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H%E BZR 2R K85 KGR ERSCER 1
RABE ', AR, FemT, T4, KR, SHE T, L HE L EL
R—
AR R R RBTILAT, LRI 030600: 2 L FEA& L K2R 5 bE, A% 030801: 3L FiA& LK 255 #5, AJR 030031 )
WE: HEFABE (BR, brassinosteroids) RAEMAN A A —MELHE, AREEDERLF RIKR S TG
SAEF RIEMER . BZRs # X B TABRs F 5@ 270X ATET, BLiAEIARNNEEHEBRS 5. ATRAFL
B BZRs AR A FRM AR, AAAASELAREFTECHEMFI0ANBZREAR, I ARARL M) N 44, AR
4 HE A SR, SHBZR3. SHBZR4 A= SHBZR10 £ 5 A b ki, HAEFEAFT I THARSES, A, &
T 340 15 & FAT R KRG E M A 25 R AATRME R E A HIE, L€ ShBZRs 69 ¥z T, 2R AW, SbBZRI t9h 542X
S+ SbBZR3-SNP458 (T) H#4:K £ #40%, SbBZR10 494k # %42 % # SHBZR10-SNP660 (A) K, BEAFRETIFMEX,
A fe i A2 b ShBZR3-SNP458 (T) A= SbBZR10-SNP660 (A) % 3| T ALik#k, AHF XTI H 877 & & BZRs & 18 891k
RAAEI B T Hhomk, RA AR BB R AR K RS 2 B R AT R GBI A E

X8 SR BZRAR; HEBK, ST H
Identification of BZR Genes and Its Association with Grain Traits in

Sorghum

ZHAO Juanying®, L1 Jinbiao?, LI Haoxiang?, WANG Huiyan®, ZHANG Xiaojuan®, FAN Xingi!, LIANG Du?,
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Abstract: Brassinosteroids (BR) are class of important hormones in plants, which play a role in regulating plant growth and
development and resisting various environmental stresses. BZR transcription factors are key regulatory factors in the BR signaling
pathway and transmit BRs signals by regulating the expression of target genes. To further study the biological characteristics and
functions of BZR genes in sorghum, this study identified 10 BZR genes from the sorghum genome, which were divided into four
groups. The tissue-specific expression analysis showed that SbBZR3, ShBZR4, and SbBZR10 are highly expressed in multiple tissues as

well as have high expression levels during the grain development process. Meanwhile, based on the resequencing results and grain
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phenotype data of 340 sorghum germplasm resources, the superior alleles of SbBZRs were identified. The results showed that the
superior alleles ShBZR3-SNP458 (T) was significantly associated with grain length, and SbBZR10-SNP660 (A) was significantly
associated with grain length, grain width and 1000-grain weight. Both SbBZR3-SNP458 (T) and ShBZR10-SNP660 (A) were
artificially selected during the evolutionary process. This study not only lays a foundation for revealing the action mechanism of BZR
genes in sorghum, but also provides a reference for using excellent alleles to improve grain size and promote the creation of new
sorghum seeds with high yield.

Key words: sorghum; BZR genes; grain trait; allelic variation

3 (Sorghum bicolor (L.) Moench) {EH S 58 L RRB AR, #dsDi &R, BAPLRIEE
LS. BEE ERPE AR A D S v A B R R P o LU A RIS, H AT e R A e b B T A T R
TR LNX Sl PR B, PR E RS TR . SRR TR AN, R T, EEL. F
ol E 2 EARE, Fit, Rem R e M EE B AR, R RIS RATT R A REE
FERLR/NERZRAEY) - BB KR —, AT CAE KRRV S R B T I PR RN 5 A
(41, Sl 42 R R A AR B R R, IR e R R SR R, BB AR TEM . RaE
G B BE Bl

JSEFRANEE (BR, brassinosteroids) & fEfEM) R BLK —Fh S B SRR, [ IZFE TR BT
ZEAIH R, SRR A KO B ARSI S M R, LR R A . I e, kLR
B M THR L RGUR . W W EiR g R R E AR PO, BRs {55l FUIRER T Z 4 BRIL

