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% %. SbAbaln 5 TIFY #£#M3Rk%E & % Z4F, SbbHLH35.7g 5 % 2 7|4 % & @ (multidrug efflux
transporter, MDR)#A=4% $£12 & & (imporin) 5 Z4F. Z Z ¥ A2 4 2 H B 12 &5 745 SAbaln F=
SbbHLH35.7g & i4, SbAbaln i# it X #] & (jasmonic acid, JA)iR 2% S48 X A B kA, iR IT R4,
SbbHLH35.7g T 4818 it #f & 1R 1248 & 3 bt

E8F: HE;, MYC;, 5%, L 24, AR KX, AHAS{ DNA LF
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Abstract: Sorghum aphid (Melanaphis sacchari) and head smut fungi (Sporisorium reilianum)
infesting sorghum cause delayed growth and development, and reduce yield and quality. This
study use bioinformatics and molecular biological approaches to profile the gene expression
pattern during sorghum development and under pest infestation, and analyzed the natural allelic
DNA variation of sorghum MYC gene family. The findings provide insights for potential
application in breeding the stress resistant and high productivity sorghum varieties. The results
indicated that there are 28 MYC genes identified in sorghum genome, distributed on
10 chromosomes. The bHLH MYC N and HLH domains are the conserved domains of the
MYC gene in sorghum. Gene expression analysis showed that SObHLH35.7g exhibited high
expression levels in leaves, SbAbaln showed strong expression in early grains, and SOMYC2.1g
showed high expression levels in mature pollen. In anti-aphid strains at the 5-leaf stage,
SoAbaln, SbLHW.4g and SOLHW.2g were significantly induced in leaves, while SbbHLH35.7g
displayed the highest expression level in panicle tissue, which was significantly induced by the
infection of head smut. Promoter cis-element analysis identified methyl jasmonate (MJ),
abscisic acid (ABA), salicylic acid (SA) and MYB-binding sites related to drought-stress
inducibility. Furthermore, genomic resequencing data analysis revealed natural allelic DNA
variations such as single nucleotide polymorphism (SNP) and insertion-deletion (INDEL) for
the key SOMYCs. Protein interaction network analysis using STRING indicated that SbAbaln
interacts with TIFYdomain protein, and SbbHLH35.7g interacts with MDR and imporin.
SHMYCs exhibited temporal and spatial expression patterns and played vital roles during the
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sorghum development. Infestation by sugarcane aphids and head smut fungi induced the
expression of SbAbaln and SbbHLH35.7g, respectively. SbAbaln modulated the jasmonic acid
(JA) pathway to regulate the expression of defensive genes, conferring resistance to insects. On
the other hand, SbbHLH35.7g participated in detoxification reactions to defend against

pathogens.

Keywords: sorghum (Sorghum bicolor L. Moench); MYC; sugarcane aphid; Sporisorium
reilianum; gene expression; natural allelic DNA variation
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T (Sporisorium reilianum)fZ 4L = R4, S5
TERHIE WAL S B 22 R, RREZE 5L,
JE AT B R E P, A bR
HEEE PO . PO SRR T RIS . P9 AR
WAL VE R RS R BT, w1 24 28
TS RN BT dp LR PO

A SE R 41 DNA 7 TAEZE 2009 4
VI SEI, F 2018 AFAFHI5EHD, X AT I
PRI 20 7K S-Sk 8 7 e S B 8 Ik PR 06 1 D) Ry
AAE. HATET R MYC LR BT i, A
WFFEXT MYC JE DR R b A5 =X K i 1 o e f | 2%k
MRS RN DNA R o T
THESE, BAEABESE MYC [ LE W24 Dh 4R AL
AR o

1 MR5r%
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AL R 2 S

Pl #1 B JF (Arabidopsis thaliana) 1 7K &
(Oryza sativa) MYC ZERITFIINE RS, TE
NCBI %4 J# (http://www.ncbi.nlm.nih.gov/) 7 i#F
#7 BLASTP # S AL, 1 CDD il Pfam ff
e S A A M R & 1 BUF 81 o 7E Phytozome
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portal.html) T 2 5 3% 9 Bk P 41 i3 8 Se 1 LA &
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K& (Glycine max), 7K FIIRE I+ B 1T 51,
K TBtools™ i HEA 7 5 3 MY C B K e £ {4
L R IR B2
1.2 SR MYC #REAFREMAZEESLES
ki

FIF MEGA 11.0 FfFry4BRH21k (neighbor-
joining, NNFJE RGHFAM, FIH GSDS
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TE 4 1. H.(Gene Structure Display Server 2.0,
http://gsds.cbi.pku.edu.cn/)Z: il F 3 MYC LR 45
&L il MEMEPREL SOMYC i motif {37
GG R, TRSFPI R R E S H I E A 10,
1.3 SR MYC EERKERREBULMER
V2

M Phytozome ##%/%EF1 ExPASy-Compute
pI/Mw (http://web.expasy.org/compute_pi/)?*" 3k
U SbMYC & BT RS, s
MREH ., A FEX/N. HBREHEA. ARER
. BRIEYE R B R K ME
14 SR MYC RIXRERZ-REH. TH
BaE L 53 4

% Fl PSORT (psortl.hgc.jp/form.html) FI
SOPMAP® (https:/npsa-prabi.ibep.fr/cgi-bin/npsa
automat.pl?page=npsa_sopma.html) 73 5| X} 15 5
MY C 8 [ G045 ¥4 F A0 B E 57 2647 347
1.5 SR MYC EREHFIRNIERTH
vz

