546
ATTGGCCCTGCATGTTTTGTTGTGGCAAATGCAATGGCACTTGTTGCCTCAGTAAAATGA 2543

skkskokokakakskskskskskskskskoksk  skskskskokokskakokskokskskskskskskkskakkokokokskokskok sk sk ok kskkksk sk sk kkkk

TTTATGAGTAGACACATGACATATCTTCCCTTATATTATTGTTCATTTTGAGTTAGTTAT 2606
TTTATGAGTAGACACATGAGATATCTTCCCTTATATTATTGTTCATTTTGAGTTAGTTAT 2603

skekskokokakakskskskskskskskskokakokok  skskskokskakokskokskskskskskskskskakkokokokskskskok sk kkkkkkskkkkk ok k

ACTCCCTCCTCTTTTTTCTTAGTTGCTATATTCCATTTTTGGATACAAAATCACATGAGA 2666
ACTCCCTCCTCTTTTTTCTTAGTTGCTATATTCCATTTTTGGATACAAAATCACATGAGA 2663

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokokkskok sk sk k sk sk sk sksk sk sk sk sk sk k

ATTTTGACTTTCTTTAATTTTATATATGTAAGAAAAAAAACATAGTATTTTATTAGATTT 2726
ATTTTGACTTTCTTTAATTTTATATATGTAAGAAAAAAAACATAGTATTTTATTAGATTT 2723

skekskskokakakskskskskskskskskokskokokskskskokkkkokokoksksk sk sk sk sk sk skakskokokokokkskk sk sk ok sk sk sk sksk sk sk sk sk sk k

CTCTCAAATGTGTAATTTTCATATATAGTTTTTTT-ATAATTTTCTCGTATACATAACTC 2785
CTCTCAAATGTGTAATTTTCATATATAGTTTTTTTTATAATTTTCTCGTATACATAACTC 2783

skekskokakakakskskskskskskskskokskokokokskskokokkkokokokskokskskskk  skkokokskskskskskokakkakskskskokskskkkkkk

AACATATTAAGGTTTGAAGTCATGACTGGGAGCAAGAAACCACGCGGGTGGGGCTCACAG 2845
AACATATTAAGGTTTGAAGTCATGACTGCGAGCAAGAAACCACGCGGGTGGGGCTCACAG 2843

skekskskokakakskskskskskskskskokskokokokskskokokkokokok skskskskskskskskskokokokskskskskokkkkkkkkskskkkkkk

CAGCGCCAGCAGGAAGGACGAGTGAAAAAAATTAGGGTGAATTAGTGTGGCTCTGATACC 2905
CAGCGCCAGCAGGAAGGACGAGTGAAAAAAATTAGGGTGAATTAGTGTGGCTCTGATACC 2903

skekskokokakakskskskskskskskskokskokokokskskokskkkokokoksksk sk sk sk sk sk kakskokokokokkkk sk sk ok sk sk sksksk sk sk sk sk sk k

ATGACAAATTGATTAGAGTTTAATGATTTGTGTTACTACTGTTAAACTTAGAGTTTACAT 2965
ATGACAAATTGATTAGAGTTTAATGATTTGTGTTACTATTGTTAAACTTAGAGTTTATAT 2963

skekskokakakakskskskskskskskskokskokokskskskokokkkokokokskskskskskskkokok  skskskskskskskokkakskskskskskkkk  kxk

ATATCCTAAGTTTACATCCAAGGCCTTAGGCCCAATATATACAACTCAACATATATACAA 3025
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ATATCCTAAGTTTACATCCAAGGCCTTAGGCCCAATATATACAACTCAACATATATACAA 3023

skekskokakakakskskskskskskskskokskokokokskskokkskkokokokkokskskskskskkakskokokskkkkk sk sk ok sk sk sksksk sk sk sk sk sk k

GGTCCAATATGTATCAACAAAATGAAAAATAAAAACATAATGTAGCAACTAGCAACTAAA 3085
GGTCCAATATGTATCAACAAAATGAAAAATAAAAACATAATGTAGCAACTAGCAACTAAA 3083

skekskskakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokkkskk sk sk ok sk sk kksk sk sk sk sk sk k

AAAAGACGGAGAGAGTATTTAAGTTAACAATATAATGATAATTAAATCAGTGTAAGTATT 3145
AAAAGACGGAGAGAGTATTTAATTTAACAATATAATGATAATTAAATCAGTGTAAGTATT 3143

skekskokokakakskskskskskskskskokskokokokoksk  skakakokskokskskskskskskskskakokokokokskskskokkkkkkkkskkkkkkk

AGTCAAGATCTAGATTGAAATTACTCTCCGACGACCTCCCCGACCCATTTGCCTTTATGT 3205
AGTCAAGATCTAGATTGAAATTACTCTCCGACGACCTCCCCGACCCATTTGCCTTTATGT 3203

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokskoksk sk sk sk sk kakskokokokskkkk sk sk k sk sk ksksk sk sk sk sk sk k

AATCAATCATTATATACAACCTCCGATTCTTTTGATGGCAACTATTTGAATGTTACCTTT 3265
AATCAATCATTATATACAACCTCCGATTCTTTTGATGGCAACTATTTGAATGTTACCTTT 3263

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokskskkskk sk sk ok sk sk sksksk sk sk sk sk sk k

ATCAACATGAAACTTTAACTATTAATATCTTTATTAATTATTAACATAATTTACTACTAA 3325
ATCAACATGAAACTTTAACTATTAATATCTTTATTAATTATTAACATAATTTACTACTAA 3323

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskskakskokokokk ok skk sk sk ok sk sk sk sksk sk sk sk sk sk k

TTATAAATTATTTAAATATATACCTTGAGATTAATTTTCCTAACATTTATTTACACTCTA 3385
TTATAAATTATTTAAATATATACCTTGAGATTAATTTTCCTAACATTTATTTACACTCTA 3383

seRKRRRIRR KRR AR KRR FFFAAAFF KK KKK K KKK FFFFF K
ACATTTGCTTTTATATTTTATAAAGAAAATGGTGATGGTTAGAAGTATATATATATGAGT 3445
ACATTTGCTTTTATATTTTATAAAGAAAATGGTGATGGTTAGAAGTATATATATATGAGT 3443

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokokkskok sk sk k sk sk sk sksk sk sk sk sk sk k

AGTTCAATAGTCAAAGCCTTGCAAATTAAAGAAACGGCGGAAGAGTATATTGAAAATTTA 3505
AGTTCAATAGTCAAAGCCTTGCAAATTAAAGAAACGGCGGAAGAGTATATTGAAAATTTA 3503

skekskskokakakskskskskskskskskokskokokskskskokkkkokokoksksk sk sk sk sk sk skakskokokokokkskk sk sk ok sk sk sk sksk sk sk sk sk sk k

TATTGTCACCTTTTTTAATAGATGAGTCGATGATGGTCTAAAATTGAGGCTTCTAATATG 3565
TATTGTCACCTTTTTTAATAGATGAGTCGATGATGGTCTAAAATTGAGGCTTCTAATATG 3563

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokskoksk sk sk sk sk kakskokokokskkkk sk sk k sk sk ksksk sk sk sk sk sk k

CGCTAGCTTAGATTAAAGAGAACAGGAAATTGTTATGACAATTTGCGTAAGTTGACTGAG 3625
CGCTAGCTTAGATTAAAGAGAACAGGAAATTGTTATGACAATTTGCGTAAGTTGACTGAG 3623

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokkok sk sk sk sk sk kakskokokokok sk sk ok sk sk ok sk sk ksksk sk sk sk sk sk k

ATCATCATGAAGTCGAGTATTAGCAACCTTAGTAATTTATAATTCCTCCGTTTCTTTTTA 3685
ATCATCATGAAGTCGAGTATTAGCAACCTTAGTAATTTATAATTCCTCCGTTTCTTTTTA 3683

skekskokokakakskskskskskskskskokskokokokskskokskkkokokoksksk sk sk sk sk sk kakskokokokokkkk sk sk ok sk sk sksksk sk sk sk sk sk k

ATTTACTCATTTTATTTTGGGCGAGAATCAAGGAAGAAGTACAAAAGTATGAGACAAAAA 3745
ATTTACTCATTTTATTTTGGGCGAGAATCAAGGAAGAAGTACAAAAGTATGAGACAAAAA 3743

skekskokakakakskskskskskskskskokskokokokskskokkkkokokoksksk sk sk sk sk sk skakskokokokskkkk sk sk k sk sk skksk sk sk sk sk sk k

CTGAAAAGATAAAGAGAAAAACTGAAAAGTGCGAGAAATAAAGTAAAAAAGTGGGTTAAA 3805
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CTGAAAAGATAAAGAGAAAAACTGAAAAGTGCGAGAAATAAAGTAAAAAAGTGGGTTAAA 3803

skekskokakakakskskskskskskskskokskokokokskskokkskkokokokkokskskskskskkakskokokskkkkk sk sk ok sk sk sksksk sk sk sk sk sk k

AATATTAAAAAGTGGATCACATGGGTAGAAAAGGAGGAGAAAATAAATGTGACATGTTAC 3865
AATATTAAAAAGTGGATCACATGGGTAGAAAAGGAGGAGAAAATAGATGTGACATGTTAC 3863

skekskskokakakskskskskskskskskokskokokskskskokokkkokokokskokskskskskkkakokokokokokoksk - skakskskskskokskskskkkokk

CAAAAATAGAAAAAGCAGCAGTGTCACAGTGTGCAGATTAAAAAGAAACAAACCAAAAAA 3925
CAAAAATAGAAAAAGCAGCAGTGTCACAGTGTGCAGATTAAAAAGAAACAAACCAAAAAA 3923

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskkakskokokokskkskok sk sk ok sk sk sksksk sk sk sk sk sk k

AAAATGTATAAATTAAAAAGAAATGGAGGGAGTAATACTTAACACATAAATATTGTTTAT 3985
AAAATGTATAAATTAAAAAGAAATGGAGGGAGTAATACTTAACACATAAATATTGTTTAC 3983

skekskskakakakskskskskskskskskokkokokokskskokokkkokokkskokskkskskskkkkokskokok ok sk ok sk k sk sk skkksk sk sk sk sk k

TAATTGAAGCTCGAGCTTCACTCAGATACATGATTTTTAATTTTTTATGACCTATCATAG 4045
TAATTGAAGCTCGAGCTTCACTCAGATACATGATTTTTAATTTTTTATGACCTATCATAG 4043

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokskskkskk sk sk ok sk sk sksksk sk sk sk sk sk k

TAAGTTTGCGGTGCTACTTTGATCCTTCCTTTATGATAAGACACATCCCTTTATTCTCTA 4105
TAAGTTTGCGGTGCTACTTTGATCCTTCCTTTATGATAAGACACATCCCTTTATTCTCTA 4103

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskskakskokokokk ok skk sk sk ok sk sk sk sksk sk sk sk sk sk k

AGAGAATCACTTAAATTTATAAGGTATAAAGTTAACGCTATAAGTTAAAGAGGTCATTTT 4165
AGAGAATCACTTAAATTTATAAGGTATAAAGTTAACGCTATAAGTTAAAGAGGTCATTTT 4163

seRKRRRIRR KRR AR KRR FFFAAAFF KK KKK K KKK FFFFF K
TAGATAATAGGTCACCTTGTATGTAAATAGGTCACTTCTACTAAAAATTTCCCCGTATAG 4225
TAGATAATAGGTCACCTTGTATGTAAATAGGTCACTTCTACTAAAAATTTTCCCGTATAG 4223

skekskokokakakskskskskskskskskokskokokokskskokokkkokokokskokskskskskskkakskokokokokokokokkkokk - skokskskskskkkk

