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Abstract ; Dwarf has widely been applied to improve the lodging resistance and to breed the ideal plant type in
crops, hence increase the crop yield. A maize dwarf mutant K123d was derived from the inbred line K123 via spon-
taneous mutation. The objective of this study was to compare the differences of main agronomic traits and sensitivity
to the gibberellins between the mutant and wild type. Genetic model of dwarf trait was analyzed by using F, ,BC and
F, populations derived from K123d and 3 inbred lines with different plant height. SSR primers were used to locate
the dwarf gene d123 through bulked segregation analysis( BSA) by using K169/K123d-F, as mapping populations.
The specific primers designed based on sequence information of br-2 were used to clone homology gene di23. The
results showed that compared with the wild type, K123d had shorter stalk by 35.59% , lower ear location, shorter
internodes , erecter leaves, poor fertility and sensitivity to gibberellins. In F, and BC, populations, the segregation ra-
tios of normal to dwarf plants fitted 3: 1 and 1: 1 respectively,which demonstrated that the dwarf trait was controlled
by a single recessive gene. The dwarf gene d123 was mapped on chromosome one between SSR markers umc1278
and bnlgl564 with distances of 12. 8 ¢M and 7. 3 ¢M, respectively. The homology-based cloning suggested that d123
be different from br-2 by 12 bases varied, and the replacement of glutamate by lysine at the fourth exon. Our results

demonstrated that dwarf mutant K123d was a br-2 variable type and it had further research and application value.
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Table 1 Comparisons of agronomic traits between the mutant K123d and its wild type K123 ( mean +SD)

HiH BF A K123 A K123d K123d B4 (%) KI23/K123d-F, "HREFTAIRR
Entry Wild type K123 Mutant K123d Reduction of K123d ~ Dwarf plants of K123/K123d-F,
# %5 (em) Plant height 140. 05 +7. 66 90. 50 +16. 04 ~35.59 101. 76 £10. 20
FEAT 55 (em) Ear height 40.05 7. 19 34.85 £6.09 -12.98 40.76 6. 17

32 Leaf angle 27.78 £5. 66 23.53 +£7.59 -15.30" 23.73 £4.04
HEREA: (em) Tassel length 30. 18 +5.07 19.52 £3.47 -35.33* 25.48 +4.01

FEATEL Ear rows 11.82+1.89 11.20 1. 67 -5.25 11.58 1. 07

ATHIEL Row grains 21.00 £3.97 11.50 £2.96 —45.24 13.95 +£7.43
HRR i (g) Yield 57.63 £9. 40 29.84 +9.16 —48.22* 34.71 £19. 57

*.0.01 <P<0.05, ™ .P=<0.01
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Fig.1 Comparisons of characteristics between dwarf mutants K123d and the wild type K123
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Table 2 The seeding height and endogenous GA, level of different concentrations of GA,treatment( mean +SD)

JEPEAFE g/ mL) K123d

K123

Concentrations

PR RE R WL (ng/g - FW)

of treatment Concentrations of endogenous GA;

B (em)

Seeding height

NI AR ZWRIE (ng/g - FW)

Concentrations of endogenous GA;

M (em)

Seeding height

0 319.21 £39. 14eE
0.1 337.63 £35.52¢E
10 438. 14 +24.39dD
25 654.00 + 6.25¢C
50 848. 69 +30. 46bB
100 1180. 51 +46. 86aA

12.04 £0.97eD
13.97 = 1. 60deCD
15. 10 = 1. 38¢dBC
17.54 +1. 30bAB
19.67 £0. 99aA =
16.22 +0. 15beBC

293.21 +55.52dC 15.14 1. 31cC

327.27 £44.28dC 15.44 +0.70cC
455.40 +45.79¢dC 18.05 +1.01bB
526. 91 +30. 40cC 20. 56 £0. 06aA
848.77 +8. 56bB 21.91 £1. 17aA

