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& EAROKRGARTRL ZEFRIUNXBEREZ— AL E A B IR ERKRE KRG ERGE =, KA41E B3
IFERMAT AT —ANEUREAR D309, ZREARBLES B AR R, RHESHTBT, d309 R TG EE ¢ —
Pt A R4, 5 B73 AR Z4ark, d309 R TAKEIN Y £ F ARG RS Fetig 4200 T 0], M a A, d309 RERAS 5
Fodh 6 ey mb KA R E R Y. BiEAE d309 5 PHEWC 8 Fo 2 & #4K, i ] BSR-Seq #4 K, KA1 HH R Tz .4
AL 35 g ARGy 3.47-17.47 Mb K ], #t— i@ KR 2B R B4z B AL T 5-4 F= 5-7 B 4FARIEZE], ZK A
RAH — AT AR, AR5 & 3- A 4LEs(gibberellin 3-oxidases, GA30x, Zm00001d039634), €.#%3kid % Dwarfl. 545 %
2, d309 % L4k Zm00001d039634 % [ CDS R A A EAMEFBRORE, FRALRFIIAE. FOREHAMNEN, %
R T4z EA4zF Fe(11)20GD(iron 2-oxoglutarate dioxygenase) & #) 3% M o ShiB TSR sEmFE F, KANMEKE d309 K R &L
FRFEWRE, Mk d309 A —AFEF A REIGE R TR, Hsbh, d309 B T A4kL iR 49 Dwarfl 545 % T ARE R T AL
# LA EE R, &9 d309 T A A Dwarfl & B e — A4 AR,
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Gene Mapping and Genetic Analysis of the Dwarf Mutant d309 in

Maize
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Abstract: Plant height is one of the key factors determining yield and stability in maize. This research aims to increase the
individual yield of maize by optimizing the plant architecture. We have discovered a dwarf mutant, d309, in the mutagenized material
of the maize variety B73, and was stably inherited through continuous selfing. Genetic analysis revealed that the phenotype of the
d309 mutant is controlled by a single recessive gene. When compared to the B73 inbred line, the d309 mutant exhibited a significantly
reduced plant height and shortened internodes. Cytological studies indicated that the cell length between the 5th and 6th internodes of
the d309 mutant was significantly reduced. By constructing an F2 population from the cross of d309 and PH6WC and employing
BSR-Seq technology, we preliminarily mapped the mutation site to an interval of 3.47 to 17.47 Mb on chromosome 3. Further gene
mapping localized the mutation site between two molecular markers, 5-4 and 5-7, within which there is only one open reading frame
encoding gibberellin 3-oxidases (GA30x, Zm00001d039634), which has been reported as Dwarfl. Sequencing results showed that the
d309 mutant has a single nucleotide mutation in the CDS region of the Zm00001d039634 gene, leading to an amino acid sequence
change. Protein structure prediction suggested that the mutation site is located within the Fe(l11)20GD (iron 2-oxoglutarate
dioxygenase) domain. Exogenous application of gibberellin restored the dwarf phenotype of the d309 mutant, confirming it as a
gibberellin synthesis-deficient mutant. Additionally, the d309 mutant differs from the reported Dwarfl allelic mutants in its mutation
mechanism, indicating that d309 is a new allelic variant of the Dwarfl gene.
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synthase, KS). 7~2:MHFR & B (kaurene oxidase, KO). 778 B A (gibberellin 20-oxidase, GA20-oxidase)
AR -FULBEE 2 FEEHEIL B2, GA3ox fENZFVETE GA G RGN HERY, HmmEASH
20G-FellOxy 11 DIOXN P55 45 #9180, CRISPR/Cas9 $iAH T4 # Osgalox2 FE[H, 77 A5 A%
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et EFE5R0A. Fel20G XUMEREZ SR 2 LM R PSR, WM MG, RER. H RS-V E
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AR, BEEmEEM AR R, R E A MBI R T KBS FARc. PR THRICH
AT S AT RN, A BT B RN R R R T RE AR LA, A DGR 8k £ 5 R A bl
TAERREEEE R . AWFRRIE T — R i FRB AR IR d309, it FHm M % i . L o R By v
W, FRATHEDN T AT RER Dwarfl BRI —ANBr A AL k. %t Dwarfl 2 (A A REIL GRS 1 FRIAAEURIZE )
ARSEHEAT T 40T, RERIRILEE 308 MLEERRTE L MEY thE AR, HEAL RS TR A A
FEAA . XL RIUANON FRIBFT R AN B AL T F ST s L VR, ONIRNER R AR R R 1 £ 57 S A
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1. MR5RE
1.1 sEEMHR

d309 S S5 == R HIM B73 MM R IR R R AR, AAHRMBILER, 2d2RATER
R RITT LLRASE B4 . A SEI6 LURILZE AR 1A d309 B K 22 & PHBWC 1EANSEARZA 4 F b7, 48



A P B
1.2 ETEHAARSEUR

R HE] R oK B 22 & B73 ML S84 d309 A %2 6 JE I, HUEE 5. 6 11 (IR I 7E[H & Wi+ (50% £ BE 89
mL. Hil 1 mL. JKESER 5 mL. f8/REGHk 5 mLIRS AL, #%4CRE. M 3%MEismaii)E, Mg
%) B (LeicaVT1000s) )i 45 nm A, 0.05% AR Gth 15 s, #aiKiEse, MEMMpEESIE
R AR T V5 0.28 mm? IEIAR Y AR H L SRL T AR R LA B H RS A SR IR AR O1S T
B R) . MMV, AR R DL A N A H , 3 IRE RIS,