M NCBI R MYC EEH 5 2l i 2 000 bp
J¥4, $238 % PlantCARE %§#%)% (Plant Cis-Acting

Regulatory Element, http://bioinformatics.psb.
ugent.be/webtools/plantcare/html/), i#47 SOMYCs

B JE 3 7 AR R oo o
1.6 SR MYC ZRFEHF ot

L MEGA 11.0 #cfF, xfmmsg . UrIT .
KFE . E KK T MYC FEE IR ¥ 5 AT
Foxt, MR E R G R, RH iTOL
(http://itol.embl.de)7E4E T HXFHEAL I BEF 351k
1.7 SR MYC REHNIEEED S

it MEGA 11.0 AEX SOMYC ZkFE K]
A9 %A 751 (coding sequence, CDS)U#EATX EL, 5
F| FH Tbtools #X {4 Simplement Ka/Ks Calculator
(NG) 5 H B DA Ay AL E R 5 ) o
1.8 SR MYCEEHFTES
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TEEANET M. ARG E A REE, FIH
TBtools F A H 2k f YR
1.9 SOMYC EREFTIERWFHFNLBER
5200 53 #r

U EE R E N FR 2457B ., 5-27sugB fE R[5
JCRRAE KA A, Prog BB &L &R 1383-2x7050B
F4-12Res. JEHRdh & 1383-2x7050B F4-12Sus

#z1 SoMYCs7EERELLARIZR qPCR 514
Table 1

PLJ RI11 Fl SSAL FEE A, sk Bk
BT o SR (3 Y BB I DR 3 38 43 BT 14 1R 20 A5 3R
Z: BRI A2 ik o FER RS 10 d AN 20 d,
ST A ORFRLEURE , FRH RNA, RS2 96658

=

w PCR (quantitative real-time PCR detecting
system, qPCR)F il 5 [K 35 7K - qPCR Z 1w
HERERIR D, SR L gL 1.

Primers used for quantification of expression of SOMYCs in sorghum tissues by qPCR

Gene Forward primer (5'—3") Reverse primer (5'—3")
SbMYC2.1g TGCCATCTTTTGGCAGTCCT GCCGGAGATGAGGGAATTGA
ShLHW.2g TGGATGCATGGGAATCAACA CATCGATGCTTTGATGCATTTGG
ShTan2/GLABRA3 GTTCTACCTCATGTGCGCCT GGACACCATCGTTGACTGGA
SHMYC2.2g2 GCTGTACGTGTGAGGAGCTA ATGACGGCTCGGAAAAGGAG
SHMYC2.2g1 TGACAATGGACGACCTGCTC CTTCCCACTGGCCATAGGTC
ShbHLH13.3g AGCTCTTGTTGAATCCATTGAGG GGCATAGTAACAAGATGAACATGGC
SbMYC2.3g CAACGGTGCAATGGATGACC CTGGTGGAGCTCATGTCCTG
ShAbaln ATCTTCGGCAAGGACCTCTC GAAGTCTATGCTCCTGGGCG
SbbHLH155.3g GAAGGGCTGATGGGAAAGGT ATGGTCTGGATGCCTGATGC
SHTDR TAGGTGACCTGCCTCCATCA GTGGTCTAGGAGCACGTCTG
SbbHLH155.4g CGGCATATACGACCGGACAA TGAAGAAGAGCTCAGGCTGC
ShLHW.4g ATATGGGGAGAAACCGCCAC ACTCGCCTGTCCTGAAACAG
SbLHW.5g AGCCTGGTCCATTTGGAAGC CTGCTGGGTCTGGAACTCTG
SbMYC4.5g TGCCATCTTTTGGCAGTCCT GCCGGAGATGAGGGAATTGA
SHR-S4 GGTCCTACTCCGATGAAGCG TTTCCTGGGCTGTTCGTACC
SHR-S3 ATACTCGGAAGAGCCGACCT GCATTGAACAAGCTGACGGG
SHR-S2 CAGGAATAGTAAGGCGAGCG TGTAGAACCCGTCCGTCCAT
ShR-S1 CCTTCCGCCTCAACAGGAAT CGACCTGGTTGAGTGCTTGA
SbLHW.6g ATATTTATCAGCCCCCTCTCCC AGGGTCTTGGGGATGGAAGC
SbbHLH35.7g GCCCCTTGCGCATTATAGGA TCCCCTTGTAGAGACCATCC
SHMYC2.7g1 GTCCCCCAGTCATCCTTCTG TTCTTCGCCGAGTAGCCATT
SbMYC4.7g TCAGTCCCCAGCCTTCTTCT GTGCCTAACACTGTCGCTGT
SHMYC2.792 AACGCTTGAGCTGGATCACT AACATCAGTGGAGACGCAGT
SbMYC3.7g TGCCCTGTGATTTCCTGGAG GGCTGTTGGTGTTGTTACGG
SHLHW.8g CTGAAGAAGCTGGGTGTGAG AACCTCGGGTCTGAGATTGTG
SbMYC2.99 GCCATTCTCGGCTTGCACTA GCATCTTTGCAGCTGATGCT
SbbHLH13.99 TGACCAGACAGAAGATGCGG CACCAACGTGACGTGGAAAC
SbbHLH155.10g CATATGCCGGGGACTGTGAG GCCGCCACTTTCCCTATCAG
18SrRNA GCCTTTCGAAGCACTTTCAC AACCAAACCTCCATGCTCAC

http://journals.im.ac.cn/cjben
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1.10 53R MYCEE DNA BAZNET R

