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Abstract: [ Objective | Lagerstroemia caudata is a rare woody ornamental plant in the genus Lagerstroemia
(Lythraceae ) that exhibits pronounced floral fragrance , making it a valuable germplasm resource for elucidating
the molecular mechanisms underlying scent biosynthesis and regulation, as well as for advancing aromatic
breeding programs.However, the lack of an efficient genetic transformation system in Lagerstroemia species has
severely impeded the rapid functional validation of genes and the progress of molecular breeding in L. caudata.
Although Agrobacterium rhizogenes—mediated hairy root transformation offers advantages of operational
simplicity, short experimental duration, and high transformation efficiency, a corresponding system has yet to be
established for L. caudata. This study aims to optimize the critical parameters influencing A. rhizogenes—
mediated transformation, establishing a highly efficient hairy root genetic transformation system for L. caudata,
and incorporate the visual reporter gene RUBY to enable rapid screening of positive transgenic roots, thereby
providing a reliable technical platform for gene functional studies and germplasm innovation in L. caudata and
related crape myrtle species. [ Method ] With L. caudata leaf explants as subjects, key parameters, including
pre—culture duration, bacterial infection concentration (ODg,) , infection and co—cultivation time, and
acetosyringone ( AS) concentration , were systematically optimized. Visual screening of transgenic hairy roots was
facilitated by RUBY-mediated betalain pigmentation. Molecular characterization via PCR and RT-PCR was
further conducted to verify the genomic integration and transcriptional expression of the RUBY expression
cassette. [ Result | The optimal conditions for hairy root induction in L. caudata were determined as follows : leaf
explants infected with A. rhizogenes strain K599 at a bacterial density of OD¢y,=0.6 for 20 min, followed by co—
cultivation for 1 day in a resuspension medium supplemented with 200 wmol/L. acetosyringone. Under these
optimized parameters, the highest hairy root transformation efficiency reached 77.80%. The successful
expression of the RUBY reporter gene conferred a distinct red phenotype to positive transgenic hairy roots,
which was readily discernible by the naked eye, thereby streamlining the screening workflow. PCR analysis
confirmed the intact integration of the RUBY cassette into the hairy root genome, and RT-PCR further
demonstrated successful transcriptional expression of the RUBY gene. The entire process, from induction to
molecular identification, was efficiently completed within 30 days. [ Conclusion ] This study successfully
established, for the first time, a highly efficient A. rhizogenes—mediated hairy root genetic transformation system
for L. caudata and validated the efficacy of the RUBY reporter gene for visual screening.This system provides a
robust technical platform for in—depth mechanistic dissection of floral fragrance formation and for accelerating
the targeted improvement of desirable traits in L. caudata.Moreover, it is significant for transgenic breeding and
gene functional research in Lagerstiroemia species.
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Fig.1  Young leaves of L. caudata

CaMV35S-pro NOS-pro

RB:T-DNA X Bt A7 i1 ¢ s CaMV35S—pro: AL AL 5E 35S Ji3 8l F ; RUBY : &5 BLFF IR 32HE RUBY s NOS—pro : A< FF 14
JIH BB DR & BB D I 8 Hyg - 1 8 R PRI AR 0 5P s NOS—ter : A BRIN AR B 75 BB 3L P ¢ 1E 7 LB : T-DNA X Bt A2
W5 Spe M MRE R PUVETH AR ICHE N o

RB: Right border of T-DNA region; CaMV35S-pro: Cauliflower mosaic virus 35S promoter; RUBY: Synthetic open reading
frame RUBY; NOS—pro: A. tumefaciens nopaline synthase gene promoter; Hyg: Hygromycin resistance screening marker gene;
NOS—ter: Agrobacterium tumefaciens nopaline synthase gene terminator; LB: Left border of T-DNA region; Spe: Spectinomycin re-
sistance screening marker gene.

