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N &S B R HEEEE & bkt 7£ ‘Brookfield Gala’
FERAppIREF LR RIE

1 > 1 5 1 2 o 2 N | N 1%
TAN S, #EME, ARV, & oM, FEM, xkE, REAES
CHF RS S, FR IR RS 2 THEASBE, WEHS 266109; 2 o ERNE BRI
B, WZRE & 266071)

B E: PR MERERLERAY bR, RATRMPUEIRE . ¥ B - T M REI
iy CEF T 32 A2 W5 ) O Bl ) BE ] bkt # E AN R TE B fA pCAMBIA1301 1, SRAGHAY) R L 8044 p1301-bkt,
AR ARAT B EHAL05, 3R TRE, UIEASFER Brookfield Gala” JLRRE WM K42k, AT
fEHetl . JRIE R 45 R W ‘Brookfield Gala’ Xf¥i# % (Hyg) 1REUS, M FiAERAE Hyg i E N
3mg- L', WMWY 4mg- L, MY 2mg- L SkillB 5 (Cef) ¥KJ¥ <400 mg - L I 1 fip 2k
ZEEIAE I AN . GUS #4ff. PCR Rl RT-PCR Kyl g SRR W, 4 8 BREGH: DRI AR L & bkt SEDRIE3RAG T
Fik, HBAGa=E; HAENERRNE NERK HPLC WEBIR, IR ZRMEEET PR
HIAF] 2.85 1 1.79 pg - g AWFFTE: R B B MR E, R AR g %, i
SmbisEise s, Bk He.

REER: A INFHE; bkt IR BEHAL BALAR

hESHES: S66l.1 MRS A XEHS: 0513-353X (2013) 01-0021-11

Genetic Transformation and Expressing of Astaxanthin Biosynthesis Genes
bkt into ‘Brookfield Gala’ Apple Tree

JIA Dong-jie', FAN Lian-mei', SHEN Jun-ling', QIN Song’, LI Fu-chao’, LIU Cheng-lian', and
YUAN Yong-bing1 *

('College of Horticulture, Qingdao Agricultural University, Qingdao, Shandong 266109, China; *Institute of Oceanology,
Chinese Academy of Sciences, Qingdao, Shandong 266071, China)

Abstract: Astaxanthin is a kind of red and ketonic carotenoids which is reported to have stronger
antioxidant activity against photooxidation. The present study focused on transfering p-carotene ketolase
gene bkt which is the key enzyme gene of astaxanthin biosynthesis into ‘Brookfield Gala’, by constructing
plant expression vector pPCAMBIA1301-bkt with binary gene through Agrobacterium tumefaciens. The
results showed that ‘Brookfield Gala’ plants were sensitive to Hyg and the optimal Hyg concentration for
selected-stress was 3 mg - L' for leaf regeneration and 4 mg - L' for proliferating shoot culture and 2
mg - L' for rooting. The effect of cefotaxime (Cef) on the average regeneration bud number from the

leaves was not obvious when the Cef concentration was not exceeding 400 mg - L. Histochemistry GUS

Wi A 2012-07 - 12; fEEAM: 2012-12-19
EEWE: FHEXARFIFEEIH (3047120005 HEAGIEATL CRALD FHETLHIZRIIE (200903044)
* W{51E# Author for correspondence (E-mail: yyb@qau.edu.cn)
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assay, PCR amplification and the results of PCR-Southern blotting analysis confirmed that bkt gene has
been integrated into the genome of ‘Brookfield Gala’ and RT-PCR revealed that the bkt gene was expressed
in the eight transgenic plants with pink color in phenotype. The carotenoid of transgenic plants was
analysed by HPLC and results showed that novel ketocarotenoids were synthesized with accumulation of
astaxanthin in the leaf up to 2.85 pg - g and canthaxanthin up to 1.79 pg - g leaf fresh weight
respectively. The study is expected to change ‘Brookfield Gala’ apples with astaxanthin content to have
stronger antioxidant ability against sunburn by regulating metabolic pathways.