1.3 BSR-Seq #1E 1L

St Fo 3 B E A P SR AR AR BT A RO AR AT S5 e L, AN TR 55 30 AMRRAR . BREUHTT Wk Ak
Jr 8 RNACRARAE RS A 7] RNA POdRBUR I &) 5, B 2 i Rk 5 R RHA IR A 7 #E1T cDNA SCRE R g
FEE LA F, I F-F& 148 H Ilumina Nova Seq 6000, 7 5% A XU 150 bp(pair-end 150, PE150). %%
2L 55000 43T 1 56 ] BRI 307 M) 7K 27501 = 5 5043 A AR A 3 AR 1) 40 W7y 12 e L,

1.4 d309 [EL 72 pE K [X 8] P & i B E] 434

PHBWC X d309 F, 75 B 1A 48 52 1] 1,347 PREA AR, H] CTAB 4R HUE K /4144 DNA, PCR
KL 75 BN 2>Es Taq MasterMix(Dye) Fli e %% 2 ><3G Taq Master Mix for PAGE, SSR #5ic. 2 [t Maize(GDB)
(https://maizegdb.org/) F1L 5 = I A ARIC, 51904 BRI DNA I i B A TAEMA R A A b 4 35 il 18
i 5 R v e K R R R S ) T A D 0 X 1) B A A, @ 3 B ik InDel bR A2 (primer3
https://bioinfo.ut.ee/primer3-0.4.0/)if — 45 /NX [H] . FIH Maize(GDB)r#% ik [X [8] Y F: K], 4 HE R Dy e,
BEAT B PR 7 B4 38 - 4R R AR £
15 SMNEFREBRLIE

RHFEE K H 2R B73 MR R AL (& d309, #EAT /75 3R (GA)BHIT IR, /A8 RIKE 50 mo/L, %iX
B 3ANMEYEEEE, N 6 TR, fEERE 7d BEAT — R RAC T, B, 7E ORI A
L RIS
1.6 RHEE PCR(QRT-PCR)

F primer3 i X (] P4 2E R 1) QRT-PCR 455504514, PCR F=#K & 150-300 bp, 4> A HE 4 28 Al
FEARIT S RNA (CRIRIEY RNA SHUR A &) I #E4T S e 53 (RIR S s ik 77 &) 13 3 cDNA,  i#E47
qRT-PCR, & E 3 ANMEWFESE, KA 27T L 5 R AR X Rk &

1.7 BRGSHEETN

M NCBI(https:/www.ncbi.nlm.nih.gov/) 8 P %k £k Dwarfl J& R 75 2 AN o (1 [ R 2 518 7 41,

FIH InterPro 45 % (https://www.ebi.ac.uk/interpro/) i T %% 1 [RIJ8 5133847 8 (A 45 /3 1« R A MAGE7



THMBRGREN, LALLE d309 RAMEEER T 55 HAEY 7512 [0 (UM, 3@id Phyre2 SF&

Chttp://www.sbg.bio.ic.ac.uk/phyre2) %57 B bR A B = 4ERER,  F£40 4T D309 F8A48 % 8 A 45 M B 7E 52
2. HBRESH
2.1 RBEEFEFEESH

5 B73 AHLL, LR d309 R B RMRIBCRHE, OFEARN T, BRIk A

JRI A BB 2 (1 53 BEEL (B 1AL B). HITRIER R B, B73 I-F3#k =207 224 cm, 1fi d309 [#)-F- 31k =i 145
cm, XEIRE d309 ARk mAH ELEF AR B73 2 AR 172 35% (&1 1C). Hi T~ T KPR iy 12 252 Hy 45 W) 2 H AN
WA RGE, NIRF TR d309 M BRI H, FRAT B73 F1 d309 A2 M 25 FF 1y 2715 HIORI 4% 15 [A] &
JEREAT MRG0 Hr, S5 5RFR W] d309 5 1A% H A W 2424k, 5 NI-N11 215 )< 2 5 B B 4 46 (K 1D
E). ixuesi i, d309 TARRM i AR F T4 1A 45 G B o

A. B:B73 1 d309 #EH KA AK, F5R=10 cm; C: B73 F1 d309 (k= L4, n=30, **FIRTE 0.01 /K F-% 5 8%, D: WAL 555 B73 Fil d309 A[F)



A PR, N ARER TR A 38 —1918); E: B73 Il d309 #AHIZEYY, #7/X=10 cm.
A, B: plants of B73 and d309 at filling stage, Bar=10 cm; C: comparison of plant height between B73 and d309, n=30 , **: significant difference at P< 0.01; D:
From left to right, the comparison of different internode lengths between B73 and d309, N1 represents the first section from the ground up ; E:maturity node of

B73 and d309, Bar=10 cm.

