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contents of gibberellins dramatically affect the morphology and biomass of plant. The encoding protein of copalyl
diphosphate synthase gene (CPS) catalyzes the first-step in the biosynthetic pathway of gibberellins. The mutation in this
gene may significantly affect the contents of gibberellins in plants. In this study, we found an EMS-triggered mutant,
gal-168, showing short roots, short hypocotyls, late flowering and dwarf. Map-based cloning revealed that the causal gene
of gal-168 was AtCPS-168, an allele of AtCPS gene. The encoding protein of ArCPS-168 was AtCPS V326M which was
resulted from a single-point mutation (guanine to adenine at nucleotide 2768) of A¢CPS gene. Protein domain analysis
showed that V326 was located in the Terpene_synth domain. The allelism test demonstrated that 4¢CPS-168 was an allele of
AtCPS gene. The transgenic complementation of ga/-168 indicated that AtCPS V326M led to the dwarf and bushy
phenotype of gal-168. The endogenous gibberellins contents analysis suggested that the gibberellins contents of gal-168
were much lower than that of wild-type. The exogenous GA3 application assay uncovered that application of GA3 can
complement the dwarf and bushy phenotype of gal-168 caused by low endogenous gibberellins contents. Therefore, this

study suggested that it is an elegant way to create the ideal plant architecture and height by site-directed mutating the

gibberellin biosynthetic genes.

Keywords: gibberellins; A1CPS gene; root length; plant architecture; plant height
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BJCHT, DELLA #H S5m0 GA 7 5 e #E A= &
HYEGE ST 255, I B 5E S R AN RBA T (0 5% SR 0
PR, MR AR KB, MR R 5 HAZ K GID1 454,
435 DELLA [P GA-GID1-DELLA & &1k,
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IR AR F SR — U R A A, B3 A I 136
Fl, FERRHA BN, 20949 GA1~GAiss,
LAk E 20 MBI TR 19 AR 5P RS0
H BAAY=EERN A ER EZA GAL GAs,
GA4 Fl GA7, @ T 19 Mk FRIRER , 754
KEHBHEYIH, GAIFl GAy B FEIIE IR R
B, HH GAs ITEH R ST GAL, HREEMN
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ARSI DXDD, J& T8 TR AR,
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A H R 5 — UL A Y KS AR D e
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TEE SR SAY ., CPS/KS XS & BN A J2:
CPS Il KS W& HE A, [FRFLE CPS MfRST 254
1, DXDD Fil KS M~ F454495 DDXXD, J&—1RE
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P (At4g02780) LA — M DL, ZHEHFWPFR N GAI
FEH, A8 5 2 BT 0T R RAE, AR AR B RN
MR/ INTTURER, AR R RIMES S E R B AL
PEWCE , Ahill R B 2 T DU R S AR (R R, i 3k
ik ArCPS FEA |, AT L i 25 48 S A ik v AR - DL e A2 0
IRV SEAZ MG IR & i, (RS E IR R 8 R A s
W N AR DL S A2 M R 22 I B4 R D) 7 4 R v R R
B &P KRS R 44 CPS 3 M (0sCPS1~0sCPS4),
Hrf OsCPSI. OsCPS2 s i e LEE SR IR fi 1k
TR —fE B R A LG, OsCPS3 J&— MR FEN
OsCPS4 ¥l A8 L FE i R 5 Ak Al ] 1) — R B R AT (2
Bis. #E— LR EWLEKRET OsCPSI FEHFES
HRERENAM, M OsCPS2 Fl OsCPS4 % 5 iy
%Eg%bﬂz[lhlﬂo

20 4 60 AT IR IS — IR SR B F Ay, Wi
FIHKFE(Oryza sativa LY R IR R G BIENH sdl
F/NZE (Triticum aestivum L)W {5556 3L Rt
WA S S SE B 3 B AT L PR L = Rl
e RS T E = R4 THUS 100, XS 58 SR B AR
B BN RAED R RAL | T M DA SOBCRHE BOE AR K .
PR, & 9 75 85 38 A BT I A VR 3k R RT3 4%
SRR AEY YIS AT INEZ — o AR
FgJT EMS (ethyl methyl sulfone)if5Zs 248 {4 2 H i
i BRI e R B 5 IR S B T — A~ AtCPS 5 AR FE
AtCPS-168., LR gal-168 W, AtCPS-168 %
PrIERB 5 2768 A% AT R H 5 RS (G) 548 Ay i 12
& (A AtCPS 25 326 {7 4 2 R 58 74F i 2 R , Bl
ZEARR R IR R R A A 1 S 8 AR LA B R TR 2 i
AR, AHIFGE 45 5 LI Sk el ks AR AR ) o B R A
i, IR R A B I B AR AR T R R AT
iy