CAAGTTACAATTGTGTTAACCCAAATTATGGTAACATTTTGTACTTTTATCAACTCCGAC 4285
CAAGTTACAATTGTGTTAACCCAAATTATGGTAACATTTTGTACTTTTATCAACTCCGAC 4283

skekskskokakakskskskskskskskskokskokokskskskokkkkokokoksksk sk sk sk sk sk skakskokokokokkskk sk sk ok sk sk sk sksk sk sk sk sk sk k

TCATACTTGATATTCGAATAACCTCACTTATCAAGTCAATGCAAGCAAATCATGTTAAAC 4345
TCATACTTGATATTCGAATAACCTCACTTATCAAGTCAATGCAAGCAAATCATGTTAAAC 4343

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokskoksk sk sk sk sk kakskokokokskkkk sk sk k sk sk ksksk sk sk sk sk sk k

TTTTGTTCGCCTTAATGTCGAGACCAGTCTATCTAAAAGAACTTTTTTTTTTTTTACAAT 4405
TTTTGTTCGCCTTAATGTCGAGACCAGTCTATCTAAAAGAACTTTTTTTTTTT-—ACAAT 4401

skekskskokakakskskskskskskskskokkokokskskskokkkkokokokskokskskskskkkakokokokokokokokkkkokkkkk  skkkkk

TACCTAAAAGAACTTATTATTAGTTATTGGCTACAAAACCACACAAATATTCAATACAAT 4465
TACCTAAAAGAACTTATTATTAGTTATTGGCTACAAAACCACACAAATATTCAATACAAT 4461

skekskokokakakskskskskskskskskokskokokokskskokskkkokokoksksk sk sk sk sk sk kakskokokokokkkk sk sk ok sk sk sksksk sk sk sk sk sk k

CTCAAGCTACAACTTCAAAGATTAAAGATTCCCTCACCCATCACATTCATATACAATATA 4525
CTCAAGCTACAACTTCAAAGATTAAAGATTCCCTCACCCATCACATTCATATACAATATA 4521

skekskokakakakskskskskskskskskokskokokokskskokkkkokokoksksk sk sk sk sk sk skakskokokokskkkk sk sk k sk sk skksk sk sk sk sk sk k

TTGGTCTATCAGTGATATGATTGAATAAGTTGCACTCAATTGTATTGACCTACATAAGTA 4585
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TTGGTCTATCAGTGATATGATTGAATAAGTTGCACTCAATTGTATTGACCTACATAAGTA 4581

skekskokakakakskskskskskskskskokskokokokskskokkskkokokokkokskskskskskkakskokokskkkkk sk sk ok sk sk sksksk sk sk sk sk sk k

TGGCCTTTATAATTACATAAAGGTGATCCAAAGTTCCAATAATATCAATGAGATTTGAAG 4645
TGGCCTTTATAATTACATAAAGGTGATCCAAAGTTCCAATAATATCAATGAGATTTGAAG 4641

skekskskakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokkkskk sk sk ok sk sk kksk sk sk sk sk sk k

ATTGTTTCCAGATATTCACTCAACCAAATATACCTTACGACAACTTCATCCTGAAATCTT 4705
ATTGTTTCCAGATATTCACTCAACCAAATATACCTTACGACAACTTCATCCTGAAATCTT 4701

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskskskskskskskkakskokokkokkkk sk sk ok sk sk sksksk sk sk sk sk sk k

CGGTTTGTGACAGTACTCCACTTTTAATTCAATGGTCAAATATTTATACCTTAACCCTTA 4765
CGGTTTGTGACAGTACTCCACTTTTAATTCAATGGTCAAATATTTATACCTTAACCCTTA 4761

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokskoksk sk sk sk sk kakskokokokskkkk sk sk k sk sk ksksk sk sk sk sk sk k

ATTCAATGCCCATAATGTTGATGATCATGTGAAGTAGTGCAATATATAGCTTTACTTCAT 4825
ATTCAATGCCCATAATGTTGATGATCATGTGAAGTAGTGCAATATATAGCTTTACTTCAT 4821

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokskskkskk sk sk ok sk sk sksksk sk sk sk sk sk k

CTAAAAATGCATTAAAAAATTTAGTCAATTGATTGAATATAAACTAGCTAACTCGTGTAC 4885
CTAAAAATGCATTAAAAAATTTAGTCAATTGATTGAATATAAACTAGCTAACTCGTGTAC 4881

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskskakskokokokk ok skk sk sk ok sk sk sk sksk sk sk sk sk sk k

TACTCAACCAAGATGGTTTCATGTCAATGATAAATAGCTCATTGTTTCTGAACCTCATAA 4945
TACTCAACCAAGATGGTTTTATGTCAATGATAAATAGGTCATTGTTTCTGAACCTCATAA 4941

skekskokakakakskskskskskskskskokokokok skskskokskakokskoksksksksksksksksk - skokskskskskskokakkakskskskokskskskkkkk

ATTTTCCATATCATCTCCTTCATCACACCATGAAGGGAGCTTCTTTCAAGCTGTCGATTC 5005
ATTTTCCATATCATATCCTTCATCACACCATGAAGGGAGCTTCTTTCAAGCTGTCGATTC 5001

skkskskokakakskoksksksksksk  skkokokskskskekokskakokokokskskskskskskskkakkokokokskskskok sk sk kkkkksk sk sk kkkk

TGATTTTCGTCCTTGTGGCTTTCGCTTCATGTAAGTGTCTTTTATCTCTTATGATTCTTG 5065
TGATTTTCGTCCTTGTGGCTTTCGCTTCGTGTAAGTATCTTTTATCTCTTATGATTCTTG 5061

skekskokokakakskskskskskskskskokskokokokskskokokokokokok  skskskskskskk  skokskskskskskskokakkakskskkokskskkkkkk

CATGTGAATTAAGATGCATATATGGTTGTCTTGA————- TATAGTTTTCTTCACCTAA 5118
CATGTGAATTAAGATGCATACATGGTTGTCTTGACTCTTGATATAGATTTCTTCACCTAA 5121

skkskokskakakskskskskskskskskokskskokk  skekskskakokokskskskskskk skekkkk skekskskskskokakkkkokk

ACAGCTCTTCTAGTACTATTATCGATTGATGGAGTTTATACTATATTGCAGTTCTTTGTC 5178
ATAGCTCTTCTAGTATTATTATTGATTGGTGGGGGTCATACTATATTGCAGTTCTTTGTC 5181

)k kkkkckskskskskskskk kkokskskk kkkkk skkk ko ok skekskskskskskskekakkakskkkokskskskkkkk

CATTTACAGCAGAAGCAAGACACAAGCACGTGCATCATAGTAATTGCCACCATCGTCGTG 5238
CATTTACAGCAGAAGCAAGACACAAGCACGTGCATCATAGTAATTGCCACCATCGTCGTG 5241

skekskokokakakskskskskskskskskokskokokskskskokkskkokokokkok sk sk sk sk sk kakskokokokokkskok sk sk k sk sk skskok sk sk sk sk sk k

GACGTCCTGATCCAGCACCAACACCGGCGCCTGTGCCAGCATCTAATGAAGGCATACCAG 5298
GACGTCCTGATCCAGCACCAACACCGGCGCCTGTGCCAGCATCTAATGAAGGCATACCAC 5301

skekskskakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokkskkkok sk sk ok sk sk sksksk sk sk sk sk sk k
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CATATCAAATCCATGGTTGTGGTTACCCATGTAGTGACTCCAACGACTGTGATTGGCCTT 5358
CATATCAAATCCATGGTTGTGGTTACCCATGTAGTGACTCGAACGACTGTGATTGGCCTT 5361

skekskokokakakskskskskskskskskokskokokokskskokokkkokokokskokskskskskkokokokok  skskskskskakakakskskskokskskkkkkk

GTACAGAATGCGGTGTCAACAGAACTTGTGCTTATGAAGAGCCCTTCTTTCCATCACCA- 5417
GTACAGAATGCGGTGTCAACAGAACTTGTGCTTATGAAGAGCCCTTCTTTCCATCACCAT 5421

skekskskakakkskskskskskskskskakkokokskskskokokkkokokkokok sk sk sk sk sk kkokokskskkok sk ok sk kk sk skkksk sk sk sk sk k

AGTATGGAAACCCCAACACAAGAATCACCACTATCACCAGCAC 5460
CACCTGTTCCATCACCAAGTATGGAAACGCCAACACAAGAACCACCACTATCACCAGCAC 5481

skkskokkokskskskokk  kkskkkokskskskkkk  kkkskskskskskskkkkokskskskskk

CGGCACCTGATAATGGCATTGGCGTAGGTGTGCCACCATATCAAATCCACGGTTGTGGCT 5520
CGGCACCTGATAATGGCATTGGCGTAGGTGTGCCACCATATCAAATCCACGGTTGTGGCT 5541

skekskskokakakskskskskskskskskokskokokskskskokkkkokokokkok sk sk sk sk sk kakskokokokskkkok sk sk ok sk sk skksk sk sk sk sk sk k

ACCCATGTAGTGACTCCAATGATTGTGATTGGCCTTGTACAGTATGTGGTGTCAACGGAA 5580
ACCCATGTAGTGACTCCAATGATTGTGATTGGCCTTGTACAGTATGTGGTGTCAACGGAA 5601

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskskskskskskskkakskokokkokkskk sk sk ok sk sk skksk sk sk sk sk sk k

CTTGTGCTTTTGAAGAGCCCTTCTTTCCATCATCATCACCTGTTCCATCACCAAGTATGA 5640
CTTGTGCTTTTGAAGAGCCATTCTTTCCATCATCA-——CCTGTTCCATCACCAAGTATAG 5658
seRRRRRIRRRRRRRRA AR FokkkoRRRRRRoRokok  sokkkkRRkokokokoRkoR Rk ok

AAACCCCAACACAAGAACCACCACTATCACCAGCACCGGCACCTGATAATGGCATTGGCG 5700
AAACTCCAACACAAGAACCACCACTATCACCAGCACCGGCACCTGATAATGGCATTGGCG 5718

skkkk  kskskskskskskskskakkokokskskskokkkkokokokskokskkskskskskakskokokskk sk sk ok sk sk k sk sk sk sksk sk sk sk sk sk k

TAGGTGTGCCACCATATCAAACTCACGGTTGTGGCTACCCATGTAGTGACTCCAACGATT 5760
TAGGTGTGCCACCATATCAAATCCACGGTTGTGGCTACCCATGTAGTGACTCCAACGATT 5778

skkskokokkaskskskskskskskskokskokokoksk  skskakokskskskskskskskskskskakokokokskskskskokkkkkkkkskkkkk ok k

GTGATTGGCCTTGTACAATCTGTGGTGCTGGCCAAACCTGTACTTTTGATGAGCCCTTCT 5820
GTGATTGGCCTTGTACAATATGTGGTGCTGACCAAACCTGTACTTTTGATGAGCCCTTCT 5838

skekskokokakakskskskskskskskskokakokok skskskokskakokokoksk  skskskskskskskokokskskskskskokkkakkskkokskskkkkkk

TTACATCACCCTCGCTTGCTCCATTACCTCCCACAGAAGCACCCATTCCACAATGGGTAG 5880
TTACATCACCCTCGCTTGCTCCATTACCTCCCACAGAAGCACCCATTCCACAATGGGTAC 5898

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokkok sk sk sk sk sk kakskokokokok sk sk ok sk sk ok sk sk ksksk sk sk sk sk sk k