Key words: apple; astaxanthin; bkt gene; genetic transformation; transformation system

SERAE AR AR E AR IR B G o 8 A A T AR S R RO R AR DAL
155 T80 (Ferguson et al., 1998; Chen et al., 2008), 45/Er=iG il TR KRR . W B E R 4%
HRMPOCEARE ), WIHE—E R EReb ik H Ik A4

IFH % (astaxanthin) J& PP AL BN LD (2R EHES D3R, BRI K OGAEA 7 2R 16 2 Bl 1k
A, B TE A Al A% (Naguib, 2000; Aoietal., 2008; Cameraetal., 2009; Curek et al.,
2010, SIHEFATARY KB A B - SHEY b AR, 1R 2 BA RO EEE ). iR,
INE #ZPUAMIE R YA 5 E (1 550 £%, 42 B - 8 M3, TOKBERGRAE b1 10 65, #EHN
“CEYPUAMT” (Shimidzu etal., 1996). UFNEH FEAF(ET/AKAEZY . 8K HE. WEEED

s EAEAEYIT BT B - B N R W EED, PO RE G N R . B - S D R
(BKT) RefEHITTKEHER B - HE MRS RAE MR, BRUINERZSMASHE 5, Wikat
¥ B - N REE LR A AR, v SR T 2R S R AR R AR T R 25 IR B K
JTRE, R S EPOLAEEE ) . DA RN RAEX — T T 220, Mann 4§ (2000)
P4 W ] L R CCrtO ) B N, 1A T AEAE 25 AL 2R AR RN T 25 1R 3% BE R 5 . Gerjets 1T Sandman
(2006) ¥4 CrtO & NEA R ARG (1) e BE DR Th 4% b, 3RAS T /e B2 b & b R 1) B8 E .
HHT, R 26 ROk DR AL 3 S T 707 [ P A0 i oA DL G

AWEFHAE B - W1 D RMILARIE A bkt H B E A pCAMBIAL301 | 3RAFAE ) 2 05 8044
pCAMBIA1301-bkt, JFHEALMRE AT EHA105 K79 TREE K. LA ASER ‘Brookfield Gala® [1)
RS2k, H TR A FRMT B AL, Al s R, SR A IR 2Pl
fe ) SRR b &R, XAMHAT RS SR S LA bR RE ), 7@ R E BBk H Y
(R, 3 PTH rmy SR S TR 5% ot SR R et M

QY i SRS DARF

11 MRS
IRE T 2009—2011 FFAET B A B AR i 5 224 TR e s ik 7. B - #
B N WAL R R Cbkt) MR A2 20 Bk (Haematococcus pluvialis) H o [ 34 32 31 7 [ 4544 pMD-18T
t, KA (E. coli) TOP10. Fiki#ifk pBI221. FMIFEL#H A pCAMBIA1301 FIAL AR FT R
(Agrobacterium tumefaciens) EHA105 ¥k H v ERF= Bl 5L . 3SR SR ‘Brookfield
Gala’ MFEARLI A LAEEREM I AREE PO, SREEERE, #rilEmEnEER. 4l
BEHERARREIRIE ML (R 1) LREFE, 28 ~35d 480 1 K, kR 5~6 Wh, EHRAKKRE R,
FEF BN AR R R AT A e A . BE IR S I0MEE N 25 °C, JBIERAEE 2 000 Ix, JEJERIN
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16 h LHE, 8 h B, PrfiM. Marker FIHAF G H Ki%E TaKaRa A #]. Southern 424¢ Dig DNA
Labeling fl Detection Kit [ 7% T Roche A H]; JE e/t (IEHL, 0.45 um) & Whatman 277
B-HE ME. IFEHE. MEEAAMENIEE Sigma 2w HeHMAAI M4k, LB, YEB Ki9%
FEA R (T BESEI AR ) (B A & e Fhr 287K, 2002) M. PR ARG TR IR T AR 1.
MS JyEARE IR, BINEERE 30 ¢ L', AR FRIEM NS G 8 ¢ - L', pH5.8.

F1 HEMEBERE

Table1 Plant culture medium

XM Type 4 (mg- L") Component 2 Type 143/ (mg- L") Component

M1 MS +6-BA 1.0 + IBA 0.1 M4 MS + TDZ 1.0 + NAA 0.4 + Cef 400.0 + Hyg 3.0
M2 MS +TDZ 1.0 + NAA 0.4 M5 MS + 6-BA 1.0 + NAA 0.1 + Cef 300.0 + Hyg 4.0
M3 MS + TDZ 1.0 + NAA 0.4 + Cef 400.0 M6 1/2 MS + IBA 1.0 + Cef 200.0 + Hyg 2.0

