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Cloning and Expression Analysis of Dwarf Gene d15 in Maize
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Abstract: Exploring dwarf genes and analyzing their regulatory mechanisms may provide germplasm
resources and theoretical bases for maize dwarf breeding. The differences of dwarfing characteristics between
maize dwarf mutant K15d and its wild type K15 were analyzed by morphological observation and paraffin
section. Based on the result of allelism test, the functional gene in K15d mutant (designated d/5) was cloned by
PCR amplification, and the expression pattern of d/5 gene in stem internodes were analyzed at three stages.
Compared with wild type K15, the plant height, ear height and the internodes number below ear position of
mutant K15d significantly decreased by 39.22%, 69.75% and 38.83%, respectively. There was no significant
difference in cell size in the transverse section of the stem, and the cells in the longitudinal section became
shorter and arranged irregularly. The dwarf gene d15 was allelic to b2, showing a 200 bp deletion (5485-5685 bp)
at the fifth exon, with the coding region of 3983 bp. The d/5-encoded protein had ten transmembrane domains,
two less than that of D/5-encoded protein, and a second conserved functional domain responsible for substrate

binding and transport functions was missing. Compared to the allele br2, only two SNPs differences were
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observed in the promoter sequence of d15. There were no significant differences in the expression levels of d15

gene between the mutant and the wild type at the three stages of pre-elongation, elongation and post-elongation. In

conclusion, the dwarfing characteristics and expression pattern of dwarf gene d/5 are similar to b2, which is a

new br2 allele and enriches maize dwarf gene resources.

Key words: maize; dwarf; br2 gene;allelic mutation ; gene expression
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Bt br2 FERWFIE ARWREA R KA br2 %407
ST T — RIVEFF SR A R4S LK
FRRIHES AR S A AR 48 LRI AN-360 (2274
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FRIEFT R AR K15d M [/l = AT 28 R K15
(B7 A= AY) RO8d(crl) \K125d (br2) F1 114F (br2) ;
K15d %3 %] 5 R08d . K125d Fll 114F 2258 k15 3 /™ F,
B K15d 43 515 RO8A AT K 125d #4 £ 2 4~ FL REIA
114F SR T oK 3t % 4 G 1 PE A7 0 (MGCSC,
Maize Genetics Cooperation Stock Centre ) , H: 4341 %}
B PN L AE B ARA PR BT A A (LU R PR
A, 2xT5 Super PCR Mix . DH50 /857 25 41 fits
W AT B BE AR W B R AT BR /A W] 5 TB Green™
Premix Ex Taq™ II . & {& E [if PrimeSTAR 1§ H
TAKARA 25 ] 5 P4 R R ) 3 [ 41 DNA $2 B 5
&5 .DNA =44k 171 £ .RNA prep Pure Plant Kit
G A TIANGEN /A w5 52 5% 531071 & (ReverTra
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4 B TOYOBO; 5% & 2 /A& pEASY-T5 Il [ 4t 3 425X
SAEMFARARAF 51 L AE TAY A F
Ao
1.2 REEt

2016 4 75 ZE 1E > ) O3 6 b I3 36 A 114F |
RO8d.K125d . K15d K153 > F, #EMAH 2 4~ F, B
61T IX, BAT 8, B 2 0k 1THE 0.8 m, 171
3.5 m, % ¥ 3350 #k/667 m?,  FH Al B LA FH A 7=
bR
1.3 KI5d5KISHEHIHTELEE

O 285 A, D KOS AT K LS R RR 5 A 7
5 1 TRIH Y TR AR T B4 B bRl 5 o
PR 1, IR AR K15d B K15 B R R 15 ] o
BB£70.3 cmx0.3 emx0.5 cm A/PEYN FEYI I, R
AU R ED R T IR AR R XD
WLEEATI R, FE A ] — ORI T K15d 5 K15
AR FECH o TR PER P38 bR
R (SE) , X 2848 1R K15d 5 %F oz B A= 780 K1 S itk
BT -K 36 (Excel 2012 1 SPSS19) .
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Table 1 Characters and methods of measurement

