T Kk B} 2£2025,33(1):22 ~ 30 Journal of Maize Sciences

XEHS: 1005-0906(2025)01-0022-09 DOI: 10.13597/j.cnki.maize.science.20250104

REFT EK d8227 R IE kB E B E L
R R

(UMY A F KRBT, AR 611134)

8 E. DIARH R KR A T R AT 1Ry SR 2R 2 2% 58 J 1SS AR 3 1 O3 (RSB AT A ) 48227 ik b e, il
AR A A ZEFFANM 2 88 HMIFI R b BE | P PR S I o 3 d8227 YRR AL MLIL . 7R IR AT I
SENLRYFERE L ) P e B ARG AN 52 67, SR I 2 DR 0 o e AN D RE 0 IF B9 A A, 25 SR, P AR IR
d8227 Mk ey A 5 AR A AR 5 K-, 8227 1A% Ak S L AR 4T (145 B 114 s/ R I 40 A 114 4 i
o d8227 Xf GAs IAA BRBIRHUER, HAR T R AN i MR F B Tt e wr g R . it 7 se et il
F K d8227 (HARFTREDR SE AL T E KA 1 45U (A KR InDel9420 1 InDel088 22 ] , Wy B B3 24 Jy 377 Kb, X 5E i X
[ P 3 MBI L HEAT 22352001 . R AT Zm00001d031894 15 8227 FIEF AR T 41 i WA A AR X e 1k 1k 22 Sk Wk
-, S TE TR 4 A 4120 A AR i 3k i, X 22 FF A R HA — @ 52, B R Zm00001d031894 1 52

R AL A
KEER . FOKIEF SRR ML R Al o
HEHES . S513.035.3 TERARIRAD . A

Dwarfing Mechanism and Fine Localization of Dwarf Maize d8227
TANG Lan, LI Ruo—nan, WU Yuan—qi
(Maize Research Institute, Sichuan Agricultural University, Chengdu 611134, China)

Abstract: Local maize and wild related dwarf sorghum were distantly hybridized and then backcrossed to ob-
tain a new dwarf material d8227 as the test material. The dwarfing mechanism of d8227 was elucidated by investigat-
ing agronomic traits, conducting stem cytological observations, applying exogenous hormone treatments, and measur-
ing endogenous hormone contents. Based on the preliminary positioning of the research team, map—based cloning
was used for fine positioning, laying the foundation for the cloning and functional verification of dwarf genes. The
study found that compared with the wild type, the plant height and ear height of d8227 were significantly reduced.
The dwarfing of d8227 was mainly caused by the reduction in the number of internodes under the ear and the short-
ening of the length of longitudinally cut cells. The dwarf line d8227 was found to be insensitive to GA;, IAA, and
BR, and its dwarfism may be caused by abnormalities in the cytokinin signal transduction pathway. The dwarf gene
controlling maize d8227 was located between the markers InDel9420 and InDelO88 on the first chromosome of
maize through map—based cloning, with a physical distance of approximately 377 Kb. Expression analysis of three
candidate genes within the positioning interval found that only Zm00001d031894 had a significant difference in rel-
ative expression between the d8227 and wild-type seedling stages, and this gene has a high expression level in the
meristem of maize, which is important for stem growth has a certain impact, so Zm00001d031894 was identified as a
key candidate gene.
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Table 1 Comparison of main agronomic and economic characters between wild type and d8227(mean=SD)
PR 2% 1H t{E
WT d8227
Character Difference t value
B 5 (cm) 225.04+14.34 125.30+10.87 99.74 11.47%%
AT 55 (cm) 91.00+10.89 40.50+7.88 50.50 7.75%%
THERE SRR 11.40+0.60 6.50+0.65 4.90 5.53%
K (cm) 103.60+3.04 87.50+1.81 16.10 424
T () 152.55+39.38 73.24219.80 79.31 5.69%%
R (cm) 15.66+1.31 11.97+1.30 3.69 6.32%
TR K (em) 1.11=1.02 0.48+1.03 0.63 1.37
A (mm) 46.29+3.91 37.45+3.61 8.84 5.25%
HATEAT) 13.80+1.14 12.80+1.03 1.00 2.06
PRI (R 28.00+3.20 23.10+3.70 4.90 3.17%%
R (2) 36.29+7.95 25.81+7.27 10.48 3.07%*
L (mm) 7.300.20 6.85+0.15 0.45 1.80

