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A

Teff is a staple food and a valuable cash crop for millions of people in Ethiopia. Lodging is
a major limitation to teff production and for decades the development of lodging resistant
varieties has proven difficult with conventional breeding approaches. We used clustered
regularly interspersed short palindromic repeats (CRISPR)-CRISPR associated protein 9
(Cas9) to introduce knockout mutations in the teff orthologues of the rice Semidwarf1 (Sd1)
and sorghum Dw1 and Dw3 genes to confer reduced plant height and ultimately lodging
resistance in DPS 22-8-12 teff.

Summary

The mutations in progeny null-segregant plants that were free of introduced exogenous
DNA were characterized by next generation sequencing (NGS) were comprised of single
nucleotide insertions (+A or +T) or dinucleotide deletions (-GC) resulting in codon
frameshifts creating premature stop codons in the sd1, dwl, and dw3 coding sequences.

The approximate 50 percent reduction in plant height for DPS 22-8-12 teff observed under
greenhouse conditions was within the range of natural variability reported for the plant
species. Reduced plant height has been one of the main objectives of modern plant
breeding, is a familiar trait in many improved crop varieties, and is not associated with
a plant pest risk.

© Donald Danforth Plant Science Center 2022 DPS 22-8-12 Teff 2



ABBREVIATIONS E

Abbreviations

ABCB1 ATP-binding cassette type B1

BIN2 brassinosteroid insensitive 2
BLAST basic local alignment search tool
BR brassinosteroid

Cas9 CRISPR associated protein 9

CBI confidential business information

CRISPR clustered regularly interspersed short palindromic repeats
DDPSC Donald Danforth Plant Science Center

GA gibberellin

gRNA  guide RNA

MUSCLE MUltiple Sequence Comparison by Log-Expectation

NGS next generation sequencing
ORF open reading frame
PAM protospacer adjacent motif

gPCR quantitative polymerase chain reaction
RSR Regulatory Status Review
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GENERAL INFORMATION E

1. General Information

1.1. Applicant Details

(a) Applicant: Donald Danforth Plant Science Center

(b) Address: 975 North Warson Road, St. Louis, MO 63132

(c) Contacts: Getu Beyene and Donald J. MacKenzie

(d) Telephone numbers: (314) 587-1612 (office), (202) 695-0436 (mobile)
(e) Email addresses: GDuguma@DanforthCenter.org,

DMacKenzie@DanforthCenter.org

1.2. Confidential Information

This request does not contain confidential business information (CBI).

1.3. Brief Identification of the Modified Plant

Designation: DPS 22-8-12

Plant species: Eragrostis tef (Zucc.) Trotter, commonly known as teff

Phenotype: Reduced plant height conferring resistance to lodging

Introduced mutation(s): Targeted knockout mutations in the Sd1, Dw1, and Dw3
genes

1.4. Purpose of the Application

This request for a Regulatory Status Review (RSR) is being submitted according to the
procedures described under 7 CFR § 340.4.

1.5. Development of Reduced Plant Height Teff

The development of reduced plant height DPS 22-8-12 teff followed a step-wise process
that included two plant transformation steps, one to introduce targeted mutations within
the Sd1 gene and a re-transformation of a sd1 line to simultaneously introduce targeted
mutations within the Dwl and Dw3 genes (Figure 1).

Sequences of rice (Oryza sativa L.) GA20-oxidases (OsGA200x1-OsGA200x4)
(Sakamoto et al., 2004) and sorghum (Sorghum bicolor L.) Dwl (Sobic.009G229800,
Chr09:57093313..57095643) and Dw3 (Sobic.007G163800, Chr07:59821905..59829910)
were used as baits to retrieve orthologous sequences from the published teff genome
(VanBuren et al., 2020) using CoGeBlast! (Lyons et al., 2008), which were then used to
design specific gRNAs. The nucleotide sequences of the gRNAs targeting the Sd1, Dwl,
and Dw3 genes are shown in Table 1 and their relative locations on the target genes are
illustrated schematically in Figure 2.

1 CoGe is a platform for performing Comparative Genomics research. It provides an open-ended network of interconnected tools to manage,
analyze, and visualize next-gen data. The CoGe basic local alignment search tool (BLAST) tool can be accessed at: https://genomevolution.
org/coge/CoGeBlast.pl

© Donald Danforth Plant Science Center 2022 DPS 22-8-12 Teff



COMPARATOR PLANT

Agrobacterium-mediated transformation of shoot explants with a construct containing CRISPR associated protein 9
(Cas9) and two gRNAs (Sd1 gRNA1 and Sd1 gRNA2) targeting different sequences within exon 1 and exon 2 of the
Sd1 gene homoeoalleles on the A and B genomes (Figure 2, panel A) and regeneration of T, plants.

Removal of introduced transgenes (gene editing reagents) by segregation at T; and phenotyping for plant height
and lodging resistance at T; and T, generations.

Re-transformation of a selected sdI line with a Cas9 construct containing gRNAs (Dwl gRNA and Dw3 gRNA)
targeting specific sequences within exon 2 and exon 3, respectively, of the Dw1 and Dw3 gene homoeoalleles on the
A and B genomes (Figure 2, panels B and C).

Recovery and characterization of T plants for dwl and dw3 mutations and removal of introduced transgenes by
segregation at Ty and selection of lines with sd1, dwl, and dw3 knockout mutations.

Phenotyping T, and T3 generation plants for reduced height and lodging resistance.

Figure 1. Main steps in the development of reduced height lodging resistant teff. The development process included two transformation
steps, one to introduce targeted mutations within the Sd1 gene and a second to simultaneously introduce targeted mutations within
the Dw1 and Dw3 genes. In all cases, null-segregants containing only the targeted mutations and without any introduced foreign DNA
were confirmed by quantitative polymerase chain reaction (qPCR) analysis and the target site mutations confirmed by next generation
sequencing (NGS).

Table 1. Guide RNA target sequences

Name Target Gene (Exon) Chromosome Location® Strand Sequence"

3A(31096526..31096548)

Sd1gRNA1 Sd1 (Exon 1) 3B (29293138..29293160) Sense 5'-GGCCCGGACTTCGAGCCAATGGG-3’
Sd1gRNA2  Sd1 (Exon 2) gg g;gggggg;;gggigg; Sense 5'-GCGACTTCTTCGAGGACAGCCGG-3’
Dw1 gRNA  Dw1 (Exon 2) zg gz;izg;;z;gzi; Anti-sense 5'-CCTGGAATATGGTGTGTCACAGG-3’
Dw3 gRNA  Dw3 (Exon 3) 8A (145900..145878) Anti-sense 5'-TCGTGCGCCCGATCATGAACCGG-3’

8B (134813..134791)

3 Chromosome locations are relative to the E. tef database (id 50954 PacBio unmasked vV3) located at https://genomevolution.org/coge/.
BLAST searches against the teff genome database using gRNA sequences as queries are shown in Appendix B, beginning on page 28.
b Underlined nucleotides correspond to the protospacer adjacent motif (PAM) recognition sites.

Null-segregant plant lines containing targeted mutations without introduced foreign DNA
were selected at the T; generation using qPCR analysis and NGS was used to confirm the
identity of the knockout mutations.

2. Comparator Plant

Teff (Eragrostis tef (Zucc.) Trotter) is an allotetraploid (2n = 4x = 40) C4 plant belonging
to the Poaceae or Grass family (USDA, 2021) and is closely related to finger millet (Eleusine
coracana Gaerth.) as both are in the subfamily Chloridoideae. The genus Eragrostis
comprises about 350 species from which only teff is cultivated for human consumption
(Assefa et al., 2015).

© Donald Danforth Plant Science Center 2022 DPS 22-8-12 Teff



THE GENETIC MODIFICATION
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Figure 2. Schematic diagram of the Sd1 (panel A), Dw1 (panel B), and Dw3 (panel C) genes on chromosomes 3,
4 and 8 of the A and B genomes. Relative locations of the gRNA target sites are shown. Nucleotide sequences
for each gene, including translated amino acid sequences for each encoded protein, are provided in Appendix
A beginning on page 18.

3. Genotype of the Modified Plant

The clustered regularly interspersed short palindromic repeats (CRISPR)-Cas9 targeted
mutations were characterized by nucleotide sequencing of the target loci in T; generation
progeny plants that had been confirmed free of introduced foreign DNA by gPCR. Line
DPS 22-8-12 was one of the lines identified that was homozygous at each homoeoallele of
the Sd1, Dwl, and Dw3 genes for a knockout (loss-of-function) mutation. The sd1, dwl,
dw3 mutations were limited to single nucleotide insertions (A or T) or dinucleotide (GC)
deletions (Table 2). For reference, complete nucleotide sequence alignments between the
Sd1, Dwl, and Dw3 wild-type sequences and their respective mutant alleles are shown in
Appendix C, beginning on page 33.

The wild-type Sd1 gene homoeologs on genome A and B encode proteins of 420 and 419
amino acids, respectively, with 93.6 percent sequence identity, that share approximately
89 percent identity with the rice GA-20 oxidase (GenBank: BAL03272.1). The sd1A1 and
sd1A2 alleles, which were homozygous following two generations of selfing of the parental
sd1-edited line, consisted of a dinucleotide GC deletion in the gRNA1 target site and a single
adenine nucleotide insertion (+A) in the gRNA2 target site. These mutations resulted in a
codon frameshift and truncation of the coding sequence to 347 amino acids (Table 2). The
homozygous sd1B1 and sd1B2 alleles contained a single adenine nucleotide insertion (+A)
in the gRNA1 target site that resulted in a truncated coding sequence of 245 amino acids.
The nucleotide sequence corresponding to gRNA2 target site was unchanged; however, this
was of no consequence as the newly created stop codon was located upstream of the gRNA2
target. Alignments of the wild-type Sd1A and Sd1B encoded sequences and the associated
mutated versions are shown in Figure 3.

© Donald Danforth Plant Science Center 2022 DPS 22-8-12 Teff



THE GENETIC MODIFICATION

Table 2. Summary of sd1, dw1, and dw3 mutations in DPS 22-8-12 teff

Allele® gRNA1 Target Sequence® Mutation gRNA2 Target Sequence  Mutation CDS¢ Comments

SdiA GGCCCGGACTTCGAGCCAAT GCGACTTCTTCGAGGACAGC 420  Wild-type SD1 (A genome)

sd1A1  GGCCCGGACTTCGA- -CAAT -GC  GCGACTTCTTCGAGGACAAGC +A 347 Altered amino acid sequence after F221
sd1A2  GGCCCGGACTTCGA- -CAAT -GC  GCGACTTCTTCGAGGACAAGC +A 4

SdiB GGCCCGGACTTCGAGCCAAT GCGACTTCTTCGAGGACAGC 419  Wild-type SD1 (B genome)

sd1B1  GGCCCGGACTTCGAGCCAAAT +A GCGACTTCTTCGAGGACAGC -

sd1B2  GGCCCGGACTTCGAGCCAAAT ~ +A  GCGACTTCTTCGAGGACAGC - 245 Altered amino acid sequence after P222

Allele  gRNA Target Sequence® Mutation CDS Comments

DwIA  GTGACACACCATATTCCAGG 528  Wild-type DW1 (A Genome)

dwlAl GTGAACACACCATATTCCAGG +A Altered amino acid sequence after C276 and premature termination
dwlA2 GTGAACACACCATATTCCAGG +A

DwiB  GTGACACACCATATTCCAGG 528 Wild-type DW1 (B Genome)

dwiB1 GTGAACACACCATATTCCAGG +A 287 Altered amino acid sequence after C276 and premature termination
dwlB2  GTGAACACACCATATTCCAGG +A

Dw3A  GTTCATGATCGGGCGCACGA 1354 Wild-type DW3 (A Genome)

dw3A1l GTTTCATGATCGGGCGCACGA +T 743 Altered amino acid sequence after F630 and premature termination
dw3A2  GTTTCATGATCGGGCGCACGA +T

Dw3B  GTTCATGATCGGGCGCACGA 1347 Wild-type DW3 (B Genome)

dw3B1l GTTACATGATCGGGCGCACGA +A 736 Altered amino acid sequence after R620 and premature termination

dw3B2  GTTACATGATCGGGCGCACGA +A

3 The naming convention for wild-type alleles uses three-letter codes for each gene with the first letter capitalized (e.g., Sd1, Dw1, and
Dw3) followed by the genome designation, A or B. Mutant alleles are identified with lowercase three-letter codes, followed by the
genome designation (A or B), and a number (e.g., sd1A1, sd1A2, sd1B1, etc).

b All gRNA target sequences are shown as the sense strand (5'-3') without the PAM sites.

¢ CDS = coding sequence with size indicated as the number of encoded amino acids.

