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ARMFHAEEEF. GTL, £HLAR IS QBRFEREEIEXNE b2 406k, R—AHFG b2 SE4LH, FETE
RAEAT K HH R

KiEiIE: 2R, £ 2AR; FETT; AREAZK

=

Cloning and Expression Analysis of Dwarf Gene d15 in Maize
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Abstract: Exploring dwarf genes and deciphering their regulation mechanisms might provide germplasm resources and
theoretical basis useful in maize dwarf breeding. The differences 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 d15) was cloned by PCR amplification, and the transcriptional pattern 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. The
stem cells in K15d were significantly smaller and irregularly arranged. The dwarf allele d15 was allelic to b2, showing a
200bp deletion (5485’ to 5685°) at the fifth exon, and the coding region of 3983bp. The truncated protein encodes only
10 transmembrane domains, without the second conserved functional domain that is responsible for substrate binding and
transport function. Compare to the allele 572, only had two SNPs were observed in the promoter sequence of d/5. There
were no significant differences in the expression levels of d/5 gene between the mutant and the wild type at the three
stages of pre-elongation, elongation and post-elongation. Collectively, the novel allele d/5 is allelic and similar to 572 on
dwarf characteristic and expression pattern, which provided a new dwarf gene resource useful in maize breeding.
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PR, BT, TR EEE R AR R IER IR br2 (brachytic2) , FLREWSANGIZE T MANMMK,
RO AR e, O AR LA 1Y 18] B 53 6, Pilu 2506 B73 H o B BB AR br2-23 HEATRTSE, L brel
br2 M1 br3 5HBATEM A, FIiA KSR AR, HEWrEIT vEEEER, FHH SSR Anic i fr Fa #HE
UESE T IX—HEWIT. 2003 4F, Multani 258 UKAE T2k B73 JE R4 A @ T Mu % B FARZEVE T R H br2 SER,
GRS R IRHLEL R br2 gafGEE (1 PGP (K Zh AR B T IAA B4R Z B, Ak, @it A4k
Y5E . QTL & i K BN s e 0710, 20K br2 ST B ve e, T br2-23 FE55 HAM R B A — 8bp
1 E SRR OTL-gphl 35 HAME T 5259bp &b KAz —> SNP (G/T) %0 d123 SEIUAMNE 7 Fgmid it —
N EBRAE B WO IR br2-NC238 SV A & b4l N —> 572bp 12 J ) F 52 % JE ot (MITED [,
gpal % 5 JMET 6376bp F| 6617bp [AlF K 241bpll. B br2 LI FLHIABIRN, FIRME R I br2 G560 748
S, EH H— RIVEF A, R4 B LORTIARIHE) T, AARYEM A A2 LRI AN-360 (SEPHHEF) .
¥ 154 FI%% 544 CREGH 2 BT « B 268, Bk 8 S5, i1 HoK br2 B RES — oA R IR EL
—HEM, FHEE br2 W EHIMEHEE — AR RR, IRE T br2 BRI R NE, br2 I RS
PR B R ATT 0 B AR BRI, R R FE T (0 AT ik D8] sl S A7 A8 S5 o R BB B P A 2538 30
K15d AR R IL —ANEFF TR, AR e 0 K15d 2R AT I AL & Rl oAU, A 70K o
K15d WIRECRAIEEAT 8558, I RRACEE R SR8, X d15 FERIAT se B AR AL A0, vtk — B A
LR ML RN 7 4 5 i
1 RIS RE
L1 # AR5

FORBBFT A K15d K FJEEFF AR K15 CBFAERD | RO8d (erl) « K125d (br2) I 114F (br2);
K15d 7375 R08d. K125d #1 114F 258 3k43 3 A Fi#iffk: K15d 7375 R08d F1 K125d #4932 4 Fa Bk
114F k5T MGCSC(Maize Genetics Cooperation Stock Centre), F:4xARHA U I IELL A ARG R AT A
Al (LARfEFRA D) $&4E. 2xT5 Super PCR Mix. DHSo/& 52 2541 M [ il ERHE B AE ARG IR A
TB Green™ Premix Ex Taq™ II. = {# F /& PrimeSTAR 4 [ TAKARA /A &) ; PREERAEYIE R0 DNA $FEGRA
FEE DNA P44k 8556 « RNA prep Pure Plant Kit {7 &% F TIANGEN A 7]; R f & (ReverTra
Ace® gPCR RT Master Mix with gDNA Remover) [ TOYOBO; 7% #i{k pEASY-T5 I H b it & &4

BARAWRAR: 51YH A T AV A F G .