PER W 5E ik

Traits Method

s P b 2 3] A T 1) 2
Plant height

T = bR S A A 1 1 e
Ear height

5 I (AR b 5 — I 0 i Ak
Leaf width

T IR AR AT S MR 1 T TR
Internode no. above ear

TR A5 1%k B — T IR SRR 2 A 755 LA 9

Internode no.under ear B %k

REILIES DR b 50— B) ) B e 5 — 19 1)
Internode length BaRilniSis
REIGIE:! 1 [ R S 1 AR

Internode thick

14 RTEHEEFRSMEEE

OB 85 5 , 4+ 114F \RO8d . K125d . K15d,
3ANF BEARFD 24 F AR bR s AR AL o 115 F,
PR i P P XA AR ELR (SE) , 5 XUE R =
®2 REEEHSIWFS

Table 2 Primer sequences for homology-based cloning

FEA = XT b 5 Gett F A AR e e o0 B4 D0, JF A0k =
A3 B HERE ) SR AR [ AT R R S DG 2R

1.5 ERZERFISH

151 BiFRyE R¥ECicEm or2)jgs+)y
H1¥ 3514 pQPHIF (CGCGTACCGTATCTAACCAA)
1 pQPHIR (CGGGTCGCTGCTAGACATG)™ , LA
K15 F1 K15d JE F 240 DNA B, A F PCR J7 54~
W d15 RBP4 . PCR VAR 44 18 PrimeSTAR
HS DNA Polymerase #:fEU BT T, S 451 : 98 °C
A 1 min; 98 CAE 1 105,60 CiE k55,72 CHE
12 min, 35 MR ; 72 CHHEMH 7 min, 4 CIR-AF o
152 HBEBXPOTE =W b2 i H4 555
(Genebank & %5 : AY366085) , F| Jf] Premier5.0 4K
PR 7 X6 238 B T A br2 LA R SR 1)
PHEKIS FMK15d, BT 51975 L3 2. PCRY 1Y
TAZI494:9.5 ul ddH,0, 1 wl DNA, 1IEZ 175 414 1 ul,
12.5 pl TS Super PCR Mix., PCR ¥ H&4#4 )7 .98 C i
A5 Pk 3 ming 98 °C AR YE 15 s, fi# 5% I (Tm) (54~
64 C)IR K 155,72 CIHEAR 15 s, §7 34 35 MEH;
72 CHEA 3 min; )i 4 CIRAT o

B 51 4(5-3")

Reverse primer sequence(5'-3")

P I (bp)
Amplified length

51 4F 519153
Name of primer Forward primer sequence(5'-3")
H109 GCCGTCACCATCTAGTTTGC
H106 CGAGCAGCCGCCCAATG
HI113 GGGCAACCTCATCCACTACAT
H114 TTGGTCGTGGCTGTTTGTGG
H103 CCACCCCAGCTCTTGCTACTC
212F/233R CGCCATCTTCGCCTACATC
H211 GCGAGAACCTGACCAAGCG

CGACGACGAGGAAGTAGAAG 1105
TACCAGAGCAGGAGCCCGTAG 1007
GGTTCTCCCTGATGCTCGTC 1595
GCATGGGTTTGACTGGCTCT 1743
CCGCTTGGTCAGGTTCTC 1381
CATCAATCTCTCGAGGAACCAAAC 1754
CGCCCTTGATGAAGTCCG 663