1.2 PCR¥EEMEERSIY

FRAE bkt (963 bp) HIBREE PN Bt — X519, IEAE EWE 1 A S5 101 5% 53790 51\ BamH 1
1 Sac I BT 5. Bl (forward primer): 5-AAAGGATCCATGCACGTCGCATC-3', B2 (reverse
primer): 5'-AACGAGCTCTCATGCCAAGGCAG-3'. PCR ¥ 4 [e Wi 4c4F: 95 CHiAE M 5 min; 94 C
P 1 min, 60 ‘CIEK 1 min, 72 ‘CIEMH 1 min, fHFF 35 ¥K; 72 CHRLEAEH 10 min,

FR A 75 R R IR L AL B E IR Chpt, 600 bp) ABRIE 41 ¥ th—Xt 514, H1 (forward primer) :
5'-CTGCTCCATACAAGCCAACC-3', H2 (reverse primer) : 5-ACAGCGTCTCCGACCTGAT-3', #”
BIR R 95 CHIALYE 5 min; 94 ‘CAEME 30's, 55 ‘CiB/K 1 min, 72 CZEfH 1 min, fH¥K 35K 72 C
AkLZZEH 10 min. PCR JNARR Ky 25 ulo

1.3 #EYRIESIK pCAMBIAL301-bkt BIHIE K& Hit (LR fE R +FE EHAL05

L5404 P1/P2 X ki pMD-18T-bkt #E47 PCR #7384, k75 bkt &K B, H BamH I Al Sac
T XD i [T bkt JE PR3 pBI221 H11f) GUS JERTE & CaMV 35S Ji 8) 1Al NOS #1171
bkt He[N KL & K520 M H HindIIIAT EcoR I XUAEY), K bkt %K 58 % 6 3k G4l A K5 # ik
pCAMBIA1301 1, FRIFHIY)ER Lk pCAMBIA1301-bkt, 41l 1.

LB Hpt NOS bkt 358 2us NOS RB

= R

FEcoR1 Sacl BamH1  Hind Il

1 &4k $Hk p1301-bkt & T-DNA LiE
Fig. 1 The map of the T-DNA region of p1301-bkt

$EH pCAMBIA1301-bkt ik, KRS (PZFIXIH, 2006) AR Z &M B EHAL05,
RSN (VK 5 min 58 EWAHER 5 min). PRV, KB PCR FTCR XU 4% 52
PR bkt FEDRIFEAT RN, 0 Ak P v R, R4S AR AR IA O B AR A R R AR EHA105/
pCAMBIA1301-bkt.

14 mEMERKENHE

HARARE 77 28 d [ JC R T TS 2 ~ 4 Fr P Edor R o SME A, 3 B b ki) 2 ~ 3 717,
A B GARFEILTEHE, FM e TR A M2 (GR 1) b ARG BRI RS IR 2 8 JE e 3
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JFRFE, HEHAMAES.

Hyg G#1 35 20) S F A 15 Mk . Hyg BB IRIERRE 04 1.2, 3. 4.5, 6.8, 10mg- L,
TSR 3 ANERE (3 RFRID , BEE 20 AN AMER, 45~ 50 d WG PR A BURI#E AR
L. MR FRAR (%) = HEFH 8/ 3R e < 100,

Hyg X 46AQ1H A K I ik % . Hyg WEWERAE N 04 24 3. 4. 5. 8. 10 15mg - L, $
PRk (PREF—B0 , MIRER 6 NER (6 i) , B 4 Fk. 30~ 35 d Geil- 4R 2B H5 Ol
AT HR (%) = FRME/HEME x 100 CHRHAAE: KB > 1.5 cm B3HA).

Hyg SHEMR IR K : Hyg BB WRERAE A 04 1. 24 3. 5. 8. 10mg - L, A4 Ok
N TENREE D, WIRIER 6 NEHE (6 ) . B4 K. 30 ~ 35 d Giil HAEME L. AARE

(%) = "ERGHR S/ FAHE £ < 100,

Cef CGLFEZ) Xf F FAERI SRS : Cef W E IRIZRAE A 50, 1005 200+ 300, 400, 500.
600, 700, 800 mg- L™, FRKZH 3 ANEE (3R , FFEE 20 MR, 45 ~50d ZEit
PR AR R AR