The unmodified Dw1 homoeologs encode proteins of 528 amino acids that are 99 percent
sequence identical, and share 81 percent sequence identity with the homologous protein
from sorghum (UniProtKB-AOA1B6P9X8). The dwl mutation consisted of a single adenine
nucleotide insertion for each homoeoallele at the same position within the gRNA target
sequence (Table 2), which resulted in a truncated open reading frame (ORF) of 287 amino
acids for each homoeologous gene. Alignments of the amino acid sequences encoded by the
wild-type Dw1 and mutant dw1 alleles are shown in Figure 4.

The unmodified Dw3 homoeologs on the A and B genomes encode proteins of 1354 and
1347 amino acids, respectively, that share 93 percent sequence identity. The teff DW3A and
DW3B proteins are, respectively, 87 percent and 88 percent identical to the homologous
protein from sorghum (UniProtKkB-AOA1Z5RA91). The dw3 mutation consisted of a single
thymine nucleotide insertion in the gRNA target site of the A genome (dw3A) and a
corresponding single adenine nucleotide insertion in the gRNA target site of the B genome
(dw3B) (Table 2). The dw3A and dw3B mutations resulted in truncated ORFs of 743
and 736 amino acids, respectively. Alignments of the wild-type Dw3A and Dw3B encoded
sequences and the associated mutated versions are shown in Figure 5.

© Donald Danforth Plant Science Center 2022 DPS 22-8-12 Teff
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Figure 3. Alignment of the wild-type SD1 amino acid sequences encoded by the Sd1 homoeologs on the A and B genomes (Sd1A and
Sd1B) with the amino acid sequences encoded by their respective mutant alleles (sd1A1 and sd1B1) characterized in DPS 22-8-12
teff. The sd1A2 and sd1B2 encoded sequences are not shown as they are respectively the same as sd1A1 and sd1B1. The location
of the codon frameshift for sd1A1 is indicated by the down-arrow () and for sd1B1 by the up-arrow (1). Sequences were aligned
with MULtiple Sequence Comparison by Log-Expectation (MUSCLE) (Edgar, 2004) using the default parameters and displayed using
TEXshade (Beitz, 2000).
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Figure 4. Alignment of the wild-type DW1 amino acid sequences encoded by the Dwl homoeologs on the A and B genomes (Dw1A
and Dw1B) with the amino acid sequences encoded by their respective mutant alleles (dw1A1 and dwi1B1) characterized in DPS
22-8-12 teff. The dw1A2 and dw1B2 encoded sequences are not shown as they are the same as dw1A1 and dw1B1, respectively. The
location of the codon frameshift for dw1A1 is indicated by the down-arrow () and for dw1B1 by the up-arrow (1). Sequences were
aligned with MUSCLE (Edgar, 2004) using the default parameters and displayed using TEXshade (Beitz, 2000).

© Donald Danforth Plant Science Center 2022 DPS 22-8-12 Teff 10



THE GENETIC MODIFICATION

Dw3B AN K K )GL ". ) DPDTM
dw3B1 SN L FZ V FF A ) § DDPD TV

Dw3A > REY J)LKSLN > IKENLLL
dw3Al Y OLK \ L C ? IKENLLL

dw3B1 ‘ NLRT IKENLLL

dw3B1l > A ILKNPGILLLD

Dw3A
dw3Al
Dw3B
dw3B1l

Dw3A
dw3Al
Dw3B
dw3B1l

Dw3A
dw3Al
Dw3B
dw3B1

Dw3A EENASARVAARLALDAQNVRSAIGDRISVIVONSALLLVACTAGFVLOWRLALVLLEVFPLVVAATVLOKMEFMKGFSGDL
L 26 -
Dw3B EENASARVAARLALDAQNVRSAIGDRISVIVONSALLLVACTAGFVLOWRLALVLLINWFPLVVAATVLOKMEMKGESGDL
<N 223 = R T

Dw3A EAAHARATOQIAGEAVANLRTVAAFNARMAKIAGLFA[NLRGP LRRCIMWKGOMAGCGYGYAQOFLLYASYALGLWYAAWLVKH|
[ 26 -
Dw3B EAAHARATOQIAGEAVANLRTVAAFNAMGAKIAGLFARMINLRGP LRRCIFWKGOMAGCGYGIMAQF LLYASYALGLWYAAWL VKH|
<N 223 R T

Dw3A GVSDFSRINIRVFMVLMVSANGAAETLTLAPDE VIR
AWB AL i e e e e e e e e e e e e e e e e e e e e s
Dw3B GVSDFSRINTIRVFMVLMVSANGAAETLTLAPDE V)X
AW3BL e e e e e e e e

Dw3A
dw3Al
Dw3B
dw3B1
Dw3A GGITEAEVIREAATOANAHKE I SENAPIJENMRISOVGERGVOLSGG

AW3AL s eei...n RING G GREFSEQRAPLEMY. . ..........]
Dw3B QTEDN TAYGRIEGEN VALDGY JNOVGERGVQLSGGOROR
dw3B1 ] VAE R

Dw3A
dw3Al
Dw3B
dw3B1

Dw3A
dw3Al
Dw3B
dw3B1

Figure 5. Alignment of the wild-type DW3 amino acid sequences encoded by the Dw3 homoeologs on the A and B genomes (Dw3A
and Dw3B) with the amino acid sequences encoded by their respective mutant alleles (dw3A1 and dw3B1) characterized in DPS
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aligned with MUSCLE (Edgar, 2004) using the default parameters and displayed using TEXshade (Beitz, 2000).
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INTENDED TRAIT AND PHENOTYPE E

4. The Intended Trait and Mechanism of Action

41. Intended Trait

The intended trait is resistance to lodging. Lodging refers to the permanent displacement of
aboveground portions of crops from their vertical stance due to stem bending (characterized
by loss of plant elasticity leading to bending of stems while the roots are still secure in the
soil) or breaking (breakage of the stem usually near the base of the peduncle), or failure of
the root—soil anchorage system (involves uprooting of the whole plant while the stems still
appear intact). In practice, bend lodging is by far the most common and economically most
important type of lodging in teff (Ketema, 1983, 1993). In teff, lodging reduces grain yield
by 11—22 percent, 1000-kernel weight by 35 percent, grain yield per panicle by 51 percent,
and percentage and rate of seed germination by 41 and 44 percent, respectively (Ketema,
1983).

4.2. Intended Phenotype
The intended phenotype is reduced plant height.

4.3. Mechanism of Action

Plants contain three major growth-promoting plant hormones: auxin, gibberellins (GAs),
and brassinosteroids (BRs), along with other hormones that promote growth in certain
circumstances. Over the years, naturally-occurring mutations in genes associated with
GA biosynthesis or signalling, BR signalling, or auxin transport have been utilized
either individually, or in combination, in conventional breeding programs to develop
lodging-resistant cultivars in different crop species.

The most widely deployed and well-studied dwarfing genes are the reduced height-1 (Rht1)
gene in wheat (Peng et al., 1999), and the semidwarf1 (sd1) mutation in rice (Ashikari et al.,
2002; Sasaki et al., 2002; Spielmeyer et al., 2002) both of which were central to the Green
Revolution of the 1960s and 1970s (Hedden, 2003). The wild-type alleles of these genes
are involved in GA signalling (RHT1, a DELLA protein?) and biosynthesis (SD1, a GA-20
oxidase). It has also been reported that the semi-dwarfism of barley, sdw1/denso, widely
introgressed into cultivars grown in Europe, probably results from a defect in an orthologue
of the rice Sd1 gene (Jia et al., 2011).

However, mutations in GA biosynthetic genes causing GA deficiency have not been useful
in sorghum because they induce culm bending, which inevitably causes abnormal plant
architecture (Ordonio et al., 2014). Rather, four independently inherited non-GA dwarfing
mutations (dwl-dw4) have been used extensively in commercial grain sorghum breeding
mainly in the United States to significantly reduce sorghum plant height to improve lodging
resistance and machine harvesting (Quinby and Karper, 1954). As none of the mutations
can individually provide sufficient height reduction for machine harvesting, three of them
in various combinations are typically used to develop commercial lines. Because of its

2 The DELLA proteins are conserved repressors of GA signalling that act immediately downstream of the GA receptor to modulate all aspects
of GA-induced growth and development in plants.
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ability to improve the harvest index of sorghum, the dw3 mutation is often included in
this combination; however, the commonly-used mutant allele, which contains an 882-bp
tandem duplication in exon 5 is subject to a low frequency (0.1—0.5 percent) of reversion
back to Dw3 because of unequal crossing-over during meiosis (Multani et al., 2003).

The genes for three of the four dwarf loci in sorghum have been identified (Hilley
et al., 2017; Hirano et al.,, 2017; Multani et al., 2003; Yamaguchi et al., 2016). Dwl
encodes for a novel component of BR signalling (Hirano et al., 2017) that positively
regulates BR signalling by interacting with brassinosteroid insensitive 2 (BIN2) kinase
and inhibiting its nuclear localization (Gruszka, 2020). BRs play important roles in plant
growth and development, regulating diverse processes such as cell elongation, cell division,
photomorphogenesis, xylem differentiation, and reproduction (Nolan et al., 2020). The
recessive dwl allele in Dwarf Yellow Milo sorghum, first identified by Quinby and Karper
(1954), contains a stop codon in exon 2 that results in protein truncation (Hilley et al.,
2016).

Dw2 encodes an AGC kinase® involved in regulation of stem elongation (Hilley et al., 2017).
The Dw4 locus has been mapped to a region on chromosome 4, but the causal gene for dw4
is as yet unidentified.

Dw3 is an orthologue to the maize brachytic2 (br2) gene, which encodes for an ATP-binding
cassette type Bl (ABCB1)* auxin transporter (Multani et al., 2003). Newer alleles lacking
the 882-bp tandem duplication in dw3 but containing simple nucleotide changes (e.g.,
dw3-sd1, -sd2) have been identified that disrupt the DW3 reading frame resulting in a
non-functional protein with a 200-amino acid truncation that is expected to confer a stable
mutant phenotype (Multani et al., 2003; Barrero Farfan et al., 2012).

In the Arabidopsis auxin-transporting ABCB1, pro-1008 (P1008) is part of a conserved
signature D/E-P motif in the C-terminal nucleotide-binding domain that seems to be specific
for auxin-transporting ABCB1s (Hao et al., 2020). Mutation of Pro-1008 or the acidic
residue (Asp or Glu) at position 1007 abolishes auxin transport activity by Arabidopsis
ABCB1. All higher plant ABCB1s for which auxin transport has been conclusively proven
carry the conserved D/E-P motif, including the sorghum DW3 protein (Multani et al., 2003).
The predicted structural model for teff DW3A protein is analogous to the Arabidopsis
auxin-transporting ABCB1 and contains 12 transmembrane helices and the C-terminal
D/E-P motif where Pro-1089 corresponds to Pro-1008 in Arabidopsis ABCB1 (Figure 6,
panel A). The mutated teff dw3-encoded protein lacks 611 amino acids from the C-terminus
that include six additional transmembrane helices and the conserved D/E-P motif essential
for auxin transporter activity (Figure 6, panel B).

The modes of action of the mutant alleles introduced into DPS 22-8-12 teff are analogous
to the those of the sd1 allele in rice and the dw1 and the stable dw3 alleles in sorghum. The

3 AGC kinases are the collective name for cAMP-dependent protein kinase A, cGMP-dependent protein kinase G, and phospholipids-dependent
protein kinase C.

4 ABCB1 belongs to a large family of ATP-binding cassette transporters and is functionally conserved as an efflux transporter in plants, human,
mouse, and C. elegans to transport various substrates across the membrane. In plants, ABCB1 is involved in long-distance auxin transport
influencing morpho-physiological responses (Mohan et al., 2019).
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C-Terminus
C-Terminus

Figure 6. The amino acid sequences of the native teff DW3A protein (panel A) and
the dw3A encoded protein containing the 611-amino acid C-terminal truncation
(panel B) were subjected to protein modelling and structural prediction using the
Phyre2 web portal (Kelley et al., 2016). The location of Pro-1089, which is part of
the conserved D/E-P motif essential for auxin transporter activity is indicated. The
entire C-terminal domain containing six additional transmembrane helices and the
D/E-P signature motif is absent from the homeologous dw3-encoded sequences.

resulting phenotype is familiar based on a history of use of dwarfing genes in conventional
breeding programs for many cereals.

5. Concluding Comments

Reduced plant height has been one of the main objectives of modern plant breeding
(Denison et al.,, 2003) and is a familiar trait in many improved crop varieties. The
use of CRISPR-Cas9 genome editing to specifically target sd1, dwl, and dw3 knockout
mutations, either individually or in various combinations, is a novel approach to introducing
lodging-resistance into teff, but it is founded on a long history of experience and familiarity
with similar naturally occurring and induced mutations in other crop species.