(Brassinosteroid insensitive 1) fil BAK1(BRI1 associated protein kinase 1) /#%/1, BRI1 5 BSU1(BR-suppressor
1) BEEREEAH EARF, JRME BSUL BERRAY, filk BIN2 (BR-insensitive 2) LER{L, Ji%1) BIN2 {24k
Wil 1L s[5 7 BZR1 (Brassinazole resistant 1) £l BES1 (BRI1-EMS-Suppressor 1) 7EZH A% H AR &, 3k
4% BR $LIERFRIAPM, BRs A& AR 5 1l 2 B R IFFRLR B IS G, W/ E BR SRR
ARk Tad1l FPFFRLFCEFAE TR, JKAG OsGSK2 it Ik 5 HUkF AR /N AR08,

BZR ek [A 7 BRs 5 5t i v A EL BT A, 1 N 3 A% 5E G045 5 7 91 (NLS) . LR 57 1) DNA
45455 BESI_N. £ MBERRIAL A PTST FF41 [ C g ML i), v 22 S MR WERR 1L AL s T B BIN2
WU IFBERRALES, BESLN 45 M3 n] DURF 5 1 45 & Rl 26 [R5 21 7 [X B9 E-box (CANNTG) i BRRE

(CGTGT/CG) Juft, #EiMmif#E BRs WA K 5iA1T]. BZRs /2 BRs 5 5 @R EHERH T, £
SHWAKKE LR ppa rm 08, SlE T BZR kB ABEH3 AT LLHYT E3 V2 3 IE R L
ARZF1 &L, 2 5IEIM T 2SS, ABA il BR MR, AtBES1 5 RD26 HAF, il i iHk4)

PUEER, /NEZ TaBZR2 B #2454 TaGSTL JE 3 T IX [ E-box JoF, & TaGST1 ik, Hmtadim 5k
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(1, Jehh, BZRs WE M RIK Bl fE R EEEM . MR, KRG BESU/BZRI ilid 5 2C-1 &
IR PP2C-1 AHEAER, fRHEAFRIR BRA, JKA BESU/BZRL [l ()3 2R IA REWS 4 kP Fir b 43 AR 21,
e\, £k ZmBES1/BZR1-5 SR (G 11 W3 ZmCKIIp4 ML EH ZmFdx2 HAE, iEidss
AP2/EREBP [ 5 2 ¥ ye M Il e s, IE ATk R/, i ik /2 TabHLH489 F:EUFFHLAL
i, TRIEPFEC, 1M TaBZRL o] L] TabHLH489 (i, bk &2,
H T BZR K 74£ BRs {5 5@k A KK BT RIEL F EE T 6E, BZR LR FIREE . )
BERTIE SN T & 32 0. HT, BZR B 7 IR CAEME T KRG, FoK. a2, se M5
SR P %P2, HEE TS S T R BZR SRR S A R0, (H iRk BZR S IR A 45K
NEIRIT TR AR WARE o AT FE0 s % BZR ZR A HEAT 1 B4 €, Kl 17 SbBZRs 7 BR AL A = AN
MY KB IN I #IL, JExF SbBZR3 1 ShBZR10 1) H AR SR KL TE A TR EH kAT 1Rk, N
e A RE KN MR B8 A 2 R K P A s B R B T 25
1 MRS 55
1.1 YR R AL TR
7B A RN/ NA N PSR O W R L R o | 1 = R A N R W RS LY N
AEE. RELEFAKK SRR, 2=, . 28 M, DUEITENR 5. 10 A1 15 REHRL, R R )G TR1F

TF-80°CUKH, FFIHERMHALUF RIS s, H 0.5 pmol/L BR X A A5 == 1E 7 A K 79 i i v 42
WG IEATACEE, 3R TAEERS 0. 0.5, 1. 2. 3. 6. 12. 24 h BUKE, W EUE GG 1RAE T-80°CUK4H 45 H -

