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BWE WALV EEY S, FAEKRKEFR AAEZEER. CPI1 (CYCLOPROPYL STEROL ISOMERASE1)%
DRI A P 6 T [ i o AR SR TR, LG A 7= g B TR RS [ e S Al . H AT A RS 71 (Arabidopsis  thaliana) i) CPI1HE A
B TE R MR . AETURIN, MBS BN G AER ) T e 0 — 5 DU CPITHE IR o Il AR A4 CPI 1) DR 25y S LB i 1)
BTG F PN B B AR ST, B 5 B AL Y D 48%—90%, {H /LMY CPI 5 4B CPIM K & 7 2 A7 3 7=
o B ERG TN R CPI A AR R AL IR 54, YW RB TG M6 8K IR . U RFRIIA o HT R, i

R CPITEAR R AL A rh 3540k, AT KRB S . 4 TR UECPITIE N ) Thie, sobe T — A W 55 (Brachypodium
distachyon)BdCPI15: R, JiA e repi1-1988 44k, 45 KW, BACPITRESE ARl fhepi1- 158 AR . J-T Fdh DKL
PRECH DR S PR B R 45 R AN B 10 B3 b 25 ) B B DR R IR, HEIN CPI: TR 1Y) T e ] BeAE Bl AR A h v FE AR ST
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] e (SRR 55 T ) ot A% A 0 4 Y B ) 2 ol o
A A R E AR S PR AE R, T B R ]
P50 Wi 40 R P R BT A ) 43 AT R
(Hartmann, 1998; Fischer et al., 2004; Boutté et al.,
2010). frEmsEtEY). Sh)Fn R durh, [ 5L it 15 i
FRWE A IETR . Y FLBRI S04 b i [ e A2
LA SRS BEAD BT, 75— RYUBE AL & B
= IR T A R A N T A B B AR I
(2,3(8)-oxidosqualene)Fi Bt i AH R 1. {HE, FHH
UG AR S B R A T AR . ARSI
w T, BRI 7 ARG B I 1S I (lanosterol),
SIS [ P ) R B e T AE AR ) o A i 2 A
IR BEFR ) 3B o % (cycloartenol), SR JG7E Riffigts
WO AT R ER N S ER, P A R IR A (0K R A
2001; Rahier, 2011). HHA) P AR B ST I 1) i
hy R S [ 8 44 i (CY CLOPROPYL STEROL ISO-
MERASE1, CPI1), SCFRFF il - - B 1 5
}J ¥ (cycloeucalenol-obtusifoliol isomerase, COI).
M AH AR AT P, A R RS BORAR ) A
PR L 3% (Men et al., 2008). {HJE, ST CPITAHISY
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e & HAH X B>, HEr B AT BL RS IT (Arabidopsis
thaliana) I¥] CPI1 %5 X % va B IF B AT T Dy Re i 51 .
Lovato %% (2000) v [% 1 40 55 J1 1) CPIT L K], L 2 bt
— A4y ¥ & 36 kDafti & A . 7E K AT
(Escherichia coli)yh #ikCPITFER, HEIEF=YIhElE
MK AR P A A Ky B U B . Men%(2008)
7 126 2000 B T CPITHE DR ¥ 7 )8 -4 N 5884, g 3L
fir 44 A opi1-1; RT-PCRA I 45 HL 3% 12 5848 44 ikt
13 CPIMFEN 555 o | T GC-MS S 58 A5 4 fiy [ 17 ok,
RT3 AT, 4 RIS phrh LR 2 1 A A [
M i LB o %, I HLOKER AR B8 B P 06 ] i 58
cpi-1RAARFEMR LR, LT RAEFZE, WA
JLZEARF A, F6, cpit-158 A8 MR (¥ ) &y £ K
SRR o 12 5 A 1) R AN i e A IRt o 9 SR 3R S R
(brassinosteroid, BR)[\5Z, & B H ™ 5 1)k i & 1Y
A FBRELFET L D SR, cpil-1
AR A A F 52 B0, A K B A oA
PIN2 [ A8 P 52 A7 AN BE IR AR B2 L, AT 5 E0HR 1) 5 )
B (Men et al., 2008), X464k LB CPIT1E
M EE T B EE 6. BouttéZs(2010) 15T
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KL, W05y LR S 1K) 2E 0 Rl 2 I KNOLLE 1
Cpi - 15 AZAR P ) € A K A 1) 4 #ik . A2 AR 7Y UL R
71, KNOLLESE A7 7EBEAT o J5 73 2 0 41 i 11 41 i i
G A TR ey b i AE cpi1-158 48 Ak, KNOLLE
=k VAR Y S A % S 2= v s 1 Tt 1 s
—BIF TR I, KNOLLE [ AR i 7 2 5 Mo 5 1 )
YERFIT o H AT OC T CPITEE DN 5AL Jo it B R /N 23
THUHR WARTE . CPITEERTRAL S, MR 73 A2 X K/
BA B, HE, R ] Bk, AR E
ARt B Ak, KRR, CPITEED]
AR F2 B 4 ¥ {4+ (Men et al., 2008).