1.2 38t

201645 FHZLE AT WP SEHITF #EFI114F . ROSd. K125d. K15d. K15\ 3PFBHAF2AFREA, 617
X, FHT8%, FE2bk, 17FH0.8m, 17143.5m, 233500k /mi. FH IR EE LK H A P2 A bnif
1.3 KI5d5KISHBUFHELE
L3 IMEIRE R BO g oG, MEKISAIK SRR 5 TalHLRT (o) $oE 3 iR .
1.3 24BREEER fEEU 4G, DIESARK 1S X KIS AR 45 8 HH#£50.3cm*0.3cm>0.5em K /M H 4
REVITE , SR A ) A E YR 07, FEAE 5 BT N U0 o Mg, L A — R R ORI T FK15d
HKISIAMTZARFIEE o THESHAREPIE bR e R (SE) , R RATRK15d 5505 RLEF A AYK 1S 1) MR 4L
A TAR S (Excel 2012F1SPSS19) .
1.4 REFBIBEESFMMEEE
1.4.1 MEREE BOMZ5 RS, DI 114F . RO8d. K125d. K15d. 3 AN Fy BEARAN 2 A Fo BER B Rk = AR
o
1.4.2 BHRSHFE HHE PR RO S P ERAR IR (SE) , SXCEMREMBEAEX H: Siit Fo fl bk
BT B IE DL, R m AT L HEDIAR LR A BB AT HE R 1 A R
1.5 [EliEsErERFF 54
1.5.1 BahFH 8 R CRE M b28 3T 75110 51 %pQPHIF (CGCGTACCGTATCTAACCAA) #
pQPHIR (CGGGTCGCTGCTAGACATG) 11, PIKISHIK15dFE R ADNANIRR, FIFHPCR LY Md15)E5)
T FH . PCRIZ N K £ 4% 1 PrimeSTAR HS DNA Polymerasedf{/F 5t W HE4T, [ 4544 : 98°CTHiAE 14 1min, 98°C
BH:10s, 60°CIBKSs, 72°CHEAF2min, 72°CFFAEM7min, 35MEH .
1.5.2 YRESXHNH 1 S b2k 2075 (Genebank ¥ 545 : AY366085) , | PremierS. 0% B 1175538 X
55 B br2 B RV (R R e R 51 09 3K 1S HIK L5, TR SIYF 5 W31, PCRYIE4A R4 9.5u1 ddH-O,
1ul DNA, RG34 & 1ul, 12.5u1 T5 Super PCR Mix. PCRY™ MR : 98°CTHAEM:3min, 98°CAZ 14 15sec,
Tm (54~64°C) iB‘K15sec, 72°CHEfH15sec/kb, #HI3SAMEH: 72°CIEMH3min; & J54°CIRAF -

XA 48 SR H AR 2 EAT BER RSO R4k, IR pEASY-TS Bk ERHALEIRIHAT B DHSa
AU, 75 Amp HitER LB SR _EOE R v ke, BEALPRICR AT PCR S, K BH M 5 s 7 B R
536 A SRR R AE W H AR A BRA R R 508 & KIEERH A BRA /I - B DNAMAN #F5%) K15d Fl

K15 /1 d15 FERI P 45 kAT BHe Al tb . KA DNAMAN 32F 70 9 A% = JE R 17 51 3 EL X
* | BEEERSIFT

Tablel Primer sequences for homology-based cloning

5144 9%

Name of

A5 Lk FHKE (bp)

