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Characteristics of CcISAUR49 expression and its effect on limonoids bio-
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Abstract: [Objective]Limonoids are secondary metabolites widely distributed in the Rutaceae and Me-
liaceae, with biological and pharmacological activities such as anti-oxidation, anti-allergy, anti-obesity,
anti-osteoporosis, anti-cancer, anti-bacteria, anti-virus. The genetic modulation of limonoids biosynthe-
sis is still poorly understood. So the investigation of genes regulating the limonoids biosynthesis and the
study of their functions will help to understand the regulatory mechanism of limonoids biosynthesis and
provide a theoretical basis for further cultivation of high-quality citrus. It has been shown that the SAUR
significantly affects the biological yield and production of secondary metabolites by regulating the hor-
mone metabolism in the plant, but whether it is involved in the biosynthesis of limonoids has not been
reported. To study the role of Cc/SAUR49 gene in biosynthesis of limonoids and characteristics of its
promoter in citrus, the open reading frame (ORF) and promoter of Cc/SAUR49 gene were cloned from
citrus. Limonoids contents, gene expression levels, subcellular location and promoter activity were ana-
lyzed. [Methods] Limonoids contents and expression of the CcISAUR49 in the leaves of different devel-
opmental stages from two genotypes of Shatianyou pomelos [Citrus grandis (L.) Osbeck] varied in li-
monoids content were analyzed with HPLC and Real-time qRT-PCR. Specific primers were designed to

amplify the target fragment using the sequence in the Clementine genome (http: //phytozome.jgi.doe.
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gov/pz/portal.) as a reference. The coding region and promoter of the CclSAUR49 were isolated from
Shatianyou pomelo and precocious trifoliate orange (Poncirus trifoliata L. Raf.) via PCR amplification,
respectively. Subcellular localization of the CcISAUR49 protein was accomplished with transient ex-
pression of 35S::SAUR49-GFP fusion protein in the leaves of Nicotiana benthamiana and observed us-
ing confocal microscope. cis-acting element of the promoter was predicted through the PlantCARE web-
site. In order to analyze the characteristics of the promoter, pPSAUR49::GUS fusion expression vector
was constructed and transformed into precocious trifoliate orange. Using uninfested precocious trifoli-
ate orange as a control, the whole positive plants were stained chemically with GUS (beta- glucuroni-
dase) and decoloured with 75% ethanol until the chlorophyll in the leaves of the plants had completely
faded to a white colour and then observed and photographed.The overexpression vector of the
pSAUR49::GFP fusion protein was constructed and transformed into precocious trifoliate orange. Resis-
tant shoots were obtained and grafted on potted rootstock. Limonoids content and expression of the Cc/-
SAUR49 gene in transgenic plants were analyzed, the length of leaf and internode and circumference of
stem were determined three months after grafting. [ResultsJHPLC results showed that the limonoids
content of the two Shatianyou genotypes was significantly different, with STY2 containing significantly
more limonoids than STY1. The contents of nomilin and limonin were continuously decreasing along
with the growth and development of leaves, while the gene expression level of the CclSAUR49 showed
an increasing trend. This revealed that limonoids contents and levels of the CclSAUR49 expression dem-
onstrated a significant negative correlation during the development of the leaf with correlation coeffi-
cients of —0.978, —0.958 (p<<0.01) in STY1 and STY2, respectively. Subcellular localization analysis in-
dicated that CcISUARA49 protein was located in the plasma membrane and nucleus. A 1600 bp fragment
upstream of the CclSAUR49 gene start codon (ATG) was cloned from citrus. The results of bioinformat-
ic analysis predicted several types of cis-acting elements in the promoter of the Cc/SUAR49 gene, but
no AuxREs -responsive elements had been found. Six transgenic seedlings of the CcISUAR49 and GUS
fusion expression were obtained by citrus genetic transformation. The results of GUS staining transgen-
ic seedlings indicated that GUS was mainly expressed in the stems, roots and old leaves, but not in the
young leaves. Two transgenic seedlings of the CcISUAR49 and GFP fusion expression were obtained.
Comparing the growth performance of the positive transgenic with the control plants grown under the
same conditions, significant morphological difference was observed in the transgenic plants with larger
size of leaves, longer internodes and thicker stems. Compared with the wild type control, both nomilin
and limonin content were significantly reduced, with reductions of 44.81% and 22.60% of nomilin con-
tent and 23.74% and 67.36% of limonin content in OE-1 and OE-2, respectively. qRT-PCR results
showed that the expression levels of the Cc/SAUR49 was largely and significantly increased in the over-
expression transgenic plants, with 661 and 156 fold increases in OE-1 and OE-2, respectively. Analysis
of the expression of the CcISAUR49 in relation to the limonoids content revealed a significant negative
correlation with correlation coefficients of —0.983 (p<<0.01) and —0.975 (»<<0.01) in OE-1 and OE-2,
respectively. In order to clarify the role of the CcISAUR49 gene in the limonoids biosyntheses, the ex-
pression analysis was also performed on the six genes associated with limonoids synthesis identified by
previous transcriptomic analysis. The overexpression of the CcISAUR49 affected the expression of
those genes, suggesting that the CclSAUR49 might interact with some of those genes to regulate the bio-
synthesis or accumulation of limonoids in citrus. [Conclusion] The CcISAUR49 gene was a tissue-spe-
cific expression gene. It negatively affected the biosynthesis or accumulation of limonoids in citrus.
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KIS BB —Fh 2 A0 T =R
BREHE ) A AR =4, BA R B B
PERE YU B DU B3 AU S AR ) 06 T R 2 3
WEPECS HET, AR RS A& g
e = 1, 12 M iE R s = a4
Y B RE DGR R ) D Re g AT T, AR T T
fRIEFT S R G A RS, R
AR =P 8 A% o0 R SR LR Bl . B KRR
R g 5 35 DR B 6 3 K 3 R 5K < Aux/IAA (Auxin/In-
dole Acetic Acid) - GH3 (Gretchen hagen3) il S4UR
(small auxin up RNA) ", SAUR & [K /& 5% K 1) 2 [A]
K, L E BRI MK . S 5EK RN
s R AR E ML S 5EE 8 R
JNE VI 97 33 358 Jolp 3 S50, 0L R T R IR SAUR 2R X
RAERGUR B W B3 3303 T AT
(1% 25 PRI 7 S ol i PR T i 1) T A5 R e R, FEAR
HARERIA , 8 I Y AR K R I OE A YR R A R Y
P38 5 T 53 ST A ) 2k DR 3R B0 HH A e 1R 3R A AR 5L
U EG I+ 1 SAURG3SAURI9 Al SAUR41 3£ [K] 43 )
J&F T IR ™. 75 Ul /e 3 o i 2 3R 0k
SAURG3.SAURI9 I SAUR41 FE K ¥ & 51 & T I 4ih
i, T IR B 4B 3, T Ul S X M Wk LR
JAA) ¥ iz 1 5m , Hof, SAUR41 A1 SAURIY # [X it
BRIEE RN A 2 8 ERINU, 1AL KR
i B KAk OsSAUR39 B A J5 , TAA [) A8 bk 535038 i
IRE SRR, 54K R A A R iE & A H
FERERIA T, g s B b, 16 = IE TR
BEFIVE R & I N, [, — Lo 505 (1 & oAz fi
KIF R F£IE LAY, OsSAUR4S 5 OsSAUR39
R B A AT e, 2 AN S R 3 AL T /K ARG 26 9 2k e
b, i B R IK OsSAUR4S 3 ] 1) 7K e 5 35 [R R FR 11
W AR A2, 25 S KRS B KIS KT
iK™, LEEG it B3R IE AbSAURI FE R A AR AE
Ve g RS, B Gt AE Y (tropane alkaloids,
TAs) 77 &Mk 2 &Y. Rk, ik &3R8 SAUR
FERAY Ge g S EY) B D= & I Re i m IR AR
WrEmR g, KT s 2GR =R IR
WY, LAVE JE 2 A2 R (farnesyl diphosphate , FPP)
NI, FE) B A VR KR, e ag B Fr SRS Fh
TEHBE, P ERHMPETETZNHE
WY, 3 PR 2 AE AT BB T R IR, CelSAUR49
F K 5 08 I+ 10 AtSAURI9 W 5% 5 (AtSAUR19-24)