H AT AR LR IF CPITIEAT T LW 41 R 5
WA LG AL B A CPIT RIS - 2 4Bk T4 FAEW)
Ah, KEACKAS [FIRE )T (AR A A0 e 1) 5 DRI 20 gl
o S R 2 RTZELA JE AT ) T AT DA LS R A5
GERE ) B ST AR CPITIK #5 UKL H | PN 25
S —RAME R AWTFTEI T 2 MUEA R AL
st H O 58 A B L2000y R A O T &2, AL
FEXF PP E I BA W (Populus trichocarpa),
FF IR Y K FE(Oryza sativa). B A% 5 (Brachy-
podium distachyon), J# 25 K %) 1T ¥ %4 1 (Sela-
ginella moellendorffii), & #¥ {4 /N 37 B %% (Phys-
comitrella patens) UL % 3 F' £k # Chlamydomonas
reinhardtii . Volvox carteri fl Coccomyxa sube-
llipsoidea (The Arabidopsis Genome Initiative,
2000; Goff et al., 2002; Tuskan et al., 2006; Mer-
chant et al., 2007; Rensing et al., 2008; The In-
ternational Brachypodium Initiative, 2010; Proch-
nik et al., 2010; Banks et al., 2011; Blanc et al.,
2012). FIHITBLASTN J5 5 X Seqy il (1) 35 8 41 £ 4
EZ IR CPITHE N, I 22 G2 1t MU E L CPI1 B R 7 1%
SR RS DU H - FER A A PR S L
M RSB, AT 38 7 A8 4 CPIT () 1) g 3k 4L
FFAE

1 MR5FE

1.1 EYHRaEKE Y

T H 7+ (Arabidopsis thaliana (L.) Heynh.)cpi1-15¢7%
ARy e e DsTo B AN AL I Ler 2 28 1 . $U e I
FE LW (Populus trichocarpa Torr. & A. Gray). —f#

Lot R A e AR SR ) CPIT L REEfL 399

¥ 5 (Brachypodium distachyon (L.) P. Beauv.).
TR ¥4 (Selaginella moellendorffi Hieron.)#1/K &
(Oryza sativa L. ssp. japonica S. Kato)F 75 #17
R RE I 0 07 b R IBCE AR i %, s R
167N G R8N I RIS, 6 HL5R % 4120150 umol-
m s, HAPRIEIF. BEM. RE R AT R S
MG IR JE 4 23°C, KI5 FR E A 30°C . /AL
Wi % (Physcomitrella patens (Hedw.) Bruch &
Schimp.) {£ BCDATG [ 44 1% 77 k| 3k 47 JC 14 1s 7%,
WL 23°C, 16/ IO HE/8 /NI FE IS, Dl SR A
120-150 pmol-m™2-s™" . A5 I+ G B B 7 R HIMS B 7%
%, MIn0.05%MES. 1%JEHEF10.8%% g (pH5.8)
5% o4 8 Klasmannife 7¢ - (8 3 b 3t % 5%
N el bl 2R AT R ) o

1.2 CPMEREHXE

LA R IFCPI & A P41 A Biki, A TBLASTNAL %
Phytozome v9.0(http://www.phytozome.net/)+ £ K
(Zea mays L.). /INK(Setaria italica (L.) P. Beauv.).
M T 46 (Mimulus  guttatus Fisch. ex DC.). &
(Phaseolus vulgaris L.). k7% (Thellungiella halo-
phila (C.A. Mey.) O.E. Schulz). &¥ 4. AW
B KFEL VLREGARAN . /AL &E R 3T 4% 5 Chlamy-
domonas reinhardtii P.A. Dangeard. Volvox carteri
F. SteinfllCoccomyxa subellipsoidea E. Acton[t]4:
SR B 1, BRI P 81 S R 5T CPI 7 41 24
A7 B A AR