The approximate 50 percent reduction in plant height for DPS 22-8-12 observed under
greenhouse conditions was within the range of natural variability reported for the plant
species (Assefa et al., 2017). Furthermore, the reduced height phenotype is unlikely to
effect the distribution, density, or development of the plant and its sexually compatible
relatives; the production, creation, or enhancement of a plant pest or a reservoir for a plant
pest; harm to non-target organisms beneficial to agriculture; or the weedy impacts of the
plant and its sexually compatible relatives.

Finally, we are requesting that the RSR determination encompass modified teff lines
containing sub-combinations of the sd1, dwl, and dw3 mutations carried in DPS 22-8-12
teff, such as those illustrated in Figure 7.

© Donald Danforth Plant Science Center 2022 DPS 22-8-12 Teff 14
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|| il

|
dw3 dwil+dw3 sd1+dwi+dw3

Figure 7. Comparison of plant heights of wild-type (Sd1+Dw1+Dw3) unmodified teff with edited lines
containing individual sd1, dw1, and dw3 knockout mutations, and lines with combined dw1+dw3 and
sd1+dwil+dw3 mutations.
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Appendices

A. Gene Sequences

A1.5d1 Gene, Chr 3A

LOCUS
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
sourc

CDS

misc_

misc_

misc_

misc_

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

Exported

Gibberellin -20

Eragrostis tef

Eragrostis tef
Eragrostis tef

1  (bases 1 to

2364)

2364 bp DNA

Donald Danforth Plant Science Center
Direct Submission

Exported

Dec 2,

https://www.snapgene.com
Location/Qualifiers

e

feature
feature
feature

feature

atggcgtccc
tgttacaaat
atggtgtccc
gccatcccgg
gcgececgttceg
cccgtggteg
gecggegeagg
gtggacgegg
ctggccgaga
cacgccgacc
gacgccggeg
ttcgagccaa
tagtatccat
tatatatata
aaactatatg
acgatcatgg
ttcgaggaca

1..2364

2021 from SnapGene 6.0.0

/mol_type="genomic DNA"
/organism="Eragrostis tef"

join(1..674,855..1176,2098..2364)

/codon_start=1
/product="Gibberellin-20 Oxidase (SD1) from Eragrostis tef

(A Genome)"

/label=8d1

linear

Sd1 Gene (A Genome) Encoding GA20 Oxidase

PLN 02-DEC-2021
oxidase encoding gene from Eragrostis tef (Chr 34).

/translation="MASPVAGPTGLPLSLLAPLLCYKYPTGPDRSPAHSPLAHLMVSQA
RQEPRNSGISKLVMDAIPAPPLLLRSPAPGIDKIPAPFVWPQDDSRPTSAAALDVPVVD
VGVLRNGGDAAGLRRAAAQVASACATHGFFQVCGHGVDAALARAALDGASDFFRLPLAE
KQRARRVPGTVSGYTSAHADRFACKLPWKETLSFRFHDAGAASPVVADYFTSTLGPDFE
PMGRVYQRYCEEMKELSLTIMELLELSLGVERGYYRDFFEDSRSIMRCNYYPPCPEPER
TLGTGPHCDPTALTILLQDDVGGLEVLVDGEWRPVRPVPGAMVINIGDTFMALSNGRYK
SCLHRAVVNRRQERRSLAFFLCPREDRVVRPPPAAAAPRRYPDFTWADLMRFTQSHYRA

DTRTLDAFTNWLARGPAQQQA"

652..671
/label=8d1
672..674
/label=PAM
953..972
/label=8d1
973..975
/label=PAM

ctgtggcagg
accccaccgg
aagcacggca
cccctcctcet
tgtggceccgeca
acgtgggegt
tggecgtcgge
ccctggegeg
agcagcgcgce
ggttcgegtg
ccgcgtcgec
tggggtacgt
catctccatg
tatatatctt
gcaggegegt
agctgctgga
gccggtccat

© Donald Danforth Plant Science Center 2022

gRNA1

gRNA2

ccccacaggg
tccggacagg
agagcctcgc
cctgectccge
ggacgactcg
gctccgcaat
gtgcgcecgacg
cgccgegetg
ccggegegtg
caagctgccc
cgtggtcgcec
aaccaaccac
gatatatata
ggcattgcat
gtaccagagg
gctgagcecctg
catgcggtgc

ttgecctttgt
tcccctgcac
aacagcggca
tctccagctc
cgcccgacgt
ggcggegacg
cacggcttct
gacggcgcat
ccaggcaccg
tggaaggaga
gactacttca
gttgactggt
tatatatata
cattggacac
tactgcgagg
ggecgtggage
aactactacc

cgttgecttgce
actcacccct
tctcgaagcet
ccggcattga
cggeggegge
ccgccgggcet
tccaggtgtg
ccgacttctt
tgtccgggta
cgctgtcctt
ccagcaccct
ttaattaatt
tatatatata
gtacacacgg
agatgaagga
gcggctacta
cgccgtgecc

ccctctcctce
cgcacatctc
cgtcatggac
caagatcccc
gctggacgtc
gcggegegeg
cgggeacgge
ccggectgececg
cacgagcgcg
ccgcttccac
cggcccggac
actgcatata
tatatatata
acggctgaaa
gctgtccctg
ccgcgacttc

ggagccggag
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1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
1/

cgcacgctgg
gacgtcggeg
ggecgecatgg
ctcttggetg
cagtcgcaga
gacatgcgtt
caatcggtgg
aaagagagag
gagaagaggt
ggaggaggag
gcccaggtgce
tctcatctca
acatgggctt
cgtttccacg
gtgecggetgs
ccgccacgceg
ttgtgcaaaa
cgatcgccgg
ctgtcgaacg
cggecggtege
gccgeccgecg
cagagccact
ggcccggcecce

A.2.5d1 Gene, Chr 3B

LOCUS Exported
DEFINITION natural linear DNA
ACCESSION
VERSION
KEYWORDS
SOURCE natural DNA sequence
ORGANISM wunspecified
REFERENCE 1 (bases 1 to 2273)
AUTHORS IICITI
TITLE Direct Submission
JOURNAL Exported Dec 2,
https://www.snapgene.com
FEATURES Location/Qualifiers
source 1..2273
/mol_type="genomic DNA"
/organism="unspecified"
CDS join(1..672,794..1114,2007..2273)
/codon_start=1
genome)"
/label=8d1
TRTLDAFTTWLARGPPAQQA"
misc_feature 649..668
/label=Sd1l gRNA1
misc_feature 669..671
/label=PAM
misc_feature 891..910
/label=Sd1 gRNA2
misc_feature 911..913
/label=PAM

gcacgggccc
gactcgaggt
tcatcaacat
cctgecttget
ttacacacac
cgagttggtt
tggcgaacgg
gttgcgatgce
tggecttccge
ggggaggata
gcgegetcecgt
tcccgecggeg
ggcgttacca
gcgtttgtcg
cacgacacca
ggccgaaaac
gaactccgga
cagcatctct
ggcggtacaa
tggeccttctt
cgccgecgecg
accgcgccga
agcagcaggc

gcactgcgac
cctcgtcgac
cggcgacacg
tgtcctgccc
tcacacgtag
ccatctcgat
cgagccgcct
agtaggagga
cgttggecggce
cgatgccgecg
cgtcttccct
tgactgactg
ctggcagctt
cggttttccg
tcaccccgtc
aaaagggttc
ttgagctaat
gacttcagca
gagctgcctg
cctgtgeccceg
ctacccggac
cacacgcacc

gtag

2273 bp DNA

cccaccgcgc
ggcgaatgge
ttcatggtat
ctgtttctcc
ctgcctaggce
cggtgggeta
tgatgatttc
caaagagaga
ttgcgagttg
agcggtggeg
gttttgggge
tgcgctgcac
ctacttggct
gtgcacgegg
acccgactca
ctgtgeccttg
tgttgtttcg
actgactcct
caccgcgcegg
cgcgaggacc
ttcacgtggg
ctcgacgcat

linear

tcaccatcct
gccccgtacg
ggtattgtat
tcctaatgga
gtgtcatgtt
gctcggtagt
gccaaagaaa
gagagagaga
tagaggagtg
ctttcgccgg
cgtccgggtc
gggeccgecge
gtcgctcgtc
cgcccgcecctce
cccgtgegtg
acaggtcgtc
ctcactgttg
ctgctggttg
tggtgaaccg
gcgtcgtgeg
ccgacctcat
tcaccaactg

UNA

cctccaggac
acccgtgccc
tactctgctg
agtgattgga
gcgcaatgta
acaggtctat
aaaaagaaag
gagagagaga
ggggaggecec
gtggacccaa
ggtggggeca
gctggatcat
ggcttctagce
cagctcggcc
cggcttgget
acgtgttgtg
attgcgccge
aacgcaggcg
gcggeaggag
ccccececgececg
gcgcttcacg
gctcgecccge

02-DEC-2021

Eragrostis tef Sdl Gene (B Genome) Encoding GA20 Oxidase

2021 from SnapGene 6.0.0

/product="Gibberellin-20 oxidase from Eragrostis tef (B

/translation="MLVFVVARSPPLFSCYKYPTGPDRSPAHSHLAHLMVSQARQEPRS
SGISKLAMDAIPAPPLLLRSPAPGIDLPKDKIPAPFVWPPDDSRPTSAAALDVPVVDVG
VLRNGGDPAGLRRAAAQVASACATHGFFQVRGHGVDAALARAALDGASDFFRLPLAEKQ
RARRLPGTVSGYTSAHADRFACKLPWKETLSFGFHDGAAASPAVVVDYFTSTLGPDFEP
MGRVYQRYCEEMKDLSLTIMELLELSLGVERGYYRDFFEDSRSIMRCNYYPPCPEPERT
LGTGPHCDPTALTILLQDDVGGLEVLVDGEWRPVRPVPGAMVINIGDTFMALSNGRYKS
CLHRAVVNRRQERRSLAFFLCPREDRVVRPPTTVAAPRRYPDFTWADFMRFTQSHYRAD
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ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
//

atgcttgtgt
ggcccggaca
caagagcctc
ctcctgctcc
ttcgtgtgge
gtggacgtgg
caggtggegt
gccgeccectgg
gagaagcagc
gaccggttcg
gccgectgegt
gagccaatgg
cgccattgca
cttatatggc
gatcatggag
cgaggacagc
cacgctgggc
cgtcggcgga
agccatggtc
ggctggetge
ggacagcgct
ttcgagttgg
gaacggtgag
gagagaggta
gttggegget
gccgcecgageg
tcttccctgt
gggecgecege
taattctact
tcccggtgcea
cgtatagtac
ctagtgtttg
gttcactgtt
actggttgtt
accgcgecggt
gcgaggaccg
tcacgtgggc
tcgacgcctt

A.3. Dw1 Gene, Chr 4A

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
sourc

CDS

Exported

ttgtcgttge
ggtcccctge
gcagcagcecgg
gctccccagce
cgccggacga
gcgtgectgeg
cggcgtgegce
cgcgecgeggce
gcgegeggeg
cgtgcaagct
cgccggececgt
ggtaacatat
ttcgacaccg
aggcgcgtgt
ctgcttgagc
cggtccatca
acgggcccge
ctcgaggtcc
atcaacatcg
tagcttgtcc
cagattacac
ttccatctcg
ccgccttgat
gcgatgcagt
tgcgagttgt
gtggecgettt
tttgggcecccg
gctggagcac
tggctgtcge
cgcggegecc
gcgcgecgca
cacaaaaggg
gatctgcatc
tgcacactgg
ggtgaaccgg
cgtcgtgcegce
cgacttcatg
caccacctgg

tcgctcccct
acactcacac
catctccaag
tcccggcecatt
ctcgcggececg
caatggcggc
gacgcacggc
gctggacgge
actccccgge
cccgtggaag
cgtcgtcgac
aaacactact
acactagctt
accagaggta
tgagcctggg
tgcggtgcaa
actgcgaccc
tcgtcgacgg
gcgacacgtt
tgccctgttce
acacacgtag
atccgtggge
ggtttcgcga
aggaggacaa
agaggagtgg
cgcectggtegg
tccggggeeg
aggatcgtca
tcgccgggtt
gcgeggeggece
acaaaagggt
gggggtttcc
tctccctgac
caacaggcgc
cggcaggagc
ccgccgacca
cgcttcacgc
ctcgcccgeg

