Table 1 Suppl. Primers used in this research.

Name Primer sequences (5°-3")

TaEXPA9-A FW: ATGGCCGCCGCAATGC

(RT-qPCR) RV: CGCACCTCTCCCCCTCGTT

TaEXPA9-B FW: ATGGCCGCCGCACTGC

(RT-qPCR) RV: CACCTCTGCCCCTCGTTGAAC

TaEXPA9-D FW: ATGGCCGCCGCAATGC

(RT-gPCR) RV: GCGCTGCCCCTCGTTGAA

ACTIN FW: TCCAATCTATGAGGGATACACGC

(wheat) RV: TCTTCATTAGATTATCCGTGAGGTC

ACTIN FW: CCACATGCTATTCTGCGTTTGGACC

(Arabidopsis) RV: CATCCCTTACGATTTCACGCTCTGC

TaEXPA9-4 FW:ATGGCCGCCGCAATGC

(clone the CDS) RV: CTAGACCCTGAAGTTGTTGCCCTCG

TaEXPA9-B FW: ATGGCCGCCGCACTGC

(clone the CDS) RV: TCAGACCCTGAAGTTCTTGCCCTC

TaEXPA9-D FW: ATGGCCGCCGCAATGC

(clone the CDS) RV: CTAGACCCTGAAGTTCTTGCCCTCG

TaEXPA9-A FW: TGACCATGGTAGATCTGATGGCCGCCGCAATGCCACCG
(addition of Bg/II) RV: CCTTTACTAGTCAGATCGACCCTGAAGTTGTTGCCCTCG
TaEXPA9-B FW: TGACCATGGTAGATCTGATGGCCGCCGCACTGCCACCG
(addition of Bg/II) RV: CCTTTACTAGTCAGATCGACCCTGAAGTTCTTGCCCTC
TaEXPA9-D FW: TGACCATGGTAGATCTGATGGCCGCCGCAATGCCACCG
(addition of Bg/II) RV: CCTTTACTAGTCAGATCGACCCTGAAGTTGTTGCCCTCG
TaEXPA9-A FW:GAGAACACGGGGGACTCTAGAATGGCCGCCGCACTGCCACCG
(addition of Xbal RV: CCGGGGATCCTCTAGACTAGACCCTGAAGTTGTTGCCCTCG
and BamHI)

TaEXPA9-B FW:GAGAACACGGGGGACTCTAGAATGGCCGCCGCAATGCCACCG
(addition of Xbal and BamHT) RV: CCGGGGATCCTCTAGATCAGACCCTGAAGTTCTTGCCCTCG
TaEXPA9-D FW:GAGAACACGGGGGACTCTAGAATGGCCGCCGCAATGCCACCG
(addition of Xbal and BamHI) RV: CCGGGGATCCTCTAGACTAGACCCTGAAGTTCTTGCCCTCG

Table 2 Suppl. The physical and chemical properties of 7aEXPA9-A/B/D proteins predicted by ExPASy online site.

Protein Formula Molecular mass Isoelectric point  Global hydrophobicity Instability Aliphatic
[kDa] (GRAVY) index index
TaEXPA9-A Ci288H1947N3670358S16 ~ 28.814 9.40 -0.048 43.33 69.96
TaEXPA9-B Ci271H1926N3640358S16 ~ 28.546 9.51 -0.069 46.23 67.59
TaEXPA9-D Ci1274H1935N3650357S16 ~ 28.590 9.61 -0.039 42.86 69.77




Table 3 Suppl. The number and proportion of amino acids in the TaEXPA9-A/B/D proteins predicted by ExPASy online site.

Amino acids TaEXPA9-A TaEXPA9-B TaEXPA9-D
Number of Content of Number of Content of Number of Content of
amino acids amino acid [%] amino acids amino acid [%] amino acids amino acid [%]

