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Folate fortification in crops

JIANG Ling, ZHANG Chun-Yi*
(Biotechnology Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Folates are a group of water-soluble Vitamin B, including tetrahydrofolate (THF) and its derivatives.
Folates are central cofactors in C1 transfer reaction and play important roles in the biosynthesis of DNA, amino
acids, and protein as well as in the methyl cycle, thus being essential for growth and development of animals and

plants. Folates are essential for human health as humans are unable to synthesize folates de novo and have to take
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up from plants and microbes. Folate deficiency is closely associated with increasing risks of diseases and is

prevalent in large population across the world. Enhancement of folates in food crops through biofortification is a

cost-effective strategy to tackle the global problem of folate deficiency in human. This review summarizes the

research achievements of folate metabolism and folate fortification in crops, and sheds light on the trends in

molecular design breeding for crops rich in folates.

Key words: folate metabolism; human health; crops; biofortification

1 MHERR S

1.1 MHENEIERK

PR (folates) 1E N —FuKIEE4EAEZR, ZIUA
iR (tetrahydrofolate, THF) ;2 H 8- 27 AWM LFR,
DRI JHG S5 A7) 7 AT SR P rh i B A4 I 0T i 44 9
BR. WERX MM 0 RAEK MR AR, &
Dﬁﬁﬁﬁiﬁif&%i%ﬁ@ﬁ;ﬁﬁ, NEPEIES SVt VRS ¥ 4
M E ZA B 7 U AR — R R N, S
MRS FHMENE 1) A R 2R 2R G . Lokl
PRI SR A R A R DA R R 2R (1) & i, # DA
M BRAE N .

MEREH 3 A2, A IO IREE RS . N R
IR A 2R . AN [F) A K1 1 — Bl o7 2 4%
FEBEE FE 4> () N° A7, BN 4 R A 1) N £7,
S 2 8 PO D). SRRl b R A A R
BAHARCRT, LR BRI 3 Fhib &5 50 6 i
A TE BRI R B A X L0 PR
5 e, B R R AE SR AR AN 4 A 43 il
BEAT , (HRAER A TR P Je 3 ANANE] () S A 25 )
B ZebidRngnp i . Erd, e it
GAE IR W R 4y A 40 B S AN SR AR R S i AR e
e BLRET, BFERAERERNINEN R, &5
IS 2 B SR G I R ALK A R IR — R R
ARy AL, MNAEAZRBAREMHIR. Hik
PR T EEUZ R AR AL, JFHXM
T S5 —RicAC U R I PR AR 3 28 8 i i 22 1 T
AW WM RION . IR . kR AR AR
AR, - HAEY AT LN ES 523 rhig fio g B,
., 2RAREARHRZ 6N T 5 &8 R
it Kk, 172 /AR BREE M [AAFAE
B, HEARSA G 2 A a2 R R T4
V- BRI KK Y. EEYT, SEREM
KK, S5HEEMRAEEES, mHZR
R 2 TR R I LRSI TP 2R & s 1Y,
AR, TR AN — Bk A A AE S A T
fFHBS 2

Pteridine p-ABA Glutamate
[ 1T 1

(Ol
I

9
CH,—N c— C—CHZ—YCHZ—COOH
» o H
L 4
HoN

Ry R,

Folate species
H H THF
CHO H 5-formyl-THF
H CHO  10-formyl-THF
CH; H  5-methyl-THF
—CHy— 5,10-methylene-THF
=CH- 5,10-methenyl-THF

TRENDS in Plant Science

MRy T 3 A AR WRNE L N R IR H R A AR
M. B RN EM RN RR AR, syt
R AE 58 — R R IR Iy AL W] LLUE E 2 AR RS . A
[F LA K P ) — B B T LU BN (3) N B, iR,
AR IR /NN E . LS AT T — BRI E 28
AP,

Bl BRI F 4

1.2 MERREIFIhEE

MR E Y 2Rt — RS 5 — A
e B N e R B AL AT LU KRN R
BN E RS B DS IR DAHEAS R ) A T X
(PP, R, RPREEPEE) 45, #ig
FAR L —misp i . ZEE WA R, —BRAR U S
iR @R HRAMR. WHEREAM A 7> 7 AR E
D0 R —BRATAEY), AEASTR A B AT A R e
Horp, e B ER G SACHHR R R AT 5- H 5 Y S
PR [F) 2 I R A AL R R IR =R, R B R mT LA
B AL PR OB (AR —— I B R, BT
Z5EAR. DNA K& A R R
Fiah, RS RTEE 10- FEINAM RS, B
Tk Bt 2 5k -tRNA I 5, 10- 1 R DY &0 R 6 A
JBEF R ANZ /R o BEAh,  ANHRASH R R — B 6L s L
R EAE PR R, AT R AR . R
Tt /N3 FE J5EBE B vh Ak T IE  5 AE IT Ok 4 R
BRENMFE ", b, HRGE 2 FHER
R R IMAE, IR DNA H R4 K -F 2 1] &