2501 bp DNA

cccctgttcect
ctcgcacatc
ctcgccatgg
gacctcccca
acgtcggegsg
gaccccgccg
ttcttccagg
gccagcgact
accgtgtccg
gagacgctgt
tacttcacca
ggecgggettg
gggacgactg
ctgcgaggag
cgtggagcgce
ctactacccg
cacggcgctc
ggaatggege
catggtacaa
ccgatgtcct
gcgtgtcatg
tagctcggta
aagaagaaaa
agagagagag
gggaggaccg
ccccaagccc
tctcatccgce
gcttggegtt
ctagccgttt
tccagctcgg
tcctgtgect
ggattgagct
tgactgactg
tgtccaacgg
ggeggteget
ccgtcgccgce
agagccacta
gcccgececgge

linear

cctgttacaa
tcatggtgtc
acgccatccc
aagacaagat
cggcgctgga
ggctgeggeg
tgcgcgggea
tcttccgget
ggtacacgag
ccttcggett
gcaccctcgg
ctgtggatat
gaaccatcca
atgaaggacc
ggctactacc
ccgtgeccgg
accatcctgc
cccgtccgcece
ttcaatttac
cctagctaat
ttgcgcaatg
gtaggtctac
aagagagaga
agaagaggtt
gaggaggageg
aggtgcgcgce
ggecgtgactg
acccgctggt
ccgcggcegtt
tgcgegegtgge
tgacaagcct
gattgttgtt
actgactgac
gcggtacaag
ggccttcttce
gccgcecgecegce
ccgcgccgac
ccagcaggcg

ataccccacc
ccaagcacgg
ggccccgect
cccecgegecg
cgtccccgtg
cgcggegegeg
cggcgtggac
gccgctcgece
cgcccacgcc
ccacgacggc
cccggacttc
agtatcttgt
tcatgtacta
tgtccctgac
gcgacttctt
agccggagcg
tccaggacga
ccgtgcccecgg
tctgttcttt
ggaactaatt
tagacatgcg
cggtggtggt
gagagagaga
ggecttgtgec
gggatacgat
gcgctcgttg
tgcgccgcac
atgctctgcg
tggcgeggtt
actacgctag
tcactcacgt
tcgttccagt
tgacttctct
agctgcctge
ctgtgcccge
tacccggact
acacgcaccc
tag

PLN 02-DEC-2021

Dwl gene (Chr 4A) encoding protein involved in brassinosteroid
signalling.

Eragrostis tef

Eragrostis tef
Eragrostis tef

1 (bases 1 to

2501)

Dwl Gene (A Genome)

Donald Danforth Plant Science Center
Direct Submission

Exported

Dec 2,

https://www.snapgene.com
Location/Qualifiers

e

1..2501

2021 from SnapGene 6.0.0

/mol_type="genomic DNA"
/organism="Eragrostis tef"

join(1l..146,848..2060,2274..2501)

/codon_start=1
/product="DW1 protein involved in brassinosteroid

signalling.

© Donald Danforth Plant Science Center 2022
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/label=Dwl

/translation="MASAGSSSGGAGGGSSIRAANGAAAISAAATAVGSADARFHSHPP
QQDRRSRWAGCLSGLSCFGSQKGGKRIVPAARTPDGNGSSARGNGHQSGSNSNQNVPLN
LSLLAPPSSPASFSNSALPSTVQSPNNFLSISANSPGGPTSNMFAVGPYANEPQLVSPP
VFSTYTTEPSTAPLTPPPELAHATTPSSPDVPYARFLSSFMDIKTASKEHNMAFLSTTY
SGGSGLQASYPLYPESPCSSLISPASATPRTGLSSPIPEQEVPTAHWKTSRSACDTPYS
RASPIPEQEATAQWKTSRSACDTPYARASPSNIFGLDSSASRNYLLDGNFFRPAASAQF
YLDQAQQTYPYNGGRRSVSRDKQDADEVEAYRASFGFSADEIMQTQSYVEIPDALDESF
SISPFGNNAPATEVSPFNDPPNEVQKAEKSSPKKTADQISNGSPHRVLHIDIFKGTKGG
HPSEYEGIVKDGHPFRKTRDEISLKPIEVRKKSPPGHSCSDAEIEYRRARSLREANGVP

misc_feature

misc_feature

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
//

atggcttcag
aatggcgcag
cactcccacc
gcatgcaatt
gagtaccagc
agtacgaatg
ataattaggc
gaattttccg
ttccccccegg
ttgtgtaact
gagcaaacta
ttttcagatt
ttcttaagta
tcatacattt
ctaaacagcg
agggcgggaa

gtggaaatgg
ttctggectcce

aatcgcctaa
tgtttgectgt
cttacacaac
ccactccctc
aaactgctag
gactccaggc
cttctgctac
cccattggaa
ctgagcaaga
ccagggcttc
tagatggcaa
agacatatcc
aagttgaagc
cttatgtgga
atgctcctgce
agaagtcaag
tgcacattga
atctaggcat
ttggtaactt
tattgtgttt
aaggaggaca

caagggacga
catgctcaga

tcccctegtg

SWRSTLSRQLQ"

1525..1527
/label=PAM
1528..1547
/label=Dw1l

ctgggagcag
ctgccatcag
caccacagca
gctcatgctt
aatttctagt
gtactgccca
ttcagtactg
ttttgectgtt
atcctagatg
gttgatttga
actatgctgg
cctgtaaaat
aaattggttt
tttcccctac
gagtagatgg
gaggattgtt
tcatcagtcc
accatcctca
taactttctg
tgggccatat
tgagccttcc
atctccagat
taaggagcat
atcataccct
tccgaggact
gacttctagg
agccactgcg
accatcaaac
cttcttccgg
atataatggt
ttacagagct
gataccagat
tactgaggtg
tccaaagaaa
catattcaag
agtagaatta
tcaatgctaa
ctatttatgt
tccgtctgag
aatatctcta
tgctgaaatt

gcgcagcacg

gRNA1

cagtggaggt
tgcggeccegeg
ggacagggta
tagctgcagc
aggccttgac
gtggtgegttg
tctgettgtt
gatatttgat
actgtactct
ccttgcatac
gttgattcct
gettggtggt
agattaatac
caacagctat
gctggectget
cctgccgcecac
ggttctaatt
ccggcatcct
tcaatctcag
gctaatgaac
acagcaccat
gttccatacg
aacatggctt
ctttaccctg
ggtctttect
tctgcctgtg
cagtggaaga
atctttgggce
ccagctgcectt
gggaggegta
tcgtttgget
gcacttgatg
tccccattta
acggcagatc
ggtaaatgtc
ctcttgttta
taacctgaac
aaatgcttat
tacgagggta
aaacccatag
gagtacagaa
ttgtcaagac

gcaggtggag
acggcagtag
tatacactac
ttttaccctt
gacctagatt
cagcttgcaa
tgcttctagt
tattacgcga
taccataaca
acttccacac
tcttgcatga
gtagctatta
tccaaggaaa
gtacttgata
tgtcgggtct
gtactcctga
caaaccaaaa
tctcaaattc
caaattctcc
ctcagcttgt
tgacccctcc
ctcggtttct
tcttatcaac
agagcccttg
caccaatacc
acacaccata
cttctagatc
tggactcatc
ctgctcaatt
gtgtctcacg
ttagtgcaga
aatcattcag
atgatccacc
agatttccaa
catacttttt
tccttgetat
tctgggceccat
tatgcttatg
ttgtgaaaga
aagtaaggaa

gggcaaggag
agctgcagtg

gcagcagcat
gctcagccga
acgacttctt
cttgctttag
gtcacaggct
ccccggcatc
actgaatagt
tttgcactcc
ctcgtccaga
gtcgtgtcag
tggatctttt
atgtcaacac
tttcgttgtt
ctaatatgtg
ttcatgtttc
tgggaatgga
tgtgccttta
tgcacttcct
tggtggtcca
ctcgcctcct
acctgaacta
ttcttctttt
aacatattct
tagcagcctc
tgaacaagag
ttccagggcect
ggcatgtgat
tgcttctaga
ctacctggac
ggacaagcaa
tgaaatcatg
tatatcgcca
caacgaggtt
tggctctcca
gcaccaacca
ctactgcacc
ttgtcatcag
tgctcgcatt
tggccatcct
gaaatctcca
tctgagggaa
a

cagggcgegceeg
cgccagattc
gttccatggc
atgtgtggat
ttgcgtactt
tttaccccca
ttgttcaget
ctctatgttt
gacctatatg
ttgatgtcat
tccaaatgaa
atttcttata
gaacaactag
catctctgat
ggatctcaga
tcaagtgctc
aatctgtctc
tcaactgttc
acatctaata
gtcttctcaa
gctcatgcaa
atggatatca
ggtggttcag
atatcacctg
gtccctactg
tcacccatcc
acgccttatg
aactatttgt
caggctcagc
gatgcagatg
caaactcaat
tttggaaata
cagaaggctg
catagagtgc
ttcagttgta
taacaaagct
cacttattgg
tcaggaacaa
ttcagaaaga
cctgggcatt

gccaatggtg

A.4. Dw1 Gene, Chr 4B

LOCUS
DEFINITION

Exported linear

Dwl gene

2561 bp DNA PLN 02-DEC-2021
(Chr 4B) encoding protein involved in brassinosteroid

© Donald Danforth Plant Science Center 2022 DPS 22-8-12 Teff 21
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ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
sourc

CDS

misc_

misc_

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681

signalling.

Eragrostis tef

Eragrostis tef
Eragrostis tef

1  (bases 1 to

2561)

Dwl Gene (B Genome)

Donald Danforth Plant Science Center
Direct Submission

Exported

Dec 2,

https://www.snapgene.com
Location/Qualifiers

e

feature

feature

atggcttcag
aatggcgcag
cactcccacc
gcatgcaatt
gagtaccagc
agtacgaatg
aataattagg
atttttcgtt
accagatgac
actgttgatt
ctaactatgc
agatggctgt
tagtaaactt
tgattttaat
aaatttcgtt
tactaatatg
ctttcatgtt
gatgggaatg
aatgtgcctt
tctgcacttc
cctggtggtc
gtctcgectce
ccacctgaac
ctttcttctt
acaacctatt
tgtagcagcc
cctgaacaag
tattccaggg
tcagcatgtg

1..2561

2021 from SnapGene 6.0.0

/mol_type="genomic DNA"
/organism="Eragrostis tef"

join(1..146,930..2142,2334..2561)

/codon_start=1

/product="DW1 protein involved in brassinosteroid

signalling.
/label=Dw1l

/translation="MASAGSSSGGAGGGSSIRAANGAAAISAAATAVGSADARFHSHPP
QQDRRSRWAGCFSGLSCFGSQKGGKRIVPAARTPDGNGSSARGNGHQSGSNSNQNVPLN
LSLLAPPSSPASFSNSALPSTVQSPNNFLSISANSPGGPTSNMFAVGPYANEPQLVSPP
VFSTYTTEPSTAPLTPPPELAHATTPSSPDVPYARFLSSSMDIKTASKEHNMAFLSTTY
SGGSGLQASYPLYPESPCSSLISPASATPRTGLSSPIPEQEVPTAHWKTSRSACDTPYS
RASPIPEQEATAQWKTSRSACDTPYARASPSNIFGLDSSASRNYLLDGNFFRPAASAQF
YLDQAQQTYPYNGGRRSVSRDKQDADEVEAYRASFGFSADEIMQTQSYVEIPDALDESF
SISPFGNNAPATEVSPFNDLPNEVQKAEKSSPKKSADQISNGSPHRVLHVDIFKGTKGG
HPFEYEGIVKDGHPFRKTRDEISLKPIEVRKKSPPGHSCSDAEIEYRRARSLREANGVP
SWRSTLSRQLQ"

1607..1609
/label=PAM
1610..1629
/label=Dw1l

ctgggagcag
ctgctatcag
caccacaaca
gctcatgctt
aatttccagt
gtactgccca
cttcagtact
ttgctgtcga
tgtttgtact
tgaccttgga
tgggctgaaa
aaaattcttg
gttttttatg
gaataaatca
gttgaacatt
tgcatctctg
tcggatctca
gatcaagtgc
taaatctgtc
cttcaactgt
cgacatctaa
ctgtcttctc
tagctcatgce
ctatggatat
ctggtggttc
tcatatcacc
aggtccctac
cttcacccat
atacacctta