CTGGTAATGGCATCGCGGCACCACCATATCAGATTCATGGTTGTGGTTACCCATGTAACG 5940
CTGGTAATGGCATCGCGGCACCACCATATCAGATTCATGGTTGTGGTTACCCATGTAACG 5958

skekskokokakakskskskskskskskskokskokokokskskokskkkokokoksksk sk sk sk sk sk kakskokokokokkkk sk sk ok sk sk sksksk sk sk sk sk sk k

ACTCCAATGACTGTGATGCACCCTGTACAGTCTGTTGTGCAAACTATACCTGCTGTTATG 6000
ACTCCAATGACTGTGATGCACCCTGTACAGTCTGTTGTGCAAACTATACCTGCTGTTATG 6018

skekskokakakakskskskskskskskskokskokokokskskokkkkokokoksksk sk sk sk sk sk skakskokokokskkkk sk sk k sk sk skksk sk sk sk sk sk k

ATGTGGCTGATCCTGAGTACATGCTACCACCTATGTCACCCTCTGAGCCACCGAAATTAT 6060
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ATGTGGCTGATCCTGAGTACATGCTACCACCTATGTCACCCTCTGAGCCAC—GAAATTAT 6077

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskkskakskokokokokokskkkkokokk  skskskskskskokk

TACCTCTTCCACCATCTCCACCTCCATCTACAGAGGATGTAGAATATGATGATATGTTTG 6120
TACCTCTTCCACCATCTCCACCTCCATCTACAGAGGATGTAGAAAATGATGATATGTTTG 6137

skekskskokakakskskskskskskskskokskokokskskskokkkkokokokskokskskskskskkokokokokokoksk  skakakskskskskokskskskokokokk

CACCACAACCTGCTTATGATATAGGAACGCCTGCGGAACTTCCACCACCAGGATACGAAT 6180
CACCACAACCTGCTTATGATATAGGAACGCCTGCGGAACTTCCACCACCAGGATACGAAT 6197

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskkakskokokokskkskok sk sk ok sk sk sksksk sk sk sk sk sk k

TCCCGCCGTATCAAATCCATGGTTGTGGCTATGGCCCCTGCATGGACTCCAACGACTGCG 6240
TCCCGCCGTATCAAATCCATGGTTGTGGCTATGGCCCCTGCATGGACTCCAACGACTGCG 6257

skekskskokakakskskskskskskskskokskokokokskskokkskkokokokskoksk sk sk sk sk kakskokokokskkkk sk sk k sk sk ksksk sk sk sk sk sk k

ATTGGCCCTGCACATCCTGCTGCTCTAATCATACATGTTGCTATGAGGAGCCTATGTTTC 6300
ATTGGCCCTGCACATCCTGCTGCTCTAATCATACATGTTGCTATGAGGAGCCTATGTTTC 6317

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokskskkskk sk sk ok sk sk sksksk sk sk sk sk sk k

GATGAAAATCCTCAAACACACAAATTCCAAAGAAAAAGTATAGTAACACAATGTAATAAA 6360
GATGAAAATCCTCAAACACACAAATTCCAAAGAAAA-GTATAGTAACACAATGTAATAAA 6376

skekskskakakakskskskskskskskskokskokokokskskokokkkokokokskokskskskskk - skokokskskskskskokakkakskskkkskskkkkkk

ACTTA-GTGTTCCTGTATTACTTTAAATCACATTTGACCTATATTCTTCAATTGCTATGT 6419
ACTAAAGTGTTCCT-TATTACTTAAAATCACATTTGACCTATATTCTTCAATTGCTATGT 6435

kkk ko kekskskskskskk skkskokskskskk  kkokskskskskskskskskskskskokokokskskskskokkkkkkkkskkkkkkk

CATTGTCTAATGATTGAAAGCAAGTACTTTTATTTCTGTGTCATACAAATGTAAGCAAGA 6479
CATTGTCTGGTAATTGCAAGCAAGTACTTCTATTTCTGTGTCATACAAATGTAAGCAAAA 6495

skekkkkkkk ko skkkk skekskskskekskskkokoksk skskskskskskskkokskskskskskskkkkkkkkkkkkkk %

TCAATAAAGAATATATACAACTACGTTAATCAATTGCTACTATCAAACTGCATTTTCTGT 6539
TTAATAAAGAATATATACAACTACGTTAATCAATTGCTACTATCAAATTGCATTTTCTAT 6555

) kkkkaskskskskskskskskakkokokskskskokkkkokokokskokskkskskkkakokokokokokskskkk  kkkkkskkkkk %

CAAACAACAGTATAATTATTGTGAATTTGTGACGCACTCTAGTAAATAAAGTGGGTTGAA 6599
CAAACAACAGTATAATTA-——————- TTGTGACGTACTCTAATAAATAAAGTGGGTTGAA 6607

skekskskkkkokskskskskskkkokkok skkokkkkkk  kekskskkk  kkkskskskskskskskskkokskskskskk

GTAAGCATTAAATGACTGATTCATCAGCTCTACGCCTATATCACAATTTCAGAGTAGATA 6659
CTAAGCATTAAATGACTGATTCATCAGCTCTACGCCTATATCACAATTTCAGAGTAGATA 6667

skekskskakakokskskskskskskskokskkokokskskokkskkokokokkokokskskskskkokskkokokkkskok sk sk k sk sk skksk sk sk sk sk sk k

CATTGCGAGATTTCTGTTGTAAGAACCATTTTGATCATGTTTCTGTAACAG-CAACATGA 6718
CATTGCGAGATTTCTGTTGTAAGAACCATTTTGATCATGTTGCTGTTACAGACAACATGA 6727

skekskokokakakskskskskskskskskokkokokokskskokokkkokokokskokskskskskkokskokokk  skkskk  kkkk  skekskskskskkk

TTTCCAGTATATTTTGTTTACAAATTTCCTTCGTCGAGGAAATTGTGACAT———TATTA 6774
TTTTCAGTAGATTTTGTTTATAAATTTCGTTCGTCGAGGAAATTCTGACATGTATTATTA 6787

kkk kkkcksk  skskskskskskkokoksk skekskkkoksk skskskskskskskskkskskskskskk  kkkkkk skkkkk

AGATACCAACT CTA 6788
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AGATACCAACTTAAATTCTGGTATAGGTTCCATTCTAATTAATATCATCGGCATACTCCT 6847

skkskkkkkskokskk kkxk

6788
CAACTTAGATTCATTCTTAGTTGATTTCACATCTTAATTCGTCAACTTTCATAGAGAACT 6907

6788
CATCACAGGATAAGCCAGTTTAGTTCAACAATAGTATATTCCCCCGCCAAAATCCACATA 6967

6788
ATGTTTTGAGAGTTTTAATTGCAAGTGGTATACCATCAAGCTTTTTCAGTTTTGACTTTG 7027

6788
ATTAATCAAGATCAATATAAATCCTTTCCTCGAAAAGAAAAAACGATATAAATCCTAGCT 7087

6788
CCAATTCGTAAAAGAATTTTACCAAAGTACTTCCTCCGTTTCGTTTCAAATGCAACAAAA 7147

6788
GGGTATTATTTGTGAGATATAAAATTTCCAATTGTTGCGTTTAAAACGAGATGGAGGAAG 7207

CGTTAAAAGTTGTAAGACAACAAAATGAAAACAAATGGATAAATTTCATAATATATTCAA 6848
CATTAAAAGTTGTAAGACAACAAAATGAAAACAAATGGATAAATTTCATAATATATTCAA 7267

)k kkkkskskskskskskskskakkokokskskskokkkkokokokskskskkskskskskakskokokksk sk sk ok sk sk k sk sk sk sksk sk sk sk sk sk k

CACTACCTTCTTTTGCTCAACATCACATAAACACATCCGCACCTGACAATCATTATTCAT 6908
CTCTACCTTCTTTTGCTCAACATCACATAAACACATCCGCACCTGACAATCATTATTCAT 7327

)k kkkkakskskskskskskskskakkokokskskskokkkkokokokskokskskskskskkakskokokkkkskk sk sk k sk sk ksksk sk sk sk sk sk k

TAAAACACCCGATAAAATAAATACCAGTTCTGAAATCATGGATATGAAATTCACAGTAAA 6968
TAAAACACCTGATAAAATAAATACCAGTTCTGAAATCATGGATATGAAACTCACAGTAAA 7387

skkskokokakakoksk  skskskskskakkokokskskskekokkkokskokskskskskskskskskakkokokokokokskokkkk - skkokskskskkkokk

AAAAAGTATTAAAAAACACCAGCTGAGGCAAACACAAGATCAACAAAGAGGTAAAAAATA 7028

AAGA-GTATAAAAAAACACCAGCTGAAGCAAA 1418
KK K KKK RRRRRFFFFFAARKRK  KoKKKK

AAAAATGGTCG 7039

Supplementary Fig 5 Alignment of nucleotide sequences of orf20Ls and orf20xx.30s.> coding and flanking
regions. Asterisks denote matched residues. Exon/intron boundaries are shown by forward slashes. Stop
codons are underlined. Nucleotides are numbered from the first residue of the initiation codon as +1.



orf20_NK-198
ort20_NK-305-1

orf20_NK-198
ort20_NK-305-1

orf20_NK-198
ort20_NK-305-1

orf20_NK-198
ort20_NK-305-1

orf20_NK-198
ort20_NK-305-1

orf20_NK-198
ort20_NK-305-1

orf20_NK-198
ort20_NK-305-1

orf20_NK-198
ort20_NK-305-1

Supplementary Fig 6 Alignment of amino acid sequences of the protein products deduced from orf20xx.9s and

MAWYRNSRFVYNALKLNLRSKTFGT IPTPRVHSNSSSLFYNQSTNKCSGLFGSAKSGYFN 60
MAWYRNSRFVYNALKLNLRSKTFGT IPTPRVHSNSSSLFYNQSTNKCSGLFGSAKSGYFN 60

skekskokokakakskskskskskskskskokskokokokskskokokkkokokokskskskskskskskkakskokokskkkk ok sk sk ok sk sk sk sksk sk sk sk sk sk k

GFKHHQE I SSFSGFARRNYHGDKTEVSVESWLEKFLVPIGLILTFGILGYPHVHPVVVPY 120
GFKHHQEISSFSGYARRNYHGDKTEVSVESWLEKFLVPIGLILTFGILGYPHVHPVVVPY 120

skkskskskokkskokokskskok | skskskokskskokokskokokskokokskskskokskskskokokskokokskskkskskokskskskkskkskokosk sk sk ksk sk

TGRKHYVLMSTTRENE IGEVEKRKIQPATHPDTDRVRSIFQHILESLEREINHHELELER 180
TGRKHYVLMSTTRENE IGEVEKRKIQPATHPDTDRVRSIFQHILESLERE INHHELELER 180

skekskokakakakskskskskskskskskokskokokokskskokskkkokokokksk sk sk sk sk sk skakskokokskokkskok sk sk k sk sk sk skok sk sk sk sk sk k

DETFKEKT IWKEETVDDKDSRKKHSGAKITTNHLEGMNWE I FVVDKPLVESSYLLGGKIV 240
DETFKEKTIWKEETVDDKDSRKKHSGAKITTNHLEGMNWE I FVVDKPLVESSYLLGGKIV 240

skekskskokakakskskskskskskskskokskokokskskskokkkkokokokkok sk sk sk sk sk kakskokokokskkkok sk sk ok sk sk skksk sk sk sk sk sk k

VYTGLLNHCNSDAELAT I TAHQVGHAVARHEAEDSTAFFWLL ISLNVILFKILFTEPESA 300
VYTGLLNHCNSDAELAT I TAHQVGHAVARHEAEDSTAFFWLL ISLNVILFKILFTEPEFA 300