1 B73 FNRZHK d309 IRE D47
Fig. 1 Phenotypic Analysis of B73 and mutant d309

d309 5 PHBWC 5574 Fr, BEAJEFAE4) 7600 Pk Fo 20 B EEAR, Giit40 A K0 IE 3 M AR 5 B AL A Pk
FIEEBIZIT 3: 1 (% 1), R B d309 FRARKIRALNEIR 32— [k B DR 42 1

* 1 BURTERREESBLSIHR

Table 1 Statistical table of segregation ratio of dwarf mutant F, population

KU IEHR (# RABLH (B S L P fE
Data source Wild type (strain) Mutant type (strain) Segregation ratio p-value
19SG-1 217 58 31 0.134
19SG-2 241 74 3: 1 0.573
19SG-3 161 46 3: 1 0.356
19SG-4 223 71 3: 1 0.736
19SG-5 194 51 3: 1 0.130
19SG-6 182 52 3: 1 0.326
19SG-7 161 46 3: 1 0.356
19SG-8 182 52 3: 1 0.326
19SG-9 168 52 3: 1 0.640
19SG-10 174 53 3: 1 0.565

Bl RIE T d309 X PHEWC =411 Fy Baf,
Note : The data were derived from the F; single ear produced by d309 <PH6WC.

2.2 EFEMBBFSLR

T IRNIRTTFE IR RAL 1 d309 Ak i BRI O R 3, RATIEEUAEK 6 JJS ) B73 Rk 5848 74k d309
%5 5. 6 WIRHEATRI M AHLRIMAY) b, SR I EIFR, K 2A. B s, 5 B73 #kL, d309
5 5 WIRBADIm L, BRI IHE SN AN, A NS AT, AR RO BONAREL IR, A%
Hdsb, 4o, MMM SIS R ER, BT3 MM S I MU B KI5 AR, S8 TP A7 Hh A ]
HEFI (B 2C), TRk 54k d309 [ 2B AT, RSB A B (B 2D).

BB I, BB SRR d309 5 5. 6 (RIS 40l AR 4y 0.0013 mm?. 0.0011 mm?, 354
FRT B73 AN T 4R s TR & B73 I8 d309, 28 5 5 [Al 4 pa i A48 K 126 6 451l 2E). &



I GETEERAAC FE A R H R AR, FRATTR I d309 RAZIAMIES 5. 6 TSP A A K AL
30.17um, 33.35um, HEFMLT B73, WIEE S5y 31.99% F1 37.78 % (Kl 2F). iX—KILEKH, 410

K RE IR 45 5 FT B 2 3 d309 MR AR AL I 73— KB R R

A. B:B73 f1d309 4K 6 Ji )55 5 WA ZEFFREY), #5R=250 pm; C. D: B73 #1.d309 4K 6 /545 5 FIaZEFF ), #5/N=250 pm; E: B73 A1 d309 2%
FRAEDIAM MO R LU F: B73 I d309 M VI AU K BE LU, **: RoR7E 0.01 K PEREZ.

A, B: Cross cut the 5th internode stem after 6 weeks of growth of B73 and d309, Bar=250 pum; C, D: longitudinal cutting of the 5th internode stem after 6 weeks
of growth of B73 and d309, Bar=250um; E: Comparison of cell area of B73 and d309 of crosscut stem; F: Comparison of cell length between B73 and d309; **:
significant difference at P< 0.01.

2 B73 MR d309 BIZET5 B4R SELR
Fig. 2 Morphological comparison of internode cells between B73 and mutant d309

2.3 BSR-Seq ¥ X D309 £ FEE L5 fE

FEFRITTH, FATX Fo 43 BEBFA R IE R ARAR MR AT T RBAE 5 %58, REUT A8 RNA
Ja s 43R T AR BRI SR R A R AR, T AT R SR A P o A P 2058 D307 5 VR SR il T B R
HRAEEEAS SNP 1E 275 B PR 4 b Wy B AL BR ok 2 | FOE R ] . 25 R 7R AE B73 % RN 3 S 4tk |
3.47-17.47 Mb (P>0.2) 4z B W 52 3 — MR35 0 e . W€ A A RAZ 1A H HI B K BT 72 X TR 9 14 Mb([&]

3).



B4~ SNP RS AARE S 5 JE R 21 i i 3 Ak b 2211 (P>0.2)
Translation: The linkage probability of each SNP is plotted based on the physical coordinates in the reference genome (P>0.2).
3 BSR-Seq ST HT4ER
Fig. 3 BSR-Seq analysis results

ST AL ISR, AW R FARc @i B IS . K R BER T S8 10 1347 HRRIL R
ARAE R RE G B AL RER, 7E maizeGDB ik 3 ‘5 Je i fk 3.47-17.47Mb 1 SNP A7 5i, MHEE] 29 Xf SSR
Frid. Zid RINIEMEIZ B Ik oA, FRAWAE 7 X AT ) SSR #51d: umcl425 Al 3-14.9, Hr 3-14.9
PRI BSIE D309 B[R BT o i — AR X A5 1 InDel bRic i ad, 3LBETE 79 %514, A ik 2 1-17 A 2-35,
W HARIX E) 45/ % 3.14 Mb. [X[A]45/N% 3.14 Mb. fESLIX [B] AL BT 53 %514, JEiEId InDel F5id 4-4 Al
4-18 ¥ [X )45 /N5 1.37 Mb. x4, FIFH 364-1 F1 637-1 Pt 70 Fhric ¥ 1X (a1 45 /N2 78.8 Kb, i%I[X 8] 45 P4
%1% % [K:Zm00001d039634. Zm00001d039635. Zm00001d039636 #1 Zm00001d039637. it 5-4 A 5-7 H5{5
e R 2 2 Zm00001d039634 (1 4, £ 2), iZE:F Cdidr 44 h Dwarfl, #migE K GA3ox & /iy, L&
H OG-FellOxy 1 DIOXN PR RS S Fa 3. 3 e 51} be & 3 d309 Hr Zm00001d039634 £ [l 2 =AM 41 i 1
A=A C BT BHIERA, HRmIBEERRH Pro 24 Leu(B 5A. B), AL rifE OG-FellOxy 25438 i (&

