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Abstract: VC (vitamin C) is an essential nutrient to human health. Due to lack of L-gulonolactone oxidase. the last
enzyme involved in VC synthesis pathway, human could not synthesize VC by themselves. Rice is an important food
crop and its nutritional value could be greatly improved by increasing the VC content in rice seeds. Phosphomannomutas
e (PMM) is an important enzyme in VC synthesis pathway, catalyzing the interconversion from mannose 6-phosphate
from mannose 1-phosphate. In this study, Oryza PMM gene (OsPMM) that was under the control of seed-specific
expressed promoter Bx14 was transferred into ‘C418’, a restorer line of three-line japonica hybrid rice, using the
double right-border vector pMNDRBBin6 through an Agrobacterium tumefaciens-mediated system. Molecular analysis
revealed that OsPMM was integrated into the genome of transgenic ‘C418”, and the homozygous and marker-free
transgenic line was obtained in the T, generation. Gene expression analysis of transgenic lines showed the expression
level of OsPMM was significantly increased in seeds, and accordingly. the VC content in the seeds of transgenic plant
also increased by 25—50%.
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KFEVC St iiRi&. /KFE PMM B (OsPMM ,
LOC_Os04g58580) i FIKAFHS 4 Jeta ik, L H 4 &
1 3033 bp,cDNA 41K 747 bp., iS5 249 A&
T2 () i TR T 50 W A L il i A VC & B B T B
-6 1R 1) H 55 W - 1B R 1 7 Ak L T A Ak 1) i vy 2
A

J T HE KRR F B VC & AR Os-
PMM () 4K cDNA Ffh FH R R LW H s T
Bx14 filt G, # # ml 1 R ik # 4k pDRBOsPMM, %%
HE RSB 1 1 4 R 1) 2 XA 3 BT AR pMIN-
DRBBin6 , F] FH it 844 7 5% B 1 & 5 AR 0 73 2 ao 72
Hhn] DA 6 3 TGk B A T A0 B I RV RE R L o bR i B
BB AT S W, Lo FE R RE . 8t
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SR A ORIRE JE R VR R, C418 MRS 22 58
F—REE L IEH SRR A58 F— 045 508 10 % ~
65%. ZHZANAE RECAH, Hrfcd & B A&
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T 2R A e T B A N A
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it Sl RAT T A T Ak OsPMM 36 PR 9 6 A
F| CA18 fh B, K R 20 B85 5 19 7 1 2 L Zhai
R IE
1.3 #HEEREKRBS FRN

62 B DR A AR 2B A 3 05 A BE I B L SR AR 4y
HIHEE DNA Fl RNA HE47 56 56 DA R 16 20 T K 0
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Table 1. Primers used for molecular detection of transgenic plants.

GIE7/ RN 5197 41
Primer name Primer sequence(5'-3")
OsPMM-F/R F:CACGCTTCATTACATTGCTG
R: TATGTCCAATTGTCCGGTC
Hpt-F/R F: TAGGAGGGCGTGGATATGTC
R: TACACAGCCATCGGTCCAGA
Actin-F/R F:AGCAACTGGGATGATATGGA

R:CAGGGCGATGTAGGAAAGC

X To VT F1 T, AV SE AR AR 19 OsPMM. 1 F5 12
A Hpr (HERPUERF, Hygromycin) , #E17 1%
21 PCR K I R 0 6 TC e #EARIC B9 B B R 41 5 2
I s ek PR A A i R 4 2 b 1 ) 3 3 3 ok S I
i PCR #4740 , 55 1 PCR A6 U {5 4T 19 /2 Trans-
gene 2y A Y & & PCR R & M (TransStart TipTop
Green qPCR SuperMix) , 2 W A 2 1 52 b B2 #2 1R
FHIE 9 7 dh Ul W1 5 2 47 RO T ABT 7900 5 i
PCR AL FH 3R, DL IR 9 Actin JEH S 5
LI, G TR 32 (R b BE C418 S & BRFE AR, X) Os-
PMM 7555 JE DR R b 1 B8 10 2 38 R A7 AR X 7
BT 200 TR R A AR DR 2 Gk 0 A X AR 4k
SR UE 3 IR, BRI AR AR 0 43 1 R T
M5 K5y a0 sk 1 B,
1.4 VCEERNE

TE K FE W I T J5  BEALAH R 10 R K A b1
FHBFSR ST 50 B J , AT K R AP B VE &=
M5, ¥ 5 ¥ 2 IR Gillespie 255 B 38 3647, 3
WEH,
2 HR50H
2.1 FEFRILE OsPMM ER4 S ZHRE

N TR E KRR T VC &K OsPMM 3k
R4 cDNA R 745 5 33K 19 )5 3 1 Bx14 fil

G AU ih Bt # /& pMNDRBBInG6 4 #4814
BT 85 BB, pDRBOsPMM, H: b bR g 4 A

RB1 Hpt RB2
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Hpt S THARBPIA 4305 RBL Ml RB2 Z [, i
HFrFE K OsPMM i T RB2 Fl LB 2 [i] , % 5 [N i
ki T-DNA X ZIE B WLE 1,