B RAE—H E R AR R iR
ik FER LA RIEAKFEAL, MERF I LPARIE,
H CclSAUR49 B F R IA mME M I AEK K E
SRS ETRaRS, DA R, SAUR R
T R AR (B 2 A L R AR 1 A P
PA R IR AR = e &, 3 R TS 2 5 S
B R E BR W kiE . B, B fE A
WF 5 el MM o 58 B CelSAUR49 R B 3 1,
I B DR 3 M8 B RVE PRI R AR . [
i i B R IE M CelSAUR49 3k IR X6 K47 45 25 &
AW E ORISR, PR 2% R T A A i v &R AR
Y& B R

1 FRRITA

L1 RIERAR

58 BT FH 1990 EL Rl [ Citrus grandis (L.) Osbeck,
STY 1A 5258 25 fRAF IR 1AL R, 2 JTCRE b Al
[C. grandis (L.) Osbeck, STY 2]t 552 4 (Pon-
cirus trifoliata Raf.) t [E] 5 5L W it it 2 DA A7 (7] 4
fit . AR5 Wang FECY ) J7 35 M 2 AN B Al B R AR
PR 23 R AR 3 AN AN K E I I (LT L2 A0
L3), 2R AL L )5 fR A7 T-80 C AR Uk A I T
HRFIBMEITEE R E BT B SR
RS AT I AL . )3 Bh T IR B A T ER B
H [A] (beta-glucuronidase , GUS) FiJ AE W) 3 35 24k Ry
p1300GNGM, 7 ¢t 7% ) 81 1 & A (green fluores-
cent protein, GFP) Fl GUS iz 7 2= [A] 5 Y. 41 Jfd 5 i %%
{4 Cam 35S-GFP, & GFP it H M . 2 ANk
FH 78 i K 2/ v L RO R 27 e A RS IF 5 B ) R s
RO IR 50 o B R IR HR PGB N 2B 5L
B EARAE o RIAT R SZ A5 41 i DHS o ) 5 b 5
BHEVIRHE A R 2 7], MY AL e A AR AT
EHA105 Btk CZEH LI =R A7) o 516 &7
AL SR YR PR 2 7 76 B

T ) s DNA $2 B & 8 B b 508 WA )
FeARAT IR ] 5 HA8 RNA $ZEGRF &0 B b 5i
TSR EORAT BR 22 ) 5 BURL S U &8 B 7 5
FEBAHR AW A F] s DNA HER ORI &% B bt e
BAHT R A PR A A s SER PCR %8 Je kA 71 B
AT 5 5 PR BR 2 ) 5 BRI A 070 Bl K e B s
W& B R G RBH (R ED AR AR R
B W E R A TR CREDH RA R Y
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H G K% 77 A AR 8 77 B O MS (murashige and skoog
basal medium with vitamins) , J#J H Phyto Technology
Laboratories®; i1 R AH 41 (HPLC) 2% Z 15 5 -
g 22 S B R A IR A T B i 4l 1 H
H R EHT b T A BR 2 |] s HPLC A7 5 v 2= A
KRR UE S E Sigma-Aldrich 24 7 (3 ED .
1.2 EFEFEZRSEEN

VRS R I B RE LB Bk R S Bk B
1.00 g 487 2256 10 mL H B BB e ir , B T-HE S
FE 5 A P AR 7S FREEX 10 min, B E 5 B LB E B —
T 19 50 mL A, FIDN IR R 4RI 2 X, &
I3 AR B FIE W E T R )40 CYb i
AT H 3 mLARFR - #030% L B T,
FEEARRCF N 2 mL 0,6 000 r-min™ 40> 10 min,
B E 3% WR Lot B 25 0 8 5 AT HPLC Al
e 3IRER