5C). KL, FATHEM D309 7 GE & —ANH i Dwarfl 547 5 A,



4 d309 REGEREENKE 3 L EF LABHAEN
Fig. 4 Fine Mapping of the d309 Mutant Gene on Chromosome 3 of Maize

*® 2 ARSI

Table 2 Primers used in this study

514 1Em 741 a2l
Primer Forward sequence (5'-3') Reverse sequence (5'-3')
umc1425 ATAGTCAAGCAGCCAACAAAATCC CTGTAATCGCTAACGGGGTAACAT
3-14.9 GGACCTCAAACTTGTCGATAAAT CATCACCACTCAGAATGTCAGTG
1-17 CTCAAACAGCCAAGCAAGC ATCTTCTCTCCGTGCTGTGT
2-3 CACGGGCAAGTTGGAATATGA TCCGGTACTTCTCATTTCTGTT
2-35 AGATAGTGGCGTCATGAACCA CGTAAAATGGATGTTTGGGTTCA
2-44 TGTACGTGCGAGAGAGTGAG CCGTCCTCCTCAACCATCTA
4-4 ATGACCCATGGCTCGCGT CGGCGATCACATCAACGG
4-18 AAGAGCTACACAACCCGGAA CGAGTGTTACAAAGTGGAGTGT
634-1 TGGAGAGAACAGGTCGATGG CCAGTTTCGAGGGTGTTGTC
637-1 CTGCTTTACCTGCTTTGCCA CCAGCTCCCAACTTGCATTA
5-4 CGACGACTACACCAGCTTCT GACCTGCTGCTGTACCTGTA
5-7 CCGAGATAGAGCAACGCAAC CTGCCTACCTACCCAGAGTG
411 CACGCCATGTACTTCTCTGC GACCTGCTGCTGTACCTGTA
412 CGACGACTACACCAGCTTCT TGAGGATGTGGAAGAGGTCG
413 CATGCATCTCAACTGGTGGG CGGCCCGTCATCTATATCGA
414 AACTAATTCCGTTCCGCAGC TCTCCACTGCTACTCACTGC




1431 1440 1450 1460 1470 1480 1490 1500 1510 1520 1530 1540 1550 1960
1 |

Zm00001d039634 CHGCCATRCCGGGLGCCTTCGTCGTCARCGTRGGCGACCTCTTCCACATCCTCACCARCGGCCGRTTCLACABCGTRTACCACCGCACCGTCGTEARCCRGGACE TCGACAGRATCTCGLTCGGCTACTT
B73 CGHGCCATGCCGOGEGCCTTCGTCGTCARCGTGGGCGACCTCTTCCACATCCTCACCARCGGCCGGTTCCACAGCGTETACCACCGCACCGTCGTEAACCAGGACE TCGACAGGATCTCGCTCGGCTACTT

4309 CGGUCGTGCCGGGCGCCTTCGTCETCARCGTEGGCEACCTCTTCCACATCCTCACCARCGGCCERTTCCACAECGTETACCACCECGCCGTCGTEARCCGEGACC TCGACAGEATCTCGCTCGGCTACTT

Consensus CBGCCGTGCCGGGLGCCTTCGTCGTCARCGTEGECGACCTCTTCCACATCCTCACCARCGGUCGGTTCCACAGCGTG TACCACCGCGCCGTCGTEAACCEGGACCTCGACAGEATCTCGLTCGECTACTT

1561 1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680 1690
1 |

Zm00001d039634 LCLTCGGCYCKCCHLCGCACGCCARGETEGCGLCGLTELGCEAGGLCGTRLCGLCCGLLLGELLCCCCLEGTACCGLGCOGTCACGTGGLCCCGAGTACATGGLLGTCCGCAAGRAGGLL T TCHCCACCGGL
B73 CCTCGRCHCECOGCCGCACGCCARGGTEGCGLCGCTRCGCRAGGLLGTRLLGLCLAGCLGRGLCLCLGLGTACCGCGCCGTCACGTRGCCCGAGTACATRGGCGTCCGCAAGRAGGCLTTCACCACLGGT

2309 CLTCGGCATRCCGCCGCACGCCARGGTEGCGLCGLTRLGCGAGGCERTRLLGLCCGGLLAGGLCCCCGLGTACCGCECCGTCACGTRGCCCGAGTACATRGGCGTCCGCARGAAGGCL TTCACCACCGGE

Consensus CCTCEGCHc§CCGCCGCACGCCARGGTEGCGCCGCTGLGCEAGGLCGTGLLGCCLGELCGGGLCCCCGCGTACCGCECCGTCACGTGGCCCGAGTACATEGGCGTCCGCARGAAGGCC T TCACCACCGGE

1691 1700 1710 1720 1730 1740 1750 1760 1720 1780 1790 1800 1810 1820

I |

Zm00001d039634 ECCTCCGCGLTCARGATGGTCGCCCTCECCGLCGCCGLCGACCTCGACGACGACGGCGACGCCGCCGTCGTCCATCAGCAGCAGCAGCTAGTCGTCTCGTCGTAGCCGAGACCGATCGCCGGAGACTGAT
B73 BLCTCCGCGCTCARGATGGTCGCCCTCECCGLCGOCECCGACCTCEACGACGACGGLGACGCCGLCGTCGTCCATCAGCAGCAGCAGCTAGTCGTCTCGTCGTAGCCGAGACC GATCGCCGGAGACTGAT