K Forward primer sequence Reverse primer sequence Amplified length
primer




H109 GCCGTCACCATCTAGTTTGC CGACGACGAGGAAGTAGAAG 1105
H106 CGAGCAGCCGCCCAATG TACCAGAGCAGGAGCCCGTAG 1007
H113 GGGCAACCTCATCCACTACAT GGTTCTCCCTGATGCTCGTC 1595
H114 TTGGTCGTGGCTGTTTGTGG GCATGGGTTTGACTGGCTCT 1743
H103 CCACCCCAGCTCTTGCTACTC CCGCTTGGTCAGGTTCTC 1381
212F/233R CGCCATCTTCGCCTACATC CATCAATCTCTCGAGGAACCAAAC 1754
H211 GCGAGAACCTGACCAAGCG CGCCCTTGATGAAGTCCG 663

L6 EMERFS

FIFHAEL T HTMHMM Server V.2.0 Chttp://www.cbs.dtu.dk/services/TMHMM/) Tl 2K {9 175 5 45 k) 2k
SOPMAZE L3 3 M B 1 0 — R &5 #2878 . FIFISMART Chttp:/smart.embl-heidelberg.de) il & (4 5 Th g
g3
1.7 EEHFRIE

KH RNA prep Pure Plant Kit 377 & 537 $2 B K15d A1 K15 AEHE 15T (8 F Rt K 11 Faf I
Hil] (10 v IT & 13 el W) RS (12 v ITi & 16 v ml L) fR 54T 58 — 15 8] i)EL RNA, Jfid
T s 2 SR R e L S SR AR cDNA . FH TRV HRURE AR P 8 450, 34N B 0 R AN R R I 1oty 5
P —3, vk RO R T BOR . R ERE R 8. R RIR RN, A ER 3 b, UIBC A IE
R IX B, R ARAIE DI 25 T A [ R L) (R A5 358 55990 B ¥ S 3R B2 2.4 . F A PrimerS.0 801501 JE A
LRGN/
5-GAACAAGGCGATCTCGTTGC-3") , 18s rRNA {E NN ZH:K. 4% TB Green Premix Ex Taq II Ui B 45
Tl & e B PR &R, 76 CFX96 Real-Time System AR, BAMFEM K E 3 IRER, FEFEARN A &R
2AACT It RS,
2 BRE R
2.1 KISFIK15dBB A AFIEEL 52

K15 5 K15d BIE AR EEEULE 1. B T Al DUE H, BEFTR AR f& K15d 58 4E 1 K15 A1 EUik
i HALE IR (B 1A, B IB) o HEAKR R R AR AR (B 10) » & EAA (A
1D) . BRI AEMET A (FE) AU (B IF) , FE—HOKREEAE T K15d 3o 488 R KR, I
DI THD Hh 4 A 2 3 R HE A AN

#FIE K 5 M 5 ¥ RTI2 ( Lk 3 51 ¥ 5-CTGCTCATCGGCATGTCCTC-3' ;
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M: h: K15: d: K15d: A: fHEE #8/3=20cm: B: 2Ff #8R=20cm: C: Wl #x/A=2.2cm; D: TR EAE: E: B FWREYIH (10x10) : F: f#
TASEADIE (10x10)
Note: h: K15; d: K15d; A: plants bar=20 cm; B: stems bar =20cm; C: internodes bar =2.2 cm; D: internode diameter; E: cross section of below ear internode

(10x10); F: vertical section of below ear internode (10x10)

1 K15 5 K15d R ULHIREEER
Fig.1 Comparison of partial dwarfing characters between K15 and K15d

F K15 5 K15d B3 MRl & 51 T3 2. WFE 2 Rl LR, BFFRAAR K15d 5E AR K15 M
EUAR = FRAR 39.22%, FEAT 1 BRAK 69.75%, 72 S50k BRI 25 7K S5 R 77 TR)B50R o 85 A B 45 %6 38.83%,
R BN, B K15d BB AL SRR 305 (R 50 b o o EAR ORI B 1~ K15d B

D 4 s> 31.30%, DI HI A N 34.30%, 5353k FIAR . 2 A 2 KT

3 2 K15 5 K15d BB EUMIREER
Table 2 Comparison of partial dwarfing characters between K15 and K15d