X DA 58 ok 1 B bR A 6 T I [ i
alifb , 3 5 pEASY-TS 2 % 12 % 1k 5 K I #F 1
DHS5a 32 A, 7520 K (Amp) $TH: 19 LB P-4
U PH A e B, BEAL PR IR P Y5 21T PCR %5
W PHE: B P V% TR 301 326 T SRR R AR W R
A B EFIAL 7S A R R SR R R AT B2 w1
FH DNAMAN #1456 K15d FTK 15 R d 15 35 R e 4%
BT PHER LT . R FH DNAMAN S50 350 2 75
FIERT A I HEXT o
1.6 4WEBRZENH

F) 76 2k T. . TMHMM Server V.2.0 (http://
www. cbs. dtu. dk/services/ TMHMM/) T | 25 17 %5 Ji

ik, SOPMA TEZAK A 2 1 o — 4kl 2k
. F I SMART (http: /smart.embl-heidelberg. de)
T A 1 B D AR S AL
1.7 EERRE

% Jil RNA prep Pure Plant Kit i 7] £5 53 51 42 B
K15d F1 K15 M RHA TR (8 Fr @ FFm J2 11 Fr ] Ui,
) (10 Fr R I S 13 e R] W) AE (12
JFF It K 16 F ] UL ) B 25 A4 2 755 H] A9 5 RNA,
I 308 3ok s e s iR R B e S Ji cDNAL, - H ]
SBUREAR R 10845 5, T I S0 B R e BRURE I
RS B R SO — B0 bR S S AR B ] L R
B2 Toh AR ZE AR, AR Y A 3 bk,
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Y (8] 1F ih 3 X B, R R DT H ) 225 A
[] 5 L 451] 10 AR Jo 35 55 1) B v R e 4. A
Primer5.0 XA 11 3L R R R R G 1P RT12(_E i
51 5'-CTGCTCATCGGCATGTCCTC-3', R4l
¥1.5-GAACAAGGCGATCTCGTTGC-3") ; 18s rRNA
( B354 5-ACCTCCATGCTCACTGGTACTT-3',
T % 5] 4%) 5~ACCTCCATGCTCACTGGTACTT-3")
YERINZS L . #%88 TB Green Premix Ex Taq It
o fic B A WA R, 7E CFX96 Real-Time System
AR , TSRS E 3 R E A, FE DA X Rk
K 28T L

K15

K15d

e

Intemode diameter (mm)

Kisd| | K15] | K15d

M

a1
-ull””“l

B K15 ®KI15d

0 M
12345678 910111213 §
Internode order

2 HER55H

2.1 KI15F0K15d BB EFEEL 82

K15 5 K15d (R B AR LU WL 1. BEFF
ZEARR K15d 5HFAE R K15 A1 EL, Bk 7 o B i
RAIG, 72275 (B 1A B) 5 15 T RR IR A R ]
B I A8 (& 1C) 5 #5 1 H EAR AR 40 (1 1D) . BER
TRl 4N RS B0 F (1B ) AP A (& 1), ] — ok
FEECOLET T K58 D) 1 240 it R4 8 ol RN 28 S AN
AR, G0 1T 20 A R AR, HESAS KL

DU——
(SRS
i L

. [4 '
4 :

J

“ ¥ - "y' .4 v
L‘ K15 i ) 4Kusd( .

AR, BRI =20 cm; B: Z5FF , A7 =20 cm; C: 5[] , #7 N =2.2 cm; D 58] 542 ; B BT B0 (10x10) , #5/X=0.1 mm;
F BRI (10x10) 45 =0.1 mm
A Plants, bar=20 cm; B: Stems, bar=20 cm; C: Internodes, bar=2.2 cm; D: Internode diameter; E: Cross section of below
ear internode (10x10), bar=0.1 mm; F: Vertical section of below ear internode (10x10) , bar =0.1 mm

El1 KIS5KI5dEHaEHIER LS
Fig.1 Comparison of partial dwarfing characters between K15 and K15d