PG R AR ARSI 2 1 - AV 2V 4=38162
NN AE S5 EE BRI R N 1 mL - min, IR N
30 C, KW % KN 210 nm. DA B K E YN
25 mg - L' {#7 1 75 & (Cat. No. L9647) Al if5 K #k

(Cat. No. 77518 VR G MU NARFE , - FTFa s R AN E
PN NEIDSS U Y R F o Nk 8
1.3 EERESH

PASTY 1 FISTY2 1) 34K & B 8k i o gk,
FHAE A 5 RNA $2& HUA 71 £ (Cat. No. RN38) $2 Hit A&
RNA, X F RevertAid First Strand cDNA synthesis i
71 & (Cat. No. K1622)¥f 1.0 pg RNA x ¥ 5% & Ji
cDNA. CcISAUR49 3[R S 765t 7€ & PCR 5| M) 2
M FEAE RSP 7L (R 1) . H NovoStart® SYBR
qPCR SuperMix Plus i f] & (Cat. No. E096-01A) 5
I H A FE R R IEKF . qRT-PCR SUNAK £ A 10 pL,
PAFRFE 10 f55 110 2 uL cDNA AR, b R 5I 7%
0.2 pLC(10 pmol L™, SYBR mix 5 pL,ddH,O 2.6 uL;
SN2k AT A 295 C TR 30 5595 CAEME 155,58 C
BAK30s, fEH4 R B NMEMIREE . T
CFX96 Touch™ %% & & PCR 1l & 4t (BioRad, &
)G I 3 (R Rk Ko ik F A A% GAPDH % [R K
WS EER, F 2 S R A Rk
1.4 F4HARE(L

DL ovg B TAE 2R K 4 (http < //phytozome.jgi.doe.

F1 REFASIY

Table 1 Primers used in this study

CIR/EA S ST HI5° -3

Primer name Primer sequence(5” - 37)

SAU49sub-F AGAACACGGGGGACGAGCTCATGGCTATTCATGTACCTGGAATC
SAU49sub-R CGACTCTAGAGGATCCATATGATTCATTCAAGCTGGAAGT

SAUR49-qPCR-F
SAUR49-qPCR -R
257P450- qPCR-F
257P450- qPCR-R
209P450- qPCR-F
209P450- gPCR-R
632P450- qPCR-F
632P450- qPCR-R
367bHLH- qPCR-F
367bHLH- qPCR-R
CiOSC- gPCR-F
CiOSC- gPCR-R
CiMYB- qPCR-F
CiMYB- qPCR-R
SAU49-Pr1F
SAU49-Pr2F
SAU49-SP1
SAU49-SP2
SAU490E-F
SAU490E-R
M13Rf

GUS-R

GTACCTGGAATCATGTACGCTA
CACGACTTTGGATGTTGAAACT
ATGGAGGCTTGCAAAGGAGA
AATGGGCTGATCTTGCATCC
CAGGCTTATGTCCCGTTTGG
TTCTGAAAGCGGGAGAGTGC
TATGGGAATCGCAACTGTGG
CGGCAGAACATCAAAGTCCA
GCTGCGTGTTCCTCTAACGA
TGCCCATATCTCCATCTCCA
CTTTTGGCCTGGTGACTATGGT
CATTTCCCTTCGATGTTCCACT
GGGCGAACCGATAACGAGAT
GCTGGAGTCTGGCAGCAAAT
TCTTCACTACCAGTTCCACCTGCAG
GGCCAGTGCCAAGCTTGCTCTCCTTTCTGCTCCCAAATCACT
ACCCGAATTCTTCCTCAGCCTTACT
GACCACCCGGGGATCCGAAATGGCCTTTTGGCACGACTT
ATTTAAATATGGCTATTCATGTACCTGGAATC
GGATCCATATGATTCATTCAAGCTGGAAGT
TTCACACAGGAAACAGCTATGAC
CTGCCACTGACCGGATGCCG

T RIS BRI T HT R4k IR Swa TR BamH 1 BEUIAZ 5

Note: Underlined sequences are the adaptors for constructing vector. Bolded sequences are Swa | and BamH 1 cleavage sites.
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gov/pz/portal.) F1 ] CcISAUR49 %: [ 1] CDS ¥ 51| ly
%2 , M| | Primer3 Chttps://primer3.ut.ee/) ¥ 11 1 X} 7
A Cam35S-GFP HLMHE R 51 (R D, U 545
FI| 1 ¥> H Al cDNA 4 B, {8 H TaKaRa Ex Tag
(Cat. No. RROIAMD it PCR 4 #3£ [K CDS /581 , K%
[k #3211 CDS F Bt ¥ H In-Fusion® HD Cloning Kit
71 & (Cat. No. 63964904 i %2 BamH | /Sac 1 %L
fi§ ] ) Cam35S- GFP # f& I, 3 %] Cam35S::
SAUR49-GFP it & 5 (I R iE k. R4
Al KI5, EEL S AN PE M ve b % 2 AL R A R
BOAPRA T o A5 56 0E ik ) 55 20 5ok A F F 532
B NAKT B T vk EHAL0S , fR47 PCR %5 78 9 BHAE 1 56
T80 CUKFR# . BT RAT HZEIE G Rk
BOAVEST BIRE 7 30 d AR BRI 7 [ B 9 5
Cam 35S-GFP # A Jyxt i, 5577 3 d 5 F FV300 ¥
SR A B A (Olympus, HAD WS 555
1.5 BahFESES