RN K15 K15d b K15 380k (%)
Trait Compared with K15(%)
e (em)

234.60+2.19 142.60+1.70 -39.22%*
Plant height (cm)
AR Cem)

72.73+2.15 22.00+1.20 -69.75%*
Ear height (cm)
RElE G

. 13.00+0 11.33+0.67 -12.85
Internode No. (section)
TR (9
6.00+0 3.67+0.33 -38.83*

Internode no. below ear internode
BRI (9
. R 7.00+0 7.67+0.33 +9.57
internode no. above ear internode
TN AT A D) A A (AN »
Transverse cell No. of below ear internode 57:50+0.50 39.5+0.50 -31.30
RS RN A HEL (A

10.67+0.67 14.3340.67 +34.30*

Longitudinal cell no. of below ear internode

T bRl FORTE P=0.05 ACPER B, “TORTE P=0.01 KT EREHE
Note:+ SE;"means significantly different at P=0.05," means significantly different at P=0.01

2 R K15d BUEFTEEMZALME 47
2.2.1 FIEHAMMKSFIBLIS /M 30F 5 XCEVR RO s i 4 o (R3) o MR afLUE W, &
K15dxK125dMIK15dx 1 14FFIPk i AR s B o BT ST FEIE K1 25d A0 1 14F B AT 268 [R] Dy B P 4 i A 25 R
(br2) AL, HENIK 1 SAREFT B R IR N B RS MR R 1A%, W18 FIMTK15d. K125dH11 14F (8 FT 58 48 3 R AH



HEA7, TMALEKISdXRO8d Cerl) BRm AR B OEE I Sy, D BIK 1 SARBFT LR 5 er IS4 .

*® 3 FI K EXGEHRES MRS TR
Table 3 Comparison of plant height,ear height between F; and it's Parents

et MR (em) B KA BTN E DAL
Combination Trait(cm) Female parent Male parent F1 papulation allelism
K15d X RO8d R 142.60£1.70 115.33£1.14 254.60+2.39 ANEEAL
T 22.00£1.20 34.13£0.95 78.05+2.80
K15dxK125d M 142.60+1.70 106.27+1.17 189.10+3.68 =0
FEAL 22.00£1.20 25.87+0.62 38.45+1.70
K15dx114F =) 120.79+0.97 120.00+1. 45 154.96+2.42 DA
Tl 24.94+0.41 28.00+1.23 28.82+0.86

222F BRSNS E 2 M HE REEEE AR (-2 o WE2HTBUE], 44 K15dxK125d Fs
FEURPR = S S0 AT, 1 K15d X RO8d Fo BEAA KR =1 2 XG50 A7, HE—2PAE ] K15d B3R S br2 500, 5

crl NN,

25

20

15

=@ K 15d%RO8d
10

H 57 Frequency

p==K15dxK125d

,/)V
0 d =1
9 © D D O © O O o
A5 T A T o P Q:f’% iy
G N AT Y A

#:7 (cm) Plant height

22 MAS F RSN HE
Fig.2 The plant height distribution of F» papulation of 2 combinations

2.3 BITEE dI5 g

23.1d15 BEhF BA R K15 FISARMK K15d W d15 J53)F 1) PCR #3844 K B 5 T /h—80 (E13) .
MR 73, K15 M KI15d o d15 BR3P sl e A, KN 1100bp, 15 GenBank Ml |- 2253k
K20 B73 (RefGen_v4) (1) br2 XL XTMIAAAE 2 M ERE 2 & (SNPs) , [FAEME R 99.94% .

Maker K15  K13d

2000bp

1000bp
750bp

500bp
250bp

[ 3 K15 F1 K15d & d15 BE Bz F R B R
Fig.3 Amplification results of d15 promoter in K15 and K15d