I
=

12 5RBZREFLTE
M Phytozome Chttps://phytozome-next.jgi.doe.gov/) %k 2 #im 9288 1 (Sorghum bicolor v3.1.1) 7%
SRRSO, HRAE AR IS (40l T KRR K 1 BZR & 17 4145 K527, o i e 28 19 /5 91 EAT A i BLAST
( E-value<le®), Z B EE F 4 5, 4 CDD ( https://www.nchi.nim.nih.gov/cdd ) A1 SMART
(http://smart.embl-heidelberg.de/) 7£2k T H Mgk 7 AT e,  MHIBRAEL7 BES1_N S5 H s &5 7 41
HA BESLN EELAMEMWEDN &R BZR Kk, AT — 2 58. £/ ExPASy
(https://web.expasy.org/protparam/) i Titill SbBZRs £ [ 55 L s (pD AR F 43 F 2 (Mw), 4R #% SbBZRs
BETRITE o QR gL i A b )7 B0 AT i 44
1.3 RGHU

i) Clustal X #AExt e, BImTr KRG NEREKK) BZRs & AT 2 HEHILLXT 00, FEFIH
BRASRIETE MEGAT Hi i K40, bootstrap {8 155 v 1,000.
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L4 REFEMRER LML S

f£ Phytozome #i# e th & k5 BZR JEAIFE M @A R S ik ERAZ EAE S, M MCScanX #ft 73 #r
SbBZRs 7E S A N A BR E S AR IR F 0, A M8 SR TT . AKAE . oK i J: (A 2 1]
SIS R, Gl AR Fih ] BZR JE R 1 L2 1156 PR $ci , B H TBtools 2R AT X 3Lk v 25 SLgEAT Pl ALY,
FFAR A e A i B S BAE A N L2tk 45 R I8 P g AL ShBZRs 4] .

1.5 2 RNA f2EUR R EE PCR

F IR RNA P SRBGRAT & (b 2 E B A YRR R A R RIS SRR K BR it
HLE 0 8 RNA,  BART772 LG Ui B 45 . 48 H EasyScript First-Strand cDNA Synthesis SuperMix <
el & b NS EARB M AR AR A mEm#RE RNA k453 cDNA. R4l SbBZRs £:X 74
Wit 7t E® PCR (qRT-PCR) 5% (% 1), LL SbEIF4a (Sobic.004G039400) AN ZJLA, i TransStart
Top Green gPCR SuperMix 5|5 (bt &NEEMHE ARG ERAF) 78 ABIT500 7% )€ & PCR 4 H 58
AT . AN RN BCE 3 IREE, fIH] 20 AT RN Rk & .
& 1 SF ShBZRs HEEZLEEWMFTASIMIESR

Table 1 The primes were used in gRT-PCR of ShBZRs

ElE7Ep ERFH (5-3) REFH (5-30

Primer name Forward sequence (5'-3") Reverse sequence (5’-3")
ShBZR1 ACAACATGTCCCACTCCGAC ATATCTGCAACCCCGTCAGC
ShBZR2 TACTCCCAGACGTTGGTAGATCA AGCATTTAGCACCTGCCATACT
SbBZR3 GGCGTCATCCAGCTTCCC GAGACCGCGAAGAAGGGG
SbBZR4 AGCCCTACTTCCTCCTCATTCC TGGTTGCTTCGTCCCAGTCT
ShBZR6 ACTCCTCGGAAGTATGAATGGTC CAGTGCTGATTGCCGTAAATG
SbBZR7 TTCTCCTTCCAGACCTCCACC TCCTCGTCGGCGTTCTTCT
SbBZR9 TGCTTCTGCCTGGATGCTC TCGTCGGTGTTCTTGTCGTT
SbBZR10 ATCTGCTGGTCCTTCATCTCC CACTCCTCGTGTATCCGTTCC

16 BEFNTREE

I ATHIAC SE AL 340 A7 i SRR BT BE U AR E A, X v G M R B L RO R e R 5
TR AT U LA RS H B E A MR, A 318 4 B UM IR E &R 231 4, fRIF R 87 1),
22 iy Al EEORIETILTE. A BRI, AR T WL SRR X, PURSEHE.
EIRE. ik indiin . ORAI AR E K. AT FUAR o Sl et A6 PilotEdit 32 HL SbBZRs % KT 7E [X
B HIRA S5 2, 28T SbBZRs ZEA AL AL A, FFARIEAL AL 5 22 57K SbBZRs 73 AR HfE R, 45