1.3 RFEREXRZASTNEQRIMNEHIRERL

K - YR CPI1 2 117 51 1 1 Bioedit k47 2 4 2 )7
X, ARG AT F RS « FIFHMEGA v.4.0 3 4411
neighbour-joining (NJ)# 74 #) 2 31k 4%, Bootstrapf&
o1 000, B b 25 A IR B AU 2 2 Barbez 55
(2012) i 457 .

1.4 CPHMEREMBLRIEIL

N T fECPIAEE R AL 23R 183, R T Bio-Rad 2 ] &
RNAZIRF & Aurum Total RNA Kits: B3R HE 55
A I AR HERI2A4N IR ZK REIRIAR 25 et
LRI MARNA, Bi 224 H A . 25,
M-, 2R R0 B A RNA, LU B 9264 H I /N S i
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SR FR2ME VLR A AR . 22 AT RS RNA.
DNase | (Promega)kb# & RNALLZ i K ZHDNA,
I LAAL 215 1) S RNA Y i, HIRevert Aid First
Strand cDNARX 71 (TaKaRa) & i cDNA. 43 5l H 45
BdCPI1. OsCPI1. PtCPI1. SmCPI11PpCPI1{]#%
1F#e 75 %t 5 BdCPI1-SP1/2. OsCPI1-SP1/2.
PtCPI1-SP1/2. SmCPI1-SP1/2HIPpCPI1-SP1/2(¥
1), #ATRT-PCRY 1, PCRIRNAKFR 425 uL, Hrh
&1 uL cDNA. 2.5 pyL TaKaRa 10xPCR buffer.

0.125 pL TaKaRa Ex Taq (5 U-uL_1)\ 2 UL dNTP (4
FPANTPYRE 42.5 mmol-L ™) LA Kk /i 410 pumol-L™
5149051 uL, FIREFALLZ B FRAME . LS P FD
ActindE IME N bR . PCRI NV R AE: 94°CHilAs 13
435k, 94°C30%, 60°C40F», 72°C14r%h, 354N,
G 72°CIEM3) 2l . PCR™ 8 74 11 1% B IS b gt
RS HL PR EAT RS, LUK EAE SRR 2 pL.

1.5 CPMEREMTE. SEMERMEFEL

DL BRI HLCDNACH 54, FHIBACPI1 cDNA4F
SR B H W B KsBdCPI1 cDNAK Bt
W B ) %75 314 pBA002(Kost et al., 1998)( 1144
I H P LU ) () Ascl A Spel [ 1k 4 1) 437 55 2 1]
ffBACPI1 cDNAJF BtA T35S )3 8l 111 T i, Nos#&

®1 WHIUH TGP

Table 1 Primers used in this paper

bR B o K S G R AR e A N AR R TR T
C58C1H1. i T-4li&fcpit1-158 48 4 N T IEUE, A
REWCHRAT T, PRIORE _EaR AR AT 1R 42 G & ) cpi 1-1/+
RARAR o ARAFHERED P17 J5 36 b 21 1 vh I 555 Barsta
BEATOIE, ARG AT HUIE P EAT B )2 DR 4 s Rt AL 7
ST opil-15RAAK 1) 4 5E 2 7% Men4E:(2008) 1) 3C
o JHEIYIRESINAE.

1.6 HEFEBEFTHHMRESHT

h T A5 BACPIT XU B 57 opi -1 58 A% 44 38 B M % 1)
FRRE, A3 BRI 55 5 JE A AEMS B E, X4
BT AT 2 BT 40 T o 5 97 S 3 W b 22-25°C,
TEE I A6 /NI /R E 8 /NI L 6 IR 5 &y 120-150
umol-m™-s™ [ 4 R REFRE K, I4h I 41
i J5, A Imaged A HEAT HRAS R T A il 5 1 il
. RIEHGTBEE P, WEE4H Kk E
i,