2.3.2d15 REBX FIH 7 XS  BI%T K15 (WT) 1 K15d FSER 41 DNA #EATH 38 63047 B e bt
IR PRSI . A 4A FTLAE H, 514 H211 §74 K15 A K15d J& 47 I 22 5 45 5 . 0T PCR 738 7= 4)
BEAT O RE LR, IFAIH] DNAMAN B0 9 i 5 51 EAT DF 3 S bext o S5k B (K4 B,C) K15d 1 di5
B[R gmig[X 42K 3988bp, TEEE LML T 1) 5485bp F 5685bp [A]HLJ: 200bp )7 B, H&— BT br2 Sk

o
H211
A
deletion of 200 bp
B 5485
da15 - -
exon IV
C Bri 5437
K15 2861
Klad 2861
Br2 b T
K13 2941
K15d 2909

Bri TCGLGGOCEAGGCCOTGOCCAACCTGLOCACCGTOOCCECOTTCAACGLGOAGCGCAAGATCACGGGGCTGTICGAGGEC 5397
K15 TCGLGGGCGAGGCCGTGGCCAACCTGLGCACCGTOGCCGCETTCAACGCGGAGCGLAAGATCACGGGGETRTICGAGGLC 3021
477, S R R e L R R e R R R R R R R 2909

Bri  AACCTGCGCGGCCCGCTCCGGCGCTGCTICTGRAAGGGGCAGATCOCOGGCAGCGGCTACGGCGTGECGCAGITCCTGET — A6TT
K13 AACCTGCGCGLCCCGCTCCGGCECTGCTICTGRAAGGGGCAGATCOCOGGCAGCLGCTACGLCGTOECECAGTTCCTGLT 3101

L S 2909
Br2 atat
K15 3181
Klad 2981

A S 211 g5 5L, 1R 2 5y BISORITAE R K15 FIRARME K15d: B d15 BRI 450 S RN C diI5 BRI R F BUF IR L
A Amplification results of primer H211,1 and 2 represent wild-type K15 and mutant K15d, respectively; B structure and mutation site of d/5 gene;Csequence

comparison of fragment with deletion of d15 gene
4 BATEE d15 H5ErE
Fig.4 The result of cloning of dwarf gene d15

2.3.3d15 wRIBEBE FH DNAMANS.0 &A% K15 1 K15d F d15 get e L m eyt e (|5 . F
5 %8, K15 1 GenBank ' br2 4wtSZIERL 7 51 1) [FJR N 95.91%, HZERXIAGFAERT ). K15d
d15 FEHF PR F RS A IR 2 972 AbFetdshe, FE d15 N GntS 1326 NEIER



Consensrdsasatlacmecaar

E

NAERKITIGLFEANLRGPLRRCEWKGOQIAGSEYGVAQFLLYASYA

HEADGVRERRRRDADAGAGLHRGRARDAVIEVRDDREPGDGGOAR
=

REITGLFEANILRGPLRRCEWKGQT AG:.E\ e

=2 e e GRAMRSPFETIDRETEVEPHDVDAAPVPDGPGA
= S GRAMRSWFET IDRET APVPERFPRG

K15d FRCROBGACAACEMREOAE ARG LY GGAERMROELGAGSGAAVLRAHVRARAPGRQG

Consensus = =

Br=2 R L N S FYKPTSGRVLLDGEDV

K15 EVELKHVDESYPSRPDIQVEFRDLSLRARAGKTILALW KS FYEPTSGRVLLDGKEDV

K15d RAQVOPAGAAARGGGGAAGAVPVRGEHPREHRVRA GG AP vHRESAGCEPHARCEAR

5
Consensus

Brz v PQEPFLF ASIHENIAYGREGATEAE :L:u;ra\ AHRFI AALPE] YRIQ;EEG\ QLREG%QRI ATl H%L\'K%
K15 vvPQE SIHENIAYGREGATEAEW QA REIAALPEEVRTOV GvaL s RIATARAL VK
KE15d DREDEARASEEGOHRAACRODORAGREYE GG&G&RG‘\ RAHHHRGISAP AG: RAHH ROGGGRAGVAL AP
Consensas = = =

Brz IVLLDEATSALDBIESERCVQEALERAGSGRTITIVY. EQGSHSHLLKEHHPDGCY ARMLOQL
K15 IVLLDEATSALDESERCVOEALERAGSGRITIVY. AEQGSHSHLLEHHPDGCYARMLQL
K15d APSRRVLRADAABAAADGRGERARAVVLVORAADREDGWMGL V e