£ 340 1 E RPN R YRLE AT (2022 A1 2023 ZE . 2023 130 kK. kg Tk BT 45 5,
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% SbBZRs ik PR A [ri) S5 i A8 57 43 3 7E 3K L8 44 Kk b BT o5 LU B EAT Ge vk 40 BT Huds 4 BT R Excel 2016 il
GraphPad Prism 5 3 fE5¢ i, FH48 ] SPSS 20.0 B E ittt 17 2 7 BB v
1.7 KBS

K HH 340 4y Mot SR I BEAR S5 A5 B DA SR K RLSE A TR Geih 25 3, 454 ShBZRs JE A 145 A
AR A5, FIF TASSEL 5 BE I — MR MERR R X SbBZRs HE [ [ 45 (0 A48 S Sk F IR HEAT SCE /04T, HRAE
P A/INFE IS (P<0.05 AREA, P<0.01 MR EHZ.

2 ZER55H

2.1 SR BIR RiEEELETE

ARSI KRR K BZR B AFPF, X @R A e AT e A Lexs, I nHeak & 1 e 51247 D g
BRI, MRS BESLN Z5 RS 7 41, s 2815 e SRk R 4 b 5 78 3RS 10 /N BES1_N 25 Mt A
DR, ARAEX LLRE D 7E m 4 10 s gu ik BINAL B (S B HAr 4404 SbBZR1-SbBZR10 (3 2), X LLJE[K]
W8 A RAMEEIRRZE S, Hrh i/ geS 191 N AR (SbBZR5), K4 717 Mz (SbBZR6).
Xof X $e A BRI 5T 23 A A3, SbBZRs 1173 1 AR K [y 20.99 kDa( ShBZR5 )3 80.40 kDa(ShBZR6),
ZLEHL N AE 4.75 (SbBZR2) % 10.62 (SbBZR7) 2],
*2 BRBRREEREAESR

Table 2 Description of BZR genes in sorghum

IR T

s RN HHE S Bt fk SR, Retafir B (bp)
(aa) (kDa)

Number Gene name Sequence ID Chr Length Mw PI Chr location
1 SbBZR1 Sobic.001G511400 1 413 41.81 6.00 77886569~77891227 -
2 SbBZR2 Sobic.002G136200 2 597 66.99 4.75 20562012~20574672 +
3 SbBZR3 Sobic.002G353200 2 337 35.26 8.83 71635213~71637226 -
4 SbBZR4 Sobic.003G026300 3 349 36.55 8.61 2228808~2231971 +
5 SbBZR5 Sobic.003G046600 3 191 20.99 9.25 4267646~4268762 +
6 SbBZR6 Sobic.004G027800 4 717 80.40 7.94 2235984~2242049 +
7 SbBZR7 Sobic.004G102500 4 400 40.78 10.62 9584880~9586747 -
8 SbBZR8 Sobic.004G102600 4 276 28.33 10.34 9610539~9611889 -
9 SbBZR9 Sobic.004G102700 4 376 38.98 10.54 9632194~9633870 -
10 SbBZR10 Sobic.010G163900 10 357 37.65 8.08 48237054~48240678 +

+ATR IR P I i AL AL R IR I N 5 -3on 26 B8 e 1A e S PR A b R O A

+ indicates the gene sequence is inserted in forward in the sorghum genome; - indicates that the gene sequence is inserted in reverse in the sorghum genome
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2.2 BZR ERRGH LT

N THESE BZR HERFIHE LR, X 10 ME% BZR H . 8 MUHTIF BZR & A 6 1~/KFE BZR &A-
11 M EAK BZR HH & 20 )% BZR EHFFHIAT KRG HE T (B D MRIERG R R, X 55 N
BZR & %I4 M 4 41, Class I-Class IV 43 A5 12, 12, 13 A1 18 Mk it, HA 4t BZRs £ Class 111 714y
il % . UG RER, SEEREXRBERZR T HEY IR, HOOEKEE, Fa1 SbBZR6. ZmBZR1-5
M1 OSBZR3, 125 £k 5k 2 fieidk ) /e X1 A V) AUh s