F GENENODE™ CTAB 1 #) 3 [X 41 DNA 3%
FEAGEA A B AR HUH AL SEAR BE R 2H DNA, DL B 2
T A K 4 (http : //phytozome.jgi.doe.gov/pz/portal.) H
[FIFE 5 NS %, JEEL CclSAUR49 3K ATG 2 4f % 1
T 3% 2000 bp (1) 2 K 44 DNA ¥ %1 , B Primer3
(https://primer3.ut.ee/) BT 2 X5 4RF 7 51 P (2 1D
H 1 Bt . {8 F PrimeSTAR® Max DNA polymerase
(Cat. No. RO45AD AT 2544 . 26— %2 H SAU49-
Pr1F Al SAU49-SP1 ¥ , Jx B4 % 4 25 pL: DNA
R 2 pl (50 mg - L"), SAU49-Pr1F.SAU49-SP1 5]
Y ($5°910 pmol - L) £ 1 pL, PrimeSTAR Max Pre-
mix 12.5 pL, A ddH.O #ME AR F, 2 B 5% : 98 °C
105,65 °C 155,72 'C 2 min, J 35 MEFF . 5 %
T3 LS — 509 = M) AR, F1 F SAU49-Pr2F il
SAU49-SP2 1y 5| Wik AT 438 , ¥ A R 5 5 — 9
WARIE, § B R :98 °C 105,65 °C 155,72 C 20 50
B3 7= W | Kk J5 H Bioflux 22 ] [ BioSpin Gel Ex-
traction Kitii77]# (Cat. No. BSCO2M 1) [A[If .

28 PCR ¥ #8 [0 Y Ji5 ) CcISAUR49 %: R & 5 1
F Bt H In- Fusion® HD Cloning Kit (Cat. No.
639649) ¥J & #| 4 Hind II/BamH 1 XX f 1 (1)
p1300GNGM Kk # Ak, 5 2] 5 3+ 5 GUS ik &
FE Kl A R IE 3R pSAUR49::GUS . E =W 4
AL KT , PR S A PH M B B 1% 2 AL R AEY)
BHE A BR A A7 433 CelSAUR49 55 K11 )5 8 1

1, F) FAE 26 814 PlantCARE (http : //bioinformat-
ics.psb.ugent.be/webtools/plantcare/html/) 43 #T 1% J&
1y T RS ok

W B 2H 5B R H R R R ON ROME TR B PR
EHA105. MG LS IE Peng P 715 ¥
A B I BURL AR T R 35 7 2 ODgo=0.5~0.6 I, 1%
YA AC LSRR R . LR35 SR 3 d R B IE R
Fedk FREAT UM F AR AR AR B TR, PR v A A 4 2
K HB 2 Ja F 28 A6 KT HE S Bk e BH PR 3 B IR 2, £
PUIEZF KN 1~2 em J& , BB 22 BUE N AR AR 77 4
R R K N 1~2 em J5 , B By R A R A 2k DR 2
DNA & Bt 571 & 42 B (K 41 DNA, H SR I8 #5441
(K1 F7 51 519 GUS-R A1 21 7 il 51 ) SAU49-SP2
(3R 1) X 3% L DR F bk 30 AT PCR % 7€ , 07 3k FH 4 A
o DURAR G010 B SE AU AR AR 0 I, 2 18
Jefferson &5 5 1550 BEAN [H AR AR HEAT GUS 127
getty, F 75% () LBER (L B AE MR IR S 2K 52 4
LRI A e, WK,
1.6 BERIEHSH

¥ Hilt b 50 B B 1) CelSAUR49 B[R ) CDS i %
# T-Vector PMD 19(Cat. No. 3271) , Ul /¢ 1E#f )5 2
BB RL, 28 Swa 1 Al BamH 1 XY J5 &4 3B &R
IEHAK PGB L, KB FE R 1L ik pSAUR49::GFP i
o R A A AL B SR R P S K N 1~2 em
S 4 07 12675 380 FRY B 2 2 4 1) FE ) [ ) i A
AR AL R SR E A IR R . IR AR AR R =
490 dJE , BURE PR - 7 32 B DNA 47 B 7% PCR
R 5 $2 HIUE RNA JEAT 52 5% % 78 5 PCR 73 7 5 I
R L R R I R 2RI S R S .
1.7 #iESH

e 25 RN 3 IE S B 4ME , K H Excel
2010 BEAT E 4 B H AR A 22 15 IR ), 22
i M SR IR A 23 ARk F SPSS 20.0 1A 58 B

2 AR5

2.1 CclSAUR4I T LEITIEZRZEME B RIF I
15 2 AN V0 B Rl R R, CelSAUR49 ) 33K 7K F-
Hit kg R SRR AR, B2 AN
HE Al it PR R AT R R S B A R E R (H LA
KA S R NRERRRIT RS R EEE2ANY
FE Al o o 240 R T LR B I ) A R B AR
(AT (B 1-A) , i BIAE L2~L3 I 01 R b . H:
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Leaves at different developmental stages

A.STY1 Al STY2 M 3 AMEK R B I Jh 48 15 35 & 52 B CelSAUR49 JERTEM Fr 3 AR R B I AN Rk 2. RRIKE 5
FORAER SR 2 B 82 (p < 0.0D).
A. The limonoids contents of leaves at three developmental stages in STY1 and STY2; B. Relative expression level of Cc/lSAUR49 gene at three de-

velopmental stages of leaves in STY1 and STY2. Different capital letters indicate significant difference (p << 0.01).

