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KBFF 5 (Escherichia coli) 1 #k TOP10 Fl#
FAARAT B AR EHAL05, ¥ iy A8 rp ol oK 2 /R ) 35t
e ok R 0 o S R A AR AR

FH F ik H K pC1300dT (%4 2 4 T-DNA
IX) J2& A pCAMBIA1300 (i # K ). CAMBIA 52
52 B A i iR AR B TR . pC1300dT £k
EA 24 T-DNA X, i & b5 10 ) 5 2 P 5L
(hpt) f£ — 4~ T-DNA X, H % 3£ K 7E 55 — 4> T-
DNA X, 43T K EMEZ LAY, 2 4> T-DNA
X0 7 7%, K5 Marker-free 58 & Y i 128 2 it
aAF.

psy Flerel 2 A~ H B3 0 KNG53 R 2 765
F1 2 760 bp, ¥ 2 #H P TE L 50 = & 4L Invitrogen
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EHHRCHEME T ERKR B,
1.4 PCR #&ill
Y PARRBTER 3~5 cm KRG R 4140, /) i il
KFH K 2 DNA, H51% Hpt- F/R.CH-1-2F/R
il CH-2-2F/R(FE D 43 53 34 hpe FEH | psy FEH
Flere] SEH W) B, B PCR =91 K/ R 750,
901,820 bp, PCR W KR AEHR 2 1510 X Buff-
er 2 puL;dNTP(2 mmol/L) 2 uL;31# F/R % 0.2
pLsR-Tag(TaKaRa, 1 [E K i%E)0. 2 pL; 4K F] 20
pL. PCR Y4 1F.94 °C 5 min; 94 °C 30 5,58 °C
30 5,72 °C 45 $,28 Mg ;72 °C 7 min, PCR =4
28 0. 8 Y0 Byt IR Wl B e FL Dk R I L 07 8 1 3 X BT
7 24 A BA A 1 B SRy B
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Schematic graph of T-DNA region of pC1300dT-psy/ crtl expresssion vector
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0.1% SDS) ¥k B %= ¥ ¥ 1 K. 7 65 °C # ¥k
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HRAE Liu 8 i E 1 #OR X FR 22 85 PCR J7 i
(Tail-PCR) 438 psy/cri] AL AR Marker-free
RMEFF], £ T 8K Fiit 3 ZEER5I0 M
1 45149 ADS(E 1), #1473 % PCR ¥ 1. ¥
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Table 1  All primers involved in this study
519 751 YEH
Primer Sequence(5'-3") Function
h L
Hpt-F AGAATCTCGTGCTTTCAGCTTCGA Pt %WH_’.EX*}L i el e
Forward primer for hpt gene amplification
h KR B 1 it
Hpt-R TCAAGACCAATGCGGAGCATATAC pe ] [H_A’EX*}L N 431 e
Reverse primer of hpt gene amplification
sy FER R Bep 1 it
CH-1-2F GTCCGAGCAGAAGGTCTA p‘\y .H_EXJJ iy sl e
Forward primer for psy gene amplification
sy & L
CH-1-2R GAAGTTGTTGTAGTCGTTGG psy HH R BT MY -
Reverse primer for psy gene amplification
. XY AT Y
CH-2-2F CAACACTGACATTACTTCCA crel T EL R G 22310 I
Forward primer for c¢rtI gene amplification
- SR Y,
CH-2-2R CACGGCTTCAATCTTGTT crel 2 H_E)d:r Hitsa s
Reverse primer for c¢rtI gene amplification
) Tail-PCR T8 1 4451514
Tail-R CAACTTAATCGCCTTGCAGCAC
a Specific primer for the first round of amplification in Tail-PCR
Tail-PCR 2 2 51
Tail-R, CTGGCGTAATAGCGAAGAGGC il PCR #1232 4 514519 o
Specific primer for the second round of amplification in Tail-PCR
‘ Tail-PCR 5 3 4 54519
Tail-R CAACAGTTGCGCAGCCTGAAT
R Specific primer for the third round of amplification in Tail-PCR
ADS AGWGNAGWANCAWAGG!? Tail-PCR H faj 7514 Arbitrary degenerate primers for Tail-PCR
ot T FE T B R A4 i g 22 B a i a i-
ACH-2F AATTCGTCTACAAGCTGCG LAVTI = AR Bt P 3 1 22519 Forward primer for the probe ampli
fication of the crtI gene
ACH-2R GAAACCAGACGCCCCACTCA crt] B R BEBREN 978 19 4 51 ) Reverse primer for ert] gene frag-