© Donald Danforth Plant Science Center 2022

gRNA

cagtggaggt
tgcggececgeg
ggacagggta
tggctgcagce
aggccttgac
gtggtggttg
gtctgecttgt
tattgattge
cttaccataa
tacacttcca
tcttcttgca
gtggtgtagce
cttacccgtt
ctttttctgt
tagtcataca
atctaaacag
gaagggcegs
tcgtggaaat
gcttctgget
tcagtcgcca
tatgtttget
aacttacaca
aaccactccc
caaaactgct
aggactccag
tgcttctgca
agcccattgg
ccctgagcaa
tgccagagcet

gcaggtggag
acggcagtag
tatacactac
ttttaccctt
gacctagatt
cagcttgcaa
ttgcttctac
acgccatttg
cactcctcca
cacgttgtgt
tgataaatct
tattattgtc
atagtaagtt
ttgtagcgag
tttcctccct
cggagtagat
aagaggattg
ggtcatcagt
ccaccatcgt
aataactttc
gttgggccat
actgagcctt
tcgtccccag
agtaaggagc
gcatcatacc
actccgagga
aagacttcta
gaagccactg
tcaccatcaa

gcagcagcat
gctcagccga
acgacttctt
cttgctttag
gtcacaggct
cccccggceat
tgaataattt
cactccctct
gagatcctag
cagttgatgt
ttttccatat
aacaaatttc
tggcccagtt
tatagattaa
accaacagct
gggetggetg
ttccggeccge
ctggttctaa
caccggcatc
tgtcaatctc
atgctaatga
ccacagcacc
atgttccata
ataacatggc
ctctttaccc
ctggtctttc
ggtctgectg
cgcagtggaa
acatctttgg

cagggecggeg
cgccagattc
gttccatggc
atgtatggat
ttgcgtactt
ctttaccccc
gttcggctga
atgtactctt
atgctgtata
catgagcaaa
gaaaattttc
ttatattctt
tcccttccca
tactctgagg
atgtacttga
cttttcgggce
acgtactcct
ttcaaaccaa
cttctcaaat
agcaaattct
acctcagctt
attgacccct
tgcccggttt
tttcttatca
tgagagccct
ctcaccaata
tgacacacca
gacttctaga
gctggattca
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1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
//

tctgcttcta
ttctacctgg
cgggacaagc
gatgaaatca
agtatatcac
cccaatgagg
aatggttctc
ttgcatcaac
ctatctactg
tattgtgttt
aaggaggaca

caagggatga
catgctcaga

tcccctegtg

A.5. Dw3 Gene, Chr 8A

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
sourc

CDS

© Donald Danforth Plant Science Center 2022

Exported
Dw3 gene

gaaactattt
accaggctca
aagacgcaga
tgcaaactca
catttggaaa
ttcagaaggc
cacatagagt
cattcagttg
cacctaactg
ctgtttacgt
tccgtttgag
gatatctcta
tgctgaaatc
gcgcagcacg

gttagatggc
gcagacatat
tgaagttgaa
atcttatgtg
taatgctcct
tgagaagtca
gctgcacgtt
taatctaggc
gtaacttcca
aaatgcttat
tacgagggga
aaacccatag
gagtacagaa
ttgtcgagac

aacttcttcc
ccatataatg
gcttacagag
gagataccag
gctactgagg
agtccaaaga
gacatattca
gtagtagaat
atgctaataa
catgcttatg
ttgtgaaaga
aagtaaggaa
gggcaaggag
agctgcagtg

ggccagctgce
gtggegagegceg
cttcgtttgg
atgcacttga
tgtccccatt
aatcagcaga
agggtaaatg
tactcctttt
cctgaactct
tgctcacatt
tggccatcct
gaaatctcca
tctgagggaa
a

ttctgctcaa
tagtgtctca
ctttagtgca
tgaatcattc
taatgatctg
tcagatttcc
tccatacttt
gttatccttg
gggccattgg
tcaggaacaa
ttcagaaaga
cctggtcatt

gccaacggtg

5181 bp DNA linear PLN 02-DEC-2021

encoding an ATP-binding cassette type Bl (ABCB1) auxin

transporter.

Eragrostis tef

Dw3 Gene (A Genome)

Eragrostis tef
Eragrostis tef

1  (bases 1 to

Danforth

5181)

Plant Science Center

Direct Submission

Exported

Dec 2, 2021 from SnapGene 6.0.0

https://www.snapgene.com

e

Location/Qualifiers

1..5181

/mol_type="genomic DNA"

/organism="Eragrostis tef"
join(1..1498,1596..1825,2845..5181)

/codon_start=1

/product="ATP-binding cassette type B1 (ABCB1) auxin
transporter."

/label=Dw3
/translation="MSSSDPEEIRGRVVVLGADADELARPELEAFHLPSPTLAQEAGSV
GGPGPAAAAPVVAPLETELPPNATMPSSSSASSNSNSNEQNKEQENTKKKGVSLAPAPL
GSLFRFADGLDCVLMSVGTLGALVHGCSLPVFLRFFADLVDSFGSHADDPDTMVRLVAK
YALYFLVVGAAIWASSWAEISCWMWTGERQSTRMRIRYLESALRQDVSFFDTDVRTSDV
IYAINADAVIVQDAISEKLGNLIHYMATFVAGFVVGFTAAWQLALVTLAVVPLIAVIGG
LSAAALAKLSSRSQDALAEASNIAEQAVAQIRTVQAFVGEERAMRAYSLALAAAQRIGY
RSGFAKGLGLGGTYFTVFCCYALLLWYGGLLVRRHHTNGGLAIATMFSVMIGGLALGQS
APSMAAFAKARVAAAKIFKIIDHKPLSVVVHGDDDVQLPSVTGRVEMRGVDFAYPSRPD
VPVLRGFSLTVPPGKTIALVGSSGSGKSTVVSLIERFYDPSAGEILLDGHDLKSLNLRW
LRQQIGLVSQEPTLFATSIKENLLLGRDSHSATLAEMEEAARVANAHSFIIKLPDGYDT
QVGERGLQLSGGQKQRIAIARAMLKNPGILLLDEATSALDSESEKLVQEALDRFMIGRT
TLVIAHRLSTIRKADLVAVLHGGAVSEIGTHEELMGKGEDGAYARLIRMQEQAAQEVAA
RRSSARNSVSARNSVSSPIMTRNSSYGRSPYSRRLSDFSNADFHYHGGGELPEGNTKKM
IHQRVAFRAGASSFLRLAKMNSPEWGYALVGSLGSMVCGSFSAIFAYVLSAVLSVYYAP
DPGHMRREIAKYCYLLMGMSSAALVCNTVQHVFWDTVGENLTKRVRERMLGAVLRNEMA
WFDAEENASARVAARLALDAQNVRSAIGDRISVIVQNSALLLVACTAGFVLQWRLALVL
LGVFPLVVAATVLQKMFMKGFSGDLEAAHARATQIAGEAVANLRTVAAFNAEAKIAGLF
AGNLRGPLRRCLWKGQVAGCGYGVAQFLLYASYALGLWYAAWLVKHGVSDFSRTIRVFM
VLMVSANGAAETLTLAPDFVRGGRAMRSVFETIDRRTEADPDDPDAAPLQLPLLTGVEL
RHVDFCYPSRPEVQVLQDLSLRARAGKTLALVGPSGCGKSSVLALIQRFYEPTSGRVLL
DGRDARKYNLRALRRAVAVVPQEPFLFAASIHDNIAYGREGGATEAEVLEAATQANAHK
FISALPDGYRTQVGERGVQLSGGQRQRIAVARALVKQAAVLLLDEATSALDAESERSVQ
QALDRHAKTRSTTTIVVAHRLATVRNAHTIAVIDEGKVVEQGSHSHLLNHHPDGTYARM
LQLQRLTSSTS"
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misc_

misc_

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481

feature

feature

atgtctagca
gacgagttgg
gaggcaggat
gagacggagc
aacagcaatg
cctgctcctce
gtgggcacgt
gcggacctcg
gtggccaagt
gcggagatct
tacctggagt
gacgtgatct
ctcggcaacc
gcggeatgge
ggcctcagceg
gcgagcaaca
gaggagcecgeg
cgcagcggcet
tacgcgctgce
ctcgccatcg
cccagcatgg
gaccacaagc
acgggegcegesg
gtcctgegeg
tcaggctccg
ggtacacaac
atcgtattca
cgacctcaag
gccgacgctg
cgccaccctc
caagctgccc
ttcctctcct
ccatcctcaa
gctcgtgcecce
gtagtactcc
gggcagccag
ccattgttag
atgctaaaga
ttctcgttct
tctttctgta
agaaagtaga
gaatgtcaag
aggaccatgg
ccttgagtca
aaaccacatg
cggcccatcc
gatatttttt
ttatgataaa
cagaagcagc
gacgaggcga
cggttcatga
gccgacctgg
ctgatgggca
gcgecaggagg
gtgagctcgce
ctctccgact
aataccaaga
cgtctggcecga
atggtgtgeg

3000..3002
/label=PAM
3003..3022
/label=Dw3

gcgacccgga
ctcgccccga
ctgtcggagg
tgcctcccaa
agcagaacaa
ttggttcget
tgggcgeget
tcgactcgtt
acgcgctcta
cgtgctggat
cggcgctccg
acgccatcaa
tcatccacta
agctggcgct
cggcggcget
tcgcggagca
caatgcgggc

tcgccaaggg
tgctctggta

ccaccatgtt
ccgccttcge
ccctctccecgt
tggagatgcg
gcttctcccet
ggaagagcac
tacttaacgt
ttgattgaaa
tccctcaacc
ttcgccacca
gccgagatgg
gacggatacg
ctcctgagca
aaaagaagga
tgcctcagat
agtatagcaa
cagcaacaca
gttaggagcc
ttcgttctte
cgacacaatg
gtactgcttc
attcccagga
ttgcgacttg
ccgttgtgtt
ttaacacaaa
ggccactgac
tcctatgcac
ttaattcatg
aaaaatgcaa
gcatcgccat
cgagcgcgct
tcgggcgcac
tggecggtget
agggcgagga
tggccgececcg
ccatcatgac
tctccaacgc
agatgattca
agatgaactc
gctccttcag

© Donald Danforth Plant Science Center 2022

gRNA

ggagatccgg
gctggaggece
cccaggccct
tgccaccatg
ggagcaggag
gttccgtttce
tgtccacggt
cggctcccac
cttcctggtg
gtggaccgge
gcaggacgtg
cgcggacgcc
catggccacc
ggtgacgctg
ggcgaagctg
ggcggtgegeg
ctactcgttg
cctgggecctg
cggcggcctce
ctccgtcatg
aaaggcgcge
cgtcgtccat
gggecgttgac
caccgtgccg
ggtcgtctcc
cttagaagtg
gaaaaatatg
tgcggtgget
gcatcaagga
aggaggccge
acacccaggt
actagatatg
aagcttttct

ccatgggcgc
tgcttattag

tgacacggga
tgttgectgtce
cttcctttcc
caatgcagca
cattttcacc
atctagtaag
cgagatccca
tattttactg
tcctgegtgg
tctgcagctg
atgacatgat
acaatcatga
tgtgcaggtc
tgcccgegece
ggactctgag
gaccctggtg
gcacggcegegce
cggcgecgtac
tcggagcagce
gcgcaactcc
cgacttccac
tcagagggtt
gcccgagtgg
cgccatcttc

gggegegtgg
ttccacctcc
gctgctgctg
ccttcttctt
aatacgaaga
gccgacggtc
tgctccctcce
gccgacgacc
gtggegcgegg
gagcggcagt
tccttcttcg
gtgatcgtgc
ttcgtggcecg
gcegtggtge
tcgtcgcegga
cagatacgga
gcgectggeceg
ggcggcacct
ctcgtgcgac
atcgggggcece
gtcgccgegg
ggcgacgacg
ttcgcctacc
cccggcaaga
ctcatcgaga
tctgtcagtc
cttctcaggc
ccggcagcag
gaacctgctg
aagggtcgcc
atgtactagc
tactagcacc
ccatctcatc
aagtggacgg
cctcactcac
ggagacagca
acctgctgtt
acaacacagg
gctagcagcc
atggcttggc
agaacaagtc
tcccaagaat
tcaagcgcag
agtgtattaa
aggagtagta
ccgacggaga
taaaaaaaaa
ggtgagegeg
atgctcaaga
tcggagaagc
atcgcgcacc
gecegtgtegg
gcgecggectga
gcgcgcaact
tcctacgggce
taccacggcg
gegttccggg

gggtacgctc
gcctacgttc

tcgtcctcgg
cgtctccgac
ctcccgtggt
cctccgcecctce
agaagggggt
tggactgcgt
cggtgttcct
cggacaccat
ccatctgggc
cgacgcggat
acaccgacgt
aggacgccat
ggttcgtggt
cgctcatcgce
gccaggacgc
cggtgcaggce
cggcgcagag
acttcaccgt
gccaccacac
tcgegetgeg
ccaagatctt
atgtccaact
cgtcgcggcce
ccatcgcgct
ggttctacga
aattgtcttc
gagattctgc
atcgggetgg