Brz2 AAADGRGGRARAVVLVORGRVGRNGWMDGFGSSRD.
K15 QRLTGAAAGPGPSTSCNGAADGMDGWMGLVPRET.
K154

5d15 EEYRLE QNS EERFFIL 5t

Fig.5 Alignment of d15 amino acid sequences

2.4 £MERFETN

2.4.1d15 BABREHTN ik TMHMM2.0 THXF d15 g A s IRas e mill. il 6 prox, BFAR
K15 o D15 Jwfid B AT 52 B0 12 MBS IRE I, 1 RAR K15d v d15 % R AT 10 MBS IRE I,
TE55 1050 MmAY S SRR AL B R 2 NSRS R (B A

K15 K15d
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o
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FHE =2l fivi=y
Sequence position Sequence position
i — HE — NE B — WE — N
transmembrane —— inside —— outside transmembrane —— inside — outside

ROk di5 RARNERE GG E
Black arrow: The location of missing transmembrane domain of d/5 protein
6 d15 ERRIBIRX T

Fig.6 Prediction of transmembrane region of d15 protein




2.4.2d15 BEEZREEMTM FIFH SOPMA Xt di5 ah 5 H 1) s kB (R 4) , di5 wmiEAR
TREER R EE . O RAKEERD, 1 B-A A AT A ih SR 0, BEPH d15 R A B R 1 R

oy RAAR, BT F R .

*® 4 d15 BRI RGN
Table 4 Prediction of the secondary structure of d/5 protein

EZ S o- B3 iE IR BE p-# Ay TeRL A i
Name Alpha helix Extended strand Beta turn Random coil
K15 47.31% 15.36% 5.10% 32.23%
K15d 42.38% 13.65% 8.07% 35.90%

2.43 d15 BATREHTUN KH SMART Fll 415 4whS & H DI RESE 94, 454 NCBI CDD %4k 2 43 A7 DR 5
JFP5 o G5 R, K15 1 D15 Gt 8 & A ABC $438 B 1 SURY R 25 K3, B8 A7 AN Z R 4 45 X (Nucleotide-
binding Domain, NBD) I L5#) (Transmembrane Domain, TMD) , N4> T/ ABC $i85E A,
HA “NBD-TMD” HEFIISE fssRs o5 (B 7A) o T K15d ' d15 gmid B E5E 2 4> TMD A5 BRI 2 A
NBD $tsk, D &H ZMESFFES, 10 Walker A (P 3£) . Walker B. ABC signature motif (Walker C) .
AP, DI HIA Q3% (K 7B) . tubHIWr, d15 Jabs s 1 She o f s i ok v] e SLM %R 1 10 iz

The -

A
[ ; ] =

gmbrane

A: KI15; B: K15d; AAA: ATP 44 3; ABC-membrane: 51
A:K15:B:K15d; AAA: ATP binding domain; ABC-membrane: the transmembrane domain
7d15 EEBTHEEE T

Fig.7 Prediction of functional conserved domain of d15 protein

2.5 BFERE 415 BIFRIEDR
ARWFFXT K15d A1 K15 3T HIRT A 5 3 DR BB d15 FERAEZE S R AR it irRiE o0 (K
8) o ZEREIR, 3NN dI5 KFREELE K15d 1 K15 B TLREEZEZER (P=0.316. 0.144 )2 0.166) ,

RYIMR R 22 R IR d15 R R IEPTEL



2 1oK15
1.8 - mKI15d

1.6 -
1.4 -
1.2 A

0.8 A
0.6 -
0.4 -

TN RIEE
Relative expression of level
|

B
L &Rl
Elongation stage
A, B CFRRBCHIRT. . G =AM . A RHURERRE 11 AR, 8 R JRIFI: B IR 13 el W 10 AT C P HIEMRE 16
AR 12 AR R
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 d15 EEHFRIL
Fig.8 Expression of d15 gene