4309 GLCTCLGCGCTCARGATGGTCGCCCTCRCCGLCGCCRLCGACCTCGACGALGACEGCGALGCCGECATCGTCCATCAGCAGCAGCAGCTARTCGTCTCGTCGTAGCCGRAGACC GATCRCCGEAGACTGAT
Consensus BLCTCLGCGCTCARGATGGTCGCCCTCGCCGCCGCCGECGACCTCEACGACGACEGCGACGCCGLCGTLGTCCATCAGCAGCAGCAGCTABTCGTCTCRTCGTAGCCGAGACE GATCRCCGEAGACTGAT

365bp 120bp.

5'UTR 3UTR
ot -—._-

¢.1569C>T—p.Pro308Len

1 50 100 150 200 250 300 350 380

207 P30SL
| Oxoglu/Fe-dep_dioxygenase I
FE20G OXY

DIOX N
DIOX_N

20G-Fell Oxy
A: B73 FITRAL A d309 K745 S EL X452 B: Dwarfl ZE RS54 [z d309 RASNL k1, RKEIX Iy Dwarfl Z:FE %X, A& G XIH 5 A% 5°UTR
A 3UTR [X; C: d309 RALL £ BT E K F 45 M3
A: Comparison of B73 and mutant d309 gene sequencing results; B: Structure of the Dwarfl gene and mutation site d309. the dark grey area denotes the coding
sequence of the Dwarfl gene, and the light grey areas represent the 5' untranslated region (5' UTR) and the 3' untranslated region (3' UTR), respectively; C:
Protein domains where the d309 mutation site is located.
Bl 5 0309 R FERREN R KA E B LSS
Fig. 5 Mutation Site of the d309 Mutant Gene and Prediction of Its Protein Structural Domains

2.4 D309 ERAV LIRS T RIIE

AR T Dwarfl 75 B73 FI d309 Hh & FAHX Rk & . 5 REIR, TEGNZEMN o, B73 ZEFAHX kK
FE R T RAR(E 6A. B). B4k, FRATTRIF Phyre2 &M T Dwarfl 8 (0 = 4ERBI, HrE IR
G HAR R A B . BT R, 5 B73 MIEL, d309 55 308 £ & 4k & (45 #2422 Phyre2 “F & 14
T EAM SR, D Hra BRI E M R . BTN R, 5 B73 AHEL, d309 £ 308
P RIER R T T EALMSE(E 6C. D). £ NCBI L F# T Zm00001d039634 7F K. /KAH. K
S EREEYRFEIRE AT, H MAGET #HMT REIRE WM, RIZIER 55502 58751

[V P A5t e (P 6E) . HE— 2 (R 51120 BT & B, Dwarfl %5 308 o 2 JE FR 73X e A Wy h W A 4757 (1] 6F) o
EERUX— B AR R AR R S H



A. B:Dwarfl /£ B73 HI d309 SAL A4 2 A1 i e (G SR M X 15 & C. D: B73 Ml d309 S48 Dwarfl & (A = 4R LLRT; E: Dwarfl R%i% & it
AR F: Dwarfl 7EAS R b (R B IR 7 1 LR
A, B: The relative expression of Dwarfl in the buds and leaves of B73 and d309 mutants; C, D: Three-dimensional model alignment of Dwarfl protein in B73
and d309 mutants; E: Dwarfl phylogenetic tree; F: Dwarfl homologous amino acid sequence alignment in different species.
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Fig.6 Preliminary Verification of Gene Function
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Fig7 Field Treatment with Exogenous Gibberellin in B73 and d309 Mutant

3. iR

PREVE SR = B OGP, SHEM R SCE1ER . LR AR T LA B AR ML 55 75 THi 5 A
A RERN . A E ORI THEY P R A MRS 2 — . 40 Ay LR AR R B 52 5 A
BERE TR E . RABHEYR S8 32 275 0 HON 5 WA B IL RS2, K htd3 RAR A £ oK a2
SR 7 459 DRI ) $500R0 /0 4 T B 45 B B AR89, Zmited S8 AR/ 22 5875 0 NAUHIBT T £l 2%
W R SR, KRS, SEARARL, d309 SRASMRTIMISOR KA, (HE S
s, ANMLKRE 4 FLATM T BUEK, R UIANM AR K B T RS2 B T . EAE RN, 5 Dwarfl {E
KRGO FEAR R, KRS d1 948 P Bl 50 1o (O A0 M 20 52 B, 35 (140 L2 0Bk s R Ak, TS 4
K P 52, 05 DR AR R 0 o FR 7 PR Lt T R A7 22 57

H T SR BE L R B SRS R S RRMESE R, GASox /RS 2 & UG I s, 1k
BROFERIRES T . AR, gad-1 AR H T REZ SR, BRAESZRIMM, FHERAME
HAEIR, ERKEEAHHIA, JLAh, METEER, d309 RASMRMIM T RILH ERINGt, IXFHI 53
SRR, AATRIEROEEERNE, X RIS 2RISR ER. Hilf, FXh%Es
FRBFTHE R 22 N B 1, b P it R TR I K o EAE AR SCR R BB AL S48 0k d11, KR T P