2 GRS

21 HEYICPHEREMAZEEFMFINGH

e H 2 MR AN [ HE AL g s i HL 258 1 4 3 DT 41 0
e IR R BTN G, BT AR T

Primer name Primer sequence (5'-3") Use

BACPI1-SP1 GAGAGGTTCACGGAGTTGGAGT RT-PCR

BACPI1-SP2 GTGAGCTGTGGAGTGACGTAATCT RT-PCR

OsCPI1-SP1 CGGAGCTGGAGTACCTAGTTGTT RT-PCR

OsCPI1-SP2 CCAGGTAAGCTATGAAGTATGAGAGT RT-PCR

PtCPI1-SP1 CCTTCTTTCTTGATACCAATGATGT RT-PCR

PtCPI1-SP2 GAATCAACAGCCACTCTTGGTAACT RT-PCR

SmCPI1-SP1 GTGCTGTGTCTCGGAATCATAGT RT-PCR

SmCPI1-SP2 GGCGTAGAATAGCGATCCAAT RT-PCR

PpCPI1-SP1 GTCGTTGTCCCTCTCAAACTCTAT RT-PCR

PpCPI1-SP2 CGGCATGGTACAGAAGGAAGT RT-PCR

Ds5-1 ACGGTCGGGAAACTAGCTCTAC \dentfy the Ds insertion in

Arabidopsis

CPI_LP CTCGGCTCACTCACTCACACT Identify if the cpif-1 mutants
- are homozygous

CPI_RP CTGCCGAGATAATGCTGTGCTT Identify if the cpif-1 mutants
- are homozygous

BACPI1_cF2 GCTTGGCGCGCCGGAATCGGACAATGACAGCTG Cloning of BdCPI1 cDNA

BACPI1_cR2 AGGTACTAGTTTAGACGCTTTCGTTCTGCAC Cloning of BdCPI1 cDNA




$Hhir. B, UG, oYK, =
RERTRN S FORAFI/INK, B SEAE VL g A5 A0 LA S 5
FEA /NS, B TBLASTN 7 v M IX 4y Fi 1t &
R0 HH e 42 CPIT L N . fERU R Tv v, B
M. SRS MRIAES KA. SRR, BOK. K
RN ST g 8RR R 20 AP A SO BN CPITAE R . VLR A5
AL AT ZH A0 5 2> CPIT#E DL, AR Fe 41 43 A R I o
N LB 2 AT, TRE XA ST 6
SRR . B, FESREE b, AT IX AN
BN HAN, M3Fh4EE Chlamydomonas reinhardtii.
Volvox carterifll Coccomyxa subellipsoideat K 4
23 5 4 58 AN CPITIE IR o 3X 2625 BLUE ] CPI 1L ]
(195 DA H A b BT AR AR ST . I HIX 14
YR CPI RS N # t R G b, RIL3AS iR
CPI15:[H(CrCPI1. VeCPI1RICSCPIT) Al 8 il — 37,
T e i A A2 2R 1 s — S (1)

BT AT Bl MR A 2R e — 3, DRI A4 R ok 1R 43
A, AL B AN AR AN [ W) S (1) il A P )
P . BRE . KRG, SRR, (LM A&
HINSL g 5 ) R B R R ) (1) CPITHE PR A A TR 5
FEBI LR 53T B, CPIER 1) 2 551 17 A1 AR LA A5
=(E2), 6% bR Y CPI R ()3 B AR v [
48%—90%. HH/KFEL kAN FECPIM & 111741
AEBAYE 552 55 (90%), /N7 Mg #5540 7 T CPIM & 1 I
HURHAATE 55 11K (48%) 3l & E 1K1 CPI 25 (7 41l A
P ] /2 55%—87%(£2). SR 16 R i A=A 1 CPI1
HEH3MEMCPE AW A BA W% R
(independent-sample t-test, P<0.0001)(}43).