K2 HYRINENR 35S:RUBY 14514
Fig.2  Structure of plant expression vector 35S:RUBY

1.2 SMEKIES

IR I S 3 N AR RI B B A T B TR R gk 12 b fE R TAE B N, SEH 75% LR
130 s, FCRRZK PHYE 2 UK 5 15 2% NaClo VAR 1AL P 10 min , HoAJRFEERRR S AT DR T Jr 58 70 0 755
ZJE HICHEDK IPBE 5 0, BT TR JCRIIE AR bRt 2= SR e B okt , BV a] T B R AR o5 1l
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1.3 BFEENH &

=80 “CUKA H B AR A7 A HETT 35S:RUBY M ) & MR AR FT T8 KS99 B, 7 M TAE & L Mk
i /D B B, R 2R T 50 me/L ot W EE Z (spectinomycin, Spe) Fl 50 mg/L 5% 2 % (streptomycin,
Str) 9 LB [ AR5 373, 8 F 28 "CRRARE A& RS 3R 2~3 d, EEWFE IR . PRIUR I35 1 A e P TR VK
FZRD T 1% 50 mg/L Spe F150 mg/L Str 49 1 mL LB IEAKRE FEHE B T 200 r/min #2 K H, 28 CH5 5% 12~16 he
5 TR R Ik, W BB B A VRS 4% 22 4 50 mg/L Spe 1 50 mg/L Str ) 50 mL LB &R 37 3, F 28 °C,
200 r/min # R P ARZEEE IR 12~16 ho HU2~3 mL BRI E H OD o fH o FHE LSS AR FT B B LA 5 000 r/min
25010 min, 572 FIEWR, WA IR, (28 8 i K5 09 3B (1/2 MS+30 ¢/L RS, pH 5.8~6.0) , ITA
LTt T 45 (acetosyringone , AS) JF 2 R A i A A 5 HEBWIR 525, EE BT E .

14 EMZEHEERREEHNLEZIKEIZIT

ST AR I 5 4 T IR AR A 1o R A R AR 2 A AR T SR L, (4°) IE 3SR BG B0 (2 2) , X Pl 35 3R st
(] DR VRCHR B A5 I [i] B g 3R 5 1] 4 A S e st A AR I OGS R ATk . 25 IR I8 4 KO -
TREFEAT 0 d.2 d.4 d A6 d; B E (OD,,) 47 0.2.0.4.0.6 F1 0.8 5 {= Y45} [H] 47 5 min . 10 min 15 min
H120 min; FIFEFRHE A 1 d.2d.3 dF4 do ARG E 160 , B AP 4 R A R i i 4
it 30 Fr - Fr s 2 F 244 30 45 et B i #E AL %

AL RN ONIE T RUBY BRYE B RAR (1 SME R B M A B 503 100% .

1.5 ZEBTHWRRENEHEBERREEELNZIG

FEE S 0 1 ) e R G S b AR ST i — 20 5 A A A DL BE T B T AS IS EVR
&, AS BB FE 435314 0,100,200, 300,400 wmol/L( 3) . ARACFRL B 4R EE , FFHEE M 30 A
R R R Y 30 d SR Ge it BARARFE AL R R BLaf o AS H3E HR
1.6 EMEHERRNES

TEPE R/ N—B IRZS R i R i S840 B FE g TAE & L 5E UE dE AL B  VIBR I B 4ums B
bk 47, R RO TR R B TR S T WU SRR (25+2)°C, RS AR, B TR TR
& b BB SRS BB TE A Y 100 mL #EIE R T BRI . HOR L 05 S T At 2
% IR |, 7E 28 °C 100 v/min B 551 FHRG RS, B IR M R SRR S 0 45 . R YL SE UG Bt 4l T8
LT 2R, A AL SR I B TR S T I SRR (252) °Cl. SEH5 SR 45 o UR HEATRR TR
AbFE 1200 me/L Sk A8 IR L 3 5 (9 SME R 10 min, PR ICHEZK bk 2 00, B T K#BE4L - A
SR T, Bl JS HE D 31 5 100 mg/L Sk f1 85 30 A9 R AR BG SR A, B TG SR S WG HE FR (IR E (2542)°C, JR I
1.

TE SR B 3R AL 1/2 MS+30 o/ L BEMH +8 o/L Byl s 2L 15 37 55 95 2k - 172 MS+0.5 mg/L 2,4-D+0.1 mg/L
IBA+30 g/L FEME+8 o/L B 5 & AL 1% 35 5L . 1/2 MS+0.5 mg/L 2,4-D+0.1 mg/L IBA+30 /L FEHE+8 o/L I
A5 +100 mg/L Cef .