PR Ah, o 5IRFPRLIC B Bl R /NA, 5 00AH 2, d309 FRABIR IRIFFRLIE A fRER S B73 AHAL,
HHEFREMN TS 25%, XOYHAEEDS RAE Fh Eig R M 7 A8, FOoRKS 5 B2 A7
FEIEMRK R, BRI EERETRSEE TR, FHERN AR RBEMN A A THE L
BEARFT S e (0 oK R, O T 55 8 HBEARFT SR 7= 1 R b, TT DA 22 AN h ok R £33 22 QTL
Br i, B R KRS BOR RN g TP AR ) FLRE Jy . PP B A S AR . XM E R i%E
B TR R AR i 204 7 s ey, O R B D0 R AR B REAT oK A

B m BRI F BRI, KEMTARcfF UAITF AR, [R5 ORI DR A N s i 191,
ASCH I TARCH T — D BB R B A IE BT, 455 5 s B AN T AR’ RAR AL RUE
e 3 Sk b, GBI E ALK RN S ELE 5-4 F1 5-7 XN TARIG ], E IR R
Zm00001d039634 %5 = MMNET EAH —> C 2 T Hfigdt R2, W7t kI d309 5 kI ) Dwarfl S50 AL 44
gad39. d1-6016. d1-4. d1-6039 1 d1-3286 [RALJ ANE, FRATHEN d309 W] RESE—MHi i) Dwarfl 547
RAFAR I 0] 5 A G B BT, R IR AR AL s AE OG-FellOxy S5 RN o iz R A - U R 2 1

M) BAPEES, ATE BA T EINGN, MEE R P SCRE e R AR, MR B n] fe T BUR A

A fk, HETIG R AR A RRAREE P2 A . WF R GA3ox E KK GA &l fErF e, WFF GA3ox
TEERKRNBEARE RGBT, BB TR IAT & FE 1 GA KA BT BE A B .
VI

FAHE LK BT3 HYIF AR R 4 5 Y — N RBUY AT IR A R AN Fr iR 4 (0 1 Ak S8 A2 44 d309, F1| i BSR-Seq
FAR, BATH D309 YA T4 3 5 Yetufh iy 3.47-17.47 Mb (XI5, SiliEdnsEfin, BATA DL D309 K % =
ANHPE T 1569 A7 B A Fh e s 1 5 6 o i JER R UE , X — AR A5 B0 A ) 2 e 71 v I P e R P AL
FEF IR, BATTHEDN d309 AT HEAE —NHTH Dwarfl 2547 2845 ¢k, & Dwarfl 3 K Zh g FIR N S ER 4L T

F ORI LR

IS

B3R

[1]  Conway G, Toenniessen G. Feeding the world in the twenty-first century. Nature.1999, 402:C55-C58.

[2]  Sher A, Khan A, Cai L J, Ahmad, M 1, Asharf U, JamoroS A. Response of maize grown under high plant density; performance, issues and management-a
critical review[J]. Adv.Crop Sci. Technol, 2017, 5(3): 1-8.

[3] Ku L X, Zhang L K, Tian Z Q, Guo S L, Su HH, Ren ZZ, Wang Z Y, Li G H, Wang X B, Zhu Y G, Zhou J L, Chen Y H. Dissection of the genetic
architecture underlying the plant density response by mapping plant height-related traits in maize (Zea mays L.). Mol Genet Genomics. 2015 Aug;
290(4):1223-33.

[4] Wu L, Zhang D F, Xue M, Qian J J, He Y, Wang S C. Overexpression of the maize GRF10, an endogenous truncated growth-regulating factor protein,



(5]

(6]

[’

(8]

[0l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

leads to reduction in leaf size and plant height. J Integr Plant Biol. 2014 Nov;56(11):1053-63.

BLETF , WEM, FKE . EWERAR KRR R[], Rl 2002, 14(2): 85-88.

YuHF, CaoJ S, Wang Q Y. Hormones regulation in plant dwarfing mutants [J]. Life Science, 2002, 14(2): 85-88.

I, P B AL A TR A FR SR U B SR AL LA T R (9. L B A 4%, 2014,(6):34-39.

Bai L J, Yin S X. Progress on Origins and Mechanism of Dwarfish Plants Mutant [J].Biotechnology Bulletin, 2014, (6) : 34-39.

ERMK, LR, EE T, KR AREK, 55 R 58 SN, 4R R AR FORIBIT R 5T & Mt 70 0] £ HOR 8 4,2023,39(8):43-51.

Wang T Y, Wang R H, Wang X Q, Zhang R Y, Xu R B, Jiao Y Y, Sun X, Wang J D Song W, Zhao J R, Research in Maize Dwarf Genes and Dwarf
Breeding [J]. Biotechnology Bulletin, 2023,39 (8) : 43-51.

Avila LM, Cerrudo D, Swanton C, Lukens L. Brevis plantl, a putative inositol polyphosphate 5-phosphatase, is required for internode elongation in maize.
J Exp Bot. 2016 Mar; 67(5):1577-88.

Phillips K A, Skirpan A L, Liu X, Christensen A, Slewinski T L, Hudson C, Barazesh S, Cohen JD, Malcomber S, McSteen P. vanishing tassel2 encodes a
grass-specific tryptophan aminotransferase required for vegetative and reproductive development in maize. Plant Cell. 2011 Feb; 23(2):550-66.