2.2 EYCPHERSZEHISR

PAFR T B I KRG RN R M A5 A0 1 CPI
BN EE8IM BT HTANE T X5ANCPITFER
(A0 S 7R B 3w B AR, AEN B 7 A 22 50 ) L
R (B4) . WK TG OSCPITHE K [ 55 54 I B 1K i I
K, 41 866 bp. VLEiEHISMCPITRER N & K
FEdse /N, FTHTA W& IR/ 192 bp. AHLEA
MIT. BEW. KR RN SR R 5 A1 CPI
BN, NIHIEEPpCPITAREN 2 TN T, HA9
NI FFI8AN & TR R Z5 4 . XA AR 7T RE
B TREIF. BR. KR R SR RS
F1H R 55 6 A1 S5 13\ — BX DNATT FEZ J (1) o

2 ss: MRS 5 g1 R BERE N CPIT K EhRERELL 401

£k ¥ Chlamydomonas reinhardtiiflVolvox car-
terif) CPITXE R 54U I+ BEM . KR, kAN
FONVLH A ) CPITHE PR —F, HB AL 75844k 1Al
TANE T HRX2D 485 CPITREA 1) 4h 1B
H5HEEIT BR Y KRS RS A CPI
B BEARN . ZFFI &R, PRI BREM.
JKHE S AN IV R 5 AT CPI R 1) 25 34N 41 ik
15 CrCPIFVCCPITI 524 A T HINS ¥ o JX 1] B
J& T CrePITAIVECPITI AN S W T hdii A — Bt

100 AtCPI1
ThCPI1
PtCPI1
PvCPI1
100 MgCPI1

72 BdCPI1
100 OsCPI1
100 4‘%;:70%
88 SICPI1

PpCPI1
EI SmCPI1

CsCPI1

[———— CrCPI1
100 b———— vcCPI1

0.05

E1  HYCPITE R G R Lo

MRS EAEMWIIER U CsCPI1 (Locus name: estExt_
Genemark1.C_50307). VcCPI1 (Locus name: Vocar20010-
586m.g). CrCPI1 (Locus name: Cre16.9657300). PpCPI1
(Locus name: Pp1s34_401V6) . SmCPI1 (Locus name:
135190). OsCPI1 (Locus name: LOC_Os11g19700). BdCPI1
(Locus name: Bradi4g20160) . ZmCPI1 (Locus name:
GRMZM2G053397). SiCPI1 (Locus name: Si022820m.g).

MgCPI1 (Locus name: mgv1a011213m.g). ThCPI1 (Locus
name: Thhalv10014300m.g). AtCPI1 (Locus name: AT5G-
50375). PtCPI1 (Locus name: Potri.015G093500)#1PvCPI1
(Locus name: Phvul.009G167500).

Figure 1 Phylogenetic tree of plant CP/1 genes

The genes used to construct the phylogenetic tree are as the
followings: CsCPI1 (Locus name: estExt Genemark1.C_
50307), VcCPI1 (Locus name: Vocar20010586m.g), CrCPI1
(Locus name: Cre16.9g657300), PpCPI1 (Locus name:
Pp1s34_401V6), SmCPI1 (Locus name: 135190), OsCPI1
(Locus name: LOC_0Os11g19700), BdCPI1 (Locus name:
Bradi4g20160), ZmCPI1 (Locus name: GRMZM2G053397),
SiCPI1 (Locus name: Si022820m.g), MgCPI1 (Locus name:
mgv1a011213m.g), ThCPI1 (Locus name: Thhalv10014-
300m.g), AtCPI1 (Locus name: AT5G50375), PtCPI1 (Locus
name: Potri.015G093500) and PvCPI1 (Locus name: Phvul.
009G167500).
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AtCcPI1 BSG------mmmm e
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VOTGLA
RAATA

AtCPI1 PIVPLPEG-

PLCPI1 A PIVPLEVT-

BACPIL A PIVPLPES-

OsCPI1 &

SmCPI1l A

PpCPI1 FIADIEFWAAS-QNECVQE
CrCPI1 VDGR m——m el
VeCPIl

CsCPIl

B2 MPCPIE AN T

280 290 300 310

KASYNWSPSGVTQESYGHSRLLERASKHTEL

RVLEMGDDTALESSDESVIVT—————=————=—=————————oo—-

LR ISE IR AR T CPITER LU RPN P 81, W 3% 50 BRI BRI CPI ER (I AR <1 )3 41, B (BTG i R iR CPIM 8]

FI LR 781, Bt HER s B A R ok o

Figure 2 Sequence alignment of plant CPI1 proteins

Conserved residues in all CPI1 proteins are marked in green. Residues marked in blue and yellow indicate conserved residues in
terrestrial and green alga CPI1 proteins, respectively. Brown boxes indicate plasma membrane domains.