U RS PAE/N T 0.01, ik i F K, F R,

Note: ** means that P value of ¢ test is less than 0.01 to reach an extremely significant level. The same below.
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Note: A, C, D, E, F, left side is wild type, right side is d8227; B, The top is d8227, the bottom is wild type; The unit of the ruler is centimeter.
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Fig.1 Comparison of characters between wild type and d8227
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W RN B AR 22 50.50 em, 25 ik S E K, WT
(REEE BRSO A TR AR AR SRR
K Eb d8227 43 B HE i T 108% . 31% . 24% . 21% .
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FTIA] o A AR 2 75 [R) DA 1) 5 Y AR AR E, T [A]
AR IR KT B -3 T ) Y 25 R i
K, IEN K. R d8227 (B 4k T B FnfE
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Table 2 Analysis of stem segment length of wild type and d8227(mean+SD)

AT EE (em)
L Internode length/cm % i gt
Internode Difference t value
wT d8227

T3 59 I 10.34+2.57 6.27+4.15 4.07 1.75
T 28 475 10.40+3.82 6.10+4.22 430 1.61
LA 3] 11.14+3.03 5.30+2.62 5.84 3.04%
T 55 2715 1] 12.42+2.84 5.18+1.46 7.24 5.11%
T 55 119 1] 12.68+1.15 6.55+1.38 6.13 8.10%
TS 075 1] 13.46+1.24 6.6520.85 6.81 9.31%%
FEEE-179910] 14.40+2.50 8.30+0.48 6.10 5.33%
T T 552 5] 15.42+1.24 8.00£1.25 7.42 9.893
TR A5 -3 5] 16.32+0.87 6.98+2.26 9.34 8.61%
T T S5 -4 5] 15.46+1.62 6.85+2.11 8.61 6.95%
TR -5 510 12.80+1.72 4.93+0.98 7.87 8.21%*
R 2E-67511H] 9.77+0.85 1.73+0.32 8.02 17715
TR -7 45T 5.76+1.42

2.2 d8227 FnEF AR EFT B LA MBAFE S H
AT AREY d8227 R Y ) I 2 4 A i JELAL X

e —— ey W - e '3‘;"&

8227 FHEF Az TRUAE 41 $0 I B J3E 2 S B Y 19
] 2 2R A7 A TR 25 S R HE A o DA IR A TR A

MAEEACEE (um)
Cell length
8
8

ds8227 WwT

T ALCRHEFAERLB D K d8227;a b FURFFLEM L E 225+ .
Note: A and C are wild type, B and D are d8227; “a” and “b” indicate extremely significant differences.

2 BRI d8227 MMM SN ER
Fig.2  Observation of cell morphology of wild type and d8227 at jointing stage
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RUFNd8227 55X} HEAH EL , W Bk Y0 A B A Ak,
LA d8227 Bk 5 BR 4 A BLBI G TC 6 . 7EAN[H]
TAA VRIRAL PR | B A= A 48227 5% FEAH EL , 44
R FRUE Ty O B, 25 1 S0k e VA Bk 35 1) 28 Ak, Bl
BRI, B IR = R R, 3 5 00 R
Hh R SRR Rk B AR A, R AR R VR B T R R
MEIHAEAR A . R, d8227 X GA: . BR \TAA
BIANHUER(ER3),
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Table 3 Significance analysis of wild type and d8227 treated with GAs, IAA and BR at different concentrations ~ mg/kg

GA; TAA
ik B JORSL ik B
Treatment W 18227 Treatment 48227 Treatment wr 48227
CK 58.50+0.00 ¢ 36.65+0.00 ¢ CK 58.50+0.00 a  36.65+0.00 a CK 58.13+0.37a 38.67+1.48 a
0 66.69+3.40 be  38.51x1.44 ¢ 0.000 56.07£3.73 a 35.33+3.31a 0 56.92+0.54 a  32.49+0.43 ab
30 74.28+2.89 ab 53.14+1.26 ab 0.001 60.75£0.29 a  39.06+0.81 a 50 42.01£1.52b 29.54+1.45b
40 82.01+2.25a 54.33+2.64a 0.010 55.76x1.34a 35.18+2.01 a 100 41.77£1.37b  34.53x1.14 ab
50 74.23+6.33 ab 48.44+2.88 b 0.100 59.77+2.00 a  41.96+3.54 a 200 38.43+2.12b  31.04+4.70 ab

