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Cloning and functional analysis of a BACKX gene in Brachypodium distachyon

LI Jia, ZHOU Xue, LI Ting-ting, WANG Zhong-hua, QUAN Li
( College of Agronomy , Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: As one of the most important plant hormones, cytokinin plays diverse roles during plant development in-
cluding regulation of cell division, promotion of shoot growth etc. The metabolism of cytokinin is primarily dependent on
functions of cytokinin oxidase encoding genes. To gain insightful understanding and take full advantage of cytokinin oxi-
dase in the genetic improvement of crop growth traits, a homologous gene to the AtCKX3 ( Arabidopsis Cytokinin Oxidase
3) gene in Brachypodium distachyon, BdCKX, was cloned. To elucidate its bioloical function, CDS sequence of the
BdCKX gene was amplified and ligated with the pCXSN vector, which was then introduced to callus tissue of young em-
bryo by Agrobacterium-mediated transformation for over-expression analysis. Positive transformants exhibited phenotypes
including short stem, shrunk leaf, retarded development, and small overall shoot. It could be concluded that the elevated
expression of BACKX gene was able to interfere plant growth through the degradation of endogenous cytokinin levels. In
addition, gene expression profile indicated that BdCKX was differentially expressed in various tissues at different develop-
mental stages. In particular, expression level of BACKX was markedly shifted in leaf of 40 days old seedling. Because
cytokinin encoding genes were conserved among Pooideae species, our research may provide a theoretical base for the reg-
ulatory mechanism and genetic improvement of Triticeae crops.
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SEM AR A 2E K K 18 B 2R 3 e U 110 4
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20 5 43R T I A A T A T A L A SR R
FH AL (cytokinin oxidase, CKX) o CKX 4 5711 by o5 fi
AL 532225 N6 A B AN T I 1 (ol LA IS 2 26
DO R R P9 R A i 4 2 2k
- SRR P AN 53 2R 2R A T ) — Rl R
. AT R, ARG O b A it i R A
AtCKX ZRG FE R, n] 5 PN 5 400 43 28 28 K F 9
30% ~ 45% , Hoh DL AcCKX3 ) R R R o B
0V AR P Rk ACCKX T JER, X HRAH 1L,
B A AR R TR i 2 — 2120 oAb, A RS
IR OsCKX2 J2 78 /KA Hh s il FebobE B501  R0OE 1A
SIRIIT ACKX2 Fe D B A AR RL I g S
ZmCKX R G 5 B KR FEAE My s AE 25 & — a3
FHEE R T EBMEE AR e K R R
B B AN AR AL CKX 5k PR R 1 2 iR A AUt A7 7
Bk g0l B, CKX S T JE AR
VR A L5324 2 KT () F B TR, 7 A ) o0 R AR T
AR EEF LR SR B EAR R T .

i R T ACKX B 81 S R N
TR I LU X, R I AR B A] BB AL 10 > CKX
FE L (HELAH C D BEAR DS . AR SE3038 i BLASTP
et LA S 26 e 51 a0 B 45 31, e % T 5 AtCKX3
1R AR AL B 45 5 B BACKX R (LR %1 5
Bradil g37470) A7 DI e 9¢ . a2k [) U 43+ 5o P
AT BACKX BER -4 A 8 2 iR A4k, 4k i R
RAF N FIRFL B R ) AR S, R, Oy
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E e PCR AR T BACKX FEPR7E — A i R
FAKEBEREIMALS R R, BT CKX FEH 7
HBR R P AR X LR SE , R L, AR5 B
F & IAEY AR R A B ARE , h I ERAE s
et R PR AME SR AL A SRR
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1.1 KB REKEE
ARSLEG DL R AR R Bd21 A A EL, FE 22°C

MBS FRAR ORI OE IEAT 5 97 (16 h L E/8 h i
D6 3 B Y 0 8 Ay e P A ) 5 9 Rk 55 AE A A A
5.5 emx5.5 cmx 5.5 em; pCXSN kB AR
EHA105 fiASSE 50 2 OR A7 s RNA $RIBGAT &  DNA $2
R & L eDNA 5 R & Sat B e 1] i a5
BT TIANGEN(IE50) 24 Rl 2 e e il vl & W
Takara A ] 5| W) H LS AEAEDHEARARAF A
o

1.2 MRFAE

1.2.1 BACKX AR a5 550 04 MK EYE
FOrHT LR

BLASTP [t %t 43 #fr 1 )7 51 2K ¥ (http: //phyto-
zome . jgi . doe . gov/pz/portal . html ) ;

HH T —H G5 5387 (http: //web . expasy. org/
protparam/);

I 9 45749 53 B (https: //npsa — prabi.
ibep. fr/cgi — bin/npsa _ automat. pl? page = /NPSA/
npsa _ hnn. html) ;