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskskskskskskkkskskokokokokokskkkkkkkkkskkkkk - %k

NARSKLLLRHPLLQKVWKI IQARAPQLLPRTICLSLVGLFSSVFILYYGRKEIEADHIGV 360
NARSKLLLRHPLLQKVWKI IQARAPQLLPRTICLSLVGLFSSVFILYYGRKEIEADHIGV 360

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskskskskskskskskakskokokokskk sk ok sk sk ok sk sk sksksk sk sk sk sk sk k

LLMASAGYDPRVAPQVYDKLAKPLGDWNCLATHPFARMRAKLLARADVMKEADKIYNEVV 420
LLMASAGYDPRVAPQVYDKLAKPLGDWNCLATHPFARMRAKLLARADVMKEADKIYNEVV 420

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokskok sk skk sk sk ok sk sk sksksk sk sk sk sk sk k

AGRAIQGLQ 429
AGRAIQGLQ 429

skkkkkkkkk

orf20nk-30s.1 nucleotide sequences. Asterisks denote matched residues.



orf20_NK-305-2 MAWYRNSRFVYNALKLNLRSKTFGTIPTPRVHSNSSSLFYNQSTKCSGLFGSAKSGYFNG 60
orf20L_S MAWYRNSRFVYNALKLNLRSKTFGTIPTPRVHSNSSSLFYNQSTKCSGLFGSAKSGYFNG 60
seRKRRRARRR KRR KRR KRR FAFF R R KRR KRR FFFFF K

orf20L_S MAWYRNSRFVYNALKLNLRSKTFGTIPTPRVHSNSSSLFYNQSTKCSGLFGSAKSGYFNG 60
orf20_NK-305-2 MAWYRNSRFVYNALKLNLRSKTFGT IPTPRVHSNSSSLFYNQSTKCSGLFGSAKSGYFNG 60
seRRRRRIRR KA FAAFAA AR KRR FFFFFAA A A A KA KKK KKK FFFFF K

orf20L_S FKHHQE ISSFSGFARRNYHGDKTEVSVESWLEKLLLGIALMLSTGIFAYRHVHPVVVPYT 120
orf20_NK-305-2 FKHHQE ISSFSGFARRNYHGDKTEVSVESWLEKLLLGIALMLSTGIFAYRHVHPVVVPYT 120
seRRRRRAIRR KRR A A A A AR KRR FFFFFAAAF A KK KKK KKK FFFFF K

orf20L_S GRKHYVLISTTDENEKGEVEKRKIQPATHPDTDRVRSIFQHILESLERE INHHELELERD 180
or20_NK-305-2 GRKHYVLISTTDENEKGEVEKRKIQPATHPDTDRVRSIFQHILESLERE INHHELELERD 180

skekskskokakakskskskskskskskskokskokokskskskokkkkokokokkok sk sk sk sk sk kakskokokokskkkok sk sk ok sk sk skksk sk sk sk sk sk k

orf20L_S ETFKEITIWKEETVDDKDSRKKHSGAK I TTNHLEGLNWE IFVVDKPLVESSCLFGGKIVV 240
orf20_NK-305-2 ETFKEITIWKEETVDDKDSRKKHSGAK I TTNHLEGLNWE IFVVDKPLVESSCLFGGKIVV 240
seRKRRRARRR KRR KRR KRR KRRk kR kR Rk ok okok kR koo ok

orf20L_S YTGLLNHCNSDAELAT I TAHQVGHAVARHQAEDRTAFFWWSMSLYVIIFEVLFTARKFAN 300
or20_NK-305-2 YTGLLNHCNSDAELAT I TAHQVGHAVARHQAEDRTAFFWWSMSLYVIIFEVLFTARKFAN 300

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskskskskskskskskakskokokokskk sk ok sk sk ok sk sk sksksk sk sk sk sk sk k

orf20L_S ARSKLLLRHPLLQKVWKITQARFHQLLPRTTLHLGFLGLSSLVF ILYFGRKEIEADHIGV 360
or20_NK-305-2 ARSKLLLRHPLLQKVWKTIQARAPQLLPRTIC-LSLVGLFSSVFILYYGRKEIEADHIGV 359

skkskskkkskskskskskskskkkkokokskskk  kkckskskk * kk ok kkkcksk  skekskskkokokskskskskk

orf20L_S LLMASAGYDPRVAPQVYDKLAKPLGDWNCLATHPFARMRAKLLARADVMKEADKIYNEVV 420

or20_NK-305-2 LLMASAGYDPRVAPQVYDKLAKPLGDWNCLATHPFARMRAKLLARADVMKEADKTYNEVV 419
seRRRRRAIRR KRR F A A AR KRR FFFFFAAAF A KK KKK KKK FFFFFK

orf20L_S AGRAIQGLQ 429
or20_NK-305-2 AGRAIQGLQ 428

skkkkkkkkk

Supplementary Fig 7 Alignment of amino acid sequences of the protein products deduced from orf20Ls and
orf20nk-30s.2 nucleotide sequences. Asterisks denote matched residues.
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——ATAAAATGATAAAAAA———AAAAAAACACACATCATAAGTAACCGATTAA-ACAAGT
AAATATAGTCATGTGGGATGTTATTAAATTCAACATAACATGTATTTTATTAATATGTAC
fkk ok ok kk * * okkok sokdkk ok ok ok sokdokk %k

CACAAATAGGTTAAAACTCAATAGAAGAAAACAGACATACAAACCTAACTCAACCAAGGA

TTTTTATAATTTTTA——CAAATACAAAACTAAAGATATATGTCTCAAAGTTTTGCATTGA
fokk kK %k sfokkk kk kK sokk ok * kk ok fok  kok
TA———ATCAAAAG————- GTAGATTTAAAATGAGA-—AAACGCGCAAAA————

CATGCGTGAAAAGTGTAACTGTGTAGATT-AAAATGAAACGAAGGGAGTACAATCTTAGC
* * ook sfopokdokk kkokdokdok k kk ok ok ok Kk

~ATTGACTTAT——-TTAAAA—-CAATTTTTCCAAAAAAAAAATGATATAAACTTTGTT
CACTAACTCATGATGTCAAGATCTCAAGTCTT————AAAAATAATGATATAA-CTTTGTT
* ok shkk Kk * bk ok dokk ok kk sokkokk sokokkoktolokdok kdokokokokk

A-ACATCGTCTAGGATAATATTGAAGGATGGACAACAATAAACTAAAAAGTTACAATCAC
ACACATAGTCTAGCATAATATTGAGGGATGAACAACAATA———TAATACACTAAAA——
* sk okokiokk Okokolokokkok skkkokk kokkkokdoktok ok k ko sk

ATCATTATTTTGCAGTTGTAGTTCCATTTGCAGCAGAAGCAAGATGCAAAAATGAAGCAC
—AGTTAGTTTGCAGTTGTAGTTCCATTTGTAGCAGAAGCAAGATGCAAAAATGAAGCAC
ok sokokkiokiokokokokiokiokokork  stoksiokaiskokstokstokstokoksoksokokdokdokokokokokk

CCCCACCAATATCAGGGGTAGCAACAGCCAGCTCCAGCAGCAGTGCCGGCGGCGCTAGCAG
CCCCACCAATATCAGGGGTAGCAACAGCAGCTCCAGCAGCAGCGCCGGCGGCGCTAGCAG
sokokokiokiokiokokokiokkokokokokkokoriokstokatokoksokstorktor  soksoksokokdokokokakokokk

TAACACCTACAGGCGTACCAGCATATCAAATTCACGGTTGTGGCTACGCGTGCAGTGACT
TAACACCGTACAGGCGTAGCAACATATCAAATTCACGGTTGTGGCTACGCGTGCAGTGACT
sopkokokiokiokiokokiokiokiolok  kkokkokokiokaiokaiokakokstokstoksiokoksoksokokdokdokdokakokokk

CCAATGACTGTGATTGGCCTTGTACTATATGCTGTGGCCAAAACCAAACTTGTTGTTATG
CCAATGACTGTGATTGGCCTTGTACTATATGCTGTGGCCAAAACCAAACTTGTTGTTATG
sookokiokiokokokoktoktokokokokokokoktokstoksiokakokstokstokstooksoksokokdokdokokkokoksk

ATTTGCCTTTCGATGGTTAACATAAAACAGCACTTTTTTTTTCTAAGTAGTCATAAAGAG
ATTTGGCTTTCGATGGTTAACATAAAACAGCACTTTTTTTT-CTAAGTAGTCATAAAGAG
sokkokokiokiokokokokioktokokokokkokoriokiokaokokdoktokk  stooksoksokokdokdokokakokokk

GGTACTACAATAAATAATGTTATACAATTCGCACATAAACTTAGTAATCTATCATAATAAT
GGTACTACAATAAATAATGTTATACAATTCGCACATAAACTTAGTAAGTTGTCACAATAAT
sokkokokiokiokokokokiokiokokokokkokoriokiokokooktoktortolork ok ok ekl

GTTCAATAATGAAGTACTAAATCCAGTCTGTCGGTGATTCAACTAGAAAATCTCTTCTAGC
GTTCAATAATGAAGTACTAAATCTAGTCTCGTCGTGATTCAACTAGAAAATCTCTTCTAGC
sopkokokiokiokiokokiokiokiokokiork  kokokiokaiokaiokaksokstokstoksiokoksoksokokdokdokokakokokk

TCACTAGATGGTCCGTTCTACGATAGCATGGTTTCGAACTTTTCGATTCATTAGAATTGAA
TCACTAGATGGTCGTTCTACGATAGCATGGTTTCGAACTTTTCGATTCATTAGAATTGAA
sokokokiokiokokokoktoktokokokokkokoktoksiokaiokakokstokstokstooksoksokokdokdokokakokokk
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-3038
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-2818
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-2818
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-2758
-2739
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TTATGTATATTTCTACGTTGTGTTTGATTCAATCCTGCCAATAATGTGATTTATACATGGT
TTATGTATATTTCTACGTTGTGTTTGATTCAATCCTGCCAATAATGTGATTTATACATGGT
sokokokiokiokokokoktoktokokokokkokokioksiokaiokakokstokstokstooksoksokokdokdokokkokokk

GGTATAAGATTGTAAGCGTTATTGTTGTATTGTATTCATCATATTTATAATCCCTCTATC
GGTATAAGATTGTAAGCGTTATTGTTGTATTGTATTCATCATATTTATAATCCCTCTATC
sookokiokiokokokoktokkokokokokkokokioksiokaiokakokstokstokstooksoksokokdokokokkokokk

TCTAATTGTTTGCTTAATTTGAGGATTAATTAAGGTTGGCCTAGTGGTTGTGAGGTCGCT
TCTAATTGTTTGCTTAATTTGAGGATTAATTAAGGTTGGCCTAGTGGTTGTGAGGTCGCT
sokokokiokiokokokoktokkokokokokkokoktokstokaiokokokstokstokstooksoksokokdokokokkokoksk

CTACCAGCTATTGAATAGGAGCTCGATTCTCACCTTTTGCAAATTCTTGTAAGGAAATGC
CTACCAGCTATTGAATAGGAGCTCGATTCTCACCTTTTGCAAATTCTTGTAAGGAAATGC
sookokiokiokokokoktoktokokokokkokoktokstoksiokaksoktokstokstooksoksokokdokokokkokoksk

TCGCTTATCTTAAAAAAAGAAAAAAAAAAAAGAATTGCTTGCTCAATATTTTTATGTTTTT
TCGCTTATCTTAAAAAAAGAAAAAGAAAAA-GAATTGCTTGCTCAATATTTTTATGTTTTT
sokokokiokiokolokiokiokiokordork ook katokaiokaksokstokstoksiokoksoksokokdokdokokkokokk