1 FRHRDG %

1.1 EYHRRESRTE

A G BT AR P B2 AR S 56 2 AR A A 4
ST P A A 255 Columbia-0 (Col-0)A1 Landsberg
erecta (Ler); ALK gal-t J&ARSLK ERAFHY AtCPS
JEP ) T-DNA il ABRK TR . TABNER gal-168 I\
LR IT EMS 1578 98 IR FE v (Col-0 7 5) il i 3K 45

PUR ST IR 3P AR 35 - BT B2 5 104U e T b 4%
FPAE 1/2 MS (Murashige and Skoog) [F Ak 753 |,
R ABA 30T B AE 22°CH FRA T, JESEWIA 16 h
JERE/8 h RIS, SEHRSREE N 15,000 Lx, BIREIT
FigE: B 10 d MBIE STl R R B AR b, ilcE
FE 22°CH:FRA], TR 16 h Yo H8/8 h s, JEHiE
5% A 15,000 Lx,

1.2 EHR. FAL. SIMER

ARSI T A BRAR AL 45 . AT T Bk DHS a5
RFTEE R GV3101; A 5256 B T A 5% A 24k
PBINPLUS; ARHEFE A 514y h L i A T A WA fie
55 A PR F A

1.3  #RACH T BE%H N E 3L 36

SFTE 22°C . 16 h JGIR/8 h AR 44 F 1/2 MS [#]
R F IR EE SR 10 d AL IT 401 B EARFI R
W BE AT , HEAT 3 AEWFERE, BIK
G AN FE R RUR DT 20 Bk AR TIR IR A i 3%
PEZE R G HTR t-test K 50 .

1.4 F, 8

FI LR IF Col-0 N REAS , RAFK gal-168 AL
AIITHEE, Z258 FiAHMR R BIE gal-168 R7AFH:
PR S B, 2438 Fo AR F 2SR AR B Fa BER T OR
ZENRRITE . DL Ler HEEA, RARK gal-168 H
SUAR AT 2258 A9 54428 Fo MRk, FifRRZ 22—
AT Fo o3 BB , e UR AL Bk T )5 S A v Bt

1.5 Bz

PR e g 9 1 L2 % SCRiR[17], 28 AR ic s |49
AL 1,

1.6 WEIFEEZE DNA. RNA BREERER

HUUIRE AT Col-0 FE R AN HGE JE T, A 2 mL 2
OB, BB IS , INA 500 puL 65°CHil#i
1 CTAB %, PR 74821 0 65°COK IR H L E 20 min.
BHIBEEIRG, A 300 pL Z45 © $REEQ4 : 1),
HifEYR 4] . 1000 r/min B0 10 min, W B 2AKE
FELDE T, IMAGRB RN, BENRES, —20°C
JIE 40 min. 12,000 r/min &.0> 20 min, i _E¥,
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Table 1 Marker primers in this study
& ElL/E i

SSLP CIWS LP

JF51(5'—3")

GGTTAAAAATTAGGGTTACGA

AFRic CIWS RP AGATTTACGTGGAAGCAAT
F4C21 LP GAGATTGCTCGGTTTGATTG
F4C21 RP ACAAGGATACGGTGTTAGAG
T4I9 LP ACAGAATCTGATGGAATATG
T4I9 RP AACTATTGTGCGTAAACATC

CAPS T5J8 Dde 1 LP AGAGTGGTTTGAATCTGAAG

AFRic T5J8 Dde 1 RP CTGTCCTAGCTTATAACTTG

T5J8 Hpy178 II1 LP ATAGCTATGTGCAGAACAAG
T5J8 Hpy178 111 RP TATCATACTGAGATACTCCG

DUVEM] 70% LG T 1~2 WK, TS I A 4lK 7%
fift, TA—80°CHEFF,

WG IT Col-0 ARSI MGE I, ] Trizol
(32 [ Invitrogen 28 FDMK B UL B FEHUE RNA
S 548 F SuperScript 11T Reverse Transcriptase izt
7 & (32 H Invitrogen A H)), M ESBUHA,