1.7 HEERERBRUBREE

RUBY i35 3 R B D 263k I , 76 1] WO BRAR B AT UAER 3 27 0 3 AL, 38 o e A ULER i v 1 R 2T (0 1)
ERAR , DU AR TR S AR S 0 R L 1 22 AT A B A A B P B BO# K, B B DNA I 447 PCR
Kl . i RUBY 345 3 IR A5 SV 5 | 0k AT PCR T3, 259 388 7= s B/ IS5 i — 350 B A9 4597
W 5E g B B AR . PCR RBEAAR R H 12.5 pL 2xTag Mix. 1 wL RUBY-F 5%y .1 pL RUBY-R51# .1 pL
DNA## .9.5 uL ddH,0. PCR 4" F P15 E N 94 "CHULE Y 2 min; B 5 #6497 35 MEI , 56 42 45
94 “CAE 30 5,55 “CiR K 30 5,72 “CHEAHI 30 s; PEIALE RS 72 “CIEAH 2 min, fe )5 4 CIRAF . i IXTAE 2%
R A 1.0% BEIEAEEERE , K PCR 448 7241 5 5 000 bp DNA Marker 7351 4 28 INAESL , 78 IXTAE
LYK G2 P DL 160 VAR S FFR FRL K, 55 J i o SR A NEE IS 1S R G AR I T R AL IS

Jp it — 2L B0 RUBY SR A 1 58 360 3 0 B X RUBY 344 H (CYP76AD1 .DODA .GT)
R SRS, UG SR B R AR L IR 20 DNA SR 34T PCR 1S, I LA 35S : RUBY JBURLAT: A FHA4: X R
J N ZR K AR PR b o A BRI B R 3 AN DR B A5 R B RUBY Rk & O e BB & B3
i,
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R AE i S K- B UE RUBY JE TR R 22 3516 B0, $2 B0 JR DR R 1 A 780 T AR AR 9 50 RNA, £8 G RNase 119
DNase 1 37 ‘C4bH 30 min A 25 B 5% B3 K 20 DNA, - LA 35S:RUBY JF KA Sk BHAE XF B . BU T pug A
RNA, fift 380 5% 553000 65 6 8 cDNA (+RT 41, [R] B35 B A it e S e A B A X BE(-RT 4H) . LA cDNA Wy
iR, i RUBY JE KR 2 5 | 4T PCR Y1, I LR M 5845 EF— 1o 55 X (LT 7 ) 29 180 bp ) AE i I
SN PCRAEFFEE [, & +RTAFE M B 59 RUBY 2547 H-RT AT 457, [N S 5L K 7E BT A5 +RT
FER T BICY 1S, -RTAITC 5547, WIR BRI 25 Sk U8 T RNA B S, i ESE R 41 DNA V5 % .

23R PCR A1 RT-PCR X Fr B | 9751 WA 1.

£1 PCRERT-PCRHISIHF7I
Tab.l1 Primers used for PCR and RT-PCR

194 PR FIYIFFS1(5 03 ")
Primer name Primer sequence(5 'to 3 ')
35S:RUBY-F CGACACTCTCGTCTACTCCAA
35S:RUBY-R GCGGTAATCTTGCGGAAGTT
CYP76AD1-F CGATACCACATCCTCCACATTC
CYP76ADI-R GGACCTGCTTGATTTCCTCTT

DODA-F TTGCGAGAAAGGTGGAAGAG

DODA-R GGATACATGAGCATGAGTGGAA

GT-F GGCATCGAGAACACCGATAAG

GT-R GCTGAAATGCCTGGAGATGTA
EF-la-F GACTGTGCTGTGCTCATC
EF-1a-R GTGGCATCCATCTTGTTG

1.8 HIBZKIT5HH

K H Excel 2010 F1 SPSS 26.0 8 {4 47 B R 28 77 22 70 B, 74 B Duncan’s 2 8 WL #F 17 22 55 Wb
FEMERS I 38 AT A 22 4 M I S S M B 1 T R 2 A W AR PR A T e B A T RE B e 4, 4
Origin Pro 2018 2 il #{R & .