TCCGATTTCAAAGACAGTATTCGAGTATTGTATTATTTTCAGTTACGTGGTAGTAAAATT
TCCGATTTCAAAGACAGTATTCTAGTATTGTATTATTTTCAGTTACGTGGTAGTAAAATT
sokkokokiokiokiokokiokiokiokordok kksokokiokaiokaiokakokstokstoksiooksoksokokdokdokdokakokoksk

AAAAAGAAATTGTGATAGTTTGAAAATATGTGTTAAGAAACTCAAAGATCTTAGATCTTA
AAAAAGAAATTGTGATAGTTTGAAAATATGTGTTAAGAAACTCAAAGATCTTAGATCTTA
sokokokiokiokokokoktokkokokokokkokokioksiokaiokokokstokstokstooksoksokokdokdokdokkokoksk

GATCTGGCGTTGCACAACGTAACTTAACTAGACCTTTAATATCCCATTGTAAATGATTAA
GATCTGGCGTTGCACTACGTAAGCTTAACTAGACCTTTAATATCCCATTGTAAATGATTAA
sokokokiokiokiolokiok kkokokkokokkokokioksiokaiokakokstokstoksiooksoksokokdokdokdokakokokk

AAATTACAAAAAGTTGATATTTGGAAAGTATATTTTGAGACGAATGACTATGACAGACAA
AAATTACAAAAAGTTGATATTTGGAAAGTATATTTTGAGACGAATGACTATGACAGACAA
sookokiokiokokokoktoktokokokokokokoktokstoksiokakokstokstokstooksoksokokdokdokokkokoksk

ACTACATTAGATGAATAATGTCAAAATTCAATATGAACCACTAAAAACGGAGGAAGTATA
ACTACATTAGATGAATAATGTCAAAATTCAATATGAACCACTAAAAACGGAGGAAGTATA
sokokokiokiokokokoktoktokokokokkokoktoksiokstokakokstokstokstooksoksokokdokdokok ook sk

TATGAATTCAGATCGTCAAAATCAGGGATGTGTCAGACAATTTAGGGGTCCCGTGCCATC
TATGAATTCAGATCGTCAAAATCAGGGATGTGTCAGACAATTTAGGGGTCCCGTGCCATC
sookokiokiokokokoktokkokokokokokokoktoksiokaiokakokstokstokstooksoksokokdokokokkokoksk

CATTTTATTAATACACATCTTTTTGTAAGGTATATTAGTACATAATTTGATTCCTTAATG
CATTTTATTAATACACATCTTTTTGTAAGGTATATTAGTACATAATTTGATTTCTTAATG
sokkokokiokiokokokoktokkokokokokkokokiokstokaiokakokstokstokstooksoksolokdor ksfokakokoksk

AACTAGAACT-TTTTATTCTAAGGTCTTGTTTGGTTGACAAAACAAATCATGGGAAGTGA
AACTAGAACTGTTTTATTCTAAGGCCTTGTTTGGTTGACAAAACAAATCATGGGAAGTGC
sokokdokiokiok sokoktokaiokokokiok sokoriokoksokokokatokaksorokstokstokoksoksoktokokok
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-2638
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-2578
-2559

-2518
-2499

2458
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-2380

-2338
-2320

-2218
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-2158
-2140

-2098
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-1960
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AAATTCCTAGAAAGTAGAAGTATATGAATAAGTTGTTTGGTTGGCAAAATCATGGGAATT
AAATTCCTAGAAAGTAGAAGTATATGAATAAGTTGTTTGGTTGGCAAAATCATGGGAATT
sokokokiokiokokokoktoktokokokokkokokioksiokaiokakokstokstokstooksoksokokdokdokokkokokk

TGTACTTCTTAGGAAGTTCTACTTCCTCCAAAATGGAGGAAGTTACTTACCTAGGTCCCC
TGTACTTCTTAGGAAGTTCTACTTCCTCCAAAATGGAGGAAGTTACTTACCTAGGTCCCC
sookokiokiokokokoktokkokokokokkokokioksiokaiokakokstokstokstooksoksokokdokokokkokokk

CTAGATAAGTAGAGCTTGCCATAGGAAGTTCTACTTCCCATTATCAAGCAAACACAATTT
CTAGATAAGTAGAGCTTGCCATAGGAAGTTCTACTTCCCATTATCAAGCAAACACAATTT
sokokokiokiokokokoktokkokokokokkokoktokstokaiokokokstokstokstooksoksokokdokokokkokoksk

TACACTTCCTAGGAATTTCAAATACATGGAAAAAATAACTTCCTAGGAAGGCTAGAACGCG
TACACTTCCTAGGAATTTCAAATACATGGAAAAAATAACTTCCTAGGAAGGCTAGAACGCG
sookokiokiokokokoktoktokokokokkokoktokstoksiokaksoktokstokstooksoksokokdokokokkokoksk

TGCATTTTGAGTAAAAAAATTAACTAAACAGGTTGAAACTTTTTATTTGTATATCATATA
TGCATTTTGAGTAAAAAAATTAACTCAACAGGTTGAAACTTTTTATTTGTATATCATATA
sokokokiokiokokokiokiokiokokokiok  kokiokaiokaiokaksokstokstoksiokoksoksokokdokdokdokakokokk

AAATTTTTGTTGCATCAGTCAAAAGTAACAGAGGGTTCAAATTGCGGAATTGGTTCGTCA
AAATTTTTGTTGCATCAGTCAAAAGTAACAGAGGGTTCAAATTGCGGAATTCGTTCGTCA
sokokokiokiokokokoktoktokokokokkokoktokstoksiokakokstokstokstooksoksokokdokokokkokokk

TATACTTAGATGTACGGTTGACATGGTACACTCAATACTAATTTATGTTCATTTGCTTAT
TATACTTAGATGTACGGTTGACATGGTACACTCAATACTAATTTATGTTCATTTGCTTAT
sokokokiokiokokokoktokkokokokokkokokioksiokaiokokokstokstokstooksoksokokdokdokdokkokoksk

TTAGAATTCTCTTATTTAATATATTTTGTTCATTTGAATGATTTCAAATAAATAATAGGC
TTAGAATTCTCTTATTTAATATATTTTGTTCATTTGAATGATTTCAAATAAATAATAGGC
sookokiokiokokokoktokkokokokokkokoktoksiokaiokkokstokstokstokoksoksokokdokokokakokokk

AAAAAAATAGCCTTTAAATGTATCATGCTCGCAACATTTAGGTATATGATAAAATTTGTA
AAAAAAATAGCCTTTAAATGTATCATGCTCGCAACATTTAGGTATATGATAAAATTTGTA
sepkskkillolekkikloleeokkklolollekkkskskskolloeeskkklloloeokkksokolololok

CAAATTTTAATGAAAAAAAAAATGTTGAAACAAAAATTTAAACTAAGCTACAGTTGACTT
CAAATTTTAATGAAAAAAAAA-TGTTGAAACAAAAATTTAAACTAAGCTACAGTTGACTT
sokokokiokiokiokokiokiokiolork  sokksokokiokaiokaiokakokstokstokstokoksoksokokdokdokdokakokokk

TTAAGCTCTCTCCTTTTCGTGATGCAACAAAGATTTGTTTTAGCACTAGCTACTTCTTCTA
TTAAGCTCTCTCCTTTTCTGATGCAACAAAGATTTGTTTCAGCACTAGCTACTTCTTCTA
sokokokiokiokokokokiokiokokokokkokoriokiokaokokokk  stokstooksoksokokdokdokokakokokk

TGCCCATAAAATTCGGCATTTGTTTTCTCAAACTCAAATTTCATCAATTTTGATTATATT
TCGCCCATAAAATTCGGCATTTGTTTTCTCAAACTCAAATTTCATCAATTTTGATTATATT
sookokiokiokokokoktokkokokokokkokoktoksiokaiokkokstokstokstokoksoksokokdokokokakokokk

TTTTCAGCATGTAAGAAAATATCTTATCAGGAGTTTTTTGTAATCGAGGAAACCCATATA
TTTTCAGCATGTAAGAAAATATCTTATCATGAGTTTTTTGTAATCGAGGAAACCCATATA
sokkokokiokiokokokoktokiokokokokdordor katokaiokaksokstokstoksiokoksoksokokdokdokdokakokokk
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-1660
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-1480
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-1420

-1379
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-1319
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-1259
-1241

-1199
-1181
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GGAAACTGCTTATAAAGCTAGTGAATCAACGAAATATCAACAAGAAAATCACATTGTTCA
GGAAATTGCTTATAAAGCTAGTGAATCAACGAAATATCAACA
sk sokokkokiokiokaookoksokokdokorkskokdokdokdokakokokk

TAGGAAAACTCGCTATAACATTTGCATACATTGTAGGTCTTTGTTGCAGTTTAATCCCTCG
——GGAAAACTCCTATAACATTTGCATACATTGTAGGTCTTTGTTGCACTTTAATCCCTGG
sosoktokstoksiokokoktoktokokokokkskokokiokstoksiokaksokstokstokstokoksoksokokdok ook kokoksk

GGCCTCGTATATTGATATTAAGTGTATTTTAATCTACGTTTTTTTCTATTGCAACAATTA
GGCCTCGTATATTGATATTAAGTGTATTTTAATCTATATTTTTTTCTATTGCAACAATTA
sokkokokiokiokokokokiokiokokokokkokdoriokiokiokok  sokstoksiooksoksokokdokdokokakokokk

CTACTTTGGATAATTTTACATCTATTGCAACAATTTCACTTTTGGTATAAAAAGCAATAT
CTACTTTGGATAATTTTACATCTATTGCAACAATTTCACTTTTGGTATAAAAAGCAATAT
sookokiokiokokokoktoktokokokokkokoktokstoksiokaksoktokstokstooksoksokokdokokokkokoksk

TTCAGAACAAAGCAGCATTGTGCACCCGAGAGAACATAGCATTCATATAGAAGAATATGA
TTCAGAACAAAGCAGCATTGTGCACCCGAGAGAACATAGCATTCATATAGAAGAATATGA
sookokiokiokiokokoktokkokokokokkokokiokstokskokokoktokstokstooksoksokokdokokokkokokk

TTTTTTTTCAACAACTTTTCAAGATAAAAAAAGCATACAATATAAAATTAAAGAACATGT
TTTTTTTTCAACAACTTTTCAAGATAAAAAAAGCATACAATATAAAATTAAAGAACATGT
sepkkkilllekkklloloeeekkkllollekkksksksklokoeeekkoklloloeokkksokolololok

AAATCTCCAACAACATTTGAAAAAACCTAAAAAAAAAGCATCTATTGTAAATGAACATTT
AAATCTCCAACAACATTTGAAAAAACCTAAAAAAAAAGCATCTATTGTAAATGAACATTT
sokokokiokiokokokoktokkokokokokkokokioksiokaiokokokstokstokstooksoksokokdokdokdokkokoksk

AGTCTAAATTTAAAGAACCTAACTTTTAAATGTAAAAATTTGAAAAAAGGAATCTCGCCA
AGTCTAAATTTAAAGAACCTAACTTTTAAATGTAAAAATTTGAAAAAAGGAATCTCGCCA
sookokiokiokokokoktokkokokokokkokoktoksiokaiokkokstokstokstokoksoksokokdokokokakokokk

ACAACCATTTTTCCTAAAAGGTAAAACAAGTTGCAAGATTTAATGAAACAGATAACAAC-
ACAACCATTTTTCCTAAAAGGTAAAACAAGTTGCAAGATTTAATGAAACAGATAACAACA
sokokokiokiokoktokstoksiokokoksokokdokokkskokokokokatokksokokstokstokoksoktoktokokdok