DNAT 11 . 4¢3 Coccomyxa subellipsoidealtiCPI1
FE B 6N 154 N 1 I R 2514 (E14) o

2.3 EMCPHERKEHIER

TP S CPI AR [ I 2 BT 9E R B, e A7 T 40 e
KN, RIECPUE AR RE I E A . A
Barbez%5(2012) ) 77k, Tl 7 94~CPIM 2 A 1) 4b

Gikdo KOO CPI & [ HATIEH AR LUK IR $h Sk,
B HATTA 5 IR 25 K sk A1 6 S5 K FR (B5) o {H & N-Jiii
ANC-A b 2 K G5 AL IR K AT RO ZE 57

24 HEYICPHEREMRIEENSHT

N TRMER . KR RN TLR SRR
SEREEE R CPITIE N (K RIA G UL, LI R AR 4T
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Table 2 Protein sequence identity of plant CPI1 proteins

Lo R A e AR SR ) CPIT L REEfL 403

AtCPI1 PtCPI1 BdCPI1 OsCPI1 SmCPI1 PpCPI1 CrCPI1 VcCPI1 CsCPI1
AtCPI1
PtCPI1 0.77
BdCPI1 0.73 0.71
OsCPI1 0.70 0.69 0.90
SmCPI1 0.56 0.54 0.53 0.51
PpCPI1 0.48 0.49 0.50 0.49 0.50
CrCPI1 0.48 0.48 0.47 0.47 0.48 0.44
VcCPI1 0.49 0.48 0.48 0.48 0.46 0.44 0.87
CsCPI1 0.47 0.44 0.45 0.45 0.44 0.41 0.57 0.55
N KTS s, JEUOR 250 K, 78R IErh i SRk T
W (KI6B). ixX He 2k B B AE Y CPITRE A vl g &2 41
RIS R FE, g LAY CPITEE R B I B8 7T BEAR
> 08 15
f
o 25 Z—HESEHREBICPIMERERITHEERAR
© 074 []
g TEAN R H CPITAE R R AT A5 DL, i HL.CPI1
§ FIFEDRI S5 4 . B T 45 1 DL FE TR Rk AR 48 v
 06- FEARSY, BURA F4 CPITIEH A D fiE vl fig v 17
& SO T MUEXAMEBE, DL R BACPITIE [y
KR CPITEE N i D g . Fedl1 58 B T BACPIT 1Y)
057 T ? CDS J B, I b 2 51K 26 3% 3% 14 pBA002 1,
A HA T 20 e R o Rk 135S JE 3l 111 R i A Nos 2%
0.4- BT B (E7A). 1T BACPI1FIAtCPITI 51l A

B3 CPUIEAMFI LIS
(A) 67 [ LAY CPI A 1R AU AR, (B) 6FH kAL A
CPIM#E A 534N B CPI £ [ 1 5 A el

Figure 3 Protein sequence identity of plant CPI1 proteins

(A) Protein sequence identity of AtCPI1, PtCPI1, BACPI1,
OsCPI1, SmCPI1 and PpCPI1; (B) Protein sequence identity
between terrestrial and green alga CPI1 proteins

EMERT-PCRELIN . RT-PCRY™ 1 J5 X} PCR=# k47
MFIAIE . 253, X LSRE Y1 CPITHE IR AN R 4
LRI AL (EI6A) . X THLR ST ALCPITIEN, FIH
L) B 77 15 £k B4 i Arabidopsis eFP Browser 7 (1)
By kA7 8 B9 #7 (http://bar.utoronto.ca/efp/cgi-bin/
efpWeb.cgi), K ILIUF IFALCPITIE R fEAR H It 3R 1A

UPEAE S, RN T 56 3E BT e B 1 BACPIT 3[R 2
3 FLAT R A BE [ I S A i R D) e, JRATPR L AL A0l R
T cpit-158 2844, 5T 3L B8 15 [ P 12 S AL A4 (1) K
A T 24iA 1 opi - 15878444 TN BUE, A Relok
Flr, R B g feopi1-1/+ 8 A 5848k, St
AF T 11245 15 58 45 R BIE T A4 ik R bk &
(KI7B), iXSEpk R LA 5 B4 AL, WE7~BdCPI1
FEDBENS M) ML RS T cpi 1- 158 AR AA (1 £ B (] 7C—F).
XX SERE PR (138 AL T SR AT 0 b, A AR R
244 KR R NI AL T S b epit-1464r, TOMKE R %
TR Acpil-1/+244, 18 MK RINEALTS 50 CPITEY
AT (R 3)(EITB) . X 3K W BACPITIE PR g S BE [H] £ 2L
P T epi1-158 A AR MR Y, o4 ih 2 11 2 AT B4 A 22 [
it e R 1 D B o

h T 25 M BACPIMEE R B A %2 KL FJn|
AU Trepi1-1R AR IR AL, X6~ cpit-14145 15 5
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] I [ | 1 l
0 1000 2000 3000 4000 5 000 6 000 bp