2 ZER545

2.1 TREEFREE E R E R e B A0 25 SR A A 3 B R AR L R A

TF 5 388 3k T 2 X0 X6) F 5% SR 0 1] | PRV B AR G ol ) S e S [l AT Ak, 3597 30 d IR i B
RIS RGO (R 2 B 3 FNE 4) , I DL B RAR L A 30 2P A5 , % IE 3SR 00 45 ST ey 225007 &
AT SRS, B Y B AR i AR A S R L

PLBARARFEAL N FEPEHIFE bR, IE IR AY 16 AL ERAL A b, A BE 4 RN AL B 7 95540 R 2 s T
HAdALIE, 535028 77.50% F176.67% (3R 2) o S WA 25 D5 250 i Ak 38 A 5 i A B2 S e v 3 S, X i e 4L
AT 7 22 53 B AR 22 5347 -

725 BT 45 5 (3R 3) R, VR MR B L 0% 5 Asf () ARIAR: G Bsf [) Xof 6 R AR B A 38 147 EL A A I 2552 i)
(P<0.001) , e Hp B Ve B 9 5% i e K (F=29.179) , 76 3 4 1 3 IR 28 v A L et 5 JHL R A 10085 5% st i)
(F=21.410) FZYLmf ] (F=16.330) . 3% 3R] 8] 9 52 i A A U503 [l P A 38 1) 18 257K - (P=0.107) , 36
AH e 015 5 Y TR P, e A3 T S o M i

FE LA M b A5 22 (RAED) AR /NS T 4% (R 38 K AR A X 5 A SR i )5 55 o Hh 36 2 TP A I 22
{ELCRAE) AT, 4 A4~ PR 2807 Ak 38 52 0 1) 32 ORI S TR B (R=13.96) (TG =T [H] (R=12.71) A=Y
6] (R=12.29) FIAL 35 F5 0 (] (R=4.38) . BRI 25 5 K, 5 220 BT h a5 IR 1) FEHEF 45 5 — 3L,
WESE R MR B A AR A R P ) R

FESC LR B 38 2T A A PR KOE I AR I (k) (81 3) B 5 25 P38 0 S /KT < T8 75 B[] L
0 d(k1=62.50% ) Fe A% 5 T Wk i L) OD,,,=0.6 (£3=62.92% ) fi £ 5 12 JL i} 18] A 20 min (k4=63.96% ) fic £ ; 3L
KRR LA 1 d(k1=57.509% )W i , (A 467K 0] 22 S48/, HOKOP S BT 7 1~4 d RIS %L
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Tab.2 Effects of different treatment combinations on transformation efficiency hairy root of L. caudata

Jh PR A R R (OD,,,) YW H/min - HBEFRESEA BRI %
Treatment combination  Pre—culture time  Bacterial solution Infection time Co—culture time  Hairy root efficiency

1 0 0.2 5 1 57.50+7.39
2 0 0.4 10 2 48.34+1.92"
3 0 0.6 15 3 66.67+4.71"
4 0 0.8 20 4 77.50+5.69"
5 2 0.2 10 3 52.50+5.00™"
6 2 0.4 5 4 49.17+6.87""
7 2 0.6 20 1 76.67+7.20"
8 2 0.8 15 2 62.50+5.69"
9 4 0.2 15 4 39.17+1.67¢
10 4 0.4 20 3 54.17+5.00""
11 4 0.6 5 2 54.17+3.19""
12 4 0.8 10 1 51.67+5.77""
13 6 0.2 20 2 47.50+3.19*
14 6 0.4 15 1 44.17+5.00"
15 6 0.6 10 4 54.17+8.77
16 6 0.8 5 3 55.83+6.87""
k1 62.50 49.58 54.17 57.50

k2 60.21 48.96 51.67 53.12

k3 49.79 62.92 53.13 57.29

k4 50.42 61.88 63.96 55.00

R 12.71 13.96 12.29 4.38

AR RE RN AN ) b BE )L T B2 E SR 45 J5 K005 B9 Duncan” s 2 AR 22 53 3% (P<0.05) o kl~k4
I3RS IR AR 1~4 15 A BIRARFE ALK (L 5 R O 2% DR R VUK S AR 22

Different letters indicate significant differences in Duncan’ s multiple comparison analysis of data trans-
formed by inverse sine function among treatments (P<0.05).The same applies below.k1-k4 represent the mean

transformation efficiency of each factor at levels 1-4; R denotes the range for each factor.