Multani DS, Briggs SP, Chamberlin MA, Blakeslee JJ, Murphy AS, Johal GS. Loss of an MDR transporter in compact stalks of maize br2 and sorghum
dw3 mutants. Science. 2003 Oct 3; 302 (5642) :81-4.

Li Z X, Zhang X R, Zhao Y J, Li Y J, Zhang G F, Peng Z H, Zhang J Z. Enhancing auxin accumulation in maize root tips improves root growth and dwarfs
plant height [J]. Plant Biotechnol J, 2018, 16(1): 86-99.

Wang C, Zhang H, Xia Q, Yu J, Zhu D, Zhao Q. ZmGLR, a cell membrane localized microtubule-associated protein, mediated leaf morphogenesis in maize.
Plant Sci. 2019 Dec;289:110248.

Makarevitch I, Thompson A, Muehlbauer G J, SpringerN M. Brd1 gene in maize encodes a brassinosteroid C-6 oxidase[J]. PLoS One, 2012, 7(1): e30798.

Kir G, Ye H X, Nelissen H, Neelakandan A K, Luo A, InzéD, Sylvester A W, Yin Y H1, Becraft P W. RNA interference knockdown of
BRASSINOSTEROID INSENSITIVEL in maize reveals novel functions for brassinosteroid signaling in controlling plant architecture[J]. Plant Physiol,
2015, 169(1): 826-839.

Hartwig T, Chuck G S, Fujioka S, Klempien A, Weizbauer R, Potluri D P, Choe S, Johal G S, Schulz B. Brassinosteroid control of sex determination in
maize [J]. Proc Natl Acad Sci USA, 2011, 108(49): 19814-19819.

Dt NB, Hartwig T, Budka J, Shozo Fujioka s, Johal G, Schulz B, Dilkes B P. Nana plant2 encodes a maize ortholog of the Arabidopsis brassinosteroid
biosynthesis gene DWARF1, identifying developmental interactions between brassinosteroids and gibberellins [J]. Plant Physiol, 2016, 171(4): 2633-2647.

Vu GT, Wicker T, Buchmann JP, Chandler PM, Matsumoto T, Graner A, Stein N. Fine mapping and syntenic integration of the semi-dwarfing gene sdw3
of barley. Functintegr Genomics. 2010 Nov;10(4):509-21.

LiHC,Wang LJ, LiuM S, Dong Z P, Li Q F, Fei S L, Xiang H T, Liu B S, Jin W W. Maize plant architecture is regulated by the ethylene biosynthetic
gene ZmACS?7 [J]. Plant Physiol, 2020, 183(3): 1184-1199.

Yamaguchi I, Nakajima M, Park SH. Trails to the gibberellin receptor, GIBBERELLIN INSENSITIVE DWARF1 [J]. BiosciBiotechnolBiochem, 2016,
80(6): 1029-1036.

Bolduc N, Hake S. The maize transcription factor KNOTTED1 directly regulates the gibberellin catabolism gene ga2ox1 [J]. The Plant Cell, 2009, 21(6):

1647-1658.



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Wang Y J, Deng D X, Ding H D, Xu X M, Zhang R, Wang S X, Bian Y L, Yin Z T, Chen Y. Gibberellin biosynthetic deficiency is responsible for maize
dominant Dwarf11(D11) mutant phenotype: physiological and transcriptomic evidence [J]. PLoS One, 2013, 8(6): e66466.

Lv HK, Zheng J, Wang TY, Fu JJ, Huai JL, Min HW, Zhang X, Tian BH, Shi YS, Wang GY. The maize d2003, a novel allele of VPS8, is required for maize
internode elongation. Plant Mol. Biol, 2014, 84: 243-257.

Lawit S J, Wych H M, Xu D P, Kundu S, Tomes D T. Maize DELLA proteins dwarf plant8 and dwarf plant9 as modulators of plant development [J]. Plant
Cell Physiol, 2010, 51(11): 1854-1868.

Bommert P, Je BI, Goldshmidt A, Jackson D. The maize Ga gene COMPACT PLANT2 functions in CLAVATA signalling to control shoot meristem size.
Nature. 2013 Oct 24;502(7472):555-8.

Teng F, Zhai L, Liu R, Bai W, Wang L, Huo D, Tao Y, Zheng Y, Zhang Z. ZmGA30x2, a candidate gene for a major QTL, gPH3.1, for plant height in maize.
Plant Journal . 2013 Feb;73(3):405-16.

Guan J C, Koch K E, Suzuki M, Wu S, Latshaw S, Petruff T, Goulet C, Klee HJ, McCarty DR. Diverse roles of strigolactone signaling in maize
architecture and the uncoupling of a branching-specific subnetwork.PlantPhysiol, 2012, 160(3): 1303-1317.

Graebe, J. E. & Ropers, H. J. in Phytohormones and Related Compounds-A Comprehensive Treatise, eds. Letham, D. S., Goodwin, P. B. & Higgins, T. J.
V., 1978, Vol. 1, pp. 107-204.

o, REEY, BRI, BE, L. SR REN SR SRR EMEORIER, 2014, 0(10): 16-22.

Li Q, Wu J M, Liang H, Huang X, Qiu L H. Gibberellins Biosynthesis and Signaling Transduction Pathway in Higher Plant[J]. Biotechnology Bulletin,
2014, 0(10): 16-22.

T /NTE, B B P, 2. OsGASox i & BN 35 P GA 3% /KR8 & 1 bk i [3]. 38 1%,2023,45(9):845-855.