El1 &R (sh). BETT (AU KFE (09). EXK (Zm) Fhzk (Ta) B BZR ERRFHEMTHT
Fig. 1 Phylogenetic analysis of BZR proteins in sorghum (Sb), Arabidopsis (At), rice (Os), maize (Zm) and wheat (Ta)
2.3 @R BZR EEMRBEHRS I RILL DI
M Phytozome %4 e b 214k =i 4 BZR B KIEA R gt ik BRI EAE R, Xt BZR ZERIREAT Jetoif g
fir (K 2). SbBZRs H[F /M AifE e 6 s etk b, Horh 4 Stufk bt ®, W 4 MEE, 2 5A0
3 TRtk BRI 2 NMER, 1510 SY R B 1 ANER], ARG OARRIG IR BZR ZORAUR,
W] BZR FERE s R Y ik LR A SI A -
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2 B3R BZR REREKNTHREEEHHH
Fig. 2 Chromosomes distribution and gene duplication of BZR genes in sorghum

58 TR A2 o) < R R R e A R e I R DR, 468 i B SRR R G ST 1 1221 e R B3R BZRs
FEZ AR ZHIFM (B 2), GRERIE 5 NMERS HREEGH], 75500 3 /4 Bt 5 5 K% ShBZR4
H1 SbBZR7.SbBZR4 i1 SbBZR10,ShBZR7 #1 ShBZR10, A J¢ 1 ™ H3 1k # & KK %} SbBZR7.ShBZR8 #I ShBZR9,
it 5 9 SbBZRs XA iR 1) 50%, W] Jr By AR I 522 3 3 m 4 SbBZRs A& K41 1 3= Z A

NTRE— D BZR FEERER R, AT S AR (R SRR D A
AT HAEY) OKFBREAKD Z3 BT T30, Wil 3 fos, &-EoK. @ R-KE. mR-m It
M-8 BZR £ p IAFAE 12, 13, 2 F1 5 ANEVEFERDS, X8 7 A BA 10 M EoKEER L 7
A EREE AN T AKREEEE L 1A R L AR TR 3 A R A 3 AN AR, Srih i
71N e G- 7R s oK B[R] 5 3 BT 0SB v E-400 g /78 i )[RV RS R0 22, 15 B BZR i PRI E B 1 A ) 2 ) B 2%
GRZHIT. ML, SbBZR4A Al ShBZR1O 7EHAth 4 MAh I fFAEILLIL A, AR Py A HE R AT e AE Ak i
PR RS F] o
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B3 &R, EK. KiE, BETTFEN BZR EFE LM S
Fig. 3 Synteny analysis of BZR gene among sorghum, maize, rice, Arabidopsis, and tomato

2.4 SbBZRs #£ BR &L3E T HIFRIA 4

BZRs #:[H {0y BRs 5 542 oG s F T2 X, fEAEYM N BR IR h A E EETRE. N T IRR
i BZR JE 2 T 077 BRs {5 588 R EME AT, ABF AR T SbBZRs 77515 BR ALJE g (1 B (12 4).
qRT-PCR 45 R 7R, £ %1 SbBZRs Z:[A5Z BR #5731k, M SbBZR4 1 SbBZR7 4 BR i 3 i & Lk,
SbBZR4 7 BR AbFE)5 3 h KL EILFE(E (3.9 f%5), SbBZR7 7EALFEN 6 h Fik &k Bikm (33 ). m
BZR ZMRM A AE BR LB T A 22 7 R IK T RE 32 K Th RE TU AR RE T o
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4 SR BZR FKiEEE X BR HME
Fig. 4 Expression level of SbBZRs genes under BR treatments
2.5 ShBZRs fE &R N EHA K IFRL A B TR HIR) R IA1E
FRTERA A H AR K B I W2 e RA T Oy S e R D Re e it 2% . O 7Rl BZR Stk
Bl = %A F A b R &, AR E L MNS R D e E RN HA KR E
Chttp://structuralbiology.cau.edu.cn/sorghum/pattern.php) 452 1 6 4™ = 5820 21 1) RNA-seq £i#iE (GSE50464)
B3, g REOR, 7EMR. 22, IR, B L e AR A SRR R LR IS 7 A SbBZRs JE [ R IA (K 5),
Frfr SbBZR1. SbBZR6. SbBZR7 1 ShBZRO 7 i A7 4 i AN FRIA BB BRI, SHBZR3 7E7E 7740 A 2H 41
MLy A PRy e ik, SbBZR4 F1 SbBZR10 AMYAEE TR 70 AAHLIIE 73 AR H L h i 3Ris, fERP AR
ik, 1fi R4 SbBZR4 fE4EHFRIE .
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5 &R BZR RIEHRMBLRIEAE
Fig. 5 Heat map of expression profiles of SbBZRs genes in different tissues