15 FERMEERUSEERERELE

BRI S BOCHR (Livetal., 2001) BT, BB S ODgoo A 0.5 B H T2 4, HUAERIE
REFREE ML (1) F4848 28 d ) ‘Brookfield Gala’ ZHIE T THES 2 ~ 4 Frahlih. “FREMIH /., HiY)
P JMEA ik, TRFFBEE ML 10 ~ 15 min, BUHAME R E T-J0 1 BEAT 1% 2= B 25 (10 W
PR TR SRR M2 (GR D, B IR L, (23 £ 1D CHEREAM MR 3 d, 54
MR R M3 (GR 1) BiRIER B IE 7d, W2 M4 (R D Fiisa s el g eyt
2 R E K E 1~ 2 em I, KL M5 FI M6 (£ 1) Bigribhym B AER . M AR IE
2 G SR, B2 ~3 AR 1 BTSSR,

16 HALERMSTEE

W ASER ‘Brookfield Gala’ FE[A4]1 DNA FliL RNA (/N EHEENS %K R (2003) (11772,
IS, A1 A Rs ik BAR b A S EUCES R 41 DNA FILE RNA.

GUS Hett— HLUME2E 3T GUS Bt i X-Gule 0.9 mg - L', &% % (Cm) 0.1 mg - mL™",
50%E RN (pH 7.0) , 20% CAARILL) HEE, 0.1% (AFILL) Triton-100. BTk @sZi2].
PUPEM: 7 S R AR R AP g b, T 37 CICE 4 ~ 12 h, RIGHE 7T0% LBl 2 ~ 3 1k,
2 IAPEXT AR 2 A ik, WEEBIE AR (Duanetal.,, 2007) .

PCR ¥l $REURYIFIENZ] DNA, LUFtkR pCAMBIA1301-bkt Jy BHYEXT R, 4894k &K [H 1.2.
PCR X VAR 25 uLlo

PCR-Southern #3: ik pPCAMBIA1301-bkt PCR 14, Bt bt e rEL 3k [ 5145 bkt JE DR B
A4 FH B s = bR ad A S BEALS | 08 AR D R T s FER 41 DNA 1) PCR =) 2 1.2%B5 ki &t il
VK, TEBRPESE N B4 IE AT IR L (SRR %25, 2009) 5 ZACiifg 42 °C, 2%
AT Ve e (0 FE 7425 4% DNA Labeling and Detection Kit T 571 & 13 I EAT .

RT-PCR A5l : B SE R AR R AR AL R 5 RNA, H DNA g4k RNA H/> 5 (1) DNA,
S5 S A R di S e AR U W AT . ARJE LA cDNA B IEAT PCR 3734

17 HEFEERM R PERAT MEM HPLC 247

KE PRIOFEMS I (ia et al., 2011 FERHEED . BORMACMBALFER 0.5 g, TIA
R IECkE (101, AR IREFBORIIE RS, a0 AR I E 7 42 2 mL.
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B AE A Waters Symmetry Cig, 5 pm, 4.6 mm x 250 mm; JiaiAl A A/K, WahAH B A 4,
WA C Ky I, VEGBEEE A 5% A, 95% B (0 ~22 min); 10% B, 90% C (22.01 ~ 55 min); 100%
C (55.01 ~60 min); 100% B (60.01 ~ 66 min). i N 1.0 mL - min™; FEEA 35 C; BlorEd
K&K 470 nm;  JEFERER 30 L.

2 R

2.1 RHFFEBRHL p1301-bkt A4

MR IE AR pCAMBIA1301-bkt FJ & T Jm, X 3K bkt (963 bp) HEAT PCR 14 % 52 ARl
PS5, RIS LUSOR. pCAMBIA1301-bkt £F R BHE X BEEAT PCR 738 (] 2, K 3) , %¥eg ik
F IR AT T RE Ak EHA105/p1301-bkt, JfAf e iZ% T RE W 1] H T 12E— 20 i LRI

M 1 2 3
21226 bp
5148 bp
2000 bp
2027 bp
1 000 bp
750 bp 947 bp bkt
831 bp
2 RAFERAL DNA R bkt B PCR ¥ 3 RIFERA EHAL0S5/pCAMBIAL301-bkt DNA BYBEHIAA
1e BPEXTIRG 20 BAPEXIG 3 ~5: /RATH ITK DNA 1: Hind[IRAFY): 2: HindII1 EcoR [ X3k 358-bkt-nos
pCAMBIA1301-bkt; M: Marker (DL2000), sedkkik g, 3. BamH [ Al Sac I XUEEYIER bkt H A B
Fig. 2 PCR analysis of bkt in EHA105/p M: Marker (ADNA/EcoR I + HindIID.
CAMBIA1301-bkt DNA Fig. 3 Restrictive digestion analysis of HA105/pCAMBIA1301-bkt DNA
1: Positive constrast; 2: Negative constrast; 1: Digestion by HindlIl; 2: Digestion by HindIIl and EcoR [ ;
3-5: EHA105/pCAMBIA1301-bkt; 3: Digestion by BamH I and Sac I ;
M: Marker (DL2000) . M: Marker (ADNA/EcoR I + HindIID) .