®3 EMEFERREALZEZKB T ENT

Tab.3 Analysis of variance for hairy root transformation efficiency in L. caudata orthogonal experiment

AR R RVE] H B ¥y F{H M
Source of variation Sum of squares df Mean square F-value Significance
G FEAFl/d Pre—culture time 0.227 3 0.076 21.410 P<0.001
A E OD,,, Bacterial concentration 0.310 3 0.103 29.179 P<0.001
{2 YL} ] /min Infection time 0.173 3 0.058 16.330 P<0.001
B FERA]/D Co—culture time 0.023 3 0.008 2.140 P=0.107
"2 Error 0.180 51 0.004
S Total 46.663 64
BIEJG 3T Corrected total 0914 63

R*=0.802 (I #£ )55 R*=0.756) , Xl 2% bk DAy ¥ 53 bRl , A 04T 05 22 3 A i © afb AT S T 5% 45 LA 12 05
ZEFFIEBRBE
R?=0.802 (adjusted R*=0.756).The dependent variable is percentage data, which underwent an inverse

sine transformation prior to analysis of variance to meet the homogeneity of variance assumption.
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ARG R IR 25 57 W35 (P<0.05) .
The different lowercase letter indicated significant difference (P<0.05).
K3 & BRRAR RT3 SR B RA AR A S 1 (k) LA

Fig.3 Mean values(/)of hairy rool transformation efficiency at different levels of each factor in L. caudata

AT O d I ROIRES 5 B 4250 30 d I HRAS ; C~D  FEIE R B RARIR S
A': Leaf status at 0 days post—inoculation; B: Leaf status at 30 d post—inoculation; C=D: Transgenic hairy root status.
K4 REHEEBIRAR LA

Fig.4 Genetic transformation of hairy roots in L. caudata

CER T 22 T IR 22 50 A 4 1, T B0e LW e R AL & R TS 37 O d+ R VRUR JE 0D ,,=0.6+12 ¢
20 min+3E15 5% 1 do FIREISRMA G BARMAETE 16 MR A T (H 5403 7 (Fi85 557 2 d+0D,=0.6+17
P20 min+ 3355 1 d, 505 76.67% ) (NAE TG IR 0] EAAAE 22 5o AR3H 7 S S B e v 9 o v A Ao
2, ML A VR T A AL R I (E T = 10 0 d TR SR R], BES b nT 4RA5 AL el SE R 45 S . 5 R R T
FE AR ] A 2 R (P<0.001) (I k15 k2 22 50800 (62.50% F160.21% ) , 2 Bragedf vhn] B4R H

ANTREEFE I 5544 (0 ) LA AR i

22 ZBT BHRKEIEFBERIRENEZRF 0

ANA] ASHR EEXTBRAR AL BA B0 (3R 4) . FAbRBE ASTR G I 2B S 5 PR Y
ASHRJE 7 200 pumol/L I, %WE%@ﬁ 11K 77.80%, .35 5 T HAAR P 17 249 B T 22 300 pumol/L I, %
TR E T, 25 FI, AS YR 3k i vl RE XA 40 2 e = A e, b v o ) 2 A 2
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Tab.4 Effects of different AS concentrations on the hairy root of L. caudata

hb ASYRFE/(umol - 1) BRI /%
Treatment AS concentration Hairy root transformation efficiency
1 0 61.11+5.09"
2 100 66.68+6.67"
3 200 77.80+5.75"
4 300 45.56+1.39°
5 400 36.67+3.77°

ANFINE R R 2% 5 10 3 (P<0.05)
The different lowercase letter indicated significant difference ( P<0.05).

23 HEEERRHOUB5LTE

RUBY 45 3 PR A 21 €6 3 35 1 30 o MR HIR B304 (18] 4) , 998 bt o] ok 8 760 248 3 1 2 1 SR PR bR AR
R it — L B UE RUBY #4325 DA 2 BRAR FE A 12 44 30 d )&, e I e TR T DL i 21 €2
ERAR , BOREFEAT PCRAGIN : BRI 12 L0 BARARFEA 1 YL S5 A UL BH 3 21 (0 [ AR R B 1A~
RURRAE A 50 DNA, LA 35S:RUBY Ji ki Ry BH 4% B, ff FH RUBY 4 JE DR ) S 5 | 0 4T PCR 48 7€ .
SERL IR 12O B RARREA I RE Y 19 ) 5 35S:RUBY Uk — 3 (14 4541 , T 25 16 BTG 4571 (&1 5) L 3%
FW RUBY ZE K O AL it 254 BARAR , HE B & 2 BRI 4

bp M CKI1 CK2 CK3 1 2 3 4 5 6 ) 8 9 10 11 12

5000

2 000

1 000 RUBY F B
750 (815 bp)