1291. 27 +£149. 54aA 18.03 +0.71bB

“a,b,c” FIRLE0. 05 KV BFEXESR;“A,B,C" R 0. 01 AR BH 2R

# " FKIRTE 0. 05 K F-E5F ¥

“a,b,c” mean significant difference at 0. 05 level,“ A, B,C” mean significant difference at 0. 01 level,“ * ”means significant difference at 0. 05 level

*3 3MEGERBEEEMETERNSBEG

Table 3 Segregation ratios of normal and dwarf plants in progeny populations of three combinations

e ity AR IR A REL IEATAE AR AL W e K5
Populations Combinations Total plants Normal plants Dwarf plants Expected ratio X2
F, WT/K123d(S) 37 37 0 — —
626/K123d(S) 24 24 0 — —
K169/K123d(S) 39 39 0 — —
K169/K123d(T) 51 51 0 — —
BC, WT/K123d//K123d(S) 40 23 17 1:1 0.29
626/K123d//K123d(8S) 57 29 28 1:1 0
K169/K123d//K123d(S) 76 37 39 1:1 0.01
K169/K123d//K123d(T) 84 47 37 1:1 0.96
BC, WT/K123d//WT(S) 52 52 0 — —
626/K123d//626(8S) 48 48 0 — —
K169/K123d//K169(S) 74 74 0 — —
K169/K123d//K169(T) 67 67 0 — —
F, WT/K123d ®&(S) 56 39 17 3:1 0. 60
626/K123d ®(S) 56 41 15 3:1 0.02
K169/K123d ®(S) 236 188 48 3:1 2.49
K169/K123d ®(T) 269 206 63 3:1 0.28

X*(0.05,1) =3.84;S = PR ; T = L kIS
x*(0.05,1) =3.84,S = Shuangliu, Sichuan, T = Tieling, Liaoning
2.4 EFHEEEM

PEI K169/K123d-F, #E1A ke (i fE A, LT3
B EK 10 kY Ry 583 X SSR A ic Xf XL
AT 2T, Tk HAE K169 1 K123d [B] B A
ZAVER 138 X5 ¥, R IX 138 XF SSR Fric H
T F, i GEFF R R 1T 2 8000, kB
6 XM MRIMEZAENE, FIHIX 6 XFtricx F, B4
) 48 Pk B Rk DNA 43l 4T PCR 47 3% | ¢ 4%
77400 FH SR TR Jes T e € Jie FL Uk ( PAGE) Al 1)

MAPMAKER 3. 0 {EEIF A1 738 8501, & B E b
Hit 5 umc2236 ., umcl356 ., umcl278 . bnlgl564
phi002 F1 umc10856 1Y 35t 1% 5 25 43 %1 2y 27.8 M,
19.2 ¢M,12.8 ¢M.7.3 ¢cM.11.5 cM #1 16.8 ¢M
(E12), $EIE 2B AT 5L 20 e 0 F B RS 1
ZeYefafAR b SSR ARIC umel278 Hl bnlgl 564 2 [H] | it
EREBS 34 12. 8 <M F17.3 cM, AR4E Maize GDB
AUk B, X PG P 1a] ) 3R B 2 R 4.2 Mbp,
W ZIBEFT RN B A 44K d123



160 B oW ow o W OR % i 18 %
Chrl S 2.5 BFEEREJI23 MEERRE

86— SR IEIN dI123 g R iR 5 T AP I

4 umel356 IEATHE br-2 WAL ERGE B d123 5 br-2 7 1E

ume1278 R XEFR, S% br-2 SN F 05 9145 B %I SSR

128 — Py, Hod 8 X7 5% br-2 i r B I A B &

di23 20519 (£ 4)7F K123d PRIy (& 3) . 1

P s B8 XESIIAE K123 hORAEER 40, B br-2 o ft
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Fig.2 Preliminary mapping of dwarf gene d123 on chro-

ali bR, A2 B A 7 245 S — 30, R DNA-
MAN B4 5500 e 25 R PR b X R B d123 5 br-2

HMEFAFAE 12 AR, (HI AP 11 B o [A)