K15 5 K15d 17 2 Rl 5 5ol 1 T3 3.
R AT 28 AR UK K15d 5 BT A R K1 A HE B e B AR
39.22% , T 55 FRAR 69.75% , 22 5734135 S MR B 357K
S s BTN Y [ HSORH Xof M A A /L 38.839% , B Y ]
B A ASBH 5, Ui HH K15d A9 8 Ak 55 88 350 4 18] 4%
FIIR AT G o AEAR RIECORAEECRTALET T~ K15d # 1)
TFT 20 B 25005k 20 31.30% , D71 1T 4t 453 T 34.30% ,
I3 IR B 2 RN B E KT
2.2 RTEKISd BT ERWEMES T

3N F, S BCE R o AR = LR A SR L 4, 24
4 K15dxK125d Fl K15dx114F %0 F, B0k e Fs 7
B, RTHIFSEIE B K125d Fi 114F B AT 58

B PR AR AR L ] (br2) 380451 HE DN K1 5d B AT AR
PRI Sy BBk S R 52 4%, 90 28 1T K15d K 125d
114F [ 9% A1 58 48 5L N AR B 4667 o 11 41 & K15dx
RO8d (cr1) ¥ i FIRE AV =5 B X B 2 318 5, 156
KISdBEF R 5 orl REEAL(FR4) . 24HA F BT
TP R A LI 2, 4146 K15dxK125d F BE AR =
L BRI 3 AT , T K15dxRO8d F, Ak 2 52 L 4y
A, R KISd BB I R br2 060, 5 erl A
B o

23 BHEREJISHEE

231 dISBEHF TARKISMRAARKISAF dIS
Ja B PCR Y 14 ™ W B 5 100 R/ h— 25 (81 3)
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W45 0T, K15 FTK15d W d15 )5 3 10551 58
S AH[E, K/ A 1100 bp, 15 GenBank Wi 5%

£3 KI55KI5d 5B LR LR

FLIKN 2 B73 (RefGen_v4) 1) br2 541 He X M AFAE 2 4~
PARZTTIR 22251 (SNPs) |, [R]JEME 13K 99.94% .,

Table 3 Comparison of partial dwarfing characters between K15 and K15d

RS iy

i s KIS ik

Pk (cm) Plant height 234.60+2.19 142.60+1.70 -39.22"

T2 75 (cm) Ear height 72.7342.15 22.00+1.20 -69.75"

F9[E]%% Internode no. 13.00+0 11.33+£0.67 -12.85

R T7E4L Internode no. below ear internode 6.00+0 3.67+0.33 -38.83"

T E5MI4L Internode no. above ear internode 7.00+0 7.67+0.33 +9.57

FEF I RGP ANAEL Transverse cell no. of below ear internode 57.50+0.50 39.5+0.50 -31.30™
10.67+0.67 14.33+0.67 +34.30

FR I DIE A% Longitudinal cell no. of below ear internode

SRR s+ R RGN —FR D T ERIRTE P<0.05 K -2 R B % " RRTEP<0.01 KV ERBE; T

Mean+SE; +meas increase; -means decrease; ‘means significantly different at P<0.05; ™ means significantly different at P<0.01; The same as below

Fx4 FEIEHRBNELSIEE

Table 4 Comparison of plant height, ear height between F, and it's parents

HE PR (em) A A F A Ltk
Combination Traits Female parent Male parent F, population Allelism
K15dxR08d R 142.60+1.70 115.33+1.14 254.60+2.39 AL
Tl 25 22.00+1.20 34.13+0.95 78.05+2.80
K15dxK125d /= 142.60+1.70 106.27+1.17 189.10+3.68 L
TR 22.00+1.20 25.87+0.62 38.45+1.70
K15dx114F /R 120.79+0.97 120.00+1.45 154.96+2.42 A
A= 24.94+0.41 28.00+1.23 28.82+0.86
251 i
20 f
Fy
£ 2000
% —o— K 15d<R08d
= —e— K15dxK125d 1000
= 750
500
o
250