XF b S AR B DL R 1383-2/15, 3030,
2457A3. 91SPbigspike. B35, RI111. Apolll,
3¢chi3Mid .Pin626.JF1.4003.961541 . Xinliang7 .
EBA-3. Cl-1-1, 44B. Jinliang5. SP42, V4A2,
E35B. SP91dw il 961541H 7 BMKcloud.com
F- 5704 DNA 25, 445 SOMYC JE K A% TR
Z 5 (single nucleotide polymorphism, SNP) ., i
ABRIFRIC (insertion-deletion, INDEL)AE 5243 5,
i3 Excel Wi 176 8 PR G AR [R) S A B, G2 31720 S
BLst, ST AY . Horp 2457A3 0 VAA2 g
ZACHPH LI EE AN T R, 2457B. 5-27sugB Fll
44B NHETEART R TRFF R, 1383-2/15, 3030,
91SPbigspike .R111.Apol11.3chi3Mid . Pin626.
JF1.4003.961541 , Xinliang7 .C1-1-1Jinliang5 .
SP42., E35B. SP91dw #l 961541H HIFEHAE
FIWKIE Z , B35 it 54k ke i, EBA-3
M5 Mab il Mab HYFs S o, 1 A [T BRI AR
HRAT-
L.11 53 ShTan2 EE B ER S

R H o 5 B & o W 2 ik (GB/T
15686—2008) % - 3 v S b4 A 53 75 R A7 )
&, I AR i) DNA 28705 &, 4
B TR R BB 1 IR
1.12 SbMYC BEfEEB TN

i# 1 STRING %4k % (https://cn.string-db.org/) ,
L HE AR E RN 10NN M E R MYC
HAEE ML,

2 HZRE5OM

2.1 SbMYCs EREREEREE. LB
ENL K 25

S5 v R ST I PR BCHE L A A A 3
IUF R ZAREE] 28 > MYC JEL R (£ 2), 4ufn
PR L &k B MYC BE 7 = 52 10 S ik 3y
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434, SBI-06 Fl SBI-07 5 e (o 44 | Jt PS5
w®Z(5 1), SBI-01. SBI-08 Fl SBI-10 54 {7
& Eor A B (I 14y, 240 SOMYCs 2
PR o0 A 7E G AR W i (] 1), A BEsBE G T 52 e
R IX, FFEKE R 771-17 879 bp, CDS 741
291-2 676 bp.

X SOMYC i [ 5 5 i 01 -5 40 9 K R
PEATHEER BT (] 2), 45 BIR, SOMYCs 5
PR IFAETE 3 AN ERIE X, 5KAEA 21 AN [H
PRI R, 2% BH R SR ADK RS MYC LR 1) g B AH
VT, PR EAR AR
22 SR MYC HREFRIEMRERL
53> #r

WK 3A iR, B SBMYCs LR #4123
M, 36000 5 AR, [l — 75 T SR4 e R,
motif MM RIS . $od, &, W& T-HM BT
SERFIRAT BE 7 B

= 5E MYC LR 4544 347 ULIEl 3B, SbMYCs
TN R A LA 0-11 SAREE BR
SHMYC2.2g2 . SOMYC2.7gl . SHMYC2.3g .
SHMYC2.7g2. SOMYC4.7g. SHR-S3 #iI SbTan2
X 8 ANHEA E R gt X A7 ik, Hir SOMYC
FLHIAAE BT RS X, Hid SbLHW.4g .,
SOLHW.6g . SbTan2/GLABRA3 . SbLHW.2g .
SOLHW.5g il SOLHW.8g [N & T BRI, &
k1A ZEIEBRAENE T

X 1 e MY C 2 DR ST &5 A8 80k — 20 43 A
(B 3C)k, Em% MYC EHf& HLH M
bHLH_MYC_N MiFhZ5 s, Hph 8 > MYC #%
s[RI i 2 FhEE Rl 18 > MYC &
& A R4 M3 bHLH_MYC_N,

PRAFEF A B TR MYC F5 5t T 19T
AE, X5 MYC %% 58 K motif v B 43 A1 A7
(K 3D), L& B 10 4~ motif, HH motif 1,
motif 3 Fl motif 4 4 50 MR (K 4).Motif 1
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T2 BRMYCHRABAMEBEMERLEH

Table 2 Sorghum MYC chromosome location and gene structure

Gene name Gene 1D Chromosome Genome location Length (bp) CDS
(bp)

