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[bookmark: _Hlk182153173]Supplementary Figure S1. Agronomic traits of the sca mutant (Akashinriki background).
(A) The wild type (WT, cv. Akashinriki) and sca (OUM206) plants after the heading stage.
(B–F) Comparison of agronomic traits between the WT and sca under greenhouse conditions. Error bars, ±SD (n = 3 plants). Student’s t-test was used for statistical analysis (***, P ≤ 0.001; **, P ≤ 0.01; n.s., no significance).



[image: ] Supplementary Figure S2. Near-isogenic lines (NILs) sca-BW and ari-a.6-BW, which carry mutations at the same genetic locus.
(A) The plants of the wild type (BW, left), sca-BW (middle), and ari-a.6-BW (right) plants after the heading stage.
(B) Allelism test using the F1 progeny resulting from the cross between sca-BW and ari-a.6-BW. From left to right, spikes of parent ari-a6-BW, F1 progeny between sca-BW and ari-a.6-BW, parent sca-BW, and BW are shown. The F1 progeny exhibit short awns, indicating potential mutation at the same locus.
(C) The awn lengths of the wild type (BW, left), sca-BW (middle), and ari-a.6-BW plants (right) in 2020 under normal field conditions. The lengths of the awn extending from the fourth spikelet from the top (top), from the spikelet in the middle (middle), and from the fourth spikelet from the bottom (bottom) are shown. Error bars, ±SD (n = 10 plants). Distinct letters indicate significant differences as determined by the Tukey–Kramer test (P < 0.01).
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Supplementary Figure S3. Fine mapping of the SHORT AND CROOKED AWN (SCA) gene.
A high-resolution barley genetic map of chromosome 3H based on 262 progeny derived from cv. Morex × sca cross is presented (top). A high-resolution barley genetic map on chromosome 3H based on 80 progeny exhibiting mutant phenotypes derived from cv. Harrington × sca cross is depicted (middle). A physical map of syntenic regions on rice chromosome 1 is shown (bottom). The gene identifiers for rice are from the Rice Genome Annotation Project Database, with the common prefix LOC_Os01g omitted for brevity. Dotted lines connect corresponding or homologous markers or genes.


[bookmark: _Hlk181779723][image: ]
Supplementary Figure S4. Effects of natural sca mutant allele of wild barley accession OUH602 (H. vulgare ssp. spontaneum) on awn lengths in the crosses with a long awn cv. Harrington.
(A) Spikes and awn morphologies of the cv. Harrington and wild barley OUH602. 
[bookmark: _Hlk181780394][bookmark: _Hlk181779982][bookmark: _Hlk181779939](B) The BC1F2 population was the progeny of a heterozygous sca locus plant from the (Harrington x OUH602) x Harrington backcross. Harrington allele homozygotes and OUH602 allele homozygotes were selected using sca-flanking markers. Three spikes per plant were measured for awn lengths. Error bars, ±SD (Harrington type, n = 18 spikes, 6 plants; OUH602 type, n = 15 spikes, 5 plant). Student’s t-test was used for statistical analysis (**, P ≤ 0.01; ***, P ≤ 0.001).
(C) Frequency distribution of awn lengths for Harrington type or OUH602 type homozygous plants at the sca locus in this population. Values of all tillers used for awn measurement were shown.



[image: ] Supplementary Figure S5. The alignment of predicted amino acid sequences of EMF1 in barley (SCA/HvEMF1), Arabidopsis (AtEMF1), and rice (OsEMF1).
[bookmark: _Hlk175587949]Identical amino acid residues are shaded in black, and partially conserved ones are shaded in gray. The orange boxed sequences indicate the presence of the LXXLL motif. The blue lines represent putative nuclear localization signals (NLSs) predicted by LOCALIZER (Sperschneider et al., 2017). The black boxed sequences indicate reported conserved regions. HvEMF1 represents EMF1 protein in barley (Hordeum vulgare), AtEMF1 in Arabidopsis thaliana, and OsEMF1 in rice (Oryza sativa).