E1

M E PR EATIEE RS 80 CeISAUR49 R RESHIT X

Fig. 1 The changes of limonoids content and CclSAUR49 gene expression level in leaves

o, WOR MRS B AR BN . CelSAUR49 2 [
RIE BB 5 A5 2 & 1A A s, A
MR AERK R E R RS B, 2 A KR E G
a0 H AR R B STY )R
EETEIFEE RN STY2(F 1-B). A 344
KR B I 2R A A R B A CelSAUR49 F: 1A
TR B AR AGAE 2 AN V0 FE A R b 35 S0 6 A
5, FHR R H 5 8-0.978,-0.958 (p < 0.01), 1 H.
TE 2 /70 B ot ol ) A 2 5 38 B AH OG0 I Bl SR
W, CcISAUR49 J A0S A A A7 15 7 2= (R AR W 6 B
AHIHIER .
22 STYS5ZEZ T CcSAUR4I B CDS 55t
xf

M STY1 cDNA H1 b [% 15 51| CcISAUR49 5 X 1)

CTATTCATGTACCTGGAATCATGTACG

SAUR49 in Clementine

SAUR49 in STY
GGCCATTTCGCAGTTTATGTAGGA

SAUR49 in Clementine

SAUR49_in_STY

SAUR49 in Clementine

SAUR49 in STY

MAIHVPGIMYAKQILRQAKLIVSQGVSTSKVVPK
atggctattcatgtacctggaatcatgtacgctaagcagattctecgecaggctaaattaattgtaagtcaaggagtttcaacatccaaagt gtgccaaaa

\AAGATTTG

GHFAVYVGENQKKRFVI
ggccatttcgecagtttatgtaggagagaaccaaaagaaaagatttgtaattccagtatctttettgaatcaacctteatttcaagaactgttgag aagget

GA \ ABA
E E E F G F D H P M G G L T I P C R E D I
gaggaagaattcgggtttgatcatccgatgggtggectcacaattecttgcagagaaga atcttcattaatgtcacttcecagettgaatgaatcatg

2 STY 5B 2T CcSAUR49 # CDS K5 L3
Fig. 2 Alignment of STY and Clementine CcISAUR49 CDS sequence

CDS F¥ 41, MR 45 W 7 &5 53 A, % 7 51 4 65 X
303 bp, 4t 101 N IR IR EE I 2 1K, A 14M4b
B WA NE T, H 37 R A X A 5 e & R F
SETER) DST o . SR 2 THRZSH T YL, %
FF FIAFAE 3 AR SCRAR , 2 4N FI AR B 4 99.01%
(K2,
2.3 TARRERLS TR

DAV 555 725 S50 BT VIR ) 0 S A4 A A ke R, E BB
IR AR B TS, R Gkt L i IX 3 R g 2k
RRIENLE , 45 KW, CclSAUR49 FEIH 1R IE BT
TE AN A A% (3D .
24 BITFRERFKIESH

MAH G o 5 % 3] CelSAUR49 H: PR 2 45 %5 1 1
(ATG) I % 17 1600 bp Bt , 2 7F 28 # £ Plant

AAATTAATTGTAAGTC AG GT@®GTGCCAAAA 102

102

STAATTCCAGTATCTTTCTTGAATCAAC CA, “TGTTGAC GC 204

TG GC 204
PVSFLNQPSFQELLSKA

302

302

CATG]
FINVTSSLNES*
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Cam358S::SAUR49-GFP

Cam35S-GFP

S5 CALET GFP field

CARE 73 #T R I, 3L 546 20 2K =L AF FH o, Hop
FKATIRERCHA SR (-4 . ErThRer/ER ot
FEAHBZ R B EH T, i CAAT-box
FI1 TATA-box; J& M B 7G4, U1 Box 4. chs-CMA2a.
GATA-motif,G-box.-MRE.MYB. TCT-motif; {4 i
I N 64 , 1 ABRE\ERE. P-box. TCA-element; ¥
e B e, 11 MBS AT WUN-motif(2) .

I A R ) I8 AR R Ak, L3RS 6 Bk B Cel-
SAUR49 £ [K] J3 21 7 1 BH 14 A A% , 312 B BH 1 A R 1)
DNA, F| ] PCR #4168 M\ 6 MEPE R 3 H H 13
BL(E5-A) . I GUS Seiint BBk EAT 2H 234k 2
Gt 5, RILPHPERE PR AR AN E i B R A5 5, 25
AR T O A B AR S T B
H(E5-B). G EM, CclSAUR49 F K 78 i H-
WA RIE AL ZER A RIL FERZ K ERIA.
25 CASAURYBEREHEFREHRMNEERHE
FRFU

0 o A PR B A AL, FE 3RS 2 Bk CcISAUR49
ik DA R 308 1 o Pk AL R 5 2 BXCBH 14 FE AR 1Y) DNA,
F PCR M2 MR 3G tH T B 5L A B (B 6-
A E L 2 AME AR A B A PR - LB R A R A
AR A AR TS T I A A 5 R R o RO R 1) A R TR
IoH A 2 5 DRI A R 1) A G 35 B I B K AL PR 52 (1] 6-

H AL ET Bright field
FRN=100 um. Bar=100 pm.

3 Cam35S::SAUR49-GFP fi& & B BT 40 E {2
Fig. 3 Subcellular localization of Cam35S::SAUR49-GFP fusion protein

A IFALEF Merge field

B o X BH AR AR R 1 K B 2000 4 T S g
FTINEAY T, 555 HEAR LG, BH AR A A B A
) i 340 k25 A, 2R FE R R ( 6-C, R 3D

2.6 CASAURYIERABERIEMEITIFEEZESE

Lt RRAR L , B BE R AR o CelSAUR49 BE A 1)
RIBAKFBER S, B RRATEE RSB E
FNBE. MR RS &N R E = W
T IR T 44.81%23.74% ; AL RK 2 v 2 A7 45
TR OGELNEINEE, 5 FEIK T 67.36% .
22.60% (& 7-A) . qRT-PCR &5 5 5 7 , % 356 DR A vk
W CelSAUR49 B: R 318 B0 A I B 3
£ OE-1 5 OE-2 #1473 Jill 52 X RE 1) 661,156 1% , i &
KIEBHREEET-B) . N T B CcISAUR49 H: A
X TG B 2 AW B B S ], K T A s 26 53 b
i 16 ) 1 5 A7 A B A A DG 1) 6 N B Rl I R IA
WHHAT T b . ST HRA L, 3X 6 AN E K 7E Cel-
SAUR49 H5 R 8 5 2 15 1 i BE R AR PR I 3Rk =3
AR AR, e — 3 o i R 1) SR8 R Cel-
SAUR49 FER [ R1K5 2P0 H B35 M G . X s
L, B EE IR R AT R AR R PRI T g
B R IE CelSAUR49 3 TR 5 A7 15 75 25 & AR 9%
BRI A K
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ACCAGCTCTC
TGGTCGAGAG
CTATTCGTTT
GATAAGCARA
TACATCCATA