A AR FF A T AL OsPMM 38 R i A
C418 W, TR FL R4S 26 Pl MG SN RR R . 1
IR E T AR M bR A B9 DNAL H OsPMM 3 [H
RS 519 OsPMM-F/R FiARic 3£ K Hpe 3K
BRI 518 Hpe-F/R, % LA 26 4> B Rk E 47 55
SEDHBH R A BR B PCR B 36 . 76 % 3L &R, Os-
PMM-F/R gy 34 i 814 bp 1377 bp P44, 1
814 bp MY & LI R 4 i i) OsPMM 3 R 4
FF3 B R B 8 B A5, T 377 bp W& RAFE AR cD-
NA JFH ARG Wik, AR R, KA
HANE LS OsPMM cDNA JE5 , # HREY 1 — 4%
814 bp WY, 752 W25 R br 1 B Y % 55 DA 5 bk
L Hpe-F/R G914 1 1035 bp 44 (K 2),
X T ACK I, 247 10 A Bk BRRE WS P 3% 1 Os-
PMM FERRe 50400, XRBE 35 1 H pe SEHFF
S (L 2) . b 10 A BBk B Ok 55 3 D4 PH P A
YRR AT

TE To AR IR 2R K LS - XL B 10 A 5% R
FHPE AR R B AR AR U RN JF 78 R — > 7K R i A 2= 4k
SLA A T ACRD 7, B4R R A 30 ~50 > bk,
FrK R AE K A0 BEM] R AR R B R R L) 1 b R}
B R AL DNAL DU U DNA R, xF T, AR
R4y 51347 OsPMM S HF1 Hpe £ H (1) PCR K
W, OsPMM PRSI BHAE T H pe 55 KA I 942 19
BRRED N B AR I OsPMM JE R Rtk 25
R, TofR 10 DREFR T, 2 5.3 58 7 58k R 505l
BEAT B 2 A>3 AT 3 A To bR e i JE R bk L AR i
e K X 26 BRRR 4y Sll Aw 44 2-1,2-2,3-1,3-2,3-3,7-
1,7-2 1 7-3,

XFLL b 8 A T AR Bk B AR Ul 4k 2 R Al T,
RFPF, BAS R 30 A BRAER, IF 7E KRG A K 24y
BE 5, 4R U B DNA B 6 B4 Bk R Y 5 vk it

OsPMM LB

- s

Hpt PCR fragment

1 #EFEREH pDRBOsPMM T-DNA X (4 2 4544

Fig.1. Linear structure of transgenic plasmid pDRBOsPMM T-DNA zone.

OsPMM PCR fragment
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<— 814 bp
<—377bp

<«— 1035 bp

M—DL2000 Frichs 1— 45 5L R IR 2— 23 (K B 3~ 12— BE 56 M A vk

M., DL2000 marker; 1, Non-transgenic control; 2, PCR control with water as template; 3-12, Transgenic-positive plants.
B2 T,REEEMMEERN OsPMM EE(A)F Hpr £H (B) A PCR £

Fig. 2. PCR analysis of the OsPMM gene(A) and Hpt gene (B) in T,transgenic-positive plants.

<— 814 bp
<— 377 bp

<«<— 1035 bp

M—DL2000; 1—PCRARX M ; 2— JEF LRI IR 3 — BRI B4k XS I 5 4~12— 385> T AU LR 45 B bk

M, DL2000; 1, PCR control with water as template; 2, Transgenic-negative control; 3, Transgenic-positive control; 4-12, Partial transgenic

T, plants.

3 EARICHEEEZE 2-1 %49 T,REKE OsPMM E[E (A)F1 Hpt £ [E (B)B PCR £ &
Fig. 3. PCR analysis of the OsPMM gene (A) and Hpt gene (B) in partial T, progenies of marker-free transgenic line 2-1.
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T, AR B 14 A6 45
22 OsPMM EREHEFGEZMFHULAR
BKFHABRS

T BT , ARk E AR IBOGR DL | T, AR5 S A
IR N R S £ T = 7 13 R
FEHRD T3 1 RNA, L Actin 52/ RN 2, LL#E
FEH Z AR C418 i Bl ok % IR XF OsPMM SE R 75 3
AN TFRICH R R 2-1,3-1 A1 7-1 AR BT
XFSE AT L KB OsPMM 78 3% 35 P2 vh iy 22 35 7K
AR R (B D,

23 HREFA4SGRZMTFAIHNVCEERERS

OsPMM FER e FEN 4G ZF 11 i VC #%
SRRV ERES, I TR LR RF AN
VC HEREERRA, RIS R 3 MR R
AR AL R VO & s AT T . X R I 4
PEATGE 4T 4y B & B X R C418 ) VC R4 8
pmol/g, MEFEFER R VC &5~ 10~12 pmol/g,
XTI CAI8 M I .3 MBI H 4l & R FpFh iy VC
SEEST 25%~50% (K 5,

WX OsPMM 7E55 3 R FpF o RNA ZKF
F AR 235 43 AT » LA R 38060 19 VC & I E . &
BT OsPMM K& DA %% 5% K7 7T LLSE il 7K Fe i
T VC &, APPSR E KR E T
P& OsPMM 3 A 1 3¢ 35 /K F o 1 im /K A Fh -+ 19
VC & EEITZAM,
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Fig. 5. VC content in seeds of transgenic homozygous rice lines.
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VC, 7 2R R Y I & rh ok S B VO, BRI 4 5 7K
FEE) VC & &, XA 3E AR VC AR K B, xF
Fi 4 PMM 3[R B 5 356 R 458 6 % B L 3 5 0 95 A 9
i PMM & A Rk, i DL SUAE Z KK VC
T L R IF i 3538 PMM #RBEHR w5 2 AR 1Y
VC & 7R R g 3k o0k A AR PMM 3
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SR AR S 2K BB X AR R S B Y
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= R i NG A A TR 7S BN o A AR N 1§
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T 7 T ACE TR B A5 5] 1 3 B A 2R At 1]
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SRR AL BT 0 B B L R Al A R R B AR IC L
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