250

RUBY & E&

1 000 Gln

750
500

100

M, :5 000 bp DNA Ladder; M,:DL 2 000 Plus DNA Marker; CK1:35S: RUBY SR CK2:ddH,0;CK3: 2= NI EAN
TR ; CK4: BP A ERAR 5 1~ 12 2L BRAR

M,:5 000 bp DNA Ladder; M,: DL 2 000 Plus DNA Marker; CK1:35S: RUBY ; CK2:ddH,0; CK3: Infected hairy roots with
no distinct red ; CK4: Wild type; 1-12: Transgenic red roots.

Bls R 53R EARAR PCR AR
Fig.5 PCR detection of transgenic hairy roots of L. caudata

N HE— LB UE RUBY 335 G A8 15 D B R AR v A 88 5 58 B, 20 50l BCTHEE XS RUBY 3421 1k (A
(CYP76ADI .DODA R GT) (557514, Lh 3 A7 34 He N B IRAR SR 56 M 241 DNA S BEARGEEA T PCR A4
P 35S:RUBY oAz g FHAE RS BE o F UK &5 2R (1] 6) S , FT A7 e S DRURE ot 5 BH M BRI e 734 1 5 b ok
IN—F B TR 45 (CYP76ADI : 112 bp; DODA : 108 bp; GT:95 bp; RUBY: 815 bp) , 26 RUBY ik & 1Y
IS E e R G BRI RSN T, R AR B R R s A



- 1120 - TP Al K R 448

ARG S /K B YR RUBY SRR B R IA SO0, I HEBR JE A 2H DNA V5 94 T4, it — 2P I g T RT-PCR
It SR T) B, A 5L B ARARAE S (+RT) 5 35S:RUBY kR BH 4 %ot BE 4 e 4™ 1 1 U4 ) RU-
BY Z&417 , 16T I Y —RT % 8 R B A U 8 TC 25007 s NS EF- Lo AE T A YA i+ RT UK I th 18— 473
—RT XJ B8 A1 35S:RUBY JF L%} FR o JC 45445 , IE W RNA BE 5L TCHRE R 41 DNA SR BE . LA &5 SR 60, RUBY 3
DR 7 2 35 DR T RAR R B 53 mRIN A, T 7E B IR K R BSR40 R (G S DR AR S R i 40

IEAN AR Y5 A LA i 21 €6 (R AR 2R (1] 5 v CK3) #E LR 41 PCR AN, F 35S:RUBY JE ki %o} g v B 4™
BRI I H RIS o IREE RN FIKFUE ISR R IE AL A RUBY Hieih JE R4, HAS Tk i
FERBMAR , T AE AR R . HRRUAS 21t i S RN AT B8 « RUBY 32k & 48 648 DUBGE AR
e S Y BRI R A SR TR ISR AT R G i i IR AR RS, T Bt R B R AR TR IR T A
o N B O IE N R RUBY 45 RGN TP HiRIE™ 45T 2555 2 AR R AL T 6 4L
R G F ARG M TR LA IS SR g0 R ARG (0 AL R GE T OCKE AR AR T L A 21 2 B IR AR 99 A BH
PEREA, IR A LA 2T G AR RN T A B GE 45

M CK 1 2 3 CK 4 5 6 CK 7 8 9 CK 10 11 12

bp
2 000
1 500
1 000 - RUBY /B
000 P P i e o
500
250 e e e - i P TS iy guy Py e P DODAK £ (112 bp)

100 GTHEX (108 bp)

CYP76AD1A B (95 bp)