BE(em) Plant height
E2 2/MES FETKS S HE
Fig.2 The plant height distribution of F, population
of two combinations

B3 KISHKI15d a5 BERBFRIYEER
Fig.3 Amplification results of 15 promoter in
K15 and K15d
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232 dISHwEBER R 76 EESRYES P4 BT
K15 (¥ A= #1) F1 K15d (3 K 2] DNA JE 179 38 9f
PEAT B RE M B S R VKRS . ATl 4A BT LLE
Sl H211 97488 K15 FIK15d J5 2007 22 55 4401 .
XA PCR Y34 77 Wy i A7 v e S I, 3% R

A H211
bp M K15 K15d

2000

1000
750
500

250

DNAMAN FAAX Gt S TP B Hoxt . 2550 6
7~ (4 B.C),K15d H d15 5 F 2t [X 4K 3988 bp,
TESS 5 AR F 1Y 5485 bp £ 5685 bp [A]H2 200 bp [
FBE I LASHT br2 S0 LA

5485 bp~5685 bpla) 2200 bp
Deletion of 200 bp between 5485 bp and 5685 bp

Br2
K15 |
K15d [Ees

FRA T
Exon V

Bl 5437
B 2561
B 2861

BRI CCTGGAGGCCGCGLACGCCAGGGCCACGCAGA 5517
CCTGGAGGCCGCGCACGCCAGGGCGACGCAGA 2941
................................ 2909

Br2  TCGCGGGCGAGGCCGTGGLCAACCTGCOCACCOTGGCCOLOTTCAACGLGGAGCGCAAGATCACGEEGCTGTTCGAGGLL 5597
K15 TCGCOGGCGAGGCCETGECCAACCTGCOCACCOTOECCOLRTTCAACGLRGAGCGCAAGATCACGGGGCTGTTCGAGGCE 3021

| T, S T S s e T R S e

........................................ 2909

Br2  AACCTGCGCGGCCCGCTCCGGCGCTGCTTCTRGAAGGGGCAGATCOCCOGCAGCGGCTACGGCGTGECOCAGTTCCTGLT 5677
K15  AACCTGCGCGGCCCGCTCCGGLOCTGCTTCTRGAAGGGGCAGATCOCCOGCAGCOGCTACGGCGTORCGCAGTTCCTGET 3101

T Lol T il b B S S I i e

Az SIYTH21 Y BEZE I B d15 FERIZE M) S TRARN 455 C s d15 FER B A B

........................................ 2909

Yy 5757
e 3181
ATCCEeSh

FPaI%s b

A': Amplification results of primer H211, respectively; B: Structure and mutation site of d/5 gene;C: Sequence comparison of

fragment with deletion of d/5 gene
B4 BFHERJSHEE
Fig.4 The result of cloning of dwarf gene d15

233 dISHFBEHE FH DNAMANS.0 144 %F
K15 F1K15d Hr d15 7500 G 5 1) 28 B 1R Ty 51 3264 7 L
ST 5) ., &5, K15 F1 GenBank 1 br2 4 i 44,
LR 41 Y [ IR AE R 95.919%, H. 225 5 IX AN A7
TRSFIFS . K15d W d15 3L R e 51 Bl S 2 dm i 2
FEPR NG 972 ARSI B | A it 1326 24 JER .
24 EYEBEZFETN

241 JdISEABREHTMN # TMHMM2.0
T HXF d15 Y& ) 5 LS A T . anl&l 6
Fis, B AR K 15 W D15 (d15 Ry Babt s A, HoAH

WAEIER AT 248 D15) gt 8 1A 588 1 12 485
JIES s Mk, T 28 A8 K K 15d A d 15 w2 11 AT 10
AN B BESSF IR, 726 1050 137 2 FE R AL B2k 2 415 i
SERAIR