1.7 gal-168 BEEA KRR, L 5THIE

FIHS1%) pCPS-Kpn 1 LP(5-GGTACCGTTTTG-
CAAACTCGATCTAC-3")#il pCPS-Xma 1(5'-CCCGG-
GGGCTTTAAAAAGCTCTGT-3"), L) Col-0 FE:PHZH
DNA J#itl, i@id PCR ¥ 1 4rCPS R )E 3T
X. H514% CPS CDS-Xma 1(5-CCCGGGATGTCT-
CTTCAGTATCATG-3")H1 CPS CDS-Pst 1(5'-CTGCA-
GCTAGACTTTTTGAAACAAG-3"), VAU FE ) Col-0
cDNA J#iHz, i PCR ¥ 34 A:CPS 3L H gt
X JEt IR T, W ArCPS A 3h - M gn il
X A Bt 33 pBINPLUS # MR o B34 4240 B 2k Ak
ALK IAFF A DHSo bR, FALBIRST BRiA
RATH GV3101 k. BUAEKIRG RiF, A K&
TERINY) gal-168 FEARURAERE, i 485 ALk it ik
fERR, FIH Kan Uik RS Bk R

1.8 CPS EBHFFIRLLT

JIN ST Wi &% (Physcomitrium patens) . 11T 4 #A
(Selaginella moellendorffii) . JGil#& (Amborella tricho-

poda) . Ff>% (Beta vulgaris) . H i (Brassica oleracea) .

FER. (Populus trichocarpa) . KF.(Glycine max) . %
%j (Vitis vinifera) . KK . £ K (Zea mays)Fil = 5
(Sorghum bicolor) CPS % [ /¥4 7E Ensemble Plants
(https://plants.ensembl.org/index.html)ifi i AtCPS 25 H
FEXF 3RS, CPS 85 FH 781 Hu Xt 45 Sl i Clustal Omega
(https://www.ebi.ac.uk/Tools/msa/clustalo/) 52 i, »

1.9 GA; BiHERLE

X AR 2 AR T AT, Wi 50 pmol/L
GAs, BRBUE—IK, HELWE 7 d 5 MEeRM,

1.10 FEZEMNE

TREE R I I 1 5 BEOSCHR[18] B+ HLIE
WREFE 30 d EFA A Col-0 FIZEA8 A gal-168 Hb |
B, FEVFER TR R A A S, 90% H K
VWA 100 mg MR AMTEE R AR , AT 2k
GA MIbRicH 45 2 ng fENINS . KR Ry iE
1 AR AU 2 BUS Bl 40%F 2 rp, i it UPLC-
MS/MS #47 7 m il

2 RS0

2.1 gal-168 WRLEERE ArCPS EH

W I IF Col-0 EMS 1548 5848 (K%, fifi
e —ANRASKR gal-168 (K] 1. A F1 B), ZRAMK
AR 1 JE B 40 B RR A A R, A B A AR 1 4/5
TR B R AR g, (O R AE R 2/5 (]
1C). £ 16 h HGHR/8 h BIE IR T, AR
AT ) LG B A R — JRl A2 A o RRBL SR NARIR, BR
R AR — (B 1ID). KIEFAER Col-0 Al
gal-168 NIEAR, FHE Fo M EHHA, 76 1348 #k F,
PR b S IS AR AR R A R . N IRl | WA ) A
A 342 R, HAY 1006 4Rk 70 55 BF A= RUAH G
SRR KN F A B RS 3 1 IiR(E
(1>=0.0989, ¥3051=3.84), HIULHEMN, ZRAFMKFAE
7 AN BRI S PR A

FIHEEIT Ler ABHY gal-168 281535
Fo Sr B RHR AT RO b, AR BT 4 5
e (058 1) SSLP 43 FARic CIWS 55 F2C21 Z ],
W — 2 ARG A T, B AR SR T
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Fig. 1 Phenotypic analysis of gal-168
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A: Col-0 il gal-168 #TGTE 1/2 MS 35523 FAEK 7d R EAL; B: Col-0 Fl gal-168 #ITGTE 1/2 MS ¥k LAK 7d 5 ERMKE
Hit4rHr; C: Col-0 Al gal-168 #hhi#E 1/2 MS 3537 3& [ AEK 7 d i FIREK BESE 1T /0415 D: Col-0 Al gal-168 4hiii#e + h A K BBk
FRE REL EHARB/NG FEAR R AR R G2 22 5(P<0.05), #5 JohR s UM R F R bR s WA R BG4 22 5

CAPS 43 F#hric T5I8 Dde 1 F11 T5I8 Hyp178 11 Z [] ,
3 3 X K AN S F AR IS Z Y9 AR AT 4y
Mr, KIGARNL AT ArCPS FEN 5 7 M0 T
55 2768 i, A% T 1R I\ S EERS (G) 578 S IR IEES (A),
T30 AtCPS H 15 326 1 4 2 R (V) 58 48 il iR A TR
(M), % Pfam domain 43#7, &3 V326 i T Terpene
synth(272~478 aa)Z5 a3 (4 2).