Ala (A) 31 11.6 33 124 32 12.0
Gly (G) 30 11.2 30 11.3 30 11.3
Pro (P) 22 8.2 19 7.1 17 6.8
Leu (L) 21 7.8 21 7.1 21 7.5
Ser (S) 19 7.1 21 7.9 20 7.5
Val (V) 19 7.1 17 6.4 17 6.8
Arg (R) 18 6.7 18 6.8 18 6.8
Asn (N) 18 6.7 16 6.0 17 6.4
Thr (T) 13 49 13 49 14 53
Phe (F) 13 49 13 49 13 49
Trp (W) 9 34 9 34 9 34
Tyr (Y) 9 34 9 34 9 34
Cys (O) 8 3.0 8 3.0 8 3.0
Gln (Q) 8 3.0 10 3.8 10 3.8
Met (M) 8 3.0 8 3.0 8 3.0
Asp (D) 7 2.6 7 2.6 7 2.6
I1E (I) 5 1.9 6 2.3 6 2.3
Glu (E) 4 1.5 4 1.5 3 1.1
His (H) 4 1.5 3 1.1 3 1.1
Lys (K) 2 0.7 3 1.1 3 1.1
Pyl (O) 0 0.0 0 0.0 0 0.0
Sec (U) 0 0.0 0 0.0 0 0.0
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Fig. 1 Suppl. Electrophoretic gel diagram and sequence contrast of TaEXPA9-A/B/D. A - Electrophoresis gel showing the PCR-amplified
TaEXPA9 gene. Lane 1 shows the TuEXPA9-A4 gene; Lane 2 shows the TuEXPA9-B gene; and Lane 3 shows the TaEXPA9-D gene. B -
Sequence analysis of TaEXPA9-A/B/D. Alignment of the CDS regions of TaEXPA9-A/B/D. C - Alignment of TaEXPA9-A/B/D proteins.
D - Alignment of the DPPB_1 domain of TuEXPA9-A/B/D. E - Alignment of the Pollen_allerg 1 domain of TaEXPA9-A/B/D.
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Fig. 2 Suppl. Five bioinformatics analysis of TaEXPA9-A/B/D. A - The signal peptide sites of TaEXPA9-A/B/D proteins predicted by
SignalP 4.1 server. B - The transmembrane consatruction analysis of TaEXPA9-A/B/D proteins predicted by TMHMM server v.2.0. C
- The hydropathicity analysis of TaEXPA9-A/B/D proteins predicted by ExPASy-Prot scale. D - The subcellular localization analysis of

TaEXPAY-A/B/D proteins predicted by CELLO v 2.5. E - The phosphorylation sites analysis of TaEXPA9-A/B/D proteins predicted by
NetPhos.
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Fig. 3. Suppl. Gene structure and tertiary structure model of TuEXPA9-A/B/D. Comparative analysis and phylogenetic construction of
EXPA9 and EXPLA9 proteins. 4 - Structure of TaEXPA9-A/B/D. B - The tertiary structure model of TaEXPA9-A/B/D proteins predicted
by ExPASy-SWISS-MODEL. The dark blue region is the signal peptide region, the green region is the catalytic region, the yellow and
red areas were cellulose binding areas, the red boxes represent the difference area. C - Alignment analysis of the amino acid sequences
of TaEXPA9-A/B/D with EXPA9 and EXPLA9 proteins in eight other plant species. AtEXPA9 (4rabidopsis thaliana), HYEXPA9
(Hordeum vulgare), MpEXPA9 (Mucuna pruriens), SGEXPA9 (Stylosanthes guianensis), CmEXPA9 (Cucumis melo), ASEXPA9
(Apostasia shenzhenica), NtEXPA9 (Nymphaea thermarum), BIEXPLA9 (Brassica rapa). The dark blue represents 100 % identity,
the pink represents 75 % identity, and the blue-green represents 50 % identity, as defined by ClustalX. The black arrows indicate two
conserved domains: DPDD_1 domain. (%) indicates eight C (cysteine) residues. (A) indicates six W (tryptophan) residues in the C-
terminal region. The red box denotes the HFD (His-Phe-Asp) motif in the central region of the sequence (for interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article). D - The genetic relationship of
expansin protein sequences in different species was analyzed. Phylogenetic tree of TaEXPA9-A/B/D with the above ten proteins.
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Fig. 4. Suppl. Identification and phenotypic observation results of 4. thaliana overexpressing TaEXPA9-A, B, and D. WT, OE-A, OE-
B, and OE-D represent wild-type and overexpressed TaEXPA9-A/B/D A. thaliana, respectively. 4 - Structure of the expression vector.
B - The expressions of TuEXPA9-A4,B, and D in transgenic lines as determined by RT-PCR. C - Screening of resistant transgenic plants.
The green plants selected in the red box are overexpressed plants showing resistance, which can be used for subsequent phenotypic
observation tests. Scale bars 1 cm. D - Observation on hypocotyl of A. thaliana, scale bars 1 cm. Observation on lateral root of A4.
thaliana. Magnification 10x10 and 10x40, scale bars 20 pm (E, F). G - Observation on root hair length of A. thaliana. Scale bars 20
um. H - Observation on root length of 4. thaliana. Magnification, 10x10, scale bars 1 cm. Observation on leaf number and rosette
diameter of 4. thaliana. Scale bars 1 cm (I, J). K - A. thaliana plants height. Scale bars 5 cm. L - A. thaliana seed yield (per plant).
Scale bars 0.5 cm.