TTTTTCTTAAATCATAAATTCTTAAAATATTAAACCTACATCGTTTAACAGAAGGTGCAC
TTTTTCTTAAACCATAAATTCTTAAAATATTAAACCTACATCGTTTAACAGAAGGTGCAC
sokokdokiokiokk kkokiokokokokokkokokioksiokaiokakokstokstokstooksoksokokdokdokokkokokk

CATCCTTTATGCGTAGTTGGATGCATGTTGCTATTTGCGCTTTTCCATTCCCTAAAAAAC
CATCCTTTATGCGTAGTTGGATGCATGTTGCTATTTGCGCTTTTCCATTCCCTAAAAAAC
sookokiokiokokokoktokkokokokokokokoktoksiokaiokakokstokstokstooksoksokokdokokokkokoksk

CGAGTCTAAAGCTATTGTTATAATACACTCTAGAAGTCCTCTCAAAAAAAAAAAA-CACT
CGAGTCTAAAGCTATTGTTATAATACACTCTAGAAGTCCTCTCAAAAAAAAAAAAACACT
sookokiokiokokokioktokkokokokokkokokioksiokaiokakokstoktokstooksoksokokdordork Kook

CTAGTTGTCGTAGACTCTCAGCATGTGTCATTTAGAGACTCGTAACGCATTGACGCACTT
CTAGTTGTCGTAAACTCTCAGCATGTGTCATTTAAAGACTCGTAACGCATTGACGCACTT
sokokiokiokiokiok sokokiokokokokkokdoriokiokok  skokstokstoksiokoksoksokokdokdokdokakokokk

-1139
-1139

-1079
-1081

-1019
-1021

-959
-961

-899
=901

-839
-841

=719
-781

=719
=721

-660
-661

-600
-601

-540
-541

-481
-481

-421
-421



orf19 ACTCGAAATATTTTGTTCCATTTATTAGAGAAAATTTCATCCCCTGATCCCAATTATCAA -361
orf20_NK-305-2 ACTCGAAATATTTTGTTCCATTTATTAGAGAAAATTTCATCCCCTGATCCCAATTATCAA -361
sokokokiokiokokokoktoktokokokokkokokioksiokaiokakokstokstokstooksoksokokdokdokokkokokk

orf19 ATCAACATCTAAAAATTTAAAATGACTAGGTACGTAACGAAAAACGAATGAGTCTCGATA -301
orf20_NK-305-2 ATCAACATCTAAAAATTTAAAATGACTAGGTACGTAACGAAAAACGAATGACTCTCGATA -301
sookokiokiokokokoktokkokokokokkokokioksiokaiokakokstokstokstooksoksokokdokokokkokokk

orf19 ATAGTACACCCCATTAATCCATTCTTAGTTTGTTGCGTAGTGCATAGCTGGGTGCAAAAG —241
orf20_NK-305-2 ATAGTACACCCCATTAATCCATTCGTTAGTTTGTTGCGTAGGGCATAGCTGGGTGCAAAAG —241
$okokokiokiokiokokokiokkokokokokkokokioktokatokoksokiok  katooksoksokokdokdokokakokokk

orf19 AAATCTTTTGCACAGAGAAAACTTTTGCAGTTTCGGAATTCAGTAGGAATATCATAACCA -181
orf20_NK-305-2 AAATCTTTTGCACAGAGAAAACTTTTGCAGTTTCGGAATTCAGTAGGAATATCATAACCA -181
sookokiokiokokokoktoktokokokokkokoktokstoksiokaksoktokstokstooksoksokokdokokokkokoksk

orf19 TTTATGGAAGCAACAACTCTTGTGACCCATTTCATCTAAAATCTTAATCTCGTAAATTTT -121
orf20_NK-305-2 TTTATGGAAGCAACAACTCTTGGGACCCATTTCATCTGAAATCTTAATCTCGTAAATTTT -121
sokokiokiokiokolokiokiokiokordok kkokoriokaiokaiokork  stokstoksiooksoksokokdokdokokakokokk

orf19 ACCTTTCAAAATTCAAAAATCACATAATTTTTTTTGGTATGTTACTTGAACCCAGTTCAT -61
orf20_NK-305-2 ACCTTTCAAAATTCAAAAATCACATAATTTTTTTTGGTATGTTACTTGAACCCAGTTCAT -61
sokokokiokiokokokoktoktokokokokkokoktokstoksiokakokstokstokstooksoksokokdokokokkokokk

orf19 AACTGACCCTGAAATTCAAGAATTTGGAGCAAAGTTAGCAGCTTTTGTTGTTCAAAAATC -1
orf20_NK-305-2 AACTGACCCTGAAATTCAAGAATTTGGAGCAAAGTTAGCAGCTTTTGTTGTTCAAAAATC -1
sokokokiokiokokokoktokkokokokokkokokioksiokaiokokokstokstokstooksoksokokdokdokdokkokoksk

Supplementary Fig 8 Alignment of nucleotide sequences of the upstream regions of orfl9 and orf20nx-z0s-2.
Asterisks denote matched residues. Nucleotides are numbered from the first residue of the initiation codon as
+1.
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TGCATTTGATGATTTGAATGTGTTGGTTATTGTCTTCAAGCTTAAATGTGCCTATATTAA

TACAACTTTTTTTAAGGTATATTTGTACATGATTTCATTTCTTAACTAGTATTTGGGTTT

GGGTGTTGTCCCGGGATAGTATTGTTTTCTGAATTTGATATGCATTTTTTTTTTTCATTT
————GTTGCCCCGGGATAGTATTGTATTCTGAATTTGATATGCATTTTTTTTTT-CATTT
KKk RoRRRRRFFFAAAARRK koA RRKRRRRRRK  Fokokofok

CCATTAAAATATACTCCCTCCGTCCCAAAATATAGTTTCCATTTCCATTTTGGGTGTCCC
CCATTAAAATATACTCCCTCCGTCCCAAAATATAGTTTCCATTTCCATTTTGGGTGTCCC

skekskokokakakskskskskskskskskokskokokokskskokkskkokokokskskskskskskskskakskokokskkkk ok sk sk ok sk sk sk ksk sk sk sk sk sk k

AAAATATAGTTCCCATATCCCATTTCCATATTTAGTTCCACGTTTTTTCGTAATTTGTCT
AAAATATAGTTCCCATATCCCATTTCCATATTTAGTTCCACATTTTTTCGTAATTTGTCT

skekskokokakakskskskskskskskskokskokokokskskokokkkokokokskokskskskskkkokokokok  skskskskakakakskskskokskskskkkkk

AGAAAAACCGTGTCCCCTCATTTATTTGCTTCTTGAATTTTGGTTTTTCCTTTGTTTATT
AGAAAAACCGTGTCCCCTCATTTATTTGCTTCTTGAATTTTGGTTTTTCCTTTGTTTATT

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokkokkskok sk sk ok sk sk ksksk sk sk sk sk sk k

CAACCAAAATGTTACAATTAATGCTCTTCCACCAATTATTCTCCACTCTTTCTCCTAAAA
CAACCAAAATGTTACAATTAATGCTCTTCTACCAATTATTCTCCACTCTTTCTCCTAAAA

skekskskokakakskskskskskskskskokskokokokokskokokkkokokok skskskskskskskskokokokskskskskokkkkkskskkskskkkkkk

TCATCTTTTCCCATACAACATTTATTTAAATAAACAAAAAATCATTACTATTCATCTTAT

TTATCTTTTCCCATACAACATTTATTTAA-TAAACAAAAAATCATTACTATTCATCTTAT
* kkkkoRRRRRRkk KRRk kokkkkkkok kKRR Rk KRRk koo

ATTCTACTTACATAAATTACCGTGAAAAAAGGGAAATGGGAACTATATTTTGGGACGGAG
ATTCTACTTACATAAATTACCGTGAAAAAAGGGAAATGGGAACTATATTTTGGGACGGAG

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskoksk sk sk sk sk skakskokokoksk sk sk ok sk sk ok sk sk sksksk sk sk sk sk sk k

GGAGTATTAAGTAAAACTCAACATTTAAACCATACAAATATAATAATATGGAGACTTAAA
GGAGTATTAAGTAAAACTCAACATTTAAACCATACAAATATAATAATATGGAGACTTAAA

skekskskokakakskskskskskskskskokskokokskskskokkskkokokoksksk sk sk sk sk sk skakskokokskk sk kk sk sk k sk sk sksksk sk sk sk sk sk k

GCATGATTAAAAGTTGGTTGAGATGGTAATTGTGTCATGTATAATAACAAGAGACTACAA
GCATGATTAAAAGTTGGTTGAGATGGTAATTGTGTCATGTATAATAACAAGAGACTACAA

skekskokakakakskskskskskskskskokskokokokskskokk sk kokokokkok sk sk sk sk sk skakskokokokskkskok sk sk ok sk sk skksk sk sk sk sk sk k

GTTCAAATCTTGTTGCAAGCTTATTTTACTTTTGTTAATTGACATGAGATATATACACAT
GTTCAAATCTTGTTGCAAGCTTATTTTACTTTTGTTAATTGACATGAGATATATACACAT

skekskokakakakskskskskskskskskokskokokskskskokk sk kokokokkok sk sk sk sk sk skakskokokskokkskk sk sk k sk sk sksksk sk sk sk sk sk k

-4858

-4798

-4738
-5403

-46178
-5343

-4618
-5283

-4558
-5223

-4498
-5163

-4438
-5104

-43178
-5044

-4318
-4984

-4258
-4924

-4198
-4864
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TGGACAAATCTACTGAAGTAACAGAGGTGCCACGTGGTGGGTATACATTGTCACGCACAC
TGGACAAATCTACTGAAGTAACAGAGGTGCCACGTGGTGGGTATACATTGTCACGCACAC

skekskskokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokskkkok sk sk ok sk sk sksksk sk sk sk sk sk k

CTTTAAATATATTTGTATAGATGAACTAGAACTGTTTTCTTCTAATAATAAAGAACGATA
CTTTAAATATATTTGTATAGATGAACTAGAACTGTTTTCTTCTAATAATAAAGAACGATA

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskskakskokokskskkkok sk sk k sk sk ksksk sk sk sk sk sk k

AGGATGAAGTTTATTAACAGATGGTCTGTAGAAAATGTGATTTGCTTCAACTTTGTAAGG
AGGATGAAGTTTATTAACAGATGGTCTGTAGAAAATGTGATTTGCTTCAACTTTGTAAGG

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskskakskokokoksk sk sk ok sk sk ok sk sk sk sksk sk sk sk sk sk k

TAAAATCATGGCAATTAAGCTTTTAGGCGAGGAAATTAAGATCATGAATATTATTTAATT
TAAAATCATGGCAATTAAGCTTTTAGGCGAGGAAATTAAGATCATGAATATTATTTAATT

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskk sk sk sk sk sk skakskokokokkkkk sk sk ok sk sk skksk sk sk sk sk sk k

TGTAAACTCTTTGTATATCTATCATTTTGTTGCTTATAGTATGCACCATTTTCCTATGTC
TGTAAACTCTTTGTATATCTATCATTTTGTTGCTTATAGTATGCACCATTTTCCTATGTC

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskskakskokokokkkskk sk sk k sk sk sk sksk sk sk sk sk sk k