242 JISEEIZREHTN  FIH SOPMA X} di5
Gl B ) R EE R TIN A I (3R 5) ,d 15 s
) L5 v o- B8 E PR KA D D i B-4% AN
TCREIN A th S5 R 3G T, BB d15 7551 i il 2K {2 1
TREER L Gy R A U TS R B 1 R RS R Y
T
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Br2 A 80
K15 1QPPGF ;QPFA%PQPII‘ 80
K15d T\IQPPCTI\(QFFA\FQPTIP 80

SKKPTPPAALRDLFRFADGLDCALMLIGTLGAL 160
/ KPTPPAALRDLFRFADGLDCALMLIGTLG 160
AGANDSKKPTPPAALRDLFRFADGLDCALMLIGTLGALV! 160
240
240
240
320
320
320
400
400
400
479
480
! ¢ 480
Consen@lalatmf@vmlggl qsapsmaafakarvaaakifriidhrpgissrdgaepe@vtgrvemrgvdfayp%rpdvpllr
559
560
560
639
640
640
719
719
719
799
799
799
879
879
879
959
959
959
Br2 RATQTAGEAVANBRTVAAFNAERKTTGLFEANLRGPLRRCFWKGQTAGSEYGVAQFLLYASYA 1039
K15 RATQTAGEAVANBRTVAAFNAERKTTGLFEANLRGPLRRCFWKGQTAGSEYGVAQFLLYASYA 1039
K15d AVVRGVAGEARRV IAHHPRVHGADGVRERRRRDADAGAGIHQGRARDA RDDRPQDGGGAR 1039
Consensgkmfmkgfsgdl a
Br2 LGLWYRAWLVKH@VSDESRT IRVEMJLMVSANGAAETLTLRPDF IKEGRAMRS|JFET IDRKTEVEPHDVDAAPVPDGPGA 1119
K15 LGLWYRAWLVKHEVSDFSRTIRVEMYLMVSANGAAETLTLAPDF TKEGRAMRS\YFET IDRKTEVEPDDVDAAPVPERPRG 1119
K15d  RRGRGEGAGAA] GGAEARGLLV GHPGVPRPEPP RED GGAE RQELGAGSGAAVLRAHVRARAPGRQG 1119
Consensus  a g
Br2 KVELKHVDFLYPSRPDIQVFRDLSLRARAGKTLALV[EPS] SSVLALVQRFYKPTSGRVLLDGKDVIRKYNLRALERVV 1199
K15 EVELKHVDFSYPSRPDIQVFRDLSLRARAGKTLALV{EPS SSVLALVQRFYEPTSGRVLLDGKDVIRKYNLRALRRVV 1199
K15d  RAQVQPAGAAARGGGGAAGAVPVRGEHPREHRVRA ‘GGGGGAG PVHRGAAGGVPDAGGIRARGAAVGIHAAA 1199
Consensus g g8 r r
Br2 VVPQEPFLENASTHENTAYGREGATEAE IAAQANAHRFTAALPEEYRTQ GVQLS QRTATRIRALVKQRA 1279
K15 VVPQEPFLEASTHENTAYGREGATEAE! IAAQANAHRFTAALPEEYRTQ GVQLS QRTATRRALVKQRA 1279
K15d RDRARASERGGHRAAGRGDQRAGRRVG. IGGAGARGVRAHHHR( PAG QGG VALA 1279
Consensas a va gr a
Br2 TVLLDEATSALDRESERCVQEALERAGSGRTTTVVAHRLATVRGAHTTAVIDDGKVAEQGSHSHLLKHHPDGCYARMLQL 1359
K15 TVLLDEATSALDRESERCVQEALERAGSGRTTTVVAHRLATVRGAHTTAVIDDGKVAEQGSHSHLLKHHPDGCYARMLQL 1359
K15d  APSRRVLRAD, ADGRGGRARAVVLVQRAADRKDGWMGLVPREL. . .. ..o 1326
Consensus a
Br2 AAADGRGGRARAVVLVQRGRVGRNGWMDGFGSSRD. . . . . . . 1394
K15 QRLTGAAAGPGPSTSCNGAADGMDGWMGLVPRET. . . . . ... 1393
KIBd e 1326
Consensus