N T BE— D E SbBZRs KA Z L K B I I IA T, AHE 5T H H] qRT-PCR BOARKG M T SbBZRS 1 i #EAR
LML AEL ME, BLUEIFIESS 5. 104 15 RAFRIHRIE (K] 6). BRoRKLIE] SbBZR5 H1 SbBZR8 )41k
&b, H4x SbBZRs £ 8 MHLIH 2 F ik, qRT-PCR 455 r, SbBZR1. SbBZR2 Fll SoBZR7 1 il ZH 21
Hf#RIL =K, SbBZR3. SbBZR4 #l ShBZR10 7EZ MAZIh Rk, HINERRIK F I HEH 1) RIS B
XL BIGIE T RNA-seq 45 R (T 5E¢E. Hi4h, SbBZR6 i1 SbBZRO fEMH b5 Fik. HHE= % BZR X
WRSE IR AR 2 S R0, AR S I [N ] G652 2 Rl SUR ML A 7, R ARNAER TSRS R
FEVERT .

Seed 5 DAP: #Z¥1)5 5 KFfki; Seed 10 DAP: #Z¥3/5 10 K¥Fhi; Seed 15 DAP: #2435 15 RAFHL
Seed 5 DAP: Seeds of 5 days after pollination; Seed 10 DAP: Seeds of 10 days after pollination; Seed 15 DAP: Seeds of 15 days after pollination

6 BZR RIGEREESRAEHAR KX FHHANRIEA
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Fig. 6 Expression level of BZR genes in different tissues and development stages of sorghum
2.6 SbBZR3, ShBZR4 F1 SbBZR10 HE M T F 4 4

A LIELE R, AW 5Pkt SbBZR3. SbBZR4 Al ShBZR10 =MK% e Hofl & 28 5 . #6F 340
1 v b R W R I S P 4dls . X SbBZR3. SbBZR4 Al SbBZR10 HEAT HLA5H odr (B 7), L5 ER, X =
NEERIIAEE SN AL 5, Hoh SbBZR3 Al ShBZRA &4 1 MNMEFAL AL, 4 AR LG . 5B LRI LL,
SbBZR3 [#) 55 458 ML (SNP458) 1 T 845 A G, SbBZR3-Hapl () HI IR s, N EEH{%AL, SbBZR4
[R5 1751 Mgk (SNP1751) 1 A R75 N C, ShBZR4-Hap2 N Hif A, SbBZR10 fE1E 4 NS RN A,
P ER 311 AL (SNP3LLH T RAEH G, 5 348 AMidi (SNP348) H T AN C, & 660 Mtk (SNP660)
B A AR C LLER 2662 Mgt (SNP2662) Hi A 58458 G, HRHFIX LR 547 15, K¢ SbBZR10 434 5 Fi

FLfEARL, SbBZR10-Hapd AR e sy, N E B,

7 SbBZR3 (A). SbBZR4 (B) #1ShBZR10 (C) HIEMZER N
Fig. 7 Natural variation analysis of SbBZR3 (A), SbBZR4 (B) and SbBZR10 (C)
2.7 ShBZRs HF(L T = SAFRIMEIR K BX S 4R
SIS FE AT BAXS 340 {3 m SRR TR YRS AN IAEE R (2022 AR AL 2023 AR EH L 2023 dado ki, kg AT
WL AT ST TR I, 2022 R FRCK AR G HI7E 3.22~5.36 mm 2], KI%ifE 2.60~4.27 mm Z[f],