R ST 3553 B Chitp: //smart . embl — heidel-
berg.de/) ;

V41 i 22 57 (http : //psort . hge . jp/form . html)

BB 06 PE AL S 0 (https: //npsa — prabi. ibep.
fr/cgi — bin/npsa _ automat. pl? page = /NPSA/npsa _
proscan. html) o
1.2.2  BdCKX — pCXSN # % ik H k& L
AtCKX3 4 [ J¥ 91 2 5 ) J¥ 5], 7 phytozome 10. 3
(www. phytozome . net ) H % — F Jo A% B 550 418 JE A T
BLASP X8 2R . B FIEME S = 1Y Bradil g37470
B TS e Ao e 5 DN, (R AT (] 958 5 B 23 A IF 58 %8
%o il Oligo 6 HAFBLIT5 14, LA —BERIAN A DNA
RREAR , ] Pfu DNA SR & B9 3 . PCR SRR
“H:95°C 2 min;95°C 30 s;57°C 30 s;72°C 2 min;33 4>
¥R . PCR“MIZ 1% BN BEIE AL vk ks I O 4l Ak
I H R B, #4231 pCXSN AR 55 AL K W i 147
TOP10 B2 5400 28 il Y TR 55 24 7
DU P BrE J5 AR AFAE — 80°CVKAR , 78 MU A A 2 .
1.2.3  BACKX AR &y e Adbit AT HE— L5
HE BACKX J[H A= W) D RE , AS 5206 R Fil s ff EL g
PHATEN KA 1903 bp [ BACKX FE NPT S AE
(1) DNA B (P& 1) o 4% pCXSN R IK A5, PR
BATEREIRAE B AR TA Y AR BRA R AT e
M P45 R AL TR G , Fe AR A EHAL05 Btk .
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Fig.1 Amplification result of the BICKX gene
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Fig.2  ldentification of BACKX — pCXSN transgenic plants by PCR
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FAEAAE 10 d J5 53 i T B JT U R AR A
B S AR TE W A T 7R T - 80°C UK A &
ffo [FIEAY T 2 RS 4k 2 550 £ L 55 20 RITF 46
B30 10 d 2GR R , WCHEM B RIS RHS 3 1
YERAEYF TR AT - 80°CUKAR , ELES 50 K.
K TaKaRa 2~ 7] SYBR® Premix Ex TaqTM(Per-
fect Real Time) %<& i & , BIO - RAD CFX 2%
52 % E f: PCR XA BACKX H:H By ik = 746
W, LA Acin SERIERN S, SRR 27
22,500 BACKX JERIAEAR S5 AN [] B 1A A A X 22
BLLy 18

AT TR 85 | 51 Bt o 2 D L3R 1

x1 FARFASIDFIIEAE
Table 1  Primer sequences and application in this study
2| G el i
Gene Primer sequence(5’ —3") Purpose
Bradi1 g37470 F: ATGCCGAGGGCTAGTCTAGC AR Construction of pCXSN vector

R: GGATGCCGAGATTAAAGTGGGT

Bradi1 37470 F: GAAGATCTCTCTGCCCTTGAC

R: GGTCTCTACTATGTGTCCGAAATC

Actin F: GACCTTCAACACTCCTGCTATG
R: CGCCAGAATCCAGCACAATA
Hyg F: AAAACGACGGCCAGTGAATT

R: TTAACTGGCTGAGGCGTTCT

FARFG 7 Construction of pCXSN vector
FERG|Y) qRT - PCR
FEHF|Y) qRT - PCR

FE®RG|Y qRT - PCR
FERG|Y qRT - PCR
PR 3% Positive selection

BRI 1% Positive selection

2 ERAT
BICKX E B L& 5 ThaeFin

BARANFERIE R CKX AL MA 25, HE
T4 1/3 WEIER)T ) & RS . FrAFRAE
FGIT AtCKX3 25 [ T 41 78 50 4 5 8 40 12 v itk A7
BLASTP b, 96 45 (] Y 14 A /51 119 BACKX, 38 2o 7 4k
WA R S O B D) RE . — A ST
S5 LI BACKX HHAg 538 Mo KLk 4L, Hirh iF g

2.1

TR SERECR 49, i g U SE R K 55, 47 F Il i
4 58.3232 kD, IR S5 HL 45 6.08, E MK T 10 he
AR U LR, AR E FR AR LA 40 M 5L, K F 40 T
M EFRE /N T 40 TN 3 WATRE . BACKX AR
FEFEECN 3946, TN AFREEH -