SHMYC2.1g Sobic.001G287600 SBI-01 56 318 190—56 321 348 3158 2124
ShLHW.2g Sobic.002G001500 SBI-02 196 754-57 321 348 5405 1908
SbTan2/GLABRA3™?!  Sobic.002G076600 SBI-02 7975 936-58 321 348 9 285 2034
SbMYC2.2g2 Sobic.002G267000 SBI-02 65 126 279-59 321 348 1098 831
SHMYC2.2g1 Sobic.002G267100 SBI-02 65 136 135-60 321 348 1443 891
SbbHLH13.3g Sobic.003G004500 SBI-03 429 258-61 321 348 3564 1 869
SHMYC2.3g Sobic.003G077100 SBI-03 656 034—62 321 348 771 771
SbAbaln Sobic.003G272200 SBI-03 60 842 727—-63 321 348 2434 1 455
SbbHLH155.3g Sobic.003G324600 SBI-03 65 124 587—64 321 348 4 815 1380
SHTDR Sobic.004G017500 SBI-04 1 370 525-65 321 348 3478 1716
SbbHLH155.4g Sobic.004G241500 SBI-04 58961 101-66 321 348 3283 1149
SbLHW.4g Sobic.004G284600 SBI-04 62 680 454—67 321 348 5063 2334
SbLHW.5g Sobic.005G045100 SBI-05 4268 573—68 321 348 6 145 2613
SHMYC4.59 Sobic.005G061601 SBI-05 671 436—69 321 348 999 219
SHR-HA Sobic.006G076900 SBI-06 44126 38270 321 348 14 007 1770
SHR-S3 Sobic.006G175200 SBI-06 53 044 178-71 321 348 5199 1773
SHR-S2 Sobic.006G175500 SBI-06 53 062 306—72 321 348 17 878 1 641
SHR-S1 Sobic.006G175700 SBI-06 53102 700—73 321 348 8329 1767
SHLHW.69 Sobic.006G182000 SBI-06 53 688 464—74 321 348 5392 2517
SbbHLH35.7g Sobic.007G051800 SBI-07 5299 966—75 321 348 2 088 867
SHMYC2.7g1 Sobic.007G182900 SBI-07 61 594 875-76 321 348 916 837
SHMYC4.7g Sobic.007G183000 SBI-07 61 602 262—-77 321 348 840 840
SbMYC2.7g2 Sobic.007G183050 SBI-07 61 608 734—78 321 348 792 792
SHMYC3.7g Sobic.007G183200 SBI-07 61 641 933—79 321 348 4 885 813
ShLHW.8g Sobic.008G044000 SBI-08 4344 861-80 321 348 5783 2676
SbMYC2.99 Sobic.009G036333 SBI-09 3328 86981 321 348 3975 1263
ShbHLH13.99 Sobic.009G088100 SBI-09 15 112 562—-82 321 348 4235 1764
SbbHLH155.10g Sobic.010G095800 SBI-10 8617 650-83 321 348 3037 1203

Fl motif 2 S A g i i 2, A AITE 25 N H1 27 A
B MYC &, SBMY C4.5g {UA7E1E motif 4.,
VB motif 1 Fll motif 2 NE NIRFHIFEFE, 5
MYC & X ) Th e 2% UIAH ¢ .
2.3 SbMYC EBREBUMR

H13% 3 W1 SOBMYC 2 1 idmtt d Skt H 7
72-891 aa Z[A]; 73 F-EK/IMET 659.79-94 767.82 Da
Zia) s BEIESEH S AE 4.51-7.15 ZIa); 25 A4

http://journals.im.ac.cn/cjben

SbMYC & 1l AE L A/NF 7 IR . A
TERBITR, 26 4> SBMYC AN AFE
%11, SbLHW.4g Fll SA(MYC4.5g MEEHE .
SOMYC AR ME REAE 54.77-96.25 Z 1], Bi
SbLHW.2g 1 SbBMYC4.5g & [14h, H4x 26 4~
SBMYC & MM IR R /NTF 90, £
SbMY C & [ P T s PR 55 o S KPR S (E /)N
F 0, FH SBMYC 54 R oz kK PEE A
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2 |1 10 2 6 8
=z ——SBLHW.2g —SbbHLH13.3g SETOR
BMYC? DLIB — SBBHLH35.78 -SbLHW.8g S
SBBHLHI55.10 SbTan2 R OMIC
SOBHLHI3.9g
g
N — ShR-54
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Figure 4 Sequence logos of the 10 conserved motifs in SbMYCs proteins.
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Table 3 Physical and chemical characteristics of SOMYCs

Proteins Number of amino ~ Molecular Theoretical  Instability Aliphatic Average
acids (aa) weight (Da) pl index index hydrophilicity
SbMYC2.1g 707 75519.31 6.12 54.72 63.42 —-0.524
SbLHW.2¢g 635 71 020.99 5.47 50.67 90.43 —0.232
SbTan2/GLABRA3 677 73 741.47 6.16 58.86 78.40 —0.449
SbMYC2.2g2 276 29 255.02 5.74 62.37 85.65 —0.287
SbMYC2.2¢g1 296 31907.83 5.21 67.03 76.22 —0.435
SbbHLH13.3¢g 622 67 721.55 7.12 47.20 75.43 —0.466
SbMYC2.3g 256 27 582.10 6.05 48.53 86.21 —-0.297
SbAbaln 484 51219.49 7.26 48.48 73.16 —0.388
SbbHLH155.3g 459 49 025.83 5.97 54.25 54.77 —-0.506
SbTDR 571 59 313.95 4.53 49.04 77.79 —-0.251
SbbHLH155.4g 382 40 208.15 5.25 48.56 75.84 —-0.076
SbLHW.4g 777 84 906.83 5.41 40.00 80.55 —-0.286
SbLHW.5g 870 94 767.82 6.29 45.98 78.56 —0.369
SbMYC4.5¢g 72 7 659.79 4.51 38.49 96.25 0.369
SbR-S4 587 64 424.19 5.93 45.43 81.11 —0.324
SbR-S3 580 63 187.17 5.03 49.14 81.26 —-0.305
SbR-S2 546 59 640.43 6.04 62.40 79.16 —0.469
SbR-S1 588 65219.53 5.29 50.00 75.85 —-0.409
SbLHW.6g 824 91 047.04 5.14 48.13 79.16 —-0.457
SbbHLH35.7¢g 288 31252.14 4.72 66.75 82.43 —0.320
SbMYC2.7g1 278 29 532.26 6.31 65.69 77.30 -0.319
SbMYC4.7g 279 29 750.77 6.53 55.20 83.30 —0.193
SbMYC2.7g2 263 28 104.60 6.06 51.92 79.58 —-0.323
SbMYC3.7g 270 28 987.88 7.15 53.78 85.41 -0.227
SbLHW.8g 891 96 916.30 6.64 42.11 74.76 —-0.437
SbMYC2.9¢g 420 43 577.55 5.04 73.64 72.21 —0.330
SbbHLH13.9¢ 587 64 288.53 6.19 46.91 79.42 —0.426
SbbHLH155.10¢g 400 42 077.11 4.96 60.39 70.17 —0.242
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YL E L i o ARE, 5IRE KT
FHE