3 g E 4R

St TRV BACRFIERT 78 R I, AR R R ZMRE IR K WFARR, br2 SN b 2 5
AR 1/4 B 172, 32 BERRAEAL DL T A4 5 B 20 ARHIE FE R AT S AR AR K1 5d BT AR M B IS 39.22%,
FEAL = AR 69.75%, H AR N5 (8] P E 455, 99 [ 80> 38.83% . AHXTEFAZAY, K15d #U7) 1 40 i o />
31.30%, #EEHREBKEH; KI15d HUIHAN AR R Z38En, i/, SAMMHES] . e, BT
MEEK15d 5 18 48 5 1 BR R 2 i B 4 d . ARFUAIN SRR, 5 br2 BIBACRHEAHTEL. 58 AR,
IBATARE K15d #Rmn s RO ARRE, rH AR, PUlBim s g, BOR RS R IR, (HA P R AR
FRORT DI G SRR 2 R R S A i A FEARYE K15d 55 CURURFT AR AE Fo Ak v RVREASE = 0 BT 45 58
454 P B 2 BRI, UER T K15d RBEREER d15 5 br2 F547.

Pilu S5 i [F) 5 v o I, br2-23 #2565 5 AR B BRkAE—A> 8bp B B, ‘FERE I g A 7= 1) i 2K 200
NEEER - AEEISE TOK br2 75 ke RIS A 5 d125, KL d125 b5 5115 1651bp JEtd A 9bp
FIES 6432bp AbHRIE— 232bp B, SFEGRIY 1318 NEIERL . Lai Wei SR BT K br2 A5 gpal
{E5 5 4MET1 6376bp F 6617bp (AR 241bp, FEH AT MBI K . AR S H T K br2 EH T
I AL IR d15, HAES 5 AMEF1 5485bp F 5685bp [H]ER S 200bp, X5 I 1) br2 A7 HE R ) 58
R XIRGE R JHEN TR, RASRRE AR g15 R B3 7R, 5Z% 5K 4H B3 1) br2
JREN TR 24 SNPs %53, [RIEMEN 99.94%, 1X 5 RS 5a b br2 SRR gphl )5 21 25 FARRY,

EERR LG (TMD) TR BB I T VA R T IR 5 & fEH2, 6 H TMD g5 &7 sl A AT,
WHEE RIS R . AR FL TN A 15 B ARSI X BhAR, HEDIIZ B K AT BERE A I I 45 & M feia .



d15 Jmh A ) 2R E5 K 32 B i o- IR R AN T U A A R, b o- R UL, 5 TN ) 5 M R O A O
1117 2 B RSl v 28 S 57 A 37 ) E A ) T O s b 8, SR B RSSO T ER D RE . 15 i
HE R AN TIREE NBD skik, M S H 2 MR K 445K, B Walker A (P 3£) . Walker B,
LSSG-motif. A ¥, D ¥. H ¥Rl Q ¥f.

WHFERY], P 3. H¥H. Walker B Al Q B I MEB T ATP 20 711744, D 3/ LSGGQ /751 U]
KR, AHE A 1) “ ATP sandwich” 454, 245/ 0T ATP B H R A ZORE, T PGP
ORISR, A R BRI A SR, Rk, %6k 33 d15 gl i E A RE A AU# 3k ATP
o, EEREEEED R TRENMNA LSRRI 53T RERERRENITE, Tk
JE B IR 47 HBEAE F e, X T e R R A AR R R LB T AR Y. br2 SIS K R
wetbiziE H PGP, T KM ANHLATEIHRIE, JCHAMKARKK ZFATRRIE &R D, Pilu 5
XF br2-23 NCEAER B73 IEAE RAE 10 M2 BTN, br2-23 B IF AR RIA 22 e i 4w i P
FIER I R B R AL . T2 BLEEPT T8 TOK br2 SRR gphl fEAE KA I A ZE R RIA BRI, HE
KB A R AR 2 R R . A SR, di5 880 FAER AR R A T o 22 s AEHRCTTSH AT
s JE =N, d15 BERERGAEAE R AT K15 FIRARR K15d (M ERIERRE Z R . R 415 FEE D) 6E
A FIRE TR RS, BRmMESS diIsS BERMRERETL. HEN 415 FEF PRG0S
WA R FEERAEA ) A .
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