x4 FIREERE dI23 8514
Table 4 The primers used in homology-based cloning of d123

GlEY LS TG BIGREE(C)
Primers Forward primer Reverse primer Tm
d123A TCTCCACCTCCTCTGCTTTGC GGGCGAACGATTTGAACAT 56
d123B CTCTGCTTTGCTCTGCCACTC GATGGCTGGTTCTGGTTGG 56
d123¢ TACGGGCTCCTGCTCTGGT GATGGCTGGTTCTGGTTGG 56
d123D CACGCAGAGCAGAAGAG AAGATACCTACCCTACCACTA 56
d123E GGCAGGCAGTCTGGTTAG GCCGAGTTCTGGACGATGA 56
d123F TCCACCTCCGACTTCACCCT GCGGACACCATCAGCACCAT 56
d123G ACGCGGAGCGCAAGATC GTACGCGATGTTCTCGTGGAT 56
d123H AGCGGTTCTACGAGCCCACG GGGTGCCTTGGGAGGTAGAT 56

B3 8 X} SSR 5|#17E K123d P B R
Fig. 3 Amplification results of K123d with 8 pairs of SSR primers
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NGRAE AAEZIEN G 4 AHME TR FRAS A5 531 DL LSRRI ZEFILN d123 IRER IR T or-21
ANEIERR, B br-2 WA EIRTE 4123 WMIRIOLE — AR
B B TR (R 5) , BAEMR L 45 R LK 4.

RS di23 5 br-2 MEEFFILE3E
Table 5 Base sequences alignment of d123 with br-2

ST BRHEE AL IR LT ST TR AL IR LT

Excon Bases changes Alignment of amino acid || Excon Bases changes Alignment of amino acid

%5 1 4 First — — %3 5 4 Fifth GGG—GGC Gly—Gly

% 2 4~ Second GTG—GTC Val—Val CGC—CGA Arg—Arg

%5 3 /> Third GTG—GTT Val—Val GTC—GTG Val—Val
AGA—AGG Arg—Arg GCA—GCC Ala—Ala

&5 4 4> Fourth CTG—CTT Leu—Leu GCC—GCG Ala—Ala
GAG—AAG Glu—Lys GCC—GCG Ala—Ala

GCG—GCT Ala—Ala
br2.seq TRARVVVT GSPHATGETFRARFFT FAFHT FSFARCFFCFT AGCFFARRCFTT FAFAGRSSSSSNTFTTSAGRCARFFFFSSFRRFFAST RTRCFFNARFASACANT SKKFTR I WAL

di23.seq 1 TRARVVVLGSEHALGGLEWAREF] EAFHL PSEARCEECF L ACCEERRECETL FAFAGRSSSSSNTFTTSAGCCARFEFFSSEFEEEASI ETECFFRAREASACANE SKKETP I WA

br2.seq FAAT RLT FREATCT RCATNT TETT CAT VRECST FUFT REFALT VESFCSRATTFLTMURT VWEYAFYFT VUCAR TRASSWAR TAC TEFRCSTRMRTRYT TAAT RCTVSFRTTrVRAS Y )]
di23 seq FARIRCIFRFACCICCAIMI IGTLCALVECCSLEVELRFEACIVLSFCESEALCECTMVRLVVKYAFYFLVVCRA IWASSWRE IS CWMWICERCSTEMRIRYL CAAL RCCVSEELTCVRAS)

br2.sea CUTYATNALAVWUCCATSERTGNL THYMATFVACEFVVCF TARKCT ATVTT AVVET TAVTGET SAAAT ART SCTAT SCASCTARCAT ACTRTVCAFVGEEREVRAYSAAT AVACRICY 151
d123.seq CVIYRINACAVVWCCATSERLCGNL IRYMATEVACEVVCF TARKCT AL VILAVVEL IAVICGCLSARAL AKL SSRSCLAL SCIAECAIACIRIVCAFVCEEREMRAYSARLAVACRICY 360