W3 GOR4 J7 B4 BACKX — 2% 45 ¥y ik 47 16 £&
30T, BACKX 1 R 2544 L) 33.09% 19 o B2 JiE Fil
50.37 % A TG HL I 3 1 oAy 3 B 45 0 SR, SiE 4 45
DO E N 16.54% (6 2) o HULHED , o B2 5E
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FTCHLIN A 2 BACKX 28 1 Hh e R i a5 oo,
JEMEERC TR E AP . RS B BRSO
Prabi i, BACKX HAT PRAY 1Y 8 3R IR IEE IS A IR 4
B BRI 73 R R A G X CKX KIGEIA &
FIASFRHIE
F2 BACKX ZREMBBMREITER
Table 2 Secondary structure prediction of BACKX

TR AR REERRRHAH A"/ %
Secondary structure Amino acid number Percent
o BEJiE o — helix 178 33.09
FE{4E Extended strand 89 16.54
TEHLE H Random coil 271 50.37

M Psort I XF BACKX #1773V 41 Ag <& 137 Fiit
I, 45 SRR IR AT BB E 0 T A AL W AR B A
Ji I, A Rl REAE D ol £ 1 E 2 T A Ah (3R 2)
X5 BACKX HA 40 il 73 2 3R A AL B Y T RE X — ik
BRAHWI B 1

F 3 BACKX K9 IE 4 A TE i Tl 45 SR
Table 3 Prediction on subcellular location of BACKX

72 L E {5 R

Subcellular location Probability
A5t Outside 0.37
i E LA Microbody ( peroxisome) 0.26
MM Endoplasmic reticulum( membrane) 0.10
PR Endoplasmic reticulum( lumen) 0.10

BRBR A2 AR W PR N 5 ol ) — o 3 35 05 2, 7R 4
A5 B S 0 AR R 45 b R B EAE . MR e
Prosite Scan 7} #7245 5% , BACKX £ 2 1 C BRI N7
A SR O 1T WERR AL A7 A5 cAMP I cGMP <381
PR R AL 7 i =8B AL 5, I AME A
N - BERALAL N - S BE AL AL AL L A
WS FAD 47455 157 51 Ribosomal protein S2
signature 1(% 4) Z R G PEA7 1,y H R AR T
Sefibahty Sl o

& 4 BACKX #E NPS R & ML R T 53 4
Table 4 Scanning of BACKX for site/signatures against proscan database in NPS

PN A R Jroils H AT RIEIRIT ) WERME
Active site Prosite accession number Motif model Amino acid sequence P-value
N - BEEEAL A AT PSO000 (bl _ T \ 133 - 136 NVSV ,3
N — glycosylation site ! N- P}~ [ST] - {P} 287 - 290 NRTL 313810
HETH C R LA o s
Protein kinase C PS00005 [ST] - x- [RK] - 1.423x 1072
hosphorylation site 156 - 158 TLR
Phosphoty 525 - 527 SAR
36 - 39 SALD
UieA= o (R g AT 7477 SPSD
Casein kinase || PS00006 [ST]-x(2) - [DE] 289 - 292 TLTE 1.482x1072
phosphorylation site 301 - 304 SASE
437 - 440 TPDE
cAMP H1 cGMP {RISHERE
TR AL PS00004 5
cAMP - and ¢GMP - dependent [RK](2) - x- [ST] 294 =297 RRSS 1.572x 10
protein kinase phosphorylation site
23 - 28 GLASG
98 - 103 GQGHSS
105 — 110 GQALAS
125 - 130 GGDHGR
N - GRERRAEA A5 PSO000 G - {EDRKHPFYW | 177 - 182 GGTLSN .
N — myristoylation site 8 -x(2) - [STAGCN] - {P{ 178 — 183 GTLSNA 1.397x10
404 - 409 GVFKGI
447 - 452 GLLRSA
497 - 502 GNKWSW
521 - 526 GIFPSA
[LREA DAY 128 - 131 HGRR .
Amidation site PS00009 x= G- [RK] - [RK] 292 - 295 EGRR 8.636>10
LIRSS FAD [LIVMFA] - x - {GPRV| —
M EE G AL SO0 [LIVMFYC](2) - {LPC} - [STAC] 12-23 6
Oxygen oxidoreductases 862 - [CSTANQEKR] — [STALV] - VTSLFSTASHLG 1.104x 10
covalent FAD — binding site [HY] - [LIVMF] - G
[LIVMFA] - x- {GPRV/| -
Ribosomal protein [LIVMFYC](2) - {LPC} - [STAC] 12-23 _6
S2 signature 1 PS00962 ~ [GSTANQEKR] — [STALV] VISLFSTASHLG 1.104x 10

- [HY] - [LIVMF] - G
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Fig.3  Expression profile of BACKX in root and leaf of
Brachypodium distachyon at different growth stages
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Note: a.10 days old seedlings; b.40 days old plants.
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Fig.4  Phenotype comparisons between the positive BICKX — pCXSN and the control plants
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