L ANFNG T a b e Fon b BEAGEF A BURT d8227 f77E i & 2 57,

d8227 AT AFE B 22 5%

A SR B 1 e Rl [R] A B o 5 R U s A L g B A R

Note: The letters a, b, and ¢ indicate that there is a significant difference between the treated wild type and d8227 when different letters appear,

and if only one letter or both letters appear at the same time, it means that there is no obvious difference between the treated wild type and

the d8227.

2.4 d8227 MWT HiREHE=SENE

TEH d8227 FIEF A= UK 1 22 57 e K ZE AT
LU TR S e , 3 IRAE Y R L
21 P TEER AT RN Z5 R, GAS . BRTAA [
PAESM 4 0.79.0.28 F10.21, #K T 0.05, X 3
FhFE M0 R 1 3 3h B AE 48227 AN AR R vh ik B (1
EFRYRIIDED, NIEHEYMERL KRN,
GASTEM 5 Z A AN SRk e AN B 3, 1A 8227 Xt
GAFFAHUR . HA R FERZEAT B RIB & ERT
A RUA d8227 H A AE e 3 25 (K] 3), M I d8227 &
2T RE AR o 2 3R - I s R R LA 55 %
B FH M FEL
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PR B AL 35 % o3 A iz R R A
R B B DR, R KB AT A R d8227
BEAFIE AT [ 58 £ ZNCA42 g XA 1 B R AE Ry

FEDTREAR I S R FF AR 30 Bk B FFHIRE
30 MRFISEAS , R FHTE G HEAR 53 29 43 ikt d8227 i
PR e, 45 R BoR B FF LR F 1 5 etk
1.06 bin—1.07 bin I, ¥/ HHE B 4 25 Mb, A T #if#
14 5 1 45 A MERR A R 15 ek 1.06
bin—1.07 bin 4 €844 5 {7 X [1] P i 356 21 19 7 X SSR
FRic ume1940 Fl bnlgl 556, % Fy & A BEMA 10 93 Hk
EAL PARRUEA T RE P R4 1Y | 25 X B X SSR biid 5
PR R AL RO B o P, B B 3L e
TE7> TARC ume 1940 Fl bnlg1556 22 [6] , 4 3 #E B 2
11 Mb.,

R 41840 5 {57 565 TE S (%) [XC [i) PR 44 48 i 36 437 s
0, — L H 4 %R 23 FhRiC, 4kEEhK
BRI RS A E 7, R 2 25053 4RI bnlg1556
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&3 - EXKFE%F Trans-zeatin riboside
T-test, p=0.022
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T T

B A
T AJWEFAE LW B d8227 5 #47K P<0.05.
Note: B is the d8227 and A is the wild type WT, * means P<0.05.

B3 WTF1d8227 RAEXAEZXFSEN LB SR

Fig.3 Comparative analysis of trans—zeatin nucleoside content in WT and d8227

umc1940 umc8680 umc4000 umc2050 bnig1556 Markers
Chrl : : } | ; N=583 dwarf
21 A (4_\ 10 42 Recombinants
umc8680  umc0500 Indel1754 Indel9420 indel08s mc4000 Markers
Chrl —f  — - i : N=1500 dwarf
30 29 26 24 7 16 Recombinants
B4 BEFFEEJ8227 B ELHIEIL
Fig.4 Fine mapping of dwarf gene d8227
x4 EBEFEEMHEXFEER
Table 4  Gene mapping related marker information
Fr i EIR7 51 9
Maker Forward primer Reverse primer
umc1940 AACGACGTGCCCATGAAC TATATAAGCGAGCGAGCCCC
umc8680 CACATTGGCCAGAGACCAG TTCCCGTTGTTAAAAGCAGC
umc0500 CAAAGGATTTGGCCATCACT CCCTGAGGTTTCATCTACTGG
InDel1754 GTCTGCATCTCTTTTGATCCAACCC GATACTACTCGGTCACTCA
InDel9420 CTTTCCCTATATCACCTCACCCAT GGCTTGTTCCTGGCTAACAG
InDel088 TAGGGAACTGGATTAGCAGC ATGTAGTTTCGGCGTGGC
umc4000 GTTGGGACTTGGGAGGGTAT CGTAGCTAGGATCGTCGGAG
umc2050 GCATCTCCTTGTTGGGGAT ACGCTCATCGTCGGCTAC
bnlg1556 ACCGACCTAAGCTATGGGCT CCGGTTATAAACACAGCCGT