ctgggeceggs
aacgcccact

accgttgcectt
attgctccat
tccatcatct
gcacgcacga
tcaccagtgc
ccacccggcc
gcgagttaac
tcgetttetg
catcacctag
tcaccggccg
ccaagttggc
tttctgcaat
gcatagggeg
caagagtttg
aaatagtgca
tagtagaata
gcaaagtcaa
gtctgcagcect
accccggcat
tggtgcagga
ggctgtcgac
agattgggac
tccggatgca
cggtgagcgc
ggtcgcccta
gtggtgaact
cggggegcgag
tggtgggetce
tgagcgceccgt

cgccgatgeg
actagctcag

ggcgccattg
ctcgaacagc

gtctttggeg
tctgatgtcg
ccgcttcttce
ggtgeggetg
gtcctcctgg
gcggatccgg
ccgcacctcc
cagcgagaag
cgggttcacg
cgtgatcggc
gctggeggag
cttcgtcggg
gatcggatac
cttctgcectgce
caacggcggc
ccagtcggcecg
caaaatcatc
cccttccgtg
ggacgtcccc
cgtcgggagc
cccaagtgca
ttcattcaca

ttgacgggca
tgagccagga
acagccacag
cattcatcat
tcctttcaca
ctcaatgcca
cattcctggce
gacgtggcta
tatactagta
ggggtccctce
aacatgtaac
acttgcttge
tcctcaccca
gggtggtagt
attttgtcag
gggagaggag
gttcctcctt
tagcactacc
gtgtggagge
gatccgacat
acaaggtcaa
gtctggeggt
cttgectgetg
ggcgctggac
gatccgcaag
gcacgaggag
ggagcaggcc
gcgcaactcg
ctcgcgccge
accggagggt
ctctttcctg
gctgggetcc
gctgagegtg
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3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
//

tactacgccc
atgggcatgt
gtgggegaga
gagatggcgt
ctggacgcgc
tcggcgetge
gtgectgetgg
aagggcttct
gccgtcgeca
ttcgcgggea
tgcggcectacg
gcggegtggc
gtgctcatgg
aggggeggac
cccgacgacc
cacgtggact
cgcgecgegeg
gtgctggcege
cgggacgcgce
gagcccttcc
gccacggagg
gcgectgececcg
cagcgccagc
gacgaggcca
cgccacgcca
cgcaacgccc
tcgcacctge
ctcacctcat

A.6. Dw3 Gene, Chr 8B

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
sourc

CDS

Exported

ccgacccggg
cttccgcggce

acctgacgaa
ggttcgacgc
agaacgtgcg
tgctggtggce
gcgtgttccce
cgggggacct
acctgcgcac
acctgecgggg
gggtggegea
tggtgaagca
tctccgccaa
gcgccatgceg
cggacgecgge
tctgctaccc
cggggaagac
tcatccagcg
gcaagtacaa
tgttcgcecgge
cggaggtgcet
acggctacag
gcatcgccgt
ccagcgcgcect
agacccgcag
acaccatcgc
tcaaccacca
ccacttccta

ccacatgcgg
gectggtgtge
gecgegtcecgg
cgaggagaac
ctccgccatc
gtgcacggcc
getggtggtg
ggaggeggece
cgtcgeccgeg
cccgectgegg
gttcctgctg
cggecgtctcc
cggcgececgcec
ctccgtcttc
gccattgcaa
gtcgeggeceg
gctggecgcectce
cttctacgag
cctccgggeg
gagcatccac
ggaggeggece
gacgcaggtc
ggcgecgegece
ggacgccgag
caccaccacc
cgtcatcgac

cccggacgga
a

5238 bp DNA

cgggagatcg
aacacggtgc
gagcgcatgc
gccagcgccc
ggcgaccgca
gggttcgtge
gccgccaccg
cacgcccgeg
ttcaacgccg
cggtgecctct
tacgcgtcct
gacttctccc
gagacgctca
gagaccatcg
ctgccattat
gaggtgcagg
gtggggecca
cccacctcgg
ctgcgeccgeg
gacaacatcg
acgcaggcca
ggggagegeg
ctcgtcaagc
tcggagcgca
atcgtcgtcg
gagggcaagg
acctacgcgc

linear

ccaagtactg
agcacgtgtt
tcggecgececgt
gggtggecege
tctcggtgat
tgcagtggceg
tgctgcagaa
ccacgcagat
aggccaagat
ggaagggcca
acgcgetggg
gcaccatccg
cgctggcecgcce
acaggcgcac
tgacaggggt
tgctgcagga
gecggetgegg
gccgecgtccet
ccgtcgccgt
cctacggccg
acgcgcacaa
gggtgcaget
aggccgccgt
gcgtgcagca
cgcaccgcct
tcgtcgagca
gcatgctcca

ctacctgctg

ctgggacacg
gctccgcaac
gaggetggeg
cgtgcagaac
cctcgceccctg
gatgttcatg
cgccggcegag
cgcgggactc

ggtggeeggs
gctctggtac

cgtcttcatg
ggacttcgtc
cgaggcggac
ggagctgegg
cctcagcctg
caagagctcc
cctcgacggc
ggtgccgcag
cgaggggegge
gttcatctcc
ctccggcggce
tctgctgetg
ggcgctggac
cgccaccgtg
gggatcgcac
actacagcga

Dw3 gene encoding an ATP-binding cassette type Bl (ABCB1) auxin
transporter.

Eragrostis tef

Eragrostis tef
Eragrostis tef

1 (bases 1 to

5238)

Dw3 Gene (B Genome)

Donald Danforth Plant Science Center
Direct Submission

Exported

Dec 2,

https://www.snapgene.com
Location/Qualifiers

e

1..5238

2021 from SnapGene 6.0.0

/mol_type="genomic DNA"

/organism="Eragrostis tef"
join(1..1472,1575..1803,2896..5238)
/codon_start=1
/product="ATP-binding cassette type Bl (ABCB1) auxin
transporter."

/label=Dw3

PLN 02-DEC-2021

/translation="MSASSDPEEIRGRVVVLGADADELARPELEAFHLPSPTLEEAGAS
VGGPAAANPPVVAPLETELPPNAMPSSSSSSNSNSNEQNKEEKKKGVALAPAPLGSLFR
FADGLDCVLMSVGTLGALVHGCSLPVFLRFFAELVDSFGSHADDPDTMVRLVARYALYF
LVVGAAIWASSWAEISCWMWTGERQSTRMRIRYLESALRQDVSFFDTDVRTSDVIYAIN
ADAVIVQDAISEKLGNLIHYMATFVAGFVVGFTAAWQLALVTLAVVPLIAVIGGLSAAA
LAKLSSRSQDALAEASNIAEQAVAQIRTVQAFVGEERAMRAYSLALGMAQRIGYRSGFA
KGLGLGGTYFTVFCCYALLLWYGGHLVRRHHTNGGLAIATMFSVMIGGLALGQSAPSMA
AFAKARVAAAKIFRIIDHLAVVHGDHVQLPSVTGRVEMRGVDFAYPSRPDIPVLRGFSL
TVPPGKTIALVGSSGSGKSTVVSLIERFYDPSAGEILLDGHDLKSLNLRWLRQQIGLVS
QEPTLFATSIKENLLLGRDSQSATLAEMEEAARVANAHSFIIKLPDGYDTQVGERGLQL

© Donald Danforth Plant Science Center 2022
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misc_

misc_

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641

feature

feature

atgtcagcta
gccgacgagt
gaggcaggag
gagacggagc
aatgagcaga
tcgectgttcce
gcgettgtcce
tcgttcgget
ttgtattttc
tggatgtgga
ctccgtcagg
atcaacgccg
cactacatgg
gcgectggtga
gcgctggcega
gagcaggegg
cgggcctact
aagggecctgg
tggtacggceg
atgttctccg
ttcgcaaagg
gtccatggcg
gacttcgcct
ccgccaggca
tccctcattg
aaatttctct
taattactac
cgctggctcc
atcaaggaga
gaggccgcca
acccaggtat
ggaagaaaag
cgcacgagac
tcaccagtac
gccggggtec
actcctaaca
cgctttctga
cccatcactc
ctactcactc
gaatctagta
tcccatccca
gaggaccatg
aatcctgagt
gactctgcat
atcctcctgt

SGGQKQRIAIARAMLKNPGILLLDEATSALDSESEKLVQEALDRFMIGRTTLVIAHRLS
TIRKADLVAVLHGGAVSEIGTHDELMAKGEDGAYARLIRMQQEQAAAQEVAARRSSARP
SSARNSVSSPIMTRNSSYGRSPYSRRLSDFSNADSHHYYHGGELIESNNKAHHQRRRIA
FRAGASSFWRLAKMNSPEWGYALVGSLGSMVCGSFSAIFAYALSAVLSVYYAPDPGYMR
RQIGKYCYLLMGMSSAALVFNTVQHAFWDTVGENLTKRVRERMFGAVLRNEVAWFDAEE
NASARVAARLALDAQNVRSAIGDRISVIVQNSALLLVACTAGFVLQWRLALVLLAVFPL
VVAATVLQKMFMKGFSGDLEAAHARATQIAGEAVANLRTVAAFNAQAKIAGLFAANLRG
PLRRCFWKGQAAGCGYGLAQFLLYASYALGLWYAAWLVKHGVSDFSRAIRVFMVLMVSA
NGAAETLTLAPDFVKGGRAMRSVFETIDRRTETEPDDPDAAPLPSDAVSVELRHVDFCY
PSRPDVRVLQDLSLRARAGKTLALVGPSGCGKSSVLALIQRFYEPTSGRVLLDGRDARK
YNLRALRRAIAVVPQEPFLFAATIHDNIAYGREGATEAEVVEAATQANAHKFISALPDG
YRTQVGERGVQLSGGQRQRIAVARALVKQAAVLLLDEATSALDAESERSVQQALDRHAK
TRSTTTIVVAHRLATVRDAHTIAVIDDGKVVEQGSHSHLLNHHPDGTYARMLHLQRLTA

PSTS"

3051..3053
/label=PAM
3054..3073
/label=Dw3

gtagcgaccc
tggctcgecce
cctctgtcgg
tgcctcccaa
acaaggagga
gtttcgccga
acggctgctc
cccacgccga
tggtgegteges
cgggeggageg
acgtgtcctt
acgccgtcat
ccaccttcgt
cgctggccgt
agctgtcgtc
tggcgcagat
cgttggectct
gecctgggegs
gccacctcgt
tcatgatcgg
cgcgecgtcge
accatgtcca
acccgtcgcg
agaccatcgc
agaggttcta
tgttcgttcg
tactaggtga
ggcagcagat
acctgctgcet
gggtcgccaa
gtacagtatg
cttttcctcc
tgggeggegcet
tagtactcta
ctcccattgt
acatgtaaca
gttgecttget
atctttttgt
cagtaaatca
acggaacaag
agaattttgt
gccgttctgt
agtttattaa
tgctagttaa
gcacatggca