TRLHEAE 12.90~40.39 g 2 8], HABPAIAEE MRS R TEA TR E A R a5 2022 AR AL, HIYRIES
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AT (RRF). NT%E SOBZRs MR G S H5IRIEHRIRE, AW 340 4 GoR 5 7 I KR kLT
KRG Hdfs, 535 % SbBZR3. SbBZR4 Fl ShBZR10 R A A7 st S FRLIEARBEAT KR 04T (R 3D &5
7R, SbBZR3-SNP458 S K AL =N BEM K, SHEA - PMHBEPEZEMC; ShbBZR10-SNP660
ki R 55 FT-REE A = AN IR Hh 4 55 25 AH 96 ; SbBZR4-SNP1751 % SbBZR10 [ 4% 3 AN F8 457 s SNP311+
SNP348. SNP2662 Shitc. HLFeA TR B AMIE, KB SbBZR3 %5 458 Mgt Al SbBZR10 % 660 >
PR 1) SR8 53 SR RLR /INH K 6

7 3 SbBZRs HEEMF ML F SFFRFRE KK

Table 3 Association analysis of ShBZRs alleles and grain phenotype

Rl SbBZR3-SNP458 SbBZR4-SNP1751 SbBZR10-SNP311
N5
Environment P GL K% GW  FRIE TKW | RiK GL  fi%E GW  FHiE TKW | KK GL  #i% GW TR E TKW
(P-value) (P-value) (P-value) (P-value) (P-value) (P-value) (P-value)  (P-value) (P-value)
2022 7x
RE . 0.00098**  0.05777 0.62018 0.54706 0.56323 0.95023 0.41734 0.76019 0.75157
2022 Dongbai
2023 iz ¥
0.00132**  0.03949* 0.80204 0.24692 0.76431 0.91748 0.48803 0.5301 0.83634
2023 Yuncheng
2023 R
. 0.01184* 0.19217 0.59287 0.70159 0.80346 0.55609 0.29386 0.76323 0.66457
2023 Dongbai
Rl SbBZR10-SNP348 SbBZR10-SNP660 ShBZR10-SNP2662
Env?mnmem kit GL Ri%E GW  FRIE TKW | R GL  Ri%EGW  FTHE TKW | KK GL  Ri%E GW  THRE TKW
(P-value)  (P-value) (P-value) (P-value) (P-value) (P-value) (P-value)  (P-value) (P-value)
2022 7R
A . 0.41734 0.76019 0.75157 0.00144**  0.00383** 0.0033** 0.93514 0.89261 0.76837
2022 Dongbai
2023 iz
0.48803 0.5301 0.83634 0.00404**  0.00906** 0.00818** 0.1682 0.22856 0.75111
2023 Yuncheng
2023 RH
. 0.29386 0.76323 0.66457 0.00132**  0.00027** 0.00173** 0.41202 0.37284 0.82488
2023 Dongbai

GL: Hif: GW: FifE; TKW: THIf; *Fl**/3jIFRRAE P<0.05 Fl P<0.01 /KF N EA REMEZER
GL: Grain length; GW: Grain width; TKW: 1000-grain weight; * and ** indicated significant difference at P<0.05 and P<0.01 levels, respectively
ik — 5%} ShBZR3 1 SbBZR10 7E 3 ANIALE H AN [F] B A5 B HEATFF LR AL 4041, I SbBZR3-Hapl FjHiL
KA T-or 5 45 5 2 7 T SbBZR3-Hap2 (/& 8), ifij SoBZR3-Hapl 7£ 55 458 ML AL () H ARAZ F 2R AN T (1K
, %W SbBZR3-SNP458 (T) NAL &A1 AR 5, ShBZR3-Hapl AL HE A, FRRAIRIL, 1E N5
RiAF 5, SbBZR3-Hapl 7E H AREEAA TR T 5 LU A 88.2%, 1M SbBZR3-Hap2 fiT (5 LL iV A 11.8% (& 9), i
] SbBZR3-SNP458 (T) fE#HALI A2 25| 7 N Tik#¢. [FFE, HEr 4T ShBZR10 7£ 3 MIREE b 1) A [F] B
R kR R, K I SbBZR10-Hapl Al SbBZR10-Hap4 [k K . i 5 Ak 55 44 2 2 = T SbBZR10-Hap5
(K 8), 1% 660 MhsFtib, SbBZR10-Hapl A1 SbBZR10-Hap4d [ HRAEFHAM N A (K 7), £
SbBZR10-SNP660 (A) NI SEZAIAF 5, H SbBZR10-Hapl (23.1%) A1 SoBZR10-Hap4 (66.7%) 7E [ 4REE
A HR H B AT B I 5 T SbBZR10-Hap5 (8.3%) (& 9), 1iiBH SbBZR10-SNP660 (A) £ (b 72 Hh A i 2
7N Tk,
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*Fl* 03 IR IR P<0.05 Fll P<0.01 /K FEARFHEZ R ns RIRTE P<0.05 /KF N LR FH %R
*and ** indicated significant difference at P<0.05 and P<0.01 levels, respectively; ns indicated no significant difference at P<0.05 level