ATGTAGGTAT
ATCCCARATAT
TAGGGTTATA

TCAATCATCC

AGTTAGTAGG

GAGTAATTTG
WUN-mot

GAATGGAARA
CTTACCTTTT

TTATCAGCTA
AATAGTCGAT
TTCCAGTAGT
AAGGTCATCA
AGTTCTTGCC
TCAAGRACGG
TCA-element
GARGCGGRCA
CTTCGCCTGT
TTTAAATGGA

TTTCTGCTCC
RAAAGACGAGG
GCCTCGAATT
CGGAGCTTAA
GATGTTCCAA

AATCACTTGT
TTAGTGAACA
TTGCATGCTA
AACGTACGAT
AAGGCTACCT

P-box

CTACAAGGTT TTCLCGATGGA

CATTCTTGAA
GTARGARACTT

TGAACCTTTA
ACTTGGAAAT

TCT-motif

AATGGGAGGT CTTAC[TATTC

TTACCCTCCA
TGATATGGAA

ACTATACCTT
TGTACACTCC

ACATGTGAGG

ATTGARAACA
TBACTTTTGT
AGATGACAGT
TCTACTGTCA
TTCATGAARA
AAGTACTTTT

GCCGAGTATT
CGGCTCATAA
TCCGTGACAG

AAATTTACET AGGCACIGTC

dOCT

Box 4

GCAARRARAGAT TAATHGTAGC

CGTTTTTCTA

AAGRATATAT
TTCTTATATA

ACATTTTGCT
TGTAARRCGA
GGGCTAGTTA
CCCGATCAAT

ATCAGCTGCT
TAGTCGACGA
TCAATATTTC

AGTTATAARG

CCTTTGTCCA
GGARACAGGT
TAATGGACTT
ATTACCTGARA
TCATTAATGT
acrAATTHCA
Box 4
GTTATCCRAG
CAATAGGTTC

TGCAAGACRA
ACGTTCTGTT

ATTACCATCG

GAATGATAAG

AACATTCATC
TTGTAAGTAG
ARCAAGTTTT
TTGTTCAARRA
AGCAGTTTAT

TCGTCAAATA
TTTCAGGAAT
ARAGTCCTTA

CCTGTGCTGA
GGACARCGACT

ATCAGAAGAG ALCGATTTTAT

TCA-element

TAGTCTTCTC
TTCTAAGAGA
MYC

andaTTCTCT

ARATTCAATC

TGCTARAATA
GTGACTAGTA

CRCTGATCAT

AGTGITAT

ATTTTCTAGC
TAARAGATCG
TCGCAGATCA
AGCGTCTAGT
GTTGGACAGT

CAACCTGTCA
TGCTATACAA
ACGATATGTT

AGAGATGTTT
TCTCTACAAA
AACTCTTTTT

TTGAGARAAA
GAARATTCTT

CTTTTAAGAA

chs- CMA2a
CACTTGARAC

TTTAAGTTAG TCACRATAAA GTGRACTTTG

ATTGAATARA
TAACTTATTT

ATGTTCAGGA CTCACTTATC
TACAAGTCCT GAGTGAATAG

ARACTAATGT
TTTGATTACA

ERE

TACCATTAAA
ARARATGTGC
TTTTTACACG

ACTTTCCACG
TGARAGGTGC

MYB

GCTTARGHCA ACCALCTCTTG

CGAATTCCGT

TGGTGAGAAC

TCT-motif

AATAAGTTCT
TTATTCAAGA
CTGAGATTTC
GACTCTAAAG

AATTATTCAT
TTARTARAGTA
AGTCAACTCA

TCAGTTGAGT

ATGATTATAA
TRCTARTATT
CRARTACATA
GTTTATGTAT
TTCAAGCATA
AAGTTCGTAT

ARATGGTTGG

MYB

GCCATGTGAA
CGGTACACTT

TACITCTAAT
ATGAAGATTA
ACTTATTACA

ATTTATCATT

AGGTGCAGCA

TCCACGTCGT

AATCTTGCAA

TTAGARCGTT

AGATTCAGGT

TCTAAGTCCA

ARGAGTACAT

TTCTCATGTA
GTTGTCTTGC
TGAATAATGT CAACRGAACG

MYB

GATATTTAAT

CTATAAATTA TAGAARRATTA

ACGATTATTA

TGCTAATHAFR

Box 4
TGGCAATCAR
ACCGTTAGTT
ATATTCTTTT
TATAAGRAALR
CCCTTTATCC
GGGARARATAGG

GCATAAGATG
CGTATTCTAC

ACTTTGCTGG
TGRAACGACC

ATCTTITTAAT

ATATTGTAAG

GTAGGGTCCA
CATCCCAGGT
CRARAGAARATA
GTTTTCTTAT
CGAGGARATCA
GCTCCTTAGT

TTATACAGTC
AATATGTCAG

TGTGTCTATC
ACACRGATAG

TCT-motif

ACATATACTT
TGTATATGAA

AATAACTTCA
TTATTGAAGT
AATTTTTTCC
TTAAARARAGG

ATAATAATGG
TATTATTACC
CCAATCAATC
GGTTAGTTAG

GTGAAMRAGAA AAGATTITGTA

GATA-motif

CACTTTTCTT
GGCAGAGGARA
CCGTCTCCTT
W-box
CILTGACCITCA

GRBCTGGAGT
TTGTGGGTAG

BRACACCCATC
GCAGATTTGT

CGTCTARAACA

TCAARAAGTGT
AGTTTTCACA
CCAGATTARC
GGTCTAATTG

TTCTAAACAT
GAATTTGGGT
CTTAAACCCA

CTTCCCGCTT
GRAGGGCGAA
AGAGAGATTT

TCTCTCTAAA

G-box

APT
TAGTTCTCTT
ATCAAGAGAA
ATTTTATAAA
TAAAATATTT

TCGTAGACCT TCTATACAAA TACATANTCA
AGCATCTGGA AGATATGTTT ATGTATTAGT

CTATTGGTGT CACCTGACCA CAATAGCATT
GATAACCACA GTGGACTIGGT GTTATCGTAA
CCTTGAAGTA CTTATRACTA AAGTTATACT
GGAACTTCAT GAATATTGAT TTCAATATGA