hfz-wq SCFAKCT CTEETYFTVECCYGT T TWYGERT VRACKTNGGT ATATNESUNTCET ATGCSAESMARF ARARVARAK TFRT TEHREGTSSRCCAR FF SVTGRVENMRGVLFAYESRECVETT R 1) ]
di123 seq [RSCERRCICLCCTYFTVECCYCLLIWYCCEIVRACHTNGGL A IATME SUN ICCL ALGCSAFSMARFARARVARAR IFRI ICHRECISSRCCRAE FEESVTGRVEMRGVLFAYESRECVE. 480

br2.seq CFST SVFACRTTAT WESSGESERSTUVVST TFREYLRSAGCTTT FT(—HFTRSIHI RWTRROTGTVSCEFAT FATSTRENT TTCGRTSCSATT AFMFFARRVANAHSFTTRT FRYRTeverReT ST
di23 B B CF ST SVERCKTIRIVG GRSTVVSLIEREYLESRCCILICCHLLRSIL I RWIRRCIGIVSCEFALFATSIRENL I IGRCSCSRTL AFNEEARRVANAHSE IIRLELCYLTICVCERE

br2.seq 720
d123.seq 720
br2.seq Rl e STHLFHHHHRTVATKCT AFRAGASSFT RT ARMNSEFRAYAT AC AJCCSFSATFAYTT SAVI SUYYAECFRYMKRE TAKY|

B PR R QS SARNSVSSEINTRNSSYGRSFYSER SIHCERHHBRTMACKCI AFRAGASSFIRLARMNSEEWAYAL ACSICEMVCCSFSATEAY I1 SAVL SVYYAELERYMKRE TAKY L 1)

br2.seq CYTTIGCNSSAATT FNTVCHVEWL TVCENT TREVRERME ARVI ENE TAWF CACENASARVAART AL CACNVESATCCRISVIVCNSAT NI VACTACEVICWRI AT VI TAVEFIVVERATVIC 960
di23 seq (CYLLICMSSRRIT FNTVCHVEWL TVCERL TREVEERME ARV RNE IAWFCACENASARVAARL AL CACNVESAICCRISVIVONSAI NI VACTACEVLCWRIAL VLI AVEELVVCRATVIO)

br2.sea KMFMECFSCCTFARAHARATC TACEAVANT RTVAAFNARRE TTCT FEANT RCFT RECFURCC TACSCYCVACFT T YASYAT CTWYARKT VRECVELF SRTTRVFMUT MUSANG 1080
d123 seq JEMEMECE SCLIEARHARATC TACEAVANLFTVARENAERK TTCLFEANL RCFL RRCFWRGC TACSCYCVACF LI YASYAT CIWYARWL VEECVELESRTIRVEMVIMVSANCARETITLA 1080

br2.seq FLFTRCCRAMRSVFETTIRKTEVEET TVI AAEVEFRERCEVET KHVEFSYFSREL TCVFRET STRARACKTT ATVEPSGOCKSSYT AT VCRFYRETSGRVI T LGKTVRKYNT RAT RRVUA R Y1)
d123_seq FLEF IKCCRAMRSVEETICRKTEVEELCVLAREVEERFRCEVELKHVLE SYFSRELIQVERCLSLRARACKTIALVEESCCCKSSVIALVOREYEFTSCRVLLLGKCVRE YNLRALFRVVA 1200

br2 5€q VVECEFFI FARSTRENTAYGREGATEAFVVE ARACANAHRF TART FECYRTCVEFREVCT SCRCRCRTATARATVKCARTUT TEEATSAT CAF SFRCVCEAT ERAGSCRTT TVVARRT AT I R Y1 | ]
diz3 seq /VECEEFLFRASIHENIAYGREGATEREVVEARRCANAHRE TAR] FECYRTICVCERGVCLSCCCRCRIA TARRI VECARTVI I CERTSAI CAE SERCVCEAT ERAGSCRTT IVVAERLAT I R 1]

br2.seq RGAHT TAV T TCKVARCGSHSHT T KHHEDGCYARNT CTORT TGARRGECESTSONGA) 1378
Pk Rl VAT IAVILLGKVAECCSRSHL T KHHELCCYARNI CICRI TGARAGECESTSCNG 1378

B4 di23 5 br-2 FIEEBF TR
Fig.4 Amino acids alignment between d123 and br-2
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