M:DL 2 000 Plus DNA Marker; 1~3,4~6.7~9 10~12 : # ZE [N BARMR F ; CK: 35S : RUBY FHEURE ; CYP76AD1 .DODA .GT
FIRUBY /33194411 112 bp. 108 bp .95 bp FI 815 bp (4% F bk 5545
M:DL 2 000 Plus DNA Marker; 1-3,4-6,7-9,10-12: Transgenic hairy root lines; CK:35S: RUBY positive plasmid; Specif-
ic bands of expected sizes(CYP76AD1:112 bp; DODA:108 bp; GT:95 bp and 815 bp)were amplified from all transgenic lines.
Ko 53 FEIRM T RUBY 344187 5L H (1) PCR A

Fig.6 PCR detection of three component genes of the RUBY cassette in transgenic hairy roots

bp M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

2 000

L o8
750 (815 bp)
500
250 EF-lofy E%
100 (140 bp)

M:DL 2 000 Plus DNA Marker; 1~3 ,9~11: 55K R cDNA(+RT) 34,12 FFEPI TR RNA(-RT) 55.,13:355: RU-
BY JFORL(PHESTIR) 56 . 14 BFAE AR cDNA(+RT) ;7,15 : BEA RIERAR RNA(-RT) 516:ddH,0
M:DL 2 000 Plus DNA Marker; 1-3,9-11: Transgenic hairy root cDNA(+RT) ;4,12 Transgenic hairy root RNA(-RT);5,
13:35S: RUBY plasmid (positive control) ;6, 14: Wild—type hairy root cDNA(+RT) ;7,15: Wild—type hairy root RNA(-RT) ;16:
ddH,0.
K7 RT-PCRIIHTHEHEN TR T RUBY JE R 1 335

Fig.7 RT-PCR analysis of RUBY transcriptional expression in transgenic hairy roots
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PRAF R TR PG A R G R ARk N ol )2 A S TR R F Bz —, X FA KA
WA IR AFED N AL SRR AAT BT 00 38048 5 A0 WA AE R ORI B [ 8 T e AR AR AT
PR 00 B RAR AL Ak R G, B A% A6 00 e () PR PR A5 2 i PR AR, T 8 SR IR T e 1 Sk
TAE. BWRAREAA KR GRERE YA R JI5E R A SR ARSI, AR R e
HIAGEY) AR R T 2= F A E A AR S s R, © R SR R AR & A O A, B
AT 2 B AR B 5 A AR 2R 0 T 2 S AR AR & A DG I IR ) T RB I IE o 3X —HE AR A
FXTEBR LT B I & LA B AE B IR L] A i o7 B F 2

SR, RN T B R A ME B 5 T RAAE Y o 3 PR S AS A 0 200 FR A S AR B AR, A2 )
5 o W ER 2 S AR A, X Ri s () SRR 5 T AR AR A (HJR AR B 450 T AR AR
YR FERE B S E M FEARIA & . KRR EBE R (Datura arborea )™ E OD,,,=0.6  FiEE 7 2 d I:153E 3 d Ay 44k
T, BARE S R A, 7] ik 83.0%; 06 ME(Betula luminifera) ™M A 7E 1/2 MS 15 J2 £Erp i85 35 2 d A=
20 min ,AS ¥ J& Fy 400 wmol/L i, BARAR 4 A6 F K 36.4% ; Bk (Prunus persica )™ F OD,,=0.8 B9 B i iz 10
30 min N EAERE LA, B m AR IR 63.6% . BARAR L AL 350% 32 SME RIS FiAb 17 =X | B R
& A= e S ALRE SRR R ARG MR G SRR R . R, 1 S R AL A X T AR AAE
PRI ST R A A AR R G

PRI, R B 5 4R YL I [R] 2 0 M R AT TR L R0 o Y T RO J32 A AR B A= e g B) s
AT VRS AR 15 000 42 fl L 25 020 | TRTAAR ZE AT ) 200 B %) B SR A A, AN BB 8 7012 R S AR 5 177 A R v
JE ek e Ak P ) R DU 2 ot B R AR ), T SO IR AR AL AT T I S AR R TR A R RIME . PRI, e
RV Ve i 5 1R e B ] B, 5 AR i S B A 100 1 4 i AL 0 5 AR AR AR TS . ZE IR (Salix matsu-
dana)™ REEARAFEYI T, 0D o (4 0.6~0.8 fZ G4 15~20 min 25 UL A AL FE B, A S8 6k 173X
— 251, R AT IR b R B, IR 0D, (B2 5 EE AR R 2, IEASIR 0 45 1 Wos , 2
PRIV OD o (47 0.6 5 0.8 {2 Y415} 8] 247 20 min B, B PRAR S fb 5 1 25 5 F FLA AL R4 & 5 (0 S B OD o fE
IKF] 0.8 B, it A AL AR BE N EE , i R BR AL BS V5 YR T, BARAR AR I IR N R . BRI, X R
LIRS TR, B OD o [H 4 0.6 124 20 min R AEALFRAL A