© Donald Danforth Plant Science Center 2022

gRNA

ggaggagatc
cgagctggag
aggccctgcet
tgcgatgect
gaagaagaag
cggtcttgac
cctccccgtg
cgacccggac
cgcggceccatc
gcagtcgacg
cttcgacacc
cgtgcaggac
ggccggattc
ggtgccgectce
gcggagecag
acggacggtg
aggaatggeg
cacctacttc
gcgccgecac
gggectcgeg
cgcggccaag
gctcccttcce
accggacatc
gctcgteggg
cgacccaagt
ttcacacaca
gattctgctt
cgggctggte
gggececgegac
cgcccactca
cttcgectttg
atcatctcat
actagagtac
gtagggcage
taggttagga
tgctaaagat
tctcgacaca
gctgcattca
tccctctcecgt
tcccaagttg
ggagagagag
tgttatttta
caagagtttg
aaaatattgc
tgatccgacg

cggggcecgeg
gccttccacc
gctgctaatc
tcttcttcct
gggegtggegt
tgcgttctga
ttcctccget
accatggtgc
tgggcgtcct
cggatgcgga
gacgtccgca
gccatcagcg
gtggtggegt
atcgccgtga
gacgcgetgg
caggcgttcg
cagaggatcg
accgtcttct
cacaccaacg
ctgggccagt
atcttcagga
gtgacggggce
cccgtcctge
agctcaggct
gcaggtacac
ttcatcgatt
gacgggcacg
agccaggagc
agccagagcg
ttcatcatca
ctccatctca
tccttcectgg
taccagtata
aacacatgac
ggctgttget
tctttcttcce
atgcaatgca
ttttcaccat
ggtggtagta
gcattttgtc
agagagagag
gtgtcaagtg
tactagtacc
agtgtggtegg
gagatagatc

tggtggtcct
tcccatctcc
ctccggtggt
cctcctccaa
tggecgeectge
tgtcggtgee
tcttcgecgga
ggctggtgegce
cctgggegga
tccggtacct
cctccgacgt
agaagctcgg
tcacggccgce
tcggecggecet
cggaggcgag
tcggggagega
ggtaccgcag
gctgctacgc
gcggecctcge
ccgcgcccag
tcatcgacca
gggtggagat
gcggecttctce
ccggaaagag
aaaaaaactt
caaaaacata
acctcaagtc
cgacgctgtt
ccaccctcgce
agctgcccga
ctcaatgcca
cgctctcaga
ctagcaatgc
acgggagaca
gtcacctgtt
tttctttcca
gcagcagcag
ggcttgectce
ctccaaagta
aggaatgtca
agggagcaat
caggcagagt
aaaccacatg

aggccgggcec
ctgcattagt

cggcgccgat
gacattagag
ggcgccattg
cagcaacagc
tcctcttggg
cacgttgggc
gctggtggac
caggtacgcg
gatctcgtgce
ggagtcggeg
gatctacgcc
caacctcatc
ctggcagctg
cagcgeggeg
caacatcgcg
gcgcgcaatg
cggcttcgec
gctgectgetce
catcgccacc
catggccgcc
ccttgeccgtce
gcggggegtt
cctcaccgtg
cacagtcgtc
ccttggttga
tgcttcttac
cctgaacctg
cgccacgagc
cgagatggag
cggctacgac
ccctcggaaa
tccacgggca
ttgacctcac
gcaccacccg
gttgcgagtt
caacacaggt
cagctagcag
aaaaaagaag
gaattcccag
agttgcgaga
gggagaggag
gcagttaaca
gggcgecact
ggcccagccc
ttagtttaaa
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2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
//

cctttctttc
tgctggtcaa
tgatgacatt
caatggatgt
cgcatcgcca
acgagcgcgec
atcgggcgca
gtggecgtge
aagggcgagg
caggaggtgg
tcgcccatca
gacttctcca
aacaaggctc
aggctggcca
atggtgtgeg
tactacgccc
atgggcatgt
gtgggegaga
gaggtggegt
ctggacgcgc
tcggcgetge
gtgctcctgg
aagggcttct
gccgtcgeca
ttcgccgcecca
tgcggcectacg
gecggecetgge
gtgctcatgg

aaaggcggcce
cccgacgacc

gtggacttct
gcgegegegg
ctcgcgctca
gacgcgcgca
cccttcctcet
gaggcggagsg
cccgacgggt
cagcgcatcg
gccaccagcg
gccaagaccc
gcacacacca
ctgctcaacc
gcgccatcca

tgttctttct
aaaaaaaaaa
tgccttaagt
gcatgcaggt
tcgecgegege
tggactcgga
cgaccctggt
tgcacggegg
acggcgcecgta
ccgeccecgtcecg
tgacgcgcaa
acgccgactc
atcatcaaag
agatgaactc
gctccttcag
ccgacccggg
cttcggcggce
acctgacgaa
ggttcgacgc
agaacgtgcg
tgctggtgge
ccgtgttccc
cgggcgacct
acctgcgcac
acctgegggg

ggctggceccca
tcgtcaagca

tctccgceccaa
gcgccatgceg
cggacgccgc
gctacccgtc
ggaagacgct
tccagcgctt
agtacaacct
tcgcggcecac
tggteggagge
acaggacgca
ccgtggectcg
cgctggacgc
gtagcaccac
tcgccgtcat
accaccccga
cttcctaa

© Donald Danforth Plant Science Center 2022

tctagtagta

aaacaggcgg
tagtaattca
cggtgagcgc
catgctcaag
gtccgagaag
gatcgcgcac
cgccgtgtcg
cgecgecggetg
gagcagcgcg
ctcctcctac
ccaccactac
gaggaggatt
gcccgagtgg
cgccatcttc
ttacatgcgg
gctggtgttc
gegegtecgg
cgaggagaac
ttccgccatce
ctgcacggceg
gectggtggtg
ggaggeggece
cgtcgeccgcec
cccgctgegg
gttcctgctc
cggcgtctcc
cggcgeccgcec
atccgtcttc
gccactgcca
gcggecggac
ggcgetegtg
ctacgagccc
ccgggegetg
catccacgac
ggccacgcag
ggtcggegag
ggcgecttgtce
cgagtcggag
caccatcgtc
cgacgacggc
cggaacctac

gtaggagtat
agtactcctg
tgatgagaat
ggtctgcagc
aaccctggga
ctggtgcagg
cggctgtcga
gagattggga
atccggatgc
cggccgtcga
gggeggtcege
taccatggtg
gegttccggg
gggtacgcege
gcctacgcgce
cggcagatcg
aacacggtgc
gagcgcatgt
gccagcgccc
ggcgaccgca
gggttcgtge
gccgccaccg
cacgcccgeg
ttcaacgccc
cgctgecttct
tacgcgtcct
gacttctccc
gagacgctca
gagaccatcg
tcggacgegg
gtgegggtge
gggcccageg
acctcgggcc
cggcgcecgeca
aacatcgcct
gccaacgcgce
cgcggggtgce
aaacaggccg
cgcagcecgtgce
gtcgcgcacc
aaggtcgtcg
gcgecgcecatge

cccagtcaaa
atttaattaa
aatagaagga
tgtctggegsg
tcttgectget
aggcgctgga
cgatccgcaa
cgcacgacga
agcaggagca
gcgcgcgcaa
cctactcgcg
gtgaacttat
ctggggcegag
tggtgggetce
tgagcgceccgt
gcaagtactg
agcacgcgtt
tcggecgecgt
gggtggecge
tctcggtgat
tgcagtggceg
tgctgcagaa
ccacgcagat
aggccaagat
ggaagggcca
acgcgetggg
gcgccatccg
ccctggcgcce
acaggcgcac
tctccgtgga
tgcaggacct
ggtgcggeaa
gcgtcctcecet
tcgccgtcgt
acggccgcga
acaagttcat
agctctccgg
ccgttctgcet
agcaggcgct
gcctcgecac

agcagggatc
tccacctcca

ctaagcactc
ctgatgatga
aaaacaaagt
tcagaagcag
ggacgaggceg
ccggttcatg
ggccgacctg
gctgatggcc
ggccgecegeg
ctcggtcagc
gcgecctctcecce
tgagagtaac
ctcgttctgg
cctgggctcc
gctgagegtg
ctacctgctg
ctgggacacg
gctccgcaac
caggctggeg
cgtgcagaac
cctggecgetg
gatgttcatg
cgccggegag
cgecgggcectce
ggccgecegge
cctctggtac
ggtcttcatg
ggacttcgtc
cgagacggag
gctgcggcac
cagcctgcgce
gagctccgtg
cgacggccgc
gccgeaggag
gggegecacg
ctccgecgetg
cgggecagega
cctcgacgag
ggaccgccac
cgtccgcgac
gcactcacac
gcgactcacc
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B. gRNA BLAST Searches
B.1.Sd1 gRNA1

BLASTN 2.2.28+

Reference: Stephen F. Altschul, Thomas L. Madden, Alejandro A.
Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J.
Lipman (1997), "Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs", Nucleic Acids Res. 25:3389-3402.

Database: Eragrostis tef (tef)
878 sequences; 577,738,711 total letters

Query= seq

Length=23
Score
Sequences producing significant alignments: (Bits)
1cl13B 44.9
1cl|3A 44.9

> 1cl|3B

Length=32575812
Score = 44.9 bits (23), Expect = 9e-05
Identities = 23/23 (100%), Gaps = 0/23 (0%)
Strand=Plus/Plus
Query 1 GGCCCGGACTTCGAGCCAATGGG 23
Sbjct 29293138 GGCCCGGACTTCGAGCCAATGGG 29293160
> 1lcl|3A
Length=34643735
Score = 44.9 bits (23), Expect = 9e-05
Identities = 23/23 (100%), Gaps = 0/23 (0%)
Strand=Plus/Plus

Query 1 GGCCCGGACTTCGAGCCAATGGG 23

Sbjct 31096526 GGCCCGGACTTCGAGCCAATGGG 31096548

Lambda K H
1.33 0.621 1.12

Gapped

Lambda K H
1.33 0.621 1.12

Effective search space used: 2888614535

© Donald Danforth Plant Science Center 2022 DPS 22-8-12 Teff
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Database: Eragrostis tef (tef)

Posted date: Feb 11, 2020 4:50 PM
Number of letters in database: 577,738,711
Number of sequences in database: 878

Matrix: blastn matrix 1 -2
Gap Penalties: Existence: 5, Extension: 2

B.2.Sd1 gRNA2

BLASTN 2.2.28+

Reference: Stephen F. Altschul, Thomas L. Madden, Alejandro A.
Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J.
Lipman (1997), "Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs", Nucleic Acids Res. 25:3389-3402.

Database: Eragrostis tef (tef)
878 sequences; 577,738,711 total letters

Query= seq
Length=23
Score E
Sequences producing significant alignments: (Bits) Value
1cl|3B 44 .9 9e-05
lcl|3A 44 .9 9e-05

> 1cl|3B
Length=32575812

Score = 44.9 bits (23), Expect = 9e-05

Identities = 23/23 (100%), Gaps = 0/23 (0%)

Strand=Plus/Plus
Query 1 GCGACTTCTTCGAGGACAGCCGG 23

FETTEEEEE et

Sbjct 29293380 GCGACTTCTTCGAGGACAGCCGG 29293402
> 1cl]|3A
Length=34643735

Score = 44.9 bits (23), Expect = 9e-05

Identities = 23/23 (100%), Gaps = 0/23 (0%)

Strand=Plus/Plus
Query 1 GCGACTTCTTCGAGGACAGCCGG 23

FETTTEEEr e rrrrrrent
Sbjct 31096827 GCGACTTCTTCGAGGACAGCCGG 31096849
Lambda K H
1.33 0.621 1.12
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GRNA BLAST SEARCHES

Gapped
Lambda K H
1.33 0.621 1.12

Effective search space used: 2888614535

Database: Eragrostis tef (tef)

Posted date: Feb 11, 2020 4:50 PM
Number of letters in database: 577,738,711
Number of sequences in database: 878

Matrix: blastn matrix 1 -2
Gap Penalties: Existence: 5, Extension: 2

B.3. DW1 gRNA

BLASTN 2.2.28+

Reference: Stephen F. Altschul, Thomas L. Madden, Alejandro A.
Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J.

Lipman (1997), "Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs", Nucleic Acids Res. 25:3389-3402.

Database: Eragrostis tef (tef)
878 sequences; 577,738,711 total letters

Query= seq

Length=23
Score E
Sequences producing significant alignments: (Bits) Value
1cl|4B 44.9 9e-05
lcl|4A 44.9 9e-05
> 1lcll4B

Length=29936223

Score = 44.9 bits (23), Expect = 9e-05
Identities = 23/23 (100%), Gaps = 0/23 (0%)
Strand=Plus/Plus
Query 1 CCTGTGACACACCATATTCCAGG 23
Sbjct 7681439 CCTGTGACACACCATATTCCAGG 7681461
> 1lcl|4A
Length=32664196

Score = 44.9 bits (23), Expect = 9e-05

Identities = 23/23 (100%), Gaps 0/23 (0%)
Strand=Plus/Plus
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GRNA BLAST SEARCHES

Query 1 CCTGTGACACACCATATTCCAGG 23

Sbjct 7977763 CCTGTGACACACCATATTCCAGG 7977785

Lambda K H
1.33 0.621 1.12

Gapped

Lambda K H
1.33 0.621 1.12

Effective search space used: 2888614535

Database: Eragrostis tef (tef)

Posted date: Feb 11, 2020 4:50 PM
Number of letters in database: 577,738,711
Number of sequences in database: 878

Matrix: blastn matrix 1 -2
Gap Penalties: Existence: 5, Extension: 2

B.4. DW3 gRNA

BLASTN 2.2.28+

Reference: Stephen F. Altschul, Thomas L. Madden, Alejandro A.
Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J.

Lipman (1997), "Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs", Nucleic Acids Res. 25:3389-3402.