CCCACATCTA CTGAGRATAG TTCCTAGACT

GGGTGTAGAT GACTCTTATC| ARGGATCTGA

F-box

CTTCATGARAA AGGTTCCATT TTCAACTACG

GAAGTACTTT TCCAAGGTAA

ARATTAGCAT AATTCAATTT
TTTAATCGTA TTAAGTTAAA
TGCCTCGTGT TTTACAAAAC
ACGGAGCACA AARATGTTTTG

CATACTTTAA ARARATGAAA
GTATGAAATT TTTTTACTTT
TATGACATTG

AGAGAATTCT
IYB
TTAAGA

ATACTGTAAC

MRE GATA-motif

ARAACCTRAL

GATAAGGTAC

TTTTGGATTG
GGTTACCTGT
CCAATGGACA
GCAATTTAGA
CGTTAAATCT

TATGTCAACT
ATACAGTTGA

AAATGCTTCT
TTTACGAAGA

CTATTCCATG
TATCATCARA
ATAGTAGTTT
ATCTGGGGCC
TAGACCCCGG

CCAAATTGTT
GGTTTARACRA

ATACCACTCA
TATGGTGAGT

ATG. BIRHG T KBS EITHERRIL . Plant CARE FRINAS 20 =CAE F o4
ATG. Initiation codon; Gray shaded position or box. Predicted cis-acting elements by PlantCARE.

4 CdSAUR49 ER BN FF5
Fig. 4 The promoter sequence of CcISAUR49 gene

AAGTTGATGC

ATCATAATTT
TAGTATTAAA
TCTCATACAC
AGAGTATGTG

TATATCTCAG
ATATAGAGTC
GGCAARAAGC

CCGTTTTTCG

ATACTTATCT
TATGAATAGA
AATTTATAAR
TTAARATATTT
CTTTTAGGTT
G
MRE

AGTGATGACT
TCACTACTGA

CTTAAAATTT
GAATTTTAARA
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Transgenic plants

A.PCR ¥ B9 55 FL B FR A B A0 A B B, B 3E IR AR ) GUS AUk 45 . M1.M2. DNA marker DL15000 F1 DL2000; P. J5i {5 K 5

1~6. 6 MR PIRMR A F AR B CKL X TR

A. PCR amplification of target fragment in transgenic plants; B. GUS histochemical staining of transgenic plants. M1. DNA marker, DL15000;
M2. DNA marker, DL2000; P. Plasmid template; 1-6. Target fragment in transgenic plants; CK. Control plants.

E5 HERERHEE

Fig. 5 Identification of transgenic plants

R2 CdSAUR49 R BT XE IR AER T
Table 2  Cis-acting elements in the promoter of CcISAUR49

B S Kol AW RE
Motif name Motif sequence Number Biological function
ABRE ACGTG 1 Z 5 R TE R S NI e

Cis-acting element involved in the abscisic acid responsiveness
Box 4 ATTAAT 3 Z 56 B R~ DNA bk

Conserved DNA module involved in light responsiveness
CAAT-box CAAAT 39 SR BT R 5 SR R A e

Cis-acting element in promoter and enhancer regions
chs-CMA2a TCACTTGA 1 Jemi B G+ Light responsive element
ERE ATTTTAAA 1 )@ ;64 Ethylene-responsive element
GATA-motif AAGATAAGATT.AAGGATAAGG 2 Jea B 7o Light responsive element
G-Box CACGTT 1 255 i L 1 I T e

Cis-acting regulatory element involved in light responsiveness
MBS CAACTG 1 T 54975 S 9 N 764 MYB binding site involved in drought-inducibility
MRE AACCTAA 2 25 0Mi R (¥ MY B 45 & B s

MYB binding site involved in light responsiveness
MYB CAACTG.CAACCA 3 2 5560 B MY B 25 45 3

MYB binding site involved in light responsiveness
P-box CCTTTTG 1 7R 8% Wi N TC1F Gibberellin-responsive element
TATA-box TATA 28 —30 37 B B A% 0 3 Bl T B AR L

Core promoter element around —30 of transcription start
TCA-element ~ TCAGAAGAGG 2 S 57K R R T

Cis-acting element involved in salicylic acid responsiveness
TCT-motif TCTTAC 3 Je B 7644 Light responsive element
WUN-motif AAATTACT 1 BB A% 550 3 761 Mechanical injury responsive element
3 W @ B R E B U S H R k. AT TR K

* !