22 mEMEZRRENBTE

2.2.1 Hyg stet B B A m %2 Hyg# ‘Brookfield Gala’ ¥RH K EFBEENER
Hyg Xﬂ'*ﬁ#@ E,(J /EEJL/tﬂ] éﬂ{i’ﬂﬁ~ﬁ E‘]%%ﬂz Table 2  Effect of Hyg on leaf regeneration of

s ‘Brookfield Gala’ apple
o H% 2 FIE 4 7750, ‘Brookfield Gala’ 3

Hyg/ A RER /% A R
éﬂﬁ:{z%ﬂ‘f‘)ﬂf ﬁ:/:—EXd_ Hyg ’? E@Ez’ MﬂJD 1 mg - th (mg-L")  Percent of leaf regeneration  Regeneration buds
KR i 0 100 12.56
XF I PR AR A LB A A RO B N R o6 a 250
2mg - LI, R LT A ik, A R, 2 b o7

3~10 Oc 0d

3mg- LV, BRI AL, EEASRR, KN T oo
WEAE Hyg WeFE 1,2 13 mg - L i IR 7

222 Hyg SRS S A %3 Hyg# ‘Brookfield Gala’ ¥ R4E4CE 4 KAIRIA

EEI%% 3 %D lzl 5 Ef%ﬂ ’ Hyg XﬂLéHé’ftﬁ ﬁiﬁﬂ]ﬁj\ Table 3 Effect of Hyg on shoot propagation of
PRI AR i LU 210, 2 mg - LT IS 4RAR T 1 “Brookfield Gala” apple

o L b Lt 2 Hyg/ HF R R
/—:EJ&JE EE ﬁg%a:xd‘ﬂﬁ 3 mg - L Hﬂ‘élﬂ‘jﬁ ”Béj\%% (mg-LD Shoot number Plantlet number
f, BRI SS HIBSARIL, 4mg LT %0 005 47
-4 ALAETS, NI+ Hyg 4 mg - L7 1E 4 3 125¢ 0c

yg g
4~15 0d Oc

AN AR R
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i Control 1 mg- L' Hyg 2mg - L' Hyg 3mg- L' Hyg

4 Hyg %t ‘Brookfield Gala’ 3RM A BEKNKM
Fig. 4 The effect of Hyg on leaf regeneration of ‘Brookfield Gala’ apple

Zf AR Control 3mg- L' Hyg 4mg-L"'Hyg

5 Hyg *} ‘Brookfield Gala’ R4kt % m
Fig. 5 Effect of Hyg on shoot propagation of ‘Brookfield Gala’ apple

2.2.3 Hyg* AR

TR AR Hyg BICEUR, M1 Hyg #2800 AR A EA R AER (86, £ 4),
2 Hyg #E o 1 mg - LI, 3 N AR R A AN AT T 0 I 2458 2 mg - LI, 3t
EHIE AT AR R A LG IR, FEEWEAIET S MIREIAS] 3 mg - L, W 1L
BT

*fHE Control 1 mg- L' Hyg 2mg- L' Hyg

6 Hyg 3t ‘Brookfield Gala’ FERZKREERMEA
Fig. 6 Effect of Hyg on rooting of ‘Brookfield Gala’ apple
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%4 Hyg3 ‘Brookfield Gala’ 3SR AREE M
Table 4  Effect of Hyg on rooting of “Brookfield Gala’ apple

Hyg/ LR/ % P R Kem
(mg L™ Rooting rate The average rooting number The average root length
0 100.0 a 1092 a 337a
1 583b 1.92b 2.19a
2~ 10 Oc Oc 0b
P <0.05.

224 Cefxfet b BAEMF "

kAR (CeD EA—MMRE, B 2N T BT R AT R dE E, FE, Cef th2&
—RIPUAE R, SN A K S e e . I 7 ATUAE L, Cef IKIE < 400 mg - L i
S PR A ZE RO AN K, SR 2 s Y Cef WK R 500 AT 600 mg - L7 I, i F P
FAER AR TR, 24 Cef WRJE KT 600 mg - LI, W/ A2 S0/ sl . BRI ATk ]
Cef WKE < 400 mg - L™ KAWL AT B A K.