Database: Eragrostis tef (tef)
878 sequences; 577,738,711 total letters

Query= seq

Length=23
Score
Sequences producing significant alignments: (Bits)
1lcl|8B 44.9
lcl|8A 44.9
> 1c1|8B

Length=21147804

Score = 44.9 bits (23), Expect = 9e-05
Identities = 23/23 (100%), Gaps = 0/23 (0%)
Strand=Plus/Minus

Query 1 CCGGTTCATGATCGGGCGCACGA 23

Sbjct 134813 CCGGTTCATGATCGGGCGCACGA 134791

Value

9e-05
9e-05
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> 1lcl|8A
Length=24151120

Score = 44.9 bits (23), Expect = 9e-05

Identities = 23/23 (100%), Gaps = 0/23 (0%)

Strand=Plus/Minus
Query 1 CCGGTTCATGATCGGGCGCACGA

Sbjct 145900 CCGGTTCATGATCGGGCGCACGA

Lambda K H
1.33 0.621 1.12

Gapped

Lambda K H
1.33 0.621 1.12

Effective search space used: 2888614535

Database: Eragrostis tef (tef)

Posted date: Feb 11, 2020 4:50 PM

23

145878

Number of letters in database: 577,738,711

Number of sequences in database: 878

Matrix: blastn matrix 1 -2
Gap Penalties: Existence: 5, Extension:

© Donald Danforth Plant Science Center 2022
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A

NUCLEOTIDE SEQUENCE ALIGNMENTS

C. Nucleotide Sequence Alignments

The following figures present full-length nucleotide sequence alignments between the Sd1,
Dwl, and Dw3 wild-type sequences and their respective mutant alleles. Alignments are

provided separately for homoeologs on the A and B genomes.

The remainder of this page is intentionally left blank.
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NUCLEOTIDE SEQUENCE ALIGNMENTS

SdlA
sdlAl_Mutant

Sd1A
sdlAl_Mutant
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SdlA
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Sd1A
sdlAl_Mutant

Sd1A
sdlAl_Mutant
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sdlAl_Mutant

Sd1A
sdlAl_Mutant

SdlA
sdlAl_Mutant

Sd1lA
sdlAl_Mutant
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SdlA
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sdlAl_Mutant

SdlA
sdlAl_Mutant

Sd1lA
sdl1Al_Mutant

Sd1A
sdlAl_Mutant

Sd1A
sdlAl_Mutant

Sd1A
sdlAl_Mutant

Sd1A
sd1lAl_Mutant

CCTGTG
mTGGFwTF”F\TuTbb

“GCTGGCCTTCTTCCTGTG
GCTGGCCTTCTTCCTGTGC

GTTTTGGGGCC
“TGTTTTGGG

GCTTGGC

ATGGGCTTGGC

CACGTGTTGTGTTGT
CGTGTTGTGTTG

Figure 8. Alignment of the wild-type Sd1A allele nucleotide sequence with the sd1A1 allele. The sd1A2 allele sequence is not shown as it
was identical to sd1A1. The locations of the GC dinucleotide deletion and adenine nucleotide insertion in sd1A1 are indicated. Sequences
were aligned with Clustal Omega (Sievers et al., 2011) using the default parameters and displayed using TEXshade (Beitz, 2000).
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NUCLEOTIDE SEQUENCE ALIGNMENTS

SdlB ATGCTTGTGTTTGT TTGC
sdlB1l_Mutant ATGCTTGTGTTTGTCGTTGCTC
Sd1B (ACACTCACACCTC
sd1B1_Mutant

Sd1B
sd1B1l_Mutant

Sd1B
sd1B1l_Mutant

SdlB
sd1B1_Mutant

Sd1B
sdlB1l_Mutant

Sd1B
sd1B1l_Mutant

Sd1B
sd1B1l_Mutant

VoY LU BB BE WW DN P
BB VY 00 OO NN BB VoY 000
OO0 OO OO OO 00O OO 0O OO

Sd1B
sd1B1l_Mutant

Sd1B
sd1B1l_Mutant

SdlB
sd1B1_Mutant

Sd1B
sdlB1l_Mutant

SdlB
sd1B1_Mutant

Sd1B
sd1B1l_Mutant

Sd1B
sd1B1l_Mutant

SdlB
sd1lB1l_Mutant

SdlB
sd1B1_Mutant

Sd1B AGAGA 5 G G2 SGTTGGCTTGTGC
sd1lB1_Mutant AAAGAGAG G AG SAGAGAGG G ! ; 5 5 e AAGAG AG GAAGAGGTTIGGCTTGTGC

Sd1B
sd1B1l_Mutant

SdlB GCCTGGT
sd1lB1_Mutant CGCCTGGTGG

SdlB
sd1B1l_Mutant

SdlB
sd1B1_Mutant

Sd1B
sdlB1l_Mutant

Sd1B
sd1B1_Mutant

SdlB TGTTGATCTG TCTCTC TG CTGAC “TGACTTCTC
sd1lB1_Mutant ACTGTTGATCTGCATCTCTCCCTGACTGAC S CTGACTTCTCT

SdlB
sd1B1l_Mutant

Sd1B GCCTTCTTC
sdlB1_Mutant TGGCCTTCTTCCTGTG

Sd1B
sdlB1l_Mutant
Sd1B ECTCECCC
sd1lB1l_Mutant GCTCGC

SW Ul 0d OWwW N BW Ul 0] OW N BW OUl d OW N bW Ul Wl OW N

DN HE OO O VW WO —IJd Oy YU UIUT B WWw NN NFE FE OO0 OO W 0-d I
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Figure 9. Alignment of the wild-type Sd1B allele nucleotide sequence with the sd1B1 allele. The sd1B2 allele sequence is not shown as it
was identical to sd1B1. The location of the adenine nucleotide insertion at position 666 in sd1B1 is indicated. Sequences were aligned
with Clustal Omega (Sievers et al., 2011) using the default parameters and displayed using TEXshade (Beitz, 2000).
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NUCLEOTIDE SEQUENCE ALIGNMENTS
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dwlAl_Mutant

DwlA
dwlAl_Mutant

DwlA
dwlAl_Mutant

DwlA
dwlAl_Mutant

TGCGGCCGCGA
TGCGGCCGCGA

STACTGTCTGCTT
sTACTGTCTGCTT

TTGCATA
TTGCAT

ATCTTTTTC
ATCTTTTTCC

TAATATGTG
TTGATACTAATATGT

GGATTGTTCC
AGGATTGTT

TTCTAATT
TTCTAATT

CTGTTCAATCGC AACTTTCTG
ACTGTTCAATCGCCTAATAACTTTCTG

TATGTTTGCTGTTG
TATGTTTGCTGTT

TTTICTTICTTCTTTTAT
TTTCTTTCTTCTTTTATG

TGCTTATTAT
TGCTTATTAT

Figure 10. Alignment of the wild-type Dw1A allele nucleotide sequence with the dw1A1 allele. The dw1A2 allele sequence is not shown as
it was identical to dwiA1l. The location of the adenine nucleotide insertion at position 1531 in dwi1A1 (+A) is indicated. Sequences were
aligned with Clustal Omega (Sievers et al., 2011) using the default parameters and displayed using TEXshade (Beitz, 2000).
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NUCLEOTIDE SEQUENCE ALIGNMENTS
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TGCGGCCGCGA

TTGTGTCAGTTGATGT
TTGTGTCAGTTGATGT

AAAATTTTCAG 5 TAAZ < G TATTATTGT
ATATGAAAATTTTCA GTAA A ATTATTGT

STAAACTTGTTTTTTAT
TAAACTTGTTTTTTAT

CTITTTTCTGTTTGTAG
LTTTTTCTGTTTLTAb

TCGTGGAAATGGTCAT
TCGTGGAAATGGTCAT

CTTTCTGTC
“TTTCTGTC

TGGCTTTICTTATC

AATCTTATGTGGAGAT!? \TGAATCA
AATCTTATGTGG z TGAATC

GTGTCC
GTGT

GTGTCCC
GTGTCC

A R O O B S S S S S N S S N S N L i el e el el et
U BB BW WW DN PP OO0 OV VW WO ~IJd o)
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GA| 2561
e 2562

Figure 11. Alignment of the wild-type Dw1B allele nucleotide sequence with the dw1B1 allele. The dw1B2 allele sequence is not shown as
it was identical to dw1B1. The location of the adenine nucleotide insertion at position 1613 in dw1B1 is indicated. Sequences were aligned
with Clustal Omega (Sievers et al., 2011) using the default parameters and displayed using TEXshade (Beitz, 2000).
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dw3Al_Mutant GGGCGCAAG GC GTGGCTAGTAGTAC > GCAATGCTTATTAGC >
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Dw3A “GAGH? AAGAATTTTCTG TTGTGTTTATTTTACTGTCA
dw3Al_Mutant “GAG ¢ > AGAHTTTTFTGCAATGb ; 5 AG GG GTTGTGTTTATTTTACTGTC
Dw3A CZ : \GTGTATTAAC

dw3Al_Mutant ] 5 G - ) C \GTGTATTA

Dw3A AAACCACI 5GC > ACTCTGCAGCTGAGG?
dw3Al_Mutant ; ; CTG TCTGCAGCTGAGG

Dw3A
dw3Al_Mutant

Figure 12. Part 1-Alignment of the wild-type Dw3A allele nucleotide sequence with the dw3A1 allele. The dw3A2 allele sequence is not
shown as it was identical to dw3A1. Sequences were aligned with Clustal Omega (Sievers et al., 2011) using the default parameters and
displayed using TEXshade (Beitz, 2000).
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CATGTCTTCCG
CATGTCTTCCG

CAGGTC

GGCATCTTGCTGCTGGACGAGC

GTTCGTGCTGCAG
GGTTCGTG

CATC

bG SA

TTGCTGCTGGAC

Figure 13. Part 2-Alignment of the wild-type Dw3A allele nucleotide sequence with the dw3A1 allele. The dw3A2 allele sequence is not
shown as it was identical to dw3A1. The location of the thymine nucleotide insertion at position 3004 in dw3A1 is indicated. Sequences
were aligned with Clustal Omega (Sievers et al., 2011) using the default parameters and displayed using TEXshade (Beitz, 2000).
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NUCLEOTIDE SEQUENCE ALIGNMENTS
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dw3B1_Mutant
Dw3B CGC CTGAG GC CTCG GC \GCTAGC c TTTTTGT
dw3B1_Mutant CGC CTGAG GC C G/ G > G “TTTTTGT]
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Dw3B SAGTG 7 AATCCTGAGTAG SAGTTTGTAC
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Figure 14. Part 1-Alignment of the wild-type Dw3B allele nucleotide sequence with the dw3B1 allele. The dw3B2 allele sequence is not
shown as it was identical to dw3B1. Sequences were aligned with Clustal Omega (Sievers et al., 2011) using the default parameters and
displayed using TEXshade (Beitz, 2000).
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Dw3B

dw3B1l_Mutant

Dw3B ATC ) AGGTCGGTGAGCGC
dw3B1l_Mutant ATGTG C GTCGGTGAGCG(
Dw3B

dw3B1l_Mutant

Dw3B 3119
dw3B1_Mutant 3120
Dw3B 3199
dw3B1_Mutant 3200
Dw3B 3279
dw3B1l_Mutant 3280
Dw3B 3359
dw3B1_Mutant 3360
Dw3B 3439
dw3B1_Mutant 3440
Dw3B 3519
dw3B1l_Mutant 3520
Dw3B 3599
dw3B1_Mutant 3600
Dw3B 3679
dw3B1l_Mutant 3680
Dw3B CGCTGGTGTTCAA 3759
dw3B1l_Mutant CGCTGGTGTT 3760
Dw3B 3839
dw3B1l_Mutant 3840
Dw3B 3919
dw3B1l_Mutant 3920
Dw3B 3999
dw3B1_Mutant 4000
Dw3B ( GATGTTCATG 4079
dw3B1l_Mutant 4080
Dw3B e 5T C 5 5 C 5 GATCGCGGGCCTCTT 4159
dw3B1l_Mutant C > TCGCGGGCCTCTTC 4160
Dw3B 4239
dw3B1_Mutant 4240
Dw3B 4319
dw3B1_Mutant 4320
Dw3B 4399
dw3B1_Mutant 4400
Dw3B 4479
dw3B1l_Mutant 4480
Dw3B GTCTCCGTGGAGC 4559
dw3B1_Mutant GTCTCCGTGGA 4560
Dw3B 4639
dw3B1l_Mutant 4640
Dw3B 4719
dw3B1_Mutant 4720
Dw3B 4799
dw3B1l_Mutant 4800
Dw3B 4879
dw3B1_Mutant 4880
Dw3B 4959
dw3B1l_Mutant 4960
Dw3B 5039
dw3B1_Mutant 5040
Dw3B 5119
dw3B1_Mutant 5120
Dw3B 5199
dw3B1l_Mutant 5200
Dw3B

dw3B1_Mutant

Figure 15. Part 2-Alignment of the wild-type Dw3B allele nucleotide sequence with the dw3B1 allele. The dw3B2 allele sequence is not
shown as it was identical to dw3B1. The location of the adenine nucleotide insertion at position 3057 in dw3B1 is indicated. Sequences
were aligned with Clustal Omega (Sievers et al., 2011) using the default parameters and displayed using TEXshade (Beitz, 2000).
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