TR S 37 HR AL 2 Fh B B oo
P, RO 15 518 Rk N Rk w508 o)
TRIAEAG BT 7 R SE DR 2R 0A 1R 1 S L 4%
BT AW F, @A GUS i 5 R Cel-
SAUR49 5= R 1) J3 511 % 5= DR BH M f Pk AR A 22
R SR, T PRI R 2Rk, B8 CelSAUR49

B, KRS SAUR JE K B ZE M K&
Tk, M VF 2 2 A K R G B A B A K R 155
(1) SAUR FE RIMAR Se FEAR rh 22k LiSE» AN, 4=
K F L JE 8 SAUR JE 3+ b i A K 2 B oo 4
(AuxREs) 5 ‘T SAUR K K15 . {E CcISAUR49 %
BRI B A 37 DX 3AS B A= 4 22 0 B 04 AuxREs , Hoi%
BEPH AR KA TR, U B R R SR



81 A& Wk, % CelSAURA9 R R IR IARHE S A5 R AE A BT 52 1249

A M CK OE-1 OE-2 B CK OE-1 OE-2

1800 bp

OE-2

OE-1

CK

9 05 OF OE 0Z O} (g 06 08 OL 09 05 0oy O 0Z 0L ())Z 06 08 0L 09 0S OF 0¢ 0Z OL ()| 06 08 OL 09 0S O¥ O

A. PCR YL BE AR AR (1 H (147 BE: B. BREDAEL PR ; C. X IR S5 3 DU R AR &S L. ML DNA marker s P JFURIASERR ; CKL 6 HEFERR -
A. PCR amplification of target fragment in transgenic plants; B. Transgenic plants. C. Comparison of leaf morphology between control and trans-

genic plants. M. DNA marker, DL2000; P. Plasmid template; CK. Control plants.
6 FEEFEENRRYLEE R SR

Fig. 6 Characteristics of transgenic plants

®3 PHMEMRREIRRT

Table 3 Phenotype analysis of transgenic plants

T Plant I £ Length of leaf/mm ZEHLPE Circumference of stem/mm I TE] K Length of internode/mm
CK 32.08+3.80 2.214+0.40 14.49+1.61

OE-1 45.00+4.41%* 2.71+0.42%* 17.714+3.88*

OE-2 45.64+2.15%* 2.58+0.53 19.83+3.65%*

W FRIRTE p < 0.05 2RI FRORTE p < 0.01 ZRMEE. THE.
Note: * indicate significant difference at p << 0.05; ** indicate extremely significant difference at p << 0.01. The same below.

A B 700 N
~ 300 [ e S 200 ®aWT DOOE-1 @OE-2
) B R O AR =
o 290 Limonin Nomilin g & 100
I 7]
M \E 200 r ** *% -& § 8
H1 Z ® &
% 5 25 6
T2 150 X
i 2z 4
K 5 100 k|
i g 2
é 50 0
50
wWT OF-1 OE-2 PO Q»& & &@
KN OIPN NN N
~ ) & 8 %) Gc\%

A FEFEDIRAR I (A s R 8 B 7 N RITE R BRI R BRI p KA Rk
A. The limonoids contents of leaves in OE-1 and OE-2; B. Relative expression level of 7 genes of leaves in OE-1 and OE2.
7 BEFEEMT CASAURY EFERIFKEMEITEFEZRENETE

Fig. 7 CclSAUR49 gene expression and limonoids contents in transgenic plants
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TASIE R AR KR 1 SAUR B A

L/ T 1) SAUR19 £ [ g 5 PP2C.D HAF B ik
Ak PP2.C 41 1) B3l 2 g P 9% 1, 384 5 H - ATP 22 1R 7%
P, 5140 B R 1k, (2 2L 4 Ha 47 3 , I 4 3k T
FUI 38 007, 28 35 3R 804 R0 A BIF 98 R B, Cel-
SAUR49 %k Kl 5 3 ¥4 I+ 1) AtSAURI9 W. X & (At-
SAURI19-24) FE KR AE—41, CcISAUR49 & [ 2 L T
JoR BRI 4 i 4% _E 5 AtSAURI19 25 [ 5E A7 45 51—
. FEN,BERIE CelSAUR49 FE A A Mkt 2 1l
HH G S ZERE G R T SR B, HEW Cel-
SAURA49 FE IR 2 38 3 [FI R ML e 10F 7 R i
S 3G K, TR AR I AR

H AT, X 15 55 = A A R )4 R 4 1 5
8D, AR ORI — M R TR RN 53t (R %o A vy
ENIEESy Eedn Rl A A R (ERE R AT E R S 35
FAEYE B OCEEL R B TSR WARIE . EARBEIT
W, CclSAUR49 B R IR IE KA 2 N BATIE R
TRAREEF WY HM R R E R R
Pl B35 1 5RE 5% ,  BE 2 35 TR AT B R I M A b
B RN A BRERIE CcISAUR49 K I AE R
HiZBE R RIEEWEE L, BREE RSB
3 R BE, HE— 25U CelSAUR49 i IR 57 75
R ED A A EE/EH . {ERERIE CclSAURYY
LD et B AT CL R0 S A T R A R K
(176 /™ 5= R ) 08 KPR AT T ARSI, A R B L
FN 5 CcISAUR49 2R K 218 /K~ AH 5%, R B Cel-
SAUR49 Ml g HIX L FL R A HE R HIE L R .
CcISAUR49 FE R hT 15887 2 AE )6 U 2 00 1] g
e e A 42 oAt R Fn R A, BE CelSAUR49 B[R 1%
HHES 50 A58 =AY 6 R R, 12 i
h I AR I AR R AT g v 2 A R R AR
SO o T URAE A B A AT IR A, 4 AT
WS MRE T, A KR E 22 BIBR S, B R AR =4
FE RN AR TE BT IR A R AR R Y LAV AE K
NE AT BERERILFEIHE T, R B (Pon-
cirus trifoliata x Citrus sinensis) A1 v, B BLUER WA $i7 R
1 (C. reshni) W 35 2 71 B B i B . 22 FF 480 2 25 1
Abr i = S AR R 10 BB
N, FRE B FF (asiaticoside) & &= 5 AN,
KR A AW e rp , B SE R BH Ak R 2R
A X REHE B, 4 9 O A AU = 1 A i
TR DB AR, R A B AR R AL T v B R K

FLA TS TR AEK . Rk, CclSAUR49
SR AT Rl e A KR B RO AR R R
O W NITR RAE Y e S NP

4 4w

CcISAUR49 [R5 W B I H LU J k. Cel-
SAUR49 BN 5Kk R R 2 B E kK,
X AT T R A AR B B R e H .
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