55 dISERREEANEERF X

Fig.5 Alignment of

243 dISEBDIREETN R SMART fiijill d15
Y& I RESEFAIER, 455 NCBI CDD 4 %2 43t

TRSFEA, G5 5K, K15 9 D15 4t 1 &4 ABC
B35 T 1 MO g 28 R I, B T R R 4 R

(NBD, nucleotide- binding domain ) 175 ™[5 5 2% #4) 41,
(TMD, transmembrane domain) , &4 ABC #5iz

d15 amino acid sequences

I, HA “NBD-TMD” HES1) 8 45 44 i o5 (1] 7A)
11 K15d 5 d15 4t 2 155 2 4> TMD AN S 3% H 27
ASNBD A, RO 5 A Z2R5F P41, il Walker A
(P¥£) .Walker B, ABC signature motif( Walker C) A ¥R
DIF HIFFQIFSE(EITB) . HHIHINT, d15 4%
L RBASFI 1 B2 AT BB i B 1 A9 % s T RE .
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Fig.6 Prediction of transmembrane region of d15 protein

R5 dISEBRNZREETN
Table S Prediction of the secondary structure of d15 protein
(%)

PR o-1EiE VIEREE B AU

Material name  Alpha helix Extended strand Beta turn Random coil

K15 4731 15.36 5.10 32.23
K15d 42.38 13.65 8.07 35.90

A
- ™D | [NBD]' T™MD

(o]

- T™MD

{ NBD Jo—f 1M

A:K15;B:K15d;NBD :AZBRE 1 18; TMD « B BEEH I35
W OFEIE AR AL A
A: K15; B: K15d; NBD: Nucleotide- binding domain; TMD:
Transmembrane domain; Pink rectangle: Low complexity region
E7 dI5ERMNIEEETN
Fig.7 Prediction of functional conserved domain
of d15 protein

25 BREREIISHREST
AMFFEXF K15d F K15 #5534
H AT a5 FEDRAEZE5E 2 Y [ L 2R Rk - 5 b
(E18). 45BN, 3B d15 13RI T 7E K15d
K15 (8] 3406 I8 3% 22 5 (P=0.316,0.144 }2 0.166) ,
FARR R 022 R IR d15 LR Fk B 22 T sl
201 oKis

1.8 m K15d
1.6F

IR SIS
—T—T

RO SN
Relative expression

=
=]

0.4}
02}

a ' b c
W Elongation stage
a bl e FORPWINT U5 3 E AL a B IRAR A 11
AL (8 REFF I s b BRI 13 AT WL (10 J ST
eI AR H 16 AR Wit 12 FJ gt
a, b and c are 3 developmental stages during stem elongation. a:
Plants with 11 visible leave and 8 expanded leaves; b: Plants with 13
visible leave and 10 expanded leaves; c: Plants with 16 visible leave

and 12 expanded leaves
8 dIsERRIFE
Fig.8 Expression of d15 gene

3 hie

X R K BACRH AR 52 2 B, AN [ S8 A8 R T Y
REMERZE SRR . HFRERM, br2 AR S
SEMFAE TG 1/4 3 172, FZIERFRAL DL 9 8] 45 6 B
B0 ARG AR AT S8 AR AR K1 5d 5 A= TR e o
15 39.229% , BEAVE =5 B#AIK 69.75% , ELARR 45 8] ™ 8 45
R, RS 38.83% AHXF A AY K1 5d A ) AT
YU EOR D 31.30% , 4845 R 2 A KRG K15d W)
T 240 L 550 S 3 1A, A B AR /N SRR HES
B A BRFE AR K 5d Y 0] 45 6 10 5 DS 2 4 i
KBS HEF R B RS, 5 br2 BB AL FRIE AR
ol SEFATUR LL AT AR K 1S B & B A = B
AR AR BRI P R, AR AR
REEALK, (LA ™ I P 2 8 rp AT LA o 385 o i A % 1
R AP AR YE K15d 5 0 RUERFF LR A
BEASE F bk o FRAL S BT 4 2, 456 B RE AR
O3S REEUER T K15d IRAL LR d15 5 br2 %40,