[bookmark: _Hlk181968802][image: ]Supplementary Figure S6. Splicing alterations at the SCA locus confirmed by RNA-seq analysis in sca-BW.
[bookmark: _Hlk182570670][bookmark: _Hlk182572424]The snapshot presents RNA-seq read mapping of BW and sca-BW reads at exon and intron regions near the deletion site within the SCA locus. A red dashed box marks the 4-base deletion (GGTA) detected in sca-BW. In transcript, gray segments indicate mapped reads, while blue segments represent reads spanning intronic regions. In the genome, the sequences confirmed by Sanger sequencing for BW and sca-BW in our study are shown. The reference includes the genomic sequence and transcript information as annotated in MorexV3. In BW, the splicing pattern of RNA-Seq coincided the database transcript HORVU.MOREX.r3.3HG0248910.1. In sca-BW, we confirmed that the 4-bp deletion spanning the exon-intron junction alters the splicing pattern, resulting in the immediate appearance of a premature stop codon (TGA). Namely, the deletion between the 3rd exon and 3rd intron causes the downstream TG to align differently with the AG at the start of the 4th exon in the reference genome. The mismatched T read within TG is highlighted in red to indicate its difference from the reference A. The mismapped TG is outlined in black, with an arrow showing its expected position in the reference sequence.
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Supplementary Figure S7. The floral organs of sca-BW and ari-a.6-BW.
(A–C) Lemmas with awns and two glumes in wild type (BW) and mutant NIL spikelets. (A) BW; (B) sca-BW; (C) ari-a.6-BW. Bar = 5.0 mm.
(D–F) Palea in wild type (BW) and mutant NIL spikelets. (D) BW; (E) sca-BW; (F) ari-a.6-BW. Bar = 5.0 mm.
(G–I) Inner floral organs in two mutant NILs compared with wild type (BW). (G) BW; (H) sca-BW; (I) ari-a.6-BW. Bar = 2.0 mm.
le: lemma; gl: glume; pa: palea; st: stamen; stig: stigma; lodicule; ov: ovule.


[bookmark: _Hlk182159118]
[image: ]  
Supplementary Figure S8. Altered gene expression caused by SCA impairment.
(A, B) Top enriched GO terms in molecular function among 544 downregulated DEGs (A) and 277 upregulated DEGs (B) common to sca-BW and ari-a.6-BW in the awn.
(C) Top enriched GO terms in the cellular component among 544 downregulated DEGs common to sca-BW and ari-a.6-BW in the awn. The 277 upregulated common DEGs did not enrich any GO terms in the cellular component.
[bookmark: _Hlk182579708](D) Heatmaps showing the differential expression (Log2 fold changes) of histones (refer to supplementary Data S2) in INF (inflorescence at W7.5; D) and in awn of sca-BW and ari-a.6-BW compared with the levels in BW.


Supplementary Table (excel files)
Supplementary Table S1. Agronomic traits of sca-BW and ari-a.6-BW. 
Supplementary Table S2. Deletion mapping of the SCA locus using a series of gene specific PCR markers that were originally designed within the candidate region delimited by genetic mapping.  
Supplementary Table S3. Induced and natural mutations in the SCA gene of short-awn mutants. 
Supplementary Table S4. List of markers used in genetic mapping. 
Supplementary Table S5. List of primers used in this study.

Supplementary Data (excel files)
[bookmark: _Hlk182580380]Supplementary Data S1. List of DEGs.
Supplementary Data S2. List of DEGs related to awn development, cell division, DNA replication, hormones, cell wall, and histones.
Supplementary Data S3. List of DEGs related to homeotic transcription factors.
Supplementary Data S4. List of MIKCC-type MADS-box gene names.
image4.jpeg
Allele type
Harrington
OUH602

0

g8l
S/l
G9l
§'GlL
Syl
gel
scl
S
S0l
= 2 = - £ 56
&2 48 8 58

G/

Harrington
OUH602

T

Allele type

0

Awn length (cm)