Hao XH, Hu S, Zhao D, et al. OsGA3ox genes regulate rice fertility and plant height by synthesizing diverse active GA. Yi Chuan. 2023 Sep
20;45(9):845-855.

FRONAR K, 2 S5 KRG AR B R 3 B SR AL REEE R (OsGA30xL) [RIVEEE [ i A= 05 B 2% 43 [9]. 73 T R4 6 b, 2019,17(4):1054-1060.

Yin X L, Zhang C, Wang Y C, et al. Bioinformatics analysis of homologous genes of rice gibberellin 3B-hydroxylase gene (OsGA30x1) [J].Molecular plant

breeding, 2019,17 (4 ) : 1054-1060.

Li Z B.Gene mapping of dwarfing late flowering trait in soybean Gmdwarfl [D].Heilongjiang : Heilongjiang University, 2016.

HuD Z, Li X, Yang Z Y, Liu S L, Hao D R, Chao M N, Zhang J Y, Yang H, Su X Y, Jiang M Y, Lu S Q, Zhang D, Wang L, Kan G Z, Wang H, Cheng H,
Wang J, Huang F, Tian Z X, Yu D Y. Downregulation of a gibberellin 3B-hydroxylase enhances photosynthesis and increases seed yield in soybean. New
Phytologist. 2022 Jul;235(2):502-517.

Martinez S, Hausinger RP. Catalytic Mechanisms of Fe(Il)- and 2-Oxoglutarate-dependent Oxygenases. J. Biol. 2015;290:20702-20711.

Eng JGM, Shahsavarani M, Smith DP, H§icek J, De Luca V, Qu Y. A Catharanthus roseus Fe(II)/a-ketoglutarate-dependent dioxygenase catalyzes a
redox-neutral reaction responsible for vindolinine biosynthesis. Nat Commun. 2022 Jun 9;13(1):3335.

Lv H K. Map-based Cloning and Functional Analysis of the Dwarf Gene D2003 in Maize [D].Chinese Academy of Agricultural Sciences, 2015.

Liu S Z, YEH CT, TANG H M, NETTLETON D, SCHNABLEPS. Gene mapping via bulked segregant RNA-Seq(BSR-Seq).The Public Library of

Science ONE, 2012, 7: e36406.



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Chen Y, Hou M M, Liu L J, Wu S, Shen Y, Ishiyama K, Kobayashi M, McCarty DR, Tan BC. The maize DWARF1 encodes a gibberellin 3-oxidase and is
dual localized to the nucleus and cytosol. Plant Physiol. 2014, Dec;166(4):2028-39.

Zhang B, Tian F, Tan L, Xie D, Sun C. Characterization of a novel high-tillering dwarf 3 mutant in rice. J Genet Genomics. 2011 Sep 20;38(9):411-8.
HARW T TRIE AR KIS, IR, T, D RO IE AR I A2 (R Y4 8 J e A T 3] oK AR, 2019.

Dong C L, Zhai G Q, Zhang Z, Yang R, Zhang M Y, Zhang Y Q, Yang L L, Chang J Z. Phenotypic characterization and transcriptome analysis of maize
dwraf mutant A2 [J]. Maize Science, 2019.

Wang F X, Yu Z P, Zhang M L, Wang M L, Lu X D, Liu X, Li Y B, Zhang X S, Tan B C, Li C L, Ding Z-J. ZmTE1 promotes plant height by regulating
intercalary meristem formation and internode cell elongation in maize. Plant Biotechnol J. 2022, Mar; 20(3):526-537.

TRE W2, i AL, A R /N BK PR AT 2 BRSO AR ) S B AR AT [CU/h AR 2 2 2 LR e [l 2 AR R B RBHT 2. 2013
87-87.

Bian N F, Wen M X, Gao R H, et al. Identification and genetic analysis of dwarf and tiller mutant of common wheat Wangshuibai [C] The 9th National
Congress and Academic Seminar of Chinese Society of Genetics, 2013: 87-87.

Yuki lzawa, Yoshiyuki Takayanagi, Noriko Inaba, Yuki Abe, Miho Minami, Yukiko Fujisawa, Hisaharu Kato, Shizuka Ohki, Hidemi Kitano, Yukimoto
Iwasaki, Function and Expression Pattern of the o Subunit of the Heterotrimeric G Protein in Rice, Plant and Cell Physiology, Volume 51, Issue 2,
February 2010, Pages 271-281.

Wang Y, LiJ Molecular basis of plant architecture. Annu Rev Plant Biol , 2008, 59:253-279.

AT FRAS, X PG, 5 XK, e AU R T 7R B R R gad-1 A gai-1 5 I A K i AR 5T [0 20 BH ARl K 24 5441, 2016,47(4):399-405.
Zhang D Y, Guo R, Liutang Q J, Wang X, Liu L, Long H.Vegetative Phase Change of GA-related Mutants ga4-1 and gai-1 in Arabidopsis [J]. Journal of
Shenyang Agricultural University, 2016,47 (4) : 399-405.

/AN XTIER, )44, 5k Z 1, 3 = K. B2k CRISPR/Cas 2 K 4 48 A 70 1k g AT 5t [J/OL). 7> T A4 & Fh:1-32[2024-03-02].

Zhang X W, Liu J N, Liu W, Zhang A P, Bai Y F. Progress and Prospect of CRISPR/Cas-mediated Genome Editing in Maize. Molecular Plant Breeding,

2023,11,17(1-32).