Pilu 5573 12 [F) R va B & 3R, br2-23 7657 5 A
F B Ek 148 bp 1 11 B, RS s - P ik O
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200 IR . AT S FOK br2 P8 i bE
LN RN d125, R IR d125 b5 E 50 1955 1651 bp &
1A 9 bp FIE 6432 bp b 11~232 bp I 1 B,
IS 1318 N IEMR . Wei 2515/ BT K br2 25407
LI gpal #2555 418711 6376 bp £ 6617 bp [A] ik
25241 bp, TR H LR B . ABF5E S
% oK br2 B P AN S SR d 15, AR S
A 5114 5485 bp F] 5685 bp [H] i 2 200 bp , iX 5
1) br2 S LR R AR XS & AR TR . I8 sh 7
o HT B, S AR PR AN A A vh 15 B R s M
], 522 KK 2H B73 1) br2 5 8 {4 24> SNPs
Z 5 TRIEME 4 99.94% , 3% 55 g AR 2V T [ br2 45
i gphl I JE S 25 R AL

5 [ 235 #4358 (TMID ) T g 174 i 1 T 71 A5 )
YR S5 & M iz, 3 H TMD | 45407 5 HoA 1
FLE VR s S i s 2 . AR TN & B
d15 FE s IR IX A 3 I 2% i 2% AT RE S i JES 4 1Y)
GG Nttis . dlS GRS I R F R 12
THE R JCHE U] 45 1 g G, v o- B U/, 5 N £
5 2 AR SR SR A O T B-J £ AN TG R 45l 2354
B, R R A TR R dI5
Yt 2 5 2 DI REUNBD GG, L/ S £
MRS A 5 F , 045 Walker A(P¥R) \Walker B,
LSSG-motif A¥ D3 HIFAFIQIH,

WL W], PEA  HEA  Walker B F1 Q #E 1 4~
i B2 T ATP 43 T B9 2540 , D 35 F LSGGQ J3 41 Il
P R, AR T AT () “ ATP sandwich” 4544 , 1%
ZERTE R F ATP A BRI A BRI, i T PGP 25
1R85 1 e 728, DT AR 2 6T IES 490 1 1031 N e
i R, B S8 d LS SR S REA SO
W ATP 431 FE S R 2 A b il T RE R AL AN
RREHIIREZ B, A dh TR IR R SRR
OB S ST Y = ) e B | s =N T2 (= 25 Y o
X T i i DR 3 3k A X R LR P AL T B AR
FH2 . br2 ifis A K B2 i 8 1 PGP, 78 £ oK
M) Z AL B Rk AR A A 25 F
[ Feik st Pilu 557N} br2-23 S H B A RIBT3
A8 R AE 10 AR f AR, br2-23 9 iEAL
IR ek 25 57 10 A2 ph 4 3 47 e 2 T S SO B AR
B, LB T br2 ZAL LN gphl 1EZEFTAE
KA A [ st 03 2 505 4 2 B, L ik B AN S 5 i A 2
Abkm R MHE R, AR E,d15 a8 TR
A= BRI G AR PR TG 28 S5 ZE 3R T AT L U 3
B, d 15 DR Fe ik i 7R Y AR 7R KOS F 28 AR (R K 15d

RN R EZE R R 415 AR
IR ICIF AR R T, BRI 2E 5 S d15 BRI
AR IO . HEW a1 5 ZED A N RSN RE AL A A8 Ak
A RS EERE R R
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