16

ab

FHEAETY

Average regeneration buds

[

ﬁ [

0 50 100 200 300 400 500 600 700 800
Cef k¥ / (mg- LY

The concentration of Cef

S N RSN ®
T T T T

B 7 Cef3t ‘Brookfield Gala’ SERM K HERMEM
Fig. 7 Effect of Cef on leaf regeneration of ‘Brookfield Gala’ apple

2.3 T #2HE EHAL05/p1301-bkt N SEIER BEEL

23.1 EEAB ARG RF AL AR

KPR AR Gemt49d:, I Hyg 40k e & IL30AT 9 FRPLIEAEAR, #ALIEFE QP 8 Fios.
Kl 8, e~ h WIRTEH LN A A SR E EE R RE O Frrh A L0ty WP We JREAE B - #HE b
FALEE BKT /R LAAOR TR N IR & AL IR 22 ak B B - S8 N 38 0 & s 21 4 1) £
WE, MAAEIREILRNGEGHL (B8, & AMF (B8, a) Ll
232 GUS %&

BEHLPR UM A 20 B DIRIRR I Fr 3647 GUS A4k gt I 9 ml4n: K dittdr
AL (K9, a~m) FEEEEEMHF (89, A~D BT GUS 240G ik (0, T AR5 3 R drtd
ALAVRI B O D Ryt )5 RAR i, R GUS JEIH & lh . WH7EARFT B EHA105 3 F,

pCAMBIA1301-bkt JFtHi [ T-DNA [X 0] B4 A 5137 L R 4 o
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8 T#EH EHAL05/p1301-bkt M-BHERIBEH L RFEREHRTFE
a: AEAC 28 d INAHETFTIOIM Jrs b JLIETR: o MEBEINIR Mt ris,
d: ARBUME@ELT: el £ BiME@MG: g h: HAKAR.
Fig. 8 Genetic transformation of apple by EHA105/p1301-bkt and regeneration of transgenic plants
a: Leaf from test-tube plantlet of 28 days; b: Co-culture; d: Non transformed calli; e, f: Transformed calli;
c: Transformed shoots were regenerated by selective culture;
g, h: Transformed plants.

XY

B9 #HEREHKME (A-D IREAGHAR (a~-m) B GUS f&

Fig. 9 Histochemistry GUS assay of transgenic leaves (A - 1) and callus (a-m)

2.3.3 PCR 42|

SKHIH (9 %ER bkt A1 hpt (95555 14, 5t Hyg J#i6E H 16 9 #RHTIERITERIE K141 DNA #E/T PCR
PRI (B 10, A, J5UkE pCAMBIA1301-bkt 4 BB (line 1), DUK G RARAE S FI B (line
20, KA A APEX I (line 3) o A 8 MOWBHYE, WIPAIMIRAT T 8 BREALAERE, H bkt (963
bp) Hl hpt (600 bp) HK[H AR IE DK, AR AEFER 55,
2.3.4 PCR-Southern -]

HI T PCR 3 100 R, A2 MBMEBIVEY 38, Sy idh— D e S P R 5 i B0k, %)
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bkt 35l & BH P AEAKEAT T PCR-Southern 2448 (K] 10, B), H45R 5 PCR #i45 H—3, JofH
PEF 14, PCR FHEAS IR R AT 5 BH R AR R R /N 28 A8 47, BT R AR bk b e 2248 71, M
MiFE 3RS 8 ¥k (R1. R2. R3. R4. R6. R7. R8. R9) bkt -5 530 BLIE PR 2H v ()4 KL DRI R R o
2.3.5 RT-PCR #:|

DU AL M BRI R FE AL R PRI cDNA S REH, % bkt FI hpt 5 PRI 7E S Ak R kk v 1) 23 384T RT-PCR
il (10, C©) 5 8 BRELEEDAIAE AR bkt JELRIAN hpt JERI453 31 T RIK .