ment probe

A3 HEAT HL YRR, G0 SR 25 A BH K PCR 7= 9
TA 3epES| pEASY-T3 84k FIFIF . £ NCPGR
(http://redb. ncpgr. cn/modules/redbtools/blast.
php) M b Blastn B2 578 0 7y 25 R 5 H A 0
(Nipponbare) % [H 4 F¢ 5 #E 4T L X,
1.7 psylcrtl B EKTM TR B-HE N ESENTE

FILFH Ak B RN IE C Je 2 BUT sl 4 K fe i+
Y B MR R TS W SCER[15 ], B
NZFR#E (5 mg, HPLC 4, CAS 5 144-68-3) Iy
H Sigma 2> &, F A il Bk o0 B 26D % = 9. 4
pg/mL, ZHE AP A B Fisher A ], #AEL 7
Z W SCHRC15-16 ] AL BRANE

DWGE B-51 % b RZArHE4i e, F 500 mL 14
THEE VS AR R L BE S L 50 pL AR TR B AR R B S B
DA KT B S RSB 0 A 1 mL
AN (LHE+HBEV L ¢ Vg =3+ D, BHT,
=) AT R W R Z A FUAE I B (0. 22
pm,d =13 mm) i I, IFE A 2 mL FR 6 R AH 655
R A Waters 23 w14 8 2 0B AH 638 A3 52 4h
A 0 25 A 0 A A A R L A X B*ﬂﬁ?“ MR ARFE
AR AR IE AT RS B ST AR 808 435, F

AR 663 770, KAF4E N 82.1% .,

2 G BEAE . B B N R AR R
2 mL#% 10 mL 25 @ 25, H 585077 WL 43t
JETHAE 450 nm KR W O % (E, A5 L E N
0.321 6,

DI AR R BB . B N R Ot
RBUE 2 592(A, &) ME K 450 nm™ AR 45
W)k ok B A AORAS B8 N R IR BT R
6.203 7 pg/ml.,

IR E (pg/mL )7D>§11()/ X i BEAT AL

KL DOEEEEA & H O R

A) TH bR R A X BT ek BE L R X BT A VR
(pg/mL) =] Uh T vk B X 4l 8 DL - B0 A A
REXF L 23 S, SR AT B0 I 3R R o e vk
5.093 6 pg/mlL,
1.8 B-#A¥ MRIRAEMEKRET

MARFE K I B 100,300,500,800 pl, 1.2,
3 mL #% 3 NHE BRS04 . kL iR
ZAH ot i 98T UE E) 2 mL BE b

W R T

(RRiy (¥
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Wi S 55 FH R v 80 R € 3 AR AT I AR i T A
5 o O R VR B e O R L AR T R A
(R 1l U5 5 R 6F A b BB 8 N R A AT A O
M. DA T B D0 A8 AR Cy) s B R 2 o O B 4
(), £ UPLC ¥ g% b H 2 4 lipr i th £ y =
2.8le+007x+2. 44e+006,

2 HREGMH

TofX psylertl # 4L #E ¥k PCR #&i

A AT A 1 8 AR e A T Uk IR AR psy/
crel TR 37 #5 AL M Bk 29 ¥k, PCR A0 45 5 %
HY, Hpt-F/RE| ¥4 84 hpr F KRS 0 45 45 BH A bk
29 Bk CBHPEZR 100%) ; CH-1-2F /R 5114 14 psy %
DRI AR5 BH M A AR 23 Bk (BHE %R 78 %) ; CH-2-2F/R

21

UG cre] B D3R AS B MR MR 18 Bk CBH M R R

62000 . IZ PG 17 Bk 3 MG T I H ON BIAE Y
Fetbwi.