CIW5 F4C21
J — ®
/II ob,@x N“‘~~“~“‘
e %) D D - ~—_ ’\;\
& S o *
Qd
| | [ | |
T T P N T T
il G2768A Tl
At4g02780 (4:CPS)
V326M 802 aa
‘ | .
Terpene_synth Terpene synth C
(272~478 aa) (522~596 aa)
AtCPS

B2 RETK gal-168 HIEGITEE

Fig.2 Map-based cloning of gal-168
BAOZRRSG ARG AT R APIARICR X B iR ; B e
FHEACFRAN BT, B HEZ I ZARR A F 5 IR HEA
% AtCPS 7 [ /9 (Terpene_synth) (272~478 aa)4 #38 , Horh 4 326
FLIA R (V) R AL AR (M) 215 i AR Y (1R 35 2207,
WA HEIR R AICPS EMTEI AW C (Terpene_synth_C)
(522~596 aa)ZE i sk .

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

22 V326 ERMHA TR EERT

KRN V326 BIERSEE, R AtCPS BT
57t EnsemblePlants Wl FbXt, BN BigE . IL
M. JoMRE ., B3R, HiE. BERm. KE. H#
i OKRE . BOKRRE AL 11 AR 17 AR R
Al if i Clustal Omega HXF &I, V326 fi S 7ET
G I 47 A [ 5 PR e R RS 1Y o ANAE S S AR
RAW, MAZSHREGEREGMKFE OsCPS4 HH
Tz R AR AL e B RR (LYK 3)0 4 RPN
V326 i X CPS I HTIfg T4 s,

*
PpCPS/KS PNVYP VDL F ER 371
SmCPS PNVYP VDLFEH 437

SmCPS1 PNVYP VDLFEH 241
SmCPS2 PNVYP VDLFEH 241
AtrCPS PNAYP VDLFER 331
BvCPS PNVYP VDLFEH 334
BoCPS PNVFPVDLFEH 313
AthCPS PNVFP VDLFEH 331
PtTPS1 PNVYPVDLFEH3I13
PtTPS2 PNVYPVDLFEH 340
PtTPS3 PNVYP VDLFEH 326
GmCPS PNVYPVDLFEH 339
VvCPS PNVYP VDLFEH 334
OsCPS1 PNVYP VDLFEH372
OsCPS2 PCTYP VDNF DR 328
OsCPS4 PCIYPLDVYER 319
ZmCPS PNVYP VDLFEH 333
SbCPS PNVYPVDLFEH 372

B 3 CPS V326 Xigitk3t&ER

Fig.3 The blast result of CPS V326 region

FIH Clustal Omega 7 17 MF b X CPS & 151347 LEXT,
LI V326 {5, B 19— S B AR R I A M A B RR 7E CPS
BEATRNAE, Pp: NIBIEE; Sm: VLREM; Atr: JCilHE;
Bv: #t3%; Bo: Hi; Pt: ERM; Gm: K& Vv: HHE;
Os: /KFH; Zm: TK; Sb: ¥,

http://www.cnki.net
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2.3 AtCPS V326M S gal-168 £ KA Tk
f R B

RE ArCPS BN 578 230 T gal-168 R,
ARAFGER ] ArCPS SEF 1 )5 3l 15K A8 B 1) 56 K 2
e 4, 3 Gk i 3 DAY O O 8t BAMBR R com
gal-168, com gal-168 T, Q4G Hdhi Ak R IUHE
5B A Col-0 —E(E 4A), FRAURIHR b5 B A=
B —3(E 4: B A1 C), XL ArCPS FEHREE 2 H
HRAMK gal-168 WEKEB AR, ¥ 4CPS
T-DNA i A=K gal-t 5 gal-168 #-AT43T , 2258
Fi BRI K S gal-168 —%(Kl 4. B F1 C), Fi
MRARR BV FIRR B 5 gal-168 —E(& 4A), ZEfisy
MW gal-t 5 gal-168 WZEAR R AR A