W SN A A T ' S5 AT R AT — B ) 1% 0355 % e A1 12 A4 i 0 24, B8 55 &) e A A L ) B 43, R
8B R AE 8 AL 5 AL IR R4 T 008% 75 AR 3 BRAR S T O ) ACHIF 9 & B0 2 I 8 e AN B4 7 T s
I ol I ) FURE 75 25 A T S AR RCR T v . 7E iR S AR h SR 2 B, R R AT S 3R 0 i R A R A S
] Je R AR T AU SR /N, & HE ) B RAR KL FL A 22, AR U e A0 B I SR A o AR B 47 11 43 Ik iy
FW 5T () e T 5, HRAH 5 B i A TR R AR AR e A BIR S FL i A B SR s AT T 2 d
(RIS 9%, ATAE S B IR AR I e i) S MR T TR ik o

BEAb, RS FRIL P I INAME IR 2R A Y &R B T AR EE S, a A AR B IRAR 1
ARl o AN ER R AE R T A2 (AN AE ) A IR PN A5 I Y 5 5 I A L 5 ST 4 2 (Codonopsiss
pilosula) BARMR IR AL AR R I L B, 7R85 TR NN 1-28 1R (NAA) 1T B 3R TH 58 210 BARAR A
AR T S A A5 1 A IBA FIE% BS 1 XA AE (Gossypium hirsutum ) BARMRTE T35 752 B gE 7004k, 760
HWRERALTERE O T, P E 256 0 R R B 46 5 T BIRARE St 8], BoRAR 5 J8 401 5 X6 BE A L
50 T 18] Karthik 285 B NAA 5 IBA 3 [5] {8 X 25 )X ( Cucumis sativus ) TARMR )5 SRR fE . 45
A LRSS 1E 5 I A R AR AER SRR T IIA 0.5 mg/L 2,4-D 5 0.1 mg/L IBA, #2151 BIRAR
TR ARG . FE, RUBY #4536 P G5 A o] 38 2 R HIR 7 16 BH 1 B R AR L B PR A 2R 45 R i B
PEBARARAATEE T , BAIRAR AL A LS AT Sk o Y R MR AR KT TR AR G Al W BsF , AL 405 1B 1) 24
25 B T T A B (AS) S5 13 224k B0, i B8 W) A A5 01 T 800G A AR AT B 0 VIR JE A 3 v
BRI A TR G B AL ROR . ARBFFEXT AS W BE AT TR RS, 45 R W < 75 B B TR
200 pmol/L AS ] i 3 L FoRAR AL % 5 (H 22 AS R JE T2 300 mol/L I, #5403 B 3 N g, X &KW
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FE—RE T PN, AS 1R A0 388 0 mT (2 0 SR8 28 il T IR AR 10375 S, T e 3 o v D) ] 8 G A 40 A4 7 A J e
Bl A

AHIFGE R R ARRAT TR A T3, LU SR A R A SR 7 26 1 R i 48 2 B PR AR ) i st A e Ak
2N BRI E OD o fEH 0.6 A2 YLt E] 4 20 min  FER5 5% 1 d, IFFE T B INA 200 wmol/L 2Lt T &
PR, BARAR A R f w18 77.80% . KR 51 A RUBY M IRALAR S JE A, S8R 1 4 3 IR BH I B IR AR A B
HARAR I %6 , PCR A1 RT-PCR KZMGIESE , RUBY 15 3 R 58 B 3 £ 28 e B R B RAR L PRI AL, FEAE 5 SR KO-
HIFRIR . D R A R B SRR DR 2 R e TR T AR 30 d PN 5 I, RS AE 5 J B[] SE BB AR
W E AL . SR 50K R T RS B I BALE] , £ Bz Rk 2 5845w A 4 33k R T e A o 44
PERT SR AT & R8T B RS R el T AR A& 250 JL At
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