A M 1 2 3 Rl R2 R3 R4 R5 Ro6 R7 RE RO
15 000 bp —=

2500 bp —e

1000 bp —= it

M 1 2 3 RI R2 R3 R4 R5 R6 R7 R8 RO

2 3 Rl R2 R3 R4 RS R6 R7 R8 RO

1000 bp —=
750 bp —=

500 bp —=

M 1
15 000 bp —=
=

2500 bp — =

B R

C M 1 2 3 Rl R2 R3 R4 R5 R6 R7 R§ R9

2000 bp —=
1000 bp —=
750 bp —=
500 bp —=

M 1 2 3 Rl R2 R3 R4 R5 R6 R7 R8 R9

2000 bp —=
1750 by =
p ——

500 bp —= hpt

10 #EEEERFE D bkt EE B PCR (A). PCR-Southern (B)  RT-PCR (C) #&H
M: Marker; 1: BHPEXHEG 2: A0 3. REALREME: R1~R9: ALK,
Fig. 10 PCR (A), PCR-Southern (B) and RT-PCR (C) analysis of bkt in transgenic plants

M: Marker; 1: Positive control; 2: Blank control; 3: Non-transformed plant;

R1 - R9: Transgenic plants.

23.6 #HARMMT R FERE FF 49 HPLC 547

Xof e TR AL SRAT 41 (040 S0 A 1 A JE DR I b R N 263084T HPLC 0 81. fik 5 T LLE
t, HALKEZR (R1 I R6) Mg — & BEIIRTT M W R, 10 AR AR P AR L iR
T RMMAE . ULIE SRR T OB R AR E B - #2 N A IR REPOLE A
JIRE BRI PR
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F5 FHUABRRMABRULESHAXGT MRNSE

Table 5 Contents of carotenoids in transgenic and wild-type apple leaves (ug - g' FW)
FEAEAL K] Plant material B-TH% M PB-carotene IFE % Aataxanthin fi¥# Canthaxanthin
ARFALMEAR KG - Non-transformed plant KG 196.16 £ 6.95 a - -
HALBE R Rl Transformed Plant R1 14540 +3.20b 285+030a 0.76 £0.06 b
HALHE R R6  Transformed Plant R6 133.51+3.12¢ 1.87+029b 1.79+020a
P < 0.05.
N \/\
3 iR

ARG h RS 8 PR bkt FEPRRE AR AL - bk @G 4121, GUS %4, PCR Fil RT-PCR £l 45
AR bkt IR G B3 LR AL AR R SR R bR R A T 3Rk . BRI AR TR 28 2R
HPLC 045 F 3% W75 R WL 1 R PE B4 41 ER AR 41 () o DR R R v o IR R i 3 A e
F R RAR R PO AL RE e — 2B A

RN FIIBE ARG, RFF T AR IR B L B B e ok R AR 4y Y. £
R IERE [ IE A EHAL0S 2 FRALM R SE N TREFE AR R G (GREZ: 55, 1998; T K
AT 255, 2002) 0 ARES T B B AR AT T EHAL05, by Ji T 3 R (1 153 4% 3 AL AUl R ik
FESAEPIA IR BETRIE I, ‘Brookfield Gala’ W F FRAE . 4IRS BIGH A AE ARG Hyg SIRMU, et
Hyg SR 350 3+ 4 f12 mg - Lo WHBIRAY M AU HRIH P ) f ik Hyg 8 R0 5
AMamg- L' GKINEN %, 2006). M55 (2010) WF975R WILETE & LB LA b Hyg 3 B (10 7 %
WEHN 4mg - L' A2 (2005) HFSTRWI/NEHG3 A Hyg BN 1 mg - Lo RIASTH SR 3
RSP TR USRI . Cef 1E N —FHMEHUE R, SXFAMEARI AR 2R~ E %2 (Lin
ctal.,, 1995). ARIGHFFTRKIN Cef W <400 mg - L I %f it Fr B AR 2R M0 M N . BEHERR (2006)
WFFEIAA Cef (0 ~800 mg - L) XA IE @ 4 4UVE KA K, JTames 25 (1989) ¥ RIEAR N 250
mg - L' Cef nfEik ‘Sl 3 HMH 4.

Feik GUS J [R [ 6 L AR R I B R @A 41 SRR T4 DNA A I3 A g . AR50 R A
T p35SGUSint MUTHE AR (Hood etal., 1993), HAk AL gusA SHMMIN &1, MEAR
TX gusAint 5 3 K RS A0 fE Sl €, T AR R R AN IR U BE S A €, AN gusA FE IR
W& TP AN BELEAR AR AT B ik, Xm0l T GUS G (B B M 6 5 i (1 95 1o
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