U \ o~ w o ¥
%0' \,\ o A
00‘6\ +%0' 6%(;(‘4‘%
R
00 %04

B4 REIK gal-168 REEFERITHE
Fig. 4 Identification of the causal gene of gal-168

24 gal-168 FEZEHREREMRR

AtCPS ZW M IT R R G IR R h s — ¢
BRI, HAE IR TR RS R . gal-168
M RIBRERTE gal-168 R FEREA R/, R
£E7E 16 h G HE/8 h BRI 251 N A4 30 d /Y Col-0 F1I
gal-168 WM b5 A0}, 388 ek o i A6 ) ol 2 28 A B
WA 14 FPOCHEAR B R i, 45 R &P Col-0 iy
FERSETRET gal-168. HH GAn. GAs.
GAss 7E Col-0 & 45124 0.603+0.048 ng/g.
0.505+0.007 ng/g. 1.000+0.071 ng/g, TWifE gal-168
A RN 0.019+0.004 ng/g. 0.246£0.015 ng/g.
0.149+0.018 ng/g (3% 2). 73%h, GAs. GAs. GAx.
GAss. GAus. GAs TE Col-0 A& =50 0.466+

A\ ,\ 6%& - %o’y %0\,‘4 -

A: AR 40 d B9 Col-0. gal-168. gal-t Z5784K . HAMEKE com gal-168 Fl Col-0Q x gal-1683 Fi, gal-1689 x gal-t3 FHkkE
FI; B: Col-0, gal-168. gal-t 7M. TAMERR com gal-168 1 Col-0Q x 1683 F,, gal-1689 x gal-t3 F\1E 1/2 MS 53: % I /E
K 7dRKEI; C: Col-0, gal-168. gal-t A | TAMEM com gal-168 Fll Col-0Q x gal-1683 Fy, gal-1689 x gal-t3 Fi iR
KRNG5 D SBIREN LI gal-168 Fl gal-t /NEELERTE GA; 7 dJRMERR, R25EL E A K/NG FREFR R ISR I
[ Geit2 25 57:(P<0.05), 5 Joha/nm s AR P BEArm AR R LS 1T 22 57
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#2 Col-0#l gal-168 FHREZXEES=(ng/g FW)

Table 2 Contents of GAs in Col-0 and gal-168 (ng/g FW)

GA,; GAs GAs, GA,

GA GA GAy GAs

Col-0
gal-168 0.019+£0.004 0.246+0.015 0.149+0.018 ND

0.603+0.048 0.505+0.007 1.000+0.071 0.466+0.026 0.207+0.014 0.399+0.013 1.550+ 0.081 0.220+0.026 0.732+0.059

ND ND ND ND

ND: Az,

0.026 ng/g. 0.207+0.014 ng/g. 0.399+0.013 ng/g.
1.550+0.081 ng/g. 0.220+0.026 ng/g . 0.732+0.059 ng/g,
1M gal-168 HNBA R B LA ARG R (R 2). H
AHIHFEE GAr. GA7. GAs. GAs fll GAs; 7 Col-0
1 gal-168 BIRE AP AR BEAT BRI 2]

2.5 EFRBZE GAFAIME gal-168 TE!

Jitk— N gal-168 BIRRILFNAR = 1) 2 AL
HFRERRK SR, RFEXERS L EHPY
gal-168 Fl gal-t NI EJitE 50 pmol/L GAs, LT
Jiti 7 d J5 , gal-168 FERRR AR 5 L #6-5 BF 4= 5 Col-0
—3, T gal-t FRRAAFRTKE(E 4D), 25
R, gal-168 [ AR R Mk = (1) 2 RS2
R EKFH

3 W

3.1 CPS EEMHL

BEARAE Y T BE AT PR B R TR A L,
hy EE X} A BR3E B A< 5 (Chlamydomonas  reinhardtii)
WA CPS RYRIJREEN . CPS FERN 7N . 1A A
Y )z A e, CPS SERFE T X EZA M. —
FlORAE FL P M & EE A % CPS/KS Rl G 8, [
B EA CPS 1 KS B IG5 53 /b —Fh o U240
FYEEFEY ST A CPS B . CPS N F L)
R ik il 2 AR, eI &R . BE
BHUKFE R #A 3 4> CPS K, B A RGBS KRS
i) 34~ CPS %M, L OsCPS1 2 5B RN &
w2, M OsCPS2 5 OsCPS4 CAMELRLA AR R
(A B R U1, TR A CPS TR IR R A7 7E
ierefl, AHSHRERNG R, XHRER
B CPS SR WA M RER S SR EE A
AN, BARAE TRV AR R BT R B . B

R FUKFERA 3 4> CPS JEH, (HiX sy Fid CcPS
LR I NS AT . RO T 3 AN
Pk Ak (] g — 2E P R, AnJCImAR . R LK EOK
GBI —A CPS HH

3.2 V326Xt CPSEEERIEE N
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