75 AtCPI1 HI—iIHHE—E—
PtCPI1 H i HHE ) {J
BdcrP!1 HI————1——— { =]

100 OsCPI1 H—@ —m = —o

SmCPI1 H HHHIHEHHE
PpCPI1 HI i——i—i—8—a—aa

100 CrCPI1

_EVCCPH COH—1 {1 {F 1 |

CsCPI1 HOHCHH+—1

B4 CPI1FE R 1) 3L 45 4
AR E] (0 7 HE R 7R AE6 R ki AL A4 CPITFE R R AR S AN B T

Figure 4 Gene structures of the CPI1 genes
Conserved exons of CPI1 genes in six terrestrial plant species are indicated by the same color boxes.
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Figure 5 The predicted topology of CPI1 proteins
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Figure 6 Transcription patterns of plant CP/1 genes

(A) Transcription of CPI1 genes in Populus trichocarpa, Selaginella moellendorffii, Physcomitrella patens, Oryza sativa and
Brachypodium distachyon; (B) Transcription of AtCPI1 gene in different tissues of Arabidopsis thaliana
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Figure 7 BdCPI1 gene can rescue the Arabidopsis cpi7-1 mutant

(A) Schematic of 36S:BdCPI1 construct; (B) Genotyping results of BdCPI1 transgenic plants, p is the plasmid containing BdCPI1
gene, and Ler is the wild-type Arabidopsis control; (C) 5-day-old Arabidopsis seedlings; (D—F) 4-week-old Arabidopsis plants,
figure D is the wild-type Arabidopsis, the red boxes in figure E show the cpi7-1 mutant, the white box shows cpi1-1 mutant in a
higher magnification, and figure F is homozygous cpi1-1 mutant overexpressing BACPI1 gene; (G) Quantification of root length of
5-day-old Arabidopsis seedlings; (H) Quantification of hypocotyl length of 5-day-old Arabidopsis seedlings. Scale bars in figure C
and the inset in figure E are 0.5 mm, and the scale bars at the lower right corner in figures D, E and F are 1 cm.
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Functional Evolution of Plant CYCLOPROPYL STEROL
ISOMERASE1 Gene

Xuemin Ma1, Shuangli Sunz, Hailing Yang1, Shuzhen Men*

"Department of Biochemistry and Molecular Biology, College of Biological Sciences and Technology, Beijing Forestry
University, Beijing 100083, China; 2Department of Plant Biology and Ecology, College of Life Sciences,
Nankai University, Tianjin 300071, China

Abstract Sterols are major components of the eukaryotic membrane and play important roles in development proc-
esses. CYCLOPROPYL STEROL ISOMERASE1 (CPI1) encodes a plant-specific key enzyme in the plant sterol biosyn-
thesis pathway. Only the CPI/1 from Arabidopsis has been cloned and characterized. In this study, we identified sin-
gle-copy CPI1 genes from algae to flowering plants. All CP/1 genes from land plants have a conserved gene structure and
high protein sequence similarity ranging from 48% to 90%, with low protein sequence similarity between land plants and
algae. Protein structure prediction revealed that all CPI1 proteins have a similar protein structure, with 7 transmembrane
domains and 6 hydrophilic loops. RT-PCR revealed that the land plant CP/71 genes were constitutive expression genes.
To investigate the function of CPI1 genes, CPI1 from Brachypodium distachyon was cloned and transformed into the
Arabidopsis cpi7-1 mutant. The BdCPI1 gene could completely complement the function of AtCPI. Thus, our data for
single copy number, conserved gene structures, protein structures, and gene expression patterns suggest that the func-
tions of land plant CPI1 genes are highly conserved.

Key words CPI1 gene, functional evolution, gene expression, mutant, plant sterol
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