AN, 55% R (Spl . G-Box). K7 MR
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Table 4 Secondary structure and subcellular localization of SOMYCs

Proteins Alpha-helix Beta-turn  Extension Random coil Intracellular location Probability
(%) (%) chain (%) (%) (%)
SbMYC2.1g 31.82 2.55 11.32 54.31 Nucleus 70.0
SbLHW.2¢g 41.42 3.62 12.44 42.52 Nucleus 76.0
SbTan2/GLABRA3  37.22 2.81 9.45 50.52 Nucleus 30.0
SbMYC2.2g2 40.58 1.81 11.59 46.01 Chloroplast stroma 52.4
SbMYC2.2g1 42.23 3.04 10.81 43.92 Chloroplast stroma 57.7
SbbHLH13.3g 33.60 3.70 13.02 49.68 Nucleus 70.0
SbMYC2.3g 36.92 4.64 13.92 4451 Cytoplasm 45.0
SbAbaln 36.57 3.10 11.98 48.35 Endoplasmic reticulum 55.0
SbbHLH155.3g 25.93 5.66 13.73 54.68 Microbody 69.4
SbTDR 38.92 6.11 13.26 41.71 Nucleus 98.0
SbbHLH155.4g 41.36 7.33 10.73 40.58 Microbody 52.2
SbLHW.4g 31.92 6.69 17.63 43.76 Microbody 76.0
SbLHW.5g 30.46 5.40 12.64 51.49 Nucleus 76.0
SbMYC4.5g 26.39 8.33 23.61 41.67 Microbody 64.0
SbR-S4 41.57 4.43 11.07 42.93 Plasma membrane 79.0
SbR-S3 40.17 3.28 11.03 45.52 Plasma membrane 79.0
SbR-S2 37.00 3.11 12.82 47.07 Nucleus 96.0
SbR-S1 41.67 3.40 11.90 43.03 plasma membrane 60.0
SbLHW.6g 28.88 4.61 15.05 51.46 Nucleus 76.0
SbbHLH35.7g 46.88 0.00 11.11 39.24 Chloroplast thylakoid space ~ 80.0
SbMYC2.7gl 50.00 2.88 8.63 38.49 Chloroplast stroma 84.7
SbMYC4.7g 46.59 1.79 9.32 42.29 Chloroplast stroma 90.4
SbMYC2.7g2 48.29 2.28 7.98 41.44 Chloroplast stroma 52.6
SbMYC3.7g 51.48 2.59 8.15 37.78 Chloroplast stroma 51.6
SbLHW.8g 28.28 5.84 14.59 51.29 Nucleus 76.0
SbMYC2.9¢g 44.76 4.29 8.10 42.86 Endoplasmic reticulum 85.0
SbbHLH13.9g 37.31 3.41 12.10 47.19 Microbody 30.0
SbbHLH155.10¢g 41.50 7.00 11.75 39.75 Nucleus 76.0
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Figure 5 Core sequences and function of the Cis-acting regulatory elements in promoter regions of SOMYCs.
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Figure 6 Phylogenetic tree of MYCs of Sorghum bicolor, Zea may, Glycine max, Oryza sative and
Arabidopsis thaliana.
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Table 5 Evolutionary selection parameters for members of the SOMYCs

Gene Ka Ks Ka/Ks Gene Ka Ks Ka/Ks

SOMYC2.1g 0.028 953 0.213 777 0.135 435 SHR-A 0.115 402 0.316 814 0.364 259
SOLHW.2g 0.105 211 0.257 736 0.408 212 SHR-S3 0.121 883 0.368 833 0.330 454
ShTan2/GLABRA3  0.129 727 0.306 220 0.423 640 SHR-2 0.129 164 0.654 619 0.197 312
SHMYC2.292 0.036 775 0.104 750 0.351 075 SOR-S1 0.140 073 0.617 129 0.226 976
SHMYC2.291 0.099 818 0.391 013 0.255 280 SHLHW.6g 0.043 988 0.174 795 0.251 657
SbbHLH13.3g 0.031 224 0.385 553 0.080 985 SbbHLH35.7g 0.033 849 0.075 631 0.374 398
SOMYC2.3g 0.325 899 0.574 851 0.566 928 SOMYC2.7g1 0.103 717 0.277 024 0.742 392
SbAbaln 0.058 421 0.195 530 0.298 783 SOMYC4.7g 0.215 799 0.290 680 0.321 465
SbbHLH155.3g 0.045 718 0.146 283 0.312 533 SHMYC2.7g2 0.060 620 0.188 575 0.613 654
SHTDR 0.024 558 0.115 933 0.211 827 SHMYC3.7g 0.072 284 0.117 793 0.278 681
SobHLH155.4g 0.103 001 0.196 459 0.524 288 SHLHW.8g 0.034 145 0.122 523 0.608 137
SOLHW.4g 0.056 541 0.143 265 0.394 662 SHMYC2.99 0.118 961 0.195 615 0.310 306
SbLHW.5¢g 0.052 835 0.178 414 0.296 139 SbbHLH13.9g 0.091 333 0.294 332 0.246 551
SOMYC4.5g 0.338 765 0.738 211 0.458 900 SbbHLH155.10g 0.056 885 0.230 724 0.321 465
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Figure 7 Expression levels of SOMYCs in various tissues at different stages.