(wo) yibus| umy

LT ON -~ O

sadAyouab jo
o O uonodoid





image5.png
ACEMFL
VEMEL
OSEMEL

AEMEL
AVEMEL
0sEMFL

AEMEL
VEMEL
0sEMFL

AEMEL
VEMEL
OSEMEL

AEMEL
AVEMEL
0sEMFL

AEMEL
AVEMEL
0sEMFL

AEMEL
VEMEL
OSEMEL

AEMEL
VEMEL
OSEMEL

AEMEL
AVEMEL
0sEMFL

AEMEL
AVEMEL
0sEMFL

AEMEL
VEMEL
OSEMEL

AEMEL
AVEMEL
0sEMFL

PR s o)
5 T ﬁ_ﬂ
1 kil SRR

180 &2 1S SE O oA EKETREL Y]
205 5 A LEDSOTRASREGY 141 - PSSSKLSEATT 'T5R0KEDLY
221 5® Sy SR Sl e ———— o

—_itrisRILETMCATSEASKSEDSG-
E1iiTDPACGSRDTEVIY E
TVNANQVEDSRSD- =

NSESTDSGEDRT BEK GRORIRREQVY-—-- -~DEFVESLECETSQEGTKEHDAD?- TRssLransirEcTon
LRTERKDSEHKDCDSSASKS TADVEA CKOTHODEPSLGHKL SKENTLET T SHOQRD EXVQNDNLERNTQST DOMRRMEVENSTERS LEIVETIS) SEQy
T2 - SNETV

LaSDEYERE- 1S 15 LARODYVRS - -RDAER
LMDAMAE I PKLRTE KKDTEYKGNDS SAA LKY TAVDRVALKDVE DDF T SSAQE LSKRKT PPTASTREGRENT QN NN RDTONTIGMEE TESE
RGNS TRTASTQH! BMAKTD-VCQHVSE

508 NELRDFSEs @SS SGGALATGYD VD FRINAITHRS SFSH@KLRY 2 SSTEVADL S GADRKGKTIMVQEREG?
545 SCRORS PTHVIAQHDDVIT-——£ = TAVIRTDDOCOMVPRKPY /SBG—KEVIRIVTAFEQK-]
514 T5TORCBKCUTAGLSHoKTH AR T KYGGESTRIGON A VIBSAEDQCOME TENSY SHSAVSBA- ERDIQTMSDLEEG:

578K QPSR TARKSKIALLIDLIETYBG ] 5 gexECcNARREEREENG:
SADT SHTSSKTMEDE DCT TAAE DGPIVYV RV E T SOOKR ELE BB ONALONRVAA!
SDINRIESKTTADDDCV VARKDGS| THSQ0K- STASCHMQXELQSHLAL

GHGELY —— ISHVGS KKSTHEPFKAVPRDL -STA]

S ARG BTVGQN S 2SS TRV LRACHT COSVRNQYREASHPTHES S 1 PR OYKEY SLITOSTIEEILS0- A5
LAEATE- R SIDTVDE: vEET
HLRMERMVIT 'SHEDE EWGRKDAKKL THEQFKATTRIS - BARTCG] IQAVDLTS: SSH-125

206 mENTIEy ARNGRORCGR-PEE SR cyssassretny RS TTBADOHGNTKE THRARD BANOSKE -
£33 RGOV STROHY T VRAVI VAR FES /S R IR DRI 5 |LASE- Y GSSRNQME QPR SHYARDQCTG SASTRYGARSQYMGS ASTL
500 RRVIAH RV A RAVIOVEARIERSTIAT mummvn TLASFS -G SSRIQMESQL -

rgec Ty eV
GUSKGITLIDINRRG
ISTEITSHOMIRIE

045 CGAHNHYIGSTSSLCE

981 SSNDORKFOLLGH! LKFEMT DKEKKOKGK - -BER- - -imnias} SSGPI B
11¢c NVEALNSGMYS: 5SS~ S2CES!
577 EFEALNSGMFS) SVSS—- 52 B R





image6.png
Physical position Chr. 3H:134,896,736-134,896,826 (MorexV3)