F53C umc0500 F1 umc4000 22 [6] , ¥ B HE 25 20
1.6 Mb. Ry T 3 —246 /N B b5 3 KB AE (1 22 67 [X.

I, kb e AT 2 250 ThRic , e AT
3%} InDel FRic , QR4 KA AE & AL AR LS
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1 500 ¥k H bR Bk, F 2 2855 TR 10 InDel1754 | PR e R 3 3k Rl it K B, L R TR A 2 2R ) 36
InDel9420 . InDel088 % 1 500 Fk %% FF 35 7 BA £k 11 IR AR, R K B R B —E B 52 .
DNA $EAT LR A4 20 H L B T InDel 0B Zm00001d03 1894 471 551 i hy 4 3L A .

FRic InDel9420 F1 InDel088 2 [1] , H. W MRic A AS e LA GAPDHAE N Z: 3N, qRT-PCR #6510 2 1
PARRAS—RE RS 40O I FRIE 25244 377 Kb(El 4). A Zm00001d031894 ., Zm00001d031895 .
2.6 RIZEEERIESHT Zm00001d031898 1v FEFF T K d8227 F1iEf A= 7l v Y

FRAE B73-VARRA YL R E RS B, 377 kbiE, MR A (] 5), Zm00001d031894 7 d8227 F1 WT
DX JE] P A 3 A e 3 (R (6 5), ARl 3 AN 6 I I L BRI I A X SRR B Ak W ARk
EeERB A, R Zm00001d031894 SHAYIILE  Zm00001d031894 1¥ d8227 HUk: 1] i A XT F 1k & [k
A, R BIZIL O R CompK g, 2 RAk WP A UM 0 3 BRI, 6 v S0 RN 41 30 ) R X 38 i
EEMN— & TR BREE, %4 PR RS A K . BRI
JE SRR A T A MR AR R WIRRIAEZ  TEEO St R e Rk D, AT
M EBUSHERR AT B Bk BRIEZ AN 2R Com FEUEMREAL, I Zm00001d031894 1 7 2 5%
KRR AR A A P AR IR HAE ok B S

®5 EfXEREEEEINRETR

Table 5 Candidate gene information table

KD (VAT IR
Gene 1D Location information Feature comment
Zm00001d031898 205923713-205931758 NAC~transcription factor 89
Zm00001d031895 205806785-205811044 Cys2His2 Zinc Finger150
Zm00001d031894 205692208-205698293 ubiquitin carboxyl-terminal hydrolase 1
0d8227 mWT B mdg8227 OWT
A

-
)]
£

-
N
w

o
©

-

o
w
ENFTER
Relative cxpression level
N

HNRER
Relative expression level
o
o

111k

Zm00001d031894 Zm00001d031895 Zm00001d031898
TE:V3.V6.VIT7 3337 FORMIBR ) 51 0] OB 0. A« 3/ SRR 75 V3 INF I A B A1 48227 Hh 31K 5 B : Zm00001d03 1894 71 BF L 7
18227 Hik Ik A
Note: A, 3 candidate genes were expressed in wild— type and d8227 during V3 period; B, The expression of Zm00001d031894 in wild- type

and d8227 was compared. And V3, V6 and V17 indicated that maize plants were at seedling stage, jointing stage and pollen stage, respectively.

E5 {ZEEREqRT-PCR&FRIES 1
Fig.5 Candidate gene qRT-PCR expression analysis
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