TTCAAAGCCTCAAAGGAATACTCCATTTCTTTTTTTTTTTTTTTTTTTTTTTGGTCAAGT

TTCAAAGCCTCAAAGGAATACTCCATTTCTTTTTTTTTTITTITTITTT-——TTGGTCAAGT
sekkkRRRRRRRRR kR KR RRRRRRRR kK kbR

GGTGATTGGTGAAGTCCCTAGAACCGTGCATTTTGAGTAAAAAAATTAACTGAACAGGTT
GGTGATTGGTGAAGTCCCTAGAACCGTGCATTTTGAGTAAAAAAATTAACTGAACAGGTT

skekskskakakakskskskskskskskskokskokokokskskokokkkokokokskokskskskskskkakskokokokskkskk sk sk ok sk sk skskok sk sk sk sk sk k

GAAACTTTTTATTTGTAAATCATATAAAATTTTTGTTGCATCAGTCAAAA-——————— GTA
GAAACTTTTTATTTGTAAATCATATAAAATTTTTGTTGCATCAGTCAAAACTCAAAAGTA
KRKKKKAIRKAKFAFFAAAAAAAK KKK FFFFAKKKKKKKKKKKK KKK

ACAGAGGGTGCAAATTGCGGAATTACTTCCTCATATACTTTGATGTACCGTTGATATGGT
ACAGAGGGTGCAAATTGCGGAATTACTTCCTCATATACTTTGATATACCGTTGATATGGT

skekskskokakakskskskskskskskskokskokokokskskokokskkokokokskokskskskskskkakokokokokoksk  skakakakskskskkskskskokkokk

ACACTCAATACTAATTTATGTTCATTTGCTTATTTGAAATTTTCTTATTTTGTTCATTTC
ACACTCAATACTAATTTATGTTCATTTGCTTATTTGAAATTTTCTTATTTTGTTCATTTC

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokksk sk sk sk sk sk kakskokokokskkskok sk sk k sk sk skskok sk sk sk sk sk k

AATGATTTCAAATAAATAATAGGCAAAAAAATAGCCTTTAAATGTATCATGCTCGCAACA
AATGATTTCAAATAAATAATAGGCAAAAAAATAGCCTTTAAATGTATCATGCTCGCAACA

skekskokakakakskskskskskskskskokskokokskskskokkkkokokokskokskskskskskkkskokokokskkskok sk sk k sk sk ksksk sk sk sk sk sk k

TTTAGGTATATGATAAAATTTATACAAATTTTAATGAAAAAAAAATGTTGAAACAAAAAT
TTTAGGTATATGATAAAATTTATACAAATTTTAATGAAAAAAAAATGTTGAAACAAAAAT

skekskskokakakskskskskskskskskokskokokokskskokkkkokokokksk sk sk sk sk sk skakskokokokokksk ok sk sk ok sk sk sksksk sk sk sk sk sk k

-4138
-4804

-4078
-4744

-4018
-4684

-3958
-4624

-3898
-4564

-3838
-4508

-3718
-4448

-3125
-4388

-3665
-4328

-3605
-4268

-3545
-4208

-3485
-4148
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TTAAGCTAAGCTAAAGTTGACTTTTAAGCTCTCTCCTTTTATGATGCAACAAAGATTTTG
TTAAGCTAAGCTAAAGTTGACTTTTAAGCTCTCTCCTTTTATGATGCAACAAAGATTTTG

skekskskokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokskkkok sk sk ok sk sk sksksk sk sk sk sk sk k

TTTTAGCACTAGCTACTTTTTCTATCCCCATAAAATTCGCCATTTGTTTTCTCAAACTCA
TTTTAGCACTAGCTACTTTTTCTATCCCCATAAAATTCGCCATTTGTTTTCTCAAACTCA

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskskakskokokskskkkok sk sk k sk sk ksksk sk sk sk sk sk k

AATTTCATCAATTTTGATTATGTTTTTTCACCATGTAAGAAAATATCTTATCATGTGTTT
AATTTCATCAATTTTGATTATGTTTTTTCACCATGTAAGAAAATATCTTATCATGTGTTT

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskskakskokokoksk sk sk ok sk sk ok sk sk sk sksk sk sk sk sk sk k

TTCGTAATCGAGGAAACCCATATAGGAAACTGCTTATAAAGCTAGTGAATCAACGAAATA
TTCGTAATCGAGGAAACCCATATAGGAAACTGCTTATAAAGCTAGTGAATCAACGAAATA

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskk sk sk sk sk sk skakskokokokkkkk sk sk ok sk sk skksk sk sk sk sk sk k

TCAACAGGAAAATCACATTGTTCATAGGAAAACTCCTATAACATTTGCATACATTGTAGG
TCAACAGGAAAATCACATTGTTCATAGGAAAACTCCTATAACATTTGCATACATTGTAGG

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskskskakskokokokkkskk sk sk k sk sk sk sksk sk sk sk sk sk k

TCATTGTTGCACTTTATTCCCTCGGCCCTCGTATATTGATATTAAGTGTATTTTAATCTA
TCATTGTTGCACTTTATTCCCTCGGCCCTCGTATATTGATATTAAGTGTATTTTAATCTA

skekskokakakakskskskskskskskskokskokokskskskokk sk kokokokkok sk sk sk sk sk skakskokokskokkskk sk sk k sk sk sksksk sk sk sk sk sk k

CGTTTTTTTCTATTGCAACAATTACTACTTTGGATAATTTTACATCTATTGCAACAATTC
CGTTTTTTTCTATTGCAACAATTACTACTTTGGATAATTTTACATCTATTGCAACAATTC

skekskskakakakskskskskskskskskokskokokokskskokokkkokokokskokskskskskskkakskokokokskkskk sk sk ok sk sk skskok sk sk sk sk sk k

CATTTTTGGTATAAAAAGCAACATTTCAGAACAAAGCATGGATTATGCACTAGGGTACCA
CATTTTTGGTATAAAAAGCAACATTTCAGAACAAAGCATGGATTATGCACTAGGGTACCA

skekskokakakakskskskskskskskskokskokokskskskokkskkokokokskok sk sk sk sk sk skakskokokskokkskok sk sk ok sk sk kksk sk sk sk sk sk k

TTCATATAGAAGAATATGATTTTTTTCAACAACTTTTCAAGATAAAAAAAAGCACACAAT
TTCATATAGAAGAATATGATTTTTTTCAACAACTTTTCAAGATAAAAAAAAGCACACAAT

skekskskokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk skakskokokokk sk sk ok sk sk ok sk sk sk sksk sk sk sk sk sk k

ATAAAATTAAAGAACATGTAAGAGTGCGTTTTATTCAACTTATTGGCCCTGAACTTATTG
ATAAAATTAAAGAACATGTAAGGGTGCGTTTTATTCAACTTATTGGCCCTGAACTTATTG

skekskokokakakskskskskskskskskokakokokokoksk  skakakokskokskskskskskskskskakokokokokskskskokkkkkkkkskkkkkkk

GACCTTATCTGAACTGAATTTATTGAACCTGAACTGAACTTATTGGAACTTATTAAACCT
GACCTTATCTGAACTGAATTTATTGAACCTGAACTGAACTTATTGGAACTTATTAAACCT

skekskokakakakskskskskskskskskokskokokskskskokkkkokokokskokskskskskskkkskokokokskkskok sk sk k sk sk ksksk sk sk sk sk sk k

GATTGGACCTGATTCAACTTATTGGACCTGATTAAACCTGATT
GATTGGACCTGATTCAACTTATTGGACCTGATTAAACCTGATTATTGAAACCTATTAGAC

skekskskakakkokskskskskskskskakokokskskskskokkkkokoksksksksk sk sk sk kkokskokkkk

-3425
-4088

-3365
-4028

-3305
-3968

-3245
-3908

-3185
-3848

-3125
-3788

-3065
-3728

-3005
-3668

-2945
-3608

-2885
-3548

-2825
-3488

-2182
-3428
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GGAACTTATTGGAACTTATTG-ACCTTATTGAAACCTATTAGAC -2739

CTTATTGGCCCTGATTGAAACTTATTAGACCTTATTGGACCTGATTGAAACTTATTAGAC -3368
* kkkdoRRRok ok Rk kokkok skokokokokokokok kKK

CTTATTGG -2131

CTTATTGGACCTTATTCGACAAAAACATTGACCATGAATAACATAAATATTACCACTAAC -3308
sokokkokok

-2131
GTAAATACTACCCCTCAAAATTTTTTATGGAGTAATAATTATTATAATTCGTCCTTTAAA -3248

-2131
AATAATGATTATTAATTATCTCTTATGATACTCCCTCCGTCCCATAATATAGTGCTCACT -3188

-2131
TCTCATTTTTCACAAGAATTAAGGAAAATGGAAAGAGTTTTAGGATTTCACAAATTAGAC -3128

———————— CCCTGATTGAAACTTATTAGACCTTATTGGACCTGATTGAAACTTATTAGAC -2679
CTTATTGGCCCTGATTGAAACTTATTAGACCTTATTGGACCTGATTGAAACTTATTAGAC -3068
KKKKKKARKKKAAAAKKKKKKK KKK FAAAKKKKKKKKKKKK

CTTATTGGACCTTATTCGACAAAAACATTGACCATGAATAACATAAATATTACCACTAA- -2620

CTTATTGGACCTTATTCGACAAAAACATTGACCATGAATAACATAAATATTACCACTAAG -3008
sRRRRKIR KA FAAAAAKK KR FFFFFAAA A KKK KKKKKKKKAFFFFF K

——————— CGTAAATACTACCCCTCAAAATTTTTTATGGAGTAATAATTATTATAATTCGT -2567

GCACTAACGTAAATACTACCCCTCAAAATTTTTTATGGAGTAATAATTATTATAATTCGT -2948
KRKKKKKAIRKKAAFAAKKKKKKKKKKAAFFFFFAAKKKKKKKKKKKKK

CCTTTAAAAATAATGATTATTAATTATCTCTTATGATA -2529

CCTTTAAAAATAATGATTATTAATTATCTCTTATGATACTCCCTCCGTCCCATAATATAG -2888
KKKKKKKKKKKKKKAFFFAAAAKKKKKKKKKKKKKKAK

-2529
TGCTCACTTCTCATTTTTCACAAGAATTAAGGAAAATGGAAAGAGTTTTAGGATTTCACA -2828

-2529
AAAATATATATTTAAGTAAATGTTTATTGGGTGTTTTGGTCTTGGAACTAGTTTTTTTCT -2768

-2529
TCTTTTTCCTTTAAAATAAAATGAAAGAGCAATAAATATACCTTGGAATGGTGTAAAACA -2708
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ATAAATAGGGGCACACATTTTACAAGAAAGTAGGGGTATTTTTGAAAGTTTTATGTAGAA

ATGAAGGATAATTTAGTCCAAATAAATTGAAAAAAAAAGAAATAGGCATAACATTTTGGG

ATTAATTTAATAA
ACACCCAAAGAGGAATGCAAGCACTATATTATGGGACGGAGGGAGTAATTAATTTAATAA

skkskskskkokskokskskskk

AAAAATTTACTATTTATATATTTGCCTATACATAACTTTCACCACTAATATGTTTTGATT
AAAAATTTACTATTTATATATTTGCCTATACATAACTTTCACCACTAATATGTTTTGATT

skekskokakakakskskskskskskskskokskokokokskskokkskkokokokskok sk sk sk sk sk kakskokokskkkskk sk sk ok sk sk sk sksk sk sk sk sk sk k

TTATAAAACACTAGTAGAAAATCAAAAGTTAATTAACATTTATTGCTAACAAGTTAAAAT
TTATAAAACACTAGTAGAAAATCAAAAGTTAATTAACATTTATTGCTAACAAGTTAAAAT

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskokskskskskkskokskokokskskkskok sk sk ok sk sk sk skok sk sk sk sk sk k