2.2 #i#& Marker-free X & fif i

¥ ToAX psy/crt] AL MM B DK R 0 ik H
Hpt- F/R 51 98t 47 PCR K. Hob, kyl-4 i #k
hpt FEF R B 1E oy (B 2A) R hpe FEH
KT8 . X kyl-4 #F—# Southern blotting 43
Br (B 2B)3RBH , kyl-4 HhAEAE H 3 B H o 548 1
i A Marker-free & &

TEF B kyl-4 /9 T, & & 100 3 #F &by H]
ACH-2-2F/R 514 PCR §" 4 crel 2N B, PCR
Ko 45 S0, ky1-4 19 T4 100 Gy A AR 3 0 BHAE
i b EW] kyl-4 1 T3 RRC&4E .,

kb

19.33 -
-—
7.74 -
KEHR1 K2 6.22 — B
A eletlehedededed L. L LT
4.25 -
M 123456 789123 456 7 8910 W }
347 W
.
2.69 -
T MW

A Hpt-F/R 5199 1 hpr FH F B, BER/NA 750 bp, W KRB A BIZS H 131 Hpr gene fragment was amplified by the Hpt-
F/R primers,and the fragment size was 750 bp,wild-type Kongyul31 was noted W; B: ] Hind [l BV K FEHL R4, cre ] FE R B BEVE N
HEN . T 2R kyl-4.M 2R A»-EcoT14 DNA marker, W /R84 #1258 F 131 Rice genome were digested by Hind[ll ,the ¢t gene frag-

ment was as a probe,kyl-4 was noted by T,A-EcoT14 DNA marker was noted by M, wild-type kongyul31 was noted W.
B 2 psy/crtl ¥4 #k Southern blotting 4 47

Fig.2 Southern blotting analysis of psy/crtl transformed plants

23 kyl-4MEBFIHEH

K H Tail-PCR Y 5 ¥ 43 B Marker-free & &
kyl-4 B350, W05 45 2R Ok Js . 78 NCPGR
3k Chttp://nepgr. hzau. edu. cn/web/tools. jsp)
| 5¥ 5 H A< BE (Nipponbare) i 55 K 2H )7 51 347 H
XF 8558 R ZAN 3 P S KRS 7 SR AR (1,26,
8,10, 11 12) #RAFAE R IR P51 .

RIS A EcoR 1T 1 Hind l BV K & kyl-4
F K 40 DNA, #f 17 Southern blotting 43 #1, 45 3
(I 3)3& W . H EcoR | BgYIH A9 41 KT 19 kb, B
JHBHPE XS B2 15,5 kb Hind 1 VD A9 254 /)N
T 15.5 kb, SRJEHE 5 A v 00 32 5 5[] 51 v A G
4k 7 51 M ™ 3 Chttp://rice. plantbiology. msu.

edu/cgi-bin/gbrowse/rice/) I T #& T K. psy/crtl
S 5 525 bp. Al 8 4 AL S A i 2 R 2 ) 8
KF 14 kb &b EcoR 1 i VI 45, 4 A A 522 i
FHHEAFH KT 2.2 kb /T 10 kb &b Hind Il
YIGE . AR DL 25 SR HE . T-DNA i A7 567
T KRG 11 S 4L fafk 18 750 363 bp &k, FE B LOC_
Os11g31890. 1 %t 3 199 bp, I B LOC _
0s11g31900.1 %P 762 bp, LOC_0s11g31890. 1
FEN B K R 11 5 4L B K 18 747 164 5
18 740 6142 [a] , WP S NLI B AE K ¥ LOC_
Os11g31900. 1 3% A 85 & K A 11 5 % & &
18 753 28645 18 751 125 = [a] , i il Jy Mk 3 2% 14
HH,
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19.33/ M == -