SOMYCs T AL B H 2K A s L 78
WK I EFRIBHE SOMYC2.1g. SbAbaln,
SbbHLH13.3g, SOTDR. SbLHW.6g. SbLHW.8g
il SOMYC2.2g1, SbbHLH13.9g ¥k . Hifth 3L K]
FIRACPARMLE AR,

PE—A5E T SOMYCS 7EHT A & & 2457B .
JERIF i R 5-27sugB 1) 5 M B R SR IEKF
E 9A 455 /R SOMYC2.1g F11 SbAbaln 2k 7K
RS . TEBL . SRS R T2 B SRR
& SbAbaln, SbLHW.4g il SOLHW.2g., 1Y A1EHT
i i R BRI SOMYC2.1g Fil SOLHW.6g,
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IR R B HiE A SbHLH155.49,
STan2. SR-S1 Hl OR- 7EMH H L P AL,
MiE SOMYCs FEPT . o2z RN 5 AL
girh ik, Kl 9B 455K 88 SbHLH35.7g 7£
BEHAR BRI, HiE SDMYC2.1g
SbAbaln, Z 124 i SobHLH35.7g % ik 7K -2 3|
BFFES, OMYC2.1g 1 SOHLH13.3g #1715 %
W, EPURE G R A B RS 2 SbAbaln,
210 SR MYCEE DNA BAZEMNT R
WA Mlumina 435 R4 = P48 € T 9 A
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Figure 8 Expression levels of SOMYCs in pollen and various development stages of seeds. Different
lowercase letters represent significant differences.

P (E 10B), & P SBI-02 |7 987 151.7 994 628 ,
7994 862, 7 995 026 bp {3 1 AL #) INDEL 78 5,
-9l CGGA Z7AEhN C, G BB RN
GCCCTC, GCGCCGC %7 N G, H GCAT %
H Go HAE 25 M AR, B3R 44B KA
INDEL 48 5, ZRH;EM 3G &R 44B BIRER T &
i T SbTan2 Y INDEL 75 5 S 80 i ik
1E5HE R
2.12 SbMYC BEfEZERB M

Fl STRING il SbAbaln Fll SbbHLH35.7g
P EAEE (K 11), 25 REH] 2 FhER M EAE
EAZEFER, 2B REFRIEMN SbAbaln 5
WTFEAEEGRE 7): 4 4 Jasmonate ZIM
domains (JAZs)ZE M FI(TIFY), 43l
SORBI_3006G056400, SORBI_3003G410300,
SORBI_3002G036150 #1 SORBI_3002G036100
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Figure 9 Effect of aphid and head smut infection on SOMYCs gene expression in sorghum tissues. A: Aphid

infestation induced the expression of SIMYCs in sorghum leaves. B: Expression of SOMYCs in sorghum floral
tissues infected by Sporisorium reilianum.
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£6 =REZE SOMYCsH) DNA TE#EM

Table 6 DNA variation of SOMYCs among sorghum lines

Gene Reference 2457B 5-27A3R R111 44B Effect (other mutated
line)

DHTan2/GLABRA3 SBI-02: 7994 472 T T T T G Non-syn
DHTan2/GLABRA3 SBI-02: 7987 112 CCAA CCAA CCAA CCAA N Codon deletion (V4A2)
STan2/GLABRA3 SBI-02: 7 994 628 G G G G GCCCTC  Frame shift
SOMYC2.292 SBI-02: 65112543 CtoT C C N C Non-syn (3030, C1-1)
SObHLH155.3g  SBI-03: 72 859 488 ATT AT N ATT N Upstream deletion
SAbaln SBI-03: 60 870 863 G G R A N Non-syn (1383-2)
DR SBI-06: 53 992 608G T T G G Non-syn
SHR-2 SBI-06: 53 992 631C G G C C Non-syn
DHR-2 BI-06: 53 991 888 G GTCC GTCC G G Codon insertion
SHMYC2.1g BI-01: 49162013 T TCTGGTG TCTGGTG TCTGGTG TCTGGTG Codon insertion
SHTDR BI-04: 1389907 A A N A T Non-syn
SOTDR SBI-04: 1389989 G GGGCGCCGCC G N G Codon insertion

GCC
SbbHLH35.7g BI-07: 5264 926 C T T T C Non-syn
SobHLH35.7g SBI-07: 5264446 CTCG C C C CTCG Codon deletion

Hif%; 3 MEEAE-FLZ 4558 11 (FCS-like zinc
finger 1-related, FLS)H SORBI_3006G194300.
SORBI_3006G194100 #1 SORBI_3004G278300 i
fy, Hidh SORBI_3006G194300 54T 41 i 55 [H 1
GATA-1 5 A #H{LL; i85 H SORBI_3010G206400
AR R Etsl. B R A & S8 M (late
embryogenesis LEA-2) I
ROHI1-like. 1iHH SbAbaln i 13 5 #ij ik (jasmonic
acid, JA)IRAR 4L R m AR B iR Gt