TGACACATATAAAAAATTAACATTTATTGAAGAGGGTGATGTAGAAGATGAAGAAAGATA
TGACACATATAAAAAATTAACATTTATTGAAGAGGGTGATGTAGAAGATGAAGAAAGATA

skekskokokakakskskskskskskskskokskokokokskskokkkkokokokskok sk sk sk sk sk kakskokokkokkskok sk sk ok sk sk ksksk sk sk sk sk sk k

CCCCGATGAAGAAAGATACTCTAGTGATGATAATGAAGCAATCAATTGACAACAATTATG
CCCCGATGAAGAAAGATACTCTAGTGATGATAATGAAGCAATCAATTGACAACAATTATG

skekskokokakakskskskskskskskskokskokokokskskokkkkokokoksksk sk sk sk sk sk skakskokokokok sk sk ok sk sk k sk sk sksksk sk sk sk sk sk k

TCTTTCATTGTTATTAGTAACGAAAACATGTTATCTCTAGTTATTTAAAGACGAATTGCA
TCTTTCATTGTTATTAGTAACGAAAACATGTTATCTCTAGTTATTTAAAGACGAATTGCA

skekskokakakakskskskskskskskskokskokokokskskokkskkokokokskok sk sk sk sk sk kakskokokskokkk ok sk sk ok sk sk sksksk sk sk sk sk sk k

AATTATTGTAATTATAATTATTATTATTATTGTTAACCTTAATTATTTGACCATGATTAT
AATTATTGTAATTATAATTATTATTATTATTGTTAACCTTAATTATTTGACCATGATTAT

skekskokakakakskskskskskskskskokskokokokskskokkkkokokokskoksk sk sk sk sk skakskokokoksk sk sk ok sk sk ok sk sk sksksk sk sk sk sk sk k

AATATTATTTAATAGCAATATGAATAATCAAATAATAGACAATAATACAAGTATAATACT
AATATTATTTAATAGCAATATGAATAATCAAATAATAGACAATAATACAAGTATAATACT

skekskskokakakskskskskskskskskokskokokskskskokkskkokokoksksk sk sk sk sk sk skakskokokskk sk kk sk sk k sk sk sksksk sk sk sk sk sk k

ACACATTGTGGTACTTTAATAAAAAATTCTAATAATAACATAATCAGCTAATAGTAATAT
ACACATTGTGGTACTTTAATAAAAAATTCTAATAATAACATAATCAGCTAATAGTAATAT

skekskokakakakskskskskskskskskokskokokokskskokk sk kokokokkok sk sk sk sk sk skakskokokokskkskok sk sk ok sk sk skksk sk sk sk sk sk k

GAATAATAAAATAATAGACATAATACAGATAAATAACAAAATAATAGACATAATACAAAT
GAATAATAAAATAATAGACATAATACAGATAAATAACAAAATAATAGACATAATACAAAT

skekskokakakakskskskskskskskskokskokokskskskokk sk kokokokkok sk sk sk sk sk skakskokokskokkskk sk sk k sk sk sksksk sk sk sk sk sk k
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AAACAATAAAGTAATAGACATTAATACAAGTATAATATTATATAATCATTGTGGTACTTT
AAACAATAAAGTAATAGACATTAATACAAGTATAATATTATATAATCATTGTGGTACTTT
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AATTAAAATTCTAATAATAACATAATCAACTAATAGTGATATGAAATTATGAATAACAAA
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ATAATGGACAATAATACAAATGTATATTAAACATTGACTATTTGGACCTTATTGGGACCT
ATAATGGACAATAATACAAATGTATATTAAACATTGACTATTTGGACCTTATTGG-ACCT
seRRRRKAIRR A FAAFAA AR KKK FFFFFAAA A A KK RKKKKKKKARK  Fohokok
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CGTCTCAAAAAAAAATAAGGCTTTGCTAAATTACGCCCTAAATTTTTCTGGTAACGCCCT
CGTCTCAAAAAAAAATAAGGCTTTGCTAAATTACGCCCTAAATTTTTCTGGTAACGCCCT
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AAATACGGTATTTTCATACCGTATTTATATACCTGCATTTCTTTCCTCTCTTTCCCCTTC
AAATACGGTATTTTCATACCGTATTTATATACCTGCATTTCTTTCCTCTCTTTCCCCTTC
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ACTCACTCACTTTCTCTCTCCTCTCCACCACAACTGCCACCACACCACCACTACCATATT
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orf20L_S AAGATATTCTAGGGCGTCGTTTAGCAAATGAGAAAAAATAATACACTCTAGTTGTCGTAG -492

orf20_NK-305-1 AAGATATTCTAGGGCGTCGTTTAGCAAATGAGAAAAAATAATACACTCTAGCTGTCGTAG -492
seRKRRRIRR KA A A A AR KRR FFFFFAAAAAAKRKKKKAKK ook
orf20L_S ACTCTCAATATGTGTCATTTAGAGACTCGTAACGCATTGACGCACTTACTCGGGGTAGAA -432
orf20_NK-305-1 ACTCTCAATATGTGTCATTTAGAGACTCGTAACGCATTGACGCACTTACTCGGGGTAGAA -432
seRRRRKIRR A FAAFAAAKKKIR A FFFFFAAAF KKK KKKKKKKKAKFFFFFF K
orf20L_S ATATTTTGTTCCATTTATTAAATGAGAAAATTTCATCCCCTGATCCCAATTATCAAATCA -372
orf20_NK-305-1 ATATTTTGTTCCATTTATTAAATGAGAAAATTTCATCCCCTGATCCCAATTATCAAATCA -372
seRKRRRIRR R FAFAAAA AR KRR FFFFFAAA A KKK KKK KKK FFFFFK
orf20L_S ACATCTAAAAATTTAAAATGACTAGGTACGTAACGAAAAACGAATGACTCTCGATAATAG -312
orf20_NK-305-1 ACATCTAAAAATTTAAAATGACTAGGTACGTAACGAAAAACGAATGACTCTCGATAATAG -312
seRKRRRAIRR KRR F AR KRR FFA A A A A KK R KRR KKK FFFFF K
orf20L_S TACACCCCATTAATCCATTCTTAGTTTGTTGCATAGTTTGTTGCGTAGTGCATAGCTGGC -252
orf20_NK-305-1 TACACCCCATTAATCCATTCTTAGTTTGTTGCATAGTTTGTTGCGTAGTGCATAGCTGGC -252
seRRRRRAIRR A FAAAAARKKIR A FFFFFAA A A A KK KKK KKK FFFFFK
orf20L_S TGCAAAAGAAATCTTTTGCACAGAGAAAACTTTTGCACTTTCGGAATTCAGCAGGAATAT -192
orf20_NK-305-1 TGCAAAAGAAATCTTTTGCACAGAGAAAACTTTTGCACTTTCGGAATTCAGCAGGAATAT -192
seRRRRKIRR KA FAAAAAR KKK FFFFFAAA A A KK KKK KKK KKARFFFFFF K
orf20L_S CATAGCCATTTATGGAAGCAACAACTCTTGTGACCCATTTCATCTAAAACCCTTAATCTC -132
orf20_NK-305-1 CATAGCCATTTATGGAAGCAACAACTCTTGTGACCCATTTCATCTAAAACCCTTAATCTC -132
seRKRRRIRR R FAFAAAA AR KRR FFFFFAAA A KKK KKK KKK FFFFFK
orf20L_S ATAAATTTTACATTTCAGAATTCAAAAATCACGTAATTTTTTTTTTGGTATGTTACTTGA -72
orf20_NK-305-1 ATAAATTTTACATTTCAGAATTCAAAAATCACGTAATTTTTTTTTTGGTATGTTACTTGA -72
seRRRRRAIRR KRR FAFFAFAA AR KRR FFFFFAA A A A KK KKK KK KKKAFFFFFF K
orf20L_S ACCCAGTTCATAACTGACCCTGAAATTCAAGAATTTGGAGCAAAGTTAGCACCTTTTGTT -12
orf20_NK-305-1 ACCCAGTTCATAACTGACCCTGAAATTCAAGAATTTGGAGCAAAGTTAGCACCTTTTGTT -12
seRRRRRAIRR KA A A A A A AR KRR FFFFFAAA A A KKK KKKKKKAFFFFFF K
orf20L_S GTTCAAAAATC -1
orf20_NK-305-1 GTTCAAAAATC -1

skkskkkkkskokskk

Supplementary Fig 9 Alignment of nucleotide sequences of upstream regions of orf20Ls and
orf20yk-30s.1. Asterisks denote matched residues. Nucleotides are numbered from the first residue of the
initiation codon as +1.
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Supplementary Fig 10 Immunoblot analysis of proteins from transgenic suspension cells
separated by SDS-PAGE. Transgenes are orf20nk-s0s-1::flag (lanes 1 to 4), orf20nk.3052::flag
(lanes 5 to 8), and a vector control. Size markers are shown on the right (kDa). Total cellular

proteins were separated by SDS-PAGE and the blot was probed with dFLAG or aCOXI.
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Supplementary Fig 11 Immunoblot analysis of proteins from transgenic suspension cells
separated by BN-PAGE. The transgenes are orf20nx-30s.1::flag (lanes 1 to 3), orf20yk.305-2::flag
(lanes 5 to 8), orf20nk-10s::flag (orf20-NK-198), and a vector control. Size markers are shown on
the right (kDa). Total mitochondrial proteins were separated by BN-PAGE and the blots were
probed with apreSATP6. An arrow indicates the 200-kDa complex that is the hallmark of
preSATP6-ORF20 interaction.



Supplementary Table 1 Nucleotise sequences of primers used in this study

Target gene Nucleotide sequence

5'-TTCCAATTGGACTAATCTTGACTTT-3'

or; f2 03051
5'-TTCTCCAATTTCATTCTCACG-3'
5'-TGAGGCTGGTATCTCCAAGG-3'
efla
5'-TTGAGTACTTGGGGGTGGTG-3'
5'-AGACCTTCAATGTGCCTGCT-3'
Actin

5'-ACGACCAGCAAGATCCAAAC-3'

5'-GGGGACAAGTTTGTACAAAAAAGCAGGCT AGGAATATCATAACCATT-3'

5' UTR-OFfZOjoj,j-y UTR
5'-GGGGACCACTTTGTACAAGAAAGCTGGGTGGTCCTGGATTGAGGGTT-3'

5'-GGGGACAAGTTTGTACAAAAAAGCAGGCT AGGAATATCATAACCATT-3'

5' UTR-OFfZOjoj,Q-y UTR
5'-GGGGACCACTTTGTACAAGAAAGCTGGGTTGGCAAATCTATGCTTGG-3'




Supplementary Table 2 Segregation of male fertility and 07 marker types in an F, population

Male fertility
o7 Fully fertile Partially fertile Sterile Total
3 2
KK 0 5
5
3 9
KT 3 15
12
0 3
TT 3 6
3
6 14
Total 6 26

20




Supplementary Table 3 Segregation of male fertility, and 07 and s17 marker types in an

admixture population

Fully fertile Partially fertile Sterile

KK KT TT KK KT TT KK KT TT Total

p2p2 1 4 2 0 1 0 0 0 0 8
p2p4 1 2 1 2 9 8 0 0 1 24
pdpd 0 0 0 1 0 0 3 12 7 23
Total 2 6 3 3 10 8 3 12 8 55




Supplementary Table 4 Segregation of male fertility and s17 type in a BC,F, population

Male fertility
s17 Fully fertile Partial fertile Sterile Total
14 2
plpl 0 16
16
45 4
plp4 3 52
49
0 3
p4p4 12 15
3
59 9
Total 15 83

68
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