774, - -

6.22 == -

4.25 . -
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M:2x-EcoT14 DNA marker; P: BH M XF # Positive control; E:
EcoR1 Ei V] EcoR1 digested; W. #f 4 il 25 F 131 Wild-type
Kongyul3l; H: Hindl B Y] Hindlll digested.

B 3 Marker-free & % kyl-4 BJ Southern blotting
Fig.3 Southern blotting analysis of Marker-free line kyl-4

24 psylertl B EKRTHFRB-HAEMNETEN
il E

psy/crt] FEACAR bR A 1 78 2550 J5 B 60 R 4 B
o, 55 B A R EAS () 08 )00 WX L, 2 WA BT
XETHEAT P MK,

FIH UPLC #4708 (G 2) B HERERHAR R
REOK B8 B~ FH & & (199 £ 0. 11) ~
(4.412£0. 30) pg/g, H¥ Marker-free & & kyl-4
Baokrh B # MR B & & N (3. 11£0.08) pg/g.
Xt psy/crt] BEACKERR 0 BRI 1T % 5L It
SR AR R S F 131 BEAT R HE (G 2) L BR (il
T2 % Marker-free X & , I 43 B AR RO 4 22
PR 25 R E Marker-free K & kyl-4 5¥ 4
RIS AN A F 131 FBAR E R R kA B AR, JE
AR 25 SR TR P 1 5 TH .

K2 BUBEKDPRHATIMNRABMREURER

Table 2 Content of B- carotene of transformed plants and agronomic traits

Bk /em A RS

B MK/

i R SR AR

TR /g eSO

oy 5/
el (pg/g) Plant Panicles per Filled grains 1 000-grains Seed setting $H€F’:gg/ &
Number K X . Yield per plant

B-carotene height plant per panicle weight rate
kyl-4 3.11 +0.08 78 35 39.71 22.22 0. 68 30. 89
ky2-5 4,30 +0.27 71 20 43.45 23.58 0.74 20.49
ky2-8 3.90 0. 06 73 23 41. 04 21.68 0. 68 20. 47
ky5-1 3.88 +0.09 78 44 39.41 21.91 0.76 38.00
ky6-4 1.99 +0.11 84 24 40. 79 21.26 0. 69 20. 81
ky7-11 4,14 £+0.69 79 26 42.19 21.93 0.71 24.06
ky8-1 4,41 0. 30 67 32 26. 81 20. 20 0. 65 17. 33
ky9-2 2.07 £0.08 71 25 34.52 21.38 0.57 18. 45
ky9-6 3.82 +0.34 73 35 37.00 22.34 0.69 28.93
kyl6-1 3.03 #+0.20 78 38.11 23.05 0.69 24.59
kyl7-11 3.59 +0.32 72 18 36.67 23.21 0. 69 15. 32
kyl7-14 3.59 +0.04 86 22 34.55 21.67 0. 60 16. 47
kyl31V 0.00 £0.03 72+0. 20 34-+0.03 37.0240.07 23.0140.41 0.72+0. 14 28.9540. 22

DEAE N 9 BRAYF 4415 Mean of nine plants.