[#] 8 SbBZR3 (A) #1 ShBZR10 (B) ARIFNMLERM Bz BFRE MIKELE 517

Fig. 8 Phenotypic comparisons of different SbBZR3 (A) and SbBZR10 (B) alleles

9 SbBZR3 #1 ShBZR10 AN [E] A {F BU7E B AR EHA R AUSRE 76

Fig. 9 Frequency of different haplotypes of SbBZR3 and SbBZR10 in natural populations
3 1ig
BR & —MEEMHEYER, Z5EWERKKE LERYEPHEELMIdFE. BRs {55 @KU 2/
REFEDE, WEREMAE. ZRIEREN . R TRERSE, XERRMEAEM, @i —RIVRERRN, EHEY
X BR 5 i i BB BZRs & BRs 175 53 i i GBS A 1 R 7, 24 5 U5 BR (5 S (%345 BZRs
JG, WoE I BZRs 3l id 45 A FEEE R R B 7 RHE AL 4 i H AR EE B, BZRs # 7 AMYTE BRs (555

‘TR REDRE, 125 BR 5 ABA. GA R AN HAE RS, 2 miftI5In 4B 2 4 x5 % BZRs Kk

FDEAT 7RG, A58 B m R R A AEAE 9 > BZR SRR - AHEFE LI I+ KA K
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BZRs & (/75 NS, fERRsERA % K15 17 10 4> BZR A 73K, S IG5 N AT S,

BATF e —4 BZR [ Sobic.004G102600 (ShBZR8), /5 ShBZR7 (Sobic.004G102500) A1 ShBZR9
(Sobic.004G102700) ZH it o B 52 FE RN o PR S /e AR it Ao R bl 5 SCBE ), B B 24
SbBZRs Ztji% ji 51 M A7AE 2 A i B 5 & LK %+ (SbBZR4 1 SbBZR7 . ShBZR4 1 ShBZR10,ShBZR7 £l ShBZR10),
WL DR ) SR 9 BZR SR R i 1 1 S R A

FERTERAY A FA LR FR B B R IE AR, DAHGE B2 MO E [ AR 3 R AR SR
T BZR FURIERIFE AR 25 L A8 /M, DLEITAESS 5410 A1 15 R AR 3k, 45 R 87, SbBZR3,
SbBZR4 1 SbBZR10 7£ i 4 % M ZArh imy ik, A IX LR P AT REAE )2 (M AR BRAR B i A rh R #5 E BEAEH .
BZRs £y BRs {5 5 i 1 H 2 S N7, AUAERE Y ARl fE i R ThRE, 62 5 P21
ARR AR, 2013 4, Jiang SFEHESLHIFG IF BZRL 1] DAGE & — SRR /N S 5 B R (1 i 31, i i 4 )
XELSER ) FRIE, E#ES 5% BR M SRR E . B/ BZR JERIAFRR /N KT FEAR Gk 08 . KA
OsBZR1 Iid T Ah-1 & il FEpofi AL R e hn, R mKFE/™ &, OSBZR1 [MIRIRRAMAFRIAL AN, 7=
K21, F— P R, OsBZR1 1] LAE IS 454 DGSL K 5 8l T ¥#id DGSL [k, 1E AT /B,
XU AR BZR K S 5B RIK G, A7 K SbBZR3. ShBZR4 il ShBZR10 7E fa Gk Fi K & it
FErhmRik, N SbBZRs 7L AR L B i RIE I RE.

AT RSB EAAT R, EILTFENIME RS, AIIHED = AR Z R T T 3R EE
AFAF LR B AE N B, RN KSR AR DI A2 rp BT, Sl ST 340 47 b R W U
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Sfi s, H SbBZR3-SNP458 #ll ShBZR10-SNP660 5k i i Al T-RL BSR4 AL R 2 A O, it —20 0 #
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