22 3l BB 55 #Y SbbHLH35.7g 540k
EHEAE: 22550508 E H (multidrug efflux
transporter, MDR)H SORBI_3006G179400 %4 ;
3 MZ%i2E [ importin {1 SORBI_3007G022000
SORBI_3008G135200 #1 SORBI_3009G102900
it 5 3 /> aurora ¥ i SORBI_3004G216200.
SORBI_3001G078600 #1 SORBI_3003G034600
%if%; 3 ZAKEEH SORBI_3001G183000 .
SORBI_3003G241100 #1 SORBI_3001G104900

abundant protein,

&: 010-64807509

ifid . HEI SbbHLH35.7g it 7 H4ME . &R

GRS R AE)
3 wWhbE&®

o SR LT ) 2 RAE Y, (H 5 sz i
22 RRER SR Iaa , 182 38 R AR R R
AR HAE KRGS, AT XM, mERRA Y&
e, CAPPRERY, MYC JERTEMEY ST
MR AERBT YRR REEER, &
B MYC MIhREX Rt . RS A E
RE Lo

CAREMN, MYC 75 H 8 Y4t
PESAERKEFNERZ JA F5HE, MYC2
WKL ABA (5 S SFRIETE T T, E9
IEB 5 ABA /5 (& ZEII A OCH T R 2w 3
MYC RERZFWERE X & & 4 FiX ook
ABRE ,CGTCA-motif,G-Box fil TGACG-motif’
SOMYC2.1g #1 SbAbaln 7£ 5 M & 5 m A i
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3' 3
I l
mmm Extron
— ntron
Effect  Synonyms_  Codon_ Codon_ Synonymous_ Synonymous_  Codon_ Codon_ Non_ _ Frame_ Codon_ Codon_ Genetype Frequency
coding deletion insertin coding coding deletion deletion coding coding shift deletion
Pos. 7 986 664 7 987 002 1_9871123 7987 29 7 987 092 7987 112 19&_7151 7987242 7994472 7‘19_4598 7994628 7994862 799526
Hapl A GOAGGAAGGAGGAL. O G C COAAMCCAL (GCALGEA. T 2 T GG GOGOUGCGOGOOGE. GOATGCAT 1 383- 153
2/15, 3030, 245TA3, 91SPhigspike,
B35, 5
27AIR. R111, 2083, 24578, Ichid
Mid, Pin626, JF1, 4003, 961341,
Ninliang?
Hap2 A GOAGGAAGGAGGA G C COAMCCAL COOAGEA T T I8 GG GOOOOGOOOGOOGE. GOATGOAT - EBA-Y 1
Hap3 A GOAGGAAGGAGGAN. €O G C COAMLCAN O T G « GG GG GG Cl-1-1 1
Hapd G GOAGGAAGGAGGAL. OO G C N (& T G N GOOCTCGOOCTC GG GG 44b 1
Haps N GEAGGAAGGAGGAA (0 G { od COAACAL N 1 ) T GG GOOOCGOGOGOOGE GOATGOAT  Jinliangs, SP42 2
Hapé G N N N G o CGOALGCA. G G {5 GG GOGOOGCGOGIOGE GOATGOAT - VAA2Z 1
Hap? N GG OGCTOGCT A G o COCALGEA. G N { o GG GOGOOGCGOGEOGE. N E358 1
Hap8 A GOAGGAAGGAGGAN. € o N N N T T T GG GUOLOCGCOOGEUGE. GOATGOAT - SPoTdw 1
Hap? N GOAGGAAGGAGGAL. O G C CCAMCCAA. N T G « GG (He GG Cl-l 1
Hapld A GGAGGAAGGAGGAA - CC G N N CGCALGCA T T T GG GOGCOGCGOGUGE. GCATGCAT 9615411 1
B Plot

1 1

INDEL mutation site Unmutation site

E 10 S SbTan2 BEELH  A: 2555

B R SbTan2 JEH H5RL B: T

R A

Figure 10 Haploid analysis of sorghum SbhTan2. A: 25 haplotypes of ShTan2 gene in sorghum materials. B.

Distribution of tannin content.

HRIK, FH BEZERSES . SObHLH35.7g
TERBH A RIBIK V- Ty, Z 2B R G5

BE LW, HENE MYC RS 5T JA (5545
T, R I TR T % 118 AP g T T ol L 5
fia, MR AR AT . SDMYCs Jib 8+ X 4L
TORFMRH TR . ISR . Kk . SR T 25T
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Figure 11 STRING prediction of protein interaction network of SbAbaln (A) and SbbHLH35.7¢g (B).

A, SBI-06 A -4 (1 B P Rs R (5 Q1Y
SR-S1  Fl  SHR-S3  (Sohic.006G175700 .
Sobic.006G175200) /2 £ % 5E I H 6 E A
PEE L, AHIE ST IE A S B A & B
B Zik 25 MR A, i MYB 1
Sobic.005G014100 ML % A .. Chopra
4249 71 Sobic.006G025040 J& T bHLH %% 5%
T, SAMEGERIER X, WESRE
Ak EEEEEER . MYC 252050, W]
FEPUE . PO AR,

T RkRL R B i R SOMYCS Rk K &
Fhr s A 2 AP, SOABAIN 7EKH 1 ik
R, FEAFRL R BRI T SbbHLH13.3g.
SHLHW.8g. ShbHLH155.3g il ShTan2 fit ik 7K
SRR K b g, SoTan2 iR B K-
AR B A R S . Wu PR B SbTan2/
Sobic.002G076600 W T &AL, f5H Tx430
i) SbTan2 INDEL 728 F 3 HUf% st a8 1k o ;X 7