BW
transcript

JENOME |GAAAGGTATGGTAGGGCTTGCTARATTCCTAGCTAGCATTTTCTGGTATAAATGTAGCTAACATAGCTGTTATATCCTCA

T T
3rd exon 3rd intron ) 4th exon
_ Mismapped
sca-BW __[re| Be
transcript —J
4 -
= o
gencme \GTAGGGCTTGCTAAATTCCTAGCTAGCATTTTCTGGTATARATGTAGCTAACATAGCTGTTATATCCTCAC
: T
3rdexdni | 3rd intron 4th éxon

T TTTCTG66T TAT
reference G A AR MAITGG AGGGCTTGCTAAATTCCTAGCTAGCAT CTGGTATAAATGTAGCTAACATAGCTGTTATATCCTCAGATTTACAGGG]
]

deletion SCA/HORVU.MOREX.r3.3HG0248910.1





image7.png




image8.png
B
Fructokinase activity:

Auxin efflux transmembrane transporte
activity

RNA pol |l cis-regulatory region sequence
specific DNA binding

Hydrolase activity, acting on ester bonds|
Glucokinase activity
Phosphatidylinositol phospholipase C activit

Protein dimerization activity]

DNA-binding transcription factor activity
RNA pol IFspecific

DNA-binding transcription factor activity|

RNA pol Il transcription regulatory regior
sequence-specific DNA binding

Molecular function

DNA (cytosine-5-)-
methyltransferase activity p.adjust
Hydrolase activity, acting or
glycosyl bonds 0.02
_ 0.04
snoRNA binding 0.06
Xyloglucan:xyloglucosyl
transferase activity Count
O 20
Protein heterodimerization activity- O 40
Oe0
Structural constituent of chromatirr
0.000.050.100.15 0.20
GeneRatio
Common DEGs in awn
DOWN (544)
C
Cytoskeleton. @
Chromatin)e p.adjust
Apoplast| @ 0.05
Ribonucleoprotein complex{ @ 0.10
THO complex|® 0.15
Small-subunit processome| ®
Box C/D RNP lex) ® Count
0X complex 020
MCM complex| @ O 40
Chromosome: @) Os0
Nucleosome
. 02 03
GeneRatio

Common DEGs in awn
DOWN (544)

Cellular Component

p.adjust

0.01
0.02
0.03
0.04

Count
010
020

0.04 0.08 0.12 0.16
GeneRatio

Common DEGs in awn
UP (277)

Log2 fold change

8 -4 0 4 8

D
H2A
H2B
H3/CENP-A
H4
H1/H5 =
SO
& o
$ &%
INF

s, 8%/
s
G0




image1.png
120

o o IS
S =] ]

(o) Bus| WO

[ wr (Akashinriki)

[ sca (0UM206)

© < <
(o) WBus| umy

< & °
(o) ybua) avids

< N °
(o) ybua) siyoey

axds Jad Jaquinu Jejexds




image2.png
Middle  Bottom
in 2020

Top
sca-BW
O ari-a.6-BW

Oosw
5]





image3.png
sca

SC65023, C39586
. CA35012, CA39003
Barley genetic map CA48795, CA50543
(from F2 between Morex and sca) Bmac0067
CA43496Int1 CBM413 k08560,
Chr.3H k09032 | carssee A5l|)813| 03078 Bmag0cs K02775 uzu-dCAPS k00879
10
S o | T o4fo2lo2[ 06 [ 0s T a7 T To2 08 L
6 A A [ (cM)
Barley genetic map L AR} \
(from F2 between Harrington arid sca) L [
- \ A \ \
chr.3H - kY \. PN
s | [ (- | L
T 6.3 19 1 (XIS T
CAT8986 SCa5023 (39586 uzu-dcaps(CM)
1 Caagro Vo
i sca \ VoS
Rice physical map 1} \ v
Chrq 10530 11920 i 12740 1374013930 18060 5130F fmo
s P T
l 09 [ os | 23 19.4
H 0.1
123 predicted

rice genes

[
0.07