3 i it

Golden rice 2 & I VLG, BF 52 & — ELHH.O
I AR 23 B R B AR Golden rice 2 h Y 32
BOBAEM B Z —, FiE JEIEIR A AK Goden rice 2
& ARURERE T B KR NI - L& R at,
VL K #5 B Golden rice 2 & F) (1 BT & & 0 5] 2 5 5
HAFIBL, Kb B 2 7] LLIE 2 ffE ] Golden rice
2HHEAR, PEJE T RIEDEZR, ERZ AR
FEAESEA R A B2 B4, U HAE 0 M XL & b

Bl Bl & Golden rice 2 B A IR i

ARWFFE R AT Golden rice 2 HEi i I psy
SERA el FE P 8 B AL B KR M1 P, 5
Golden rice 2 AN[Al ZALFE T (D ASBIF 58 2K H] e it i
AT XY Ti 2R AR S e Ak 20, AR i ik R e —
AT XK, HREHEAE S —A4 T X, B 8 a) BLER TS
TR IC I e B A W) 5 18, 7E Golden rice 2
e, B R H # OB 5 M B8 gL I (phosphomannose
isomerase, pmi) B AE A% FEbR L 5 H br 3 K — [H]
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KR . BT pmd M H KK ® &
81 ZRIC EE A HETE Golden rice 2 £k, B4R
g EUF pma TSR ICE R AR HJE Tk FE AR I
10 Bt e DR e S AR T T | KU B/ . (2) AR BIF 5 i
B A A2 AR S Rl 2s B 131 2 R B FiFio AR
Foe KB R RIKR il R o) DL O 32 R AR A5 1Y o B K]
VAT L S RO N S e A I S SN A R
PATHE TAETT H e i .

psy/crt] B ALRIREAD T b B8 PR & AR
AR R A RS : (D F AL Z A TR, W] B 7= 4R AN
[F) B A= 0 7 S5t T 52 00 2 1 AR 3R 3K 5 (2) o B RV
AR psy/cre] BG4 0 A6 47 A Al
REP= A AN TR IR 5 () Rl Bk A K RS R [, AT i
B N R R,

BT T psy/crt] § LA PR B F -
®NEH R & LHRE R Golden rice 2 T B &
G AR T e ARFrP4EE R A Sk R AR BAH
HEE L, i 1 mg 19 B8 % M RAE NIRRT
DI 4Ry 435 pg BB, R B AT4EE R A
T H AR 700 pg®, HIE 50 g B9 Golden
rice 2 AT 6~8 & L4 AE R A HEHEBHAEN

—FLLE . AHETE BT O L B A kyl-4 SRR H
BIHE PRI EN 3. 11 pg/g AR A T
AHEHY 60 Vo HEF A KT B ] kyl-4 KoK 385.8 g,
ZEFH kyl-4 RRENPE VRS mfefae FER
MR TE 2 AR AL A AL TR R X, FRATTIA
RIZ G F BB AT T

2 % X W
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Cultivation of transgenic rice with enhanced B-carotene content

DU Li-que ZHAO Ming-chao LIN Yong-jun CHEN Hao

National Key Laboratory of Crop Genetic Im provement/
National Center of Plant Gene Research (Wuhan) ,
Huazhong Agricultural University sWuhan 430070, China

Abstract To improve the B-carotene content of rice endosperm, the synthesized phytoene synthase
gene(psy) from maize and phytoene dehydrogenase gene(crtI) from Erwinia uredovora are transformed
into rice under the control of rice endosperm-specific glutellin promoter. A single-copy inserted and
marker-free psy/crt] homozygous transgenic line kyl-4 was selected by combining PCR screening with
Southern blotting analysis. The flanking genomic sequence next to the right border of the T-DNA inser-
tion site was determined by thermal asymmetric interlaced PCR (Tail-PCR). In the assistance of South-
ern blotting analysis, the insertion of kyl-4 was located on rice chromosome 11. The quantitative analy-
sis by ultra-high performance liquid chromatography (UPLC) showed that B-carotene contents in seeds
of different transformed lines ranged from (1. 99=+0.11) pg/g to (4.414+0.30) pg/g. and that of kyl-4
was (3.11+0.08) pg/g.

Key words Oryza sativa ; vitamin A; phytoene synthase; phytoene dehydrogenase; Golden rice
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