&: 010-64807509

ABFFATENESE, [F R A LETT | AL T BE A 7Y
F7AEAER] X SNP. Ayalew 251 e 31| 5Pk 2 1
i RIS bHLH 259, 404 Sobic.001G416500,
Sobic.001G349700 F1 Sobic.001G350300. Morris
AU FRPRLAR BAR DG 2 & UL A
FLAHHCEACIE F3'H X Sobic.004G200800.
Sobic.004G200900 #1  Sobic.004G201100 .
Pinheiro ZF1 I8 T 507 B4 i I 5L B Y A
A 3-SR AE T &R, e 7 AR DI REAFIE
WAFEEER, CERME S 3-WEALTREN
LI SRR RG, HIF AR IHE 52 5848 (i B 1T
Mizuno 55145 th U1 #1175 5 VR (0T UL
B A I (FNSIDM RE BT HRRER
(apigenin) & B, ik FNSII FIEESE 3- 4
(flavonoid 3'-hydroxylase, F3'H)F:3{ apigenin #/l
AR (luteolin) 5 i, FRIXHIHEM 4-i8 I
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%7 =3 SbAbaln 1 SbbHLH35.7g EH BE/EM K 47
Table 7 STRING predicted functional partners for SbAbaln and SbbHLH35.7g

5XHMS5, SbAbaln C5YHE®6, SbbHLH35.7g
Predicted functional Annotation Score | Predicted functional ~ Annotation Score
partners partners
AO0A1B6PKE6 Jasmonate ZIM 0.530 || AOA1Z5RFC6 Multidrug efflux transporter 0.977
SORBI_3006G056400  domain-containing protein, SORBI_3006G179400 (MDR), cholesterol

TIFY domain-containing transporter 1, SSD

protein domain-containing protein
C5XGY7 Jasmonate ZIM 0.530 | C5YMG4 Importin N-terminal 0.761
SORBI_3003G410300  domain-containing protein, SORBI_3007G022000 domain-containing protein

TIFY domain-containing

protein
C5726Q8 Transcription factor Ets-1, 0.512 | C5YPY1 Importin N-terminal 0.761
SORBI_3010G206400  SAM domain-containing SORBI_3008G135200 domain-containing protein

protein
C5YENO Erythroid transcription 0504 | CSYWA7 Importin N-terminal 0.761
SORBI_3006G194300  factor GATA-1 subunit A, SORBI_3009G102900 domain-containing protein

Zf-FLZ-type

domain-containing protein
CS5YEMS FCS-like zinc finger 0.494 | AOA1B6Q549 Endopeptidase S2P, 0.705
SORBI_3006G194100  1-related, Zf-FLZ-type SORBI_3003G241100 peptidase M50

domain-containing protein domain-containing protein
C5YS67 Late embryogenesis 0.484 || C5WMO5 Zinc metallopeptidase egy3, 0.705
SORBI_3008G042900  abundant protein LEA-2, SORBI_3001G104900 chloroplastic-related,

LEA_2 domain-containing peptidase M50

protein domain-containing protein
AOA1Z5RKAS Tranmembrane helix, 0.483 | C5WUA3 Metalloendopeptidase, PDZ  0.705
SORBI_3004G006500 ROH1-like, BPS1 SORBI_3001G183000 domain-containing protein
AOATWOW266 Jasmonate ZIM 0.480 | AOA194YS33 Aurora kinase, protein 0.602
SORBI_3002G036150  domain-containing protein, SORBI_3004G216200 kinase domain-containing

TIFY domain-containing protein

protein
C5X9K7 Jasmonate ZIM 0.480 | CSWZA6 Aurora kinase, protein 0.602
SORBI_3002G036100  domain-containing protein, SORBI_3001G078600 kinase domain-containing

TIFY domain-containing protein

protein
C5Y0V3 FCS-like zinc finger 0.476 | C5XLY9 Aurora kinase, protein 0.602
SORBI_3004G278300  1-related, Zf-FLZ-type SORBI_3003G034600 kinase domain-containing

domain-containing protein protein

o S A 7 T AR TS A B R 2RO

SbAbaln, SbbHLH13.3g il SOTDR, [d]i}#k %] T
XL A SNP 8¢ INDEL #rid, A BT %
BT

AHIFSE D\ T SR L R 41 45 3 28 1~ MYC 3
N, HERIRAFAERT 25 22 5% . SOMYCs A2 1f Bl 22

B, EXAEREE . HEHEAT I B 5 AL
TR AN AR 5T % 2 1) SOTDR (ZmMSA0)
5 SOEARZEKFE T K ALK & T [l PR3 R P01
RIMAC R RIS R E SOMYC2.1g, HKE
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BEFESRE, w9, BN REFHEENE
SbAbaln, SoOLHW.4g 1 SoLHW.2g., 5% 22 il B 43
iYL 5 SobHLH35.7g. SOMYC2.1g il SbHLH13.3g
WERIK, HARZYSTEAER kK- 3m
SOMYC2.1g. SbAbaln, SbbHLH13.3g 1l SHhTDR
%, SoTan2, SHR-S4 %) SNP. Indel 285, A
1R SR RT3 F HILTI 25 5 T Al

Bft
L A M 25 (L P 28 2l ) S

7% Fr ok AR AT 5T O3 A0 L5 51 40 ) Bt T
SSA1 il 1383-2 JF U Fh+, FFILEH
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