5834

%W, e AR R 1057

BEAR, KRB WHIURE  REA I PR I 1
TR, B — PR R e s Rz s
R, YRGS S A2 F YA,
2R T SR 1 T R R AL UL SRR A T T
S A R Y R R A e s T 5
bb, WETIT 2 RA RR A N A SR th 2 S RS
AR ™, KRR AR T BOR A
WA A AR A Y, SRR R R DY e R S
Rl (¥ Th B3t 5 BRI 3 A KT BRAI 2

2 MBS AXBREXR

2.1 AFEXHEREIFIR A3

NEB GGG BT EE, R A R & R
G BRI R, 78 73 T B IR R 25 4 I
WEA PN, HE— PR TE TRy 2B IR K K
e B RARIG A Be s B R g . B
K, & IR TE I 240 M o R A e A6 5- R DT A
MR A B 4 3 4 2 MG 38 R G M A H 23R B
1, RIGERNFERIEREZ ERERT KRGS 5 A
RN P RAR B BRAT A A
RN 2 23 I LU0 2 1 i T MR WA
SO, ULBA A TE T SR OK R R R y B R BER
EREEMAEEE TR e, RERESThEREN
AR, AN IR 2QH T LA N SRS i Y,
2.2 ABfMEGERZ IR

BN R T B Z DN 400 ng MR DL 2
AAESI TR HRBAK AR SHEY A
S S LA vy [ 28 o B SR IR, 3 D R A
PERAE R BIRKAE AL A URI SR () RV, 24
= A TR S EUR L AR A E . BIER.
O I A 20 BB 2 P52, AR LF P A3
RS AR, (HH RSN =T R 2 1y
HAEBIEE (400 pg/d) LAR, BRI R R 2 0E ol —
AN A ERVE e B Je) 8. 2011 4F, SERIETII S B L
HHRE 13 ZHTERRBANCERM, 2. £
HERFILEA 2 A B 7 SR A P g
B AMAER RN O S A7 7E, T AR S EsE
AR AR 32 & i Ak E R o L . [/
MR FEEAE G, YA — K R K EAF
e, WRAAMEEEEIEN N E. AR,
gD R R NI, R B = A A
FEMRZA RN 2L 18 v, iR =2 0 25 5 g B
HT, FREVEO AR B TR G 385 2
2T 200 it PH R B I 37 B 3 R i Y LA

I FER MY, o A R IR IR0 B T s
B ZE R, B, 65 %% 74 S ENTY, M
Ji B NFRLA I R K 9 AR T ) 2.2 1%, IR
B Z RN 1.0%, WAL & HE N R ok = KN
28.9%" 5 3 5B VR LA B 0 R R R IR RN B
A EHAER 7.53%, M5 ERKFRE, SRiE
68 11 AU e e vl LB R R R A
dBEo B, B RE LI 1R E TR O A
KB, MR Z Rk X ZHEH TR BE AT A RIE
X B9, Uk, ek, BRI T E B R

MBS B A8 AR 55

3 YR ER & H5E L SR G AN R

3.1 MERRmIEK

TEYD . B R NS W3R B IR 1Y) 32 BRI
SR, RA SRS B R R & B, 1R
TR B P B & BB AR, THRRGH D,
KLk, TEBY s N A s iR sl 2 H iR
Jr R AN R AN 2 [ B AT s B
AT, I EEEAN L& B R 2 5 8N /& DNA H
FA AT AR Ak BT, s 45 i e A B0 e R K
JR R BT IR AR e AR B2, & S 4EE K B,
Be= (9 NBEH B ThRERES B S Ah, XA s
SR AR OOE A T3, Tz 72 5 b X
REMF Jeo PRI, ARV AR5 Ak v] DU S — Rk i
BN, MARZ FURAT A TN 5288, B ER
BAE, HE5HMEFRTHFERL AT Y,
3.2 MEREMSEHISRES

BT BRARUER A T R, BT
WA F B SRE RA BEe SEY P iR & &, &
FEINSR R A AT (R R AR e M DA BT USR]
iR g = B2 e sk R A & O T, AT LA
43 B R B R A RS % GTPCHI AT ADCS
DL Ko B2 G A 2 3 48 HH 1Y) DHF'S 9 22 (R 3% K
3, B R y- BEBEE KRR Y BT
Pl A7 1 BRI N3 B2 5- HEEDU AT iR, [
b, I B v 5- HA R DU AR 1 A B AT DU e
FRf s, (A2, 5- HBEPUE MRS SR R By
S R AR B v M, R B — AR
B PRIk, ERE I ERAR e M T, B AT LA
T B R 4G A B A TS R AR A P T R 1)
AR FE 2 THAS 2 B — 38 R Hh R R 1 R B
TEXG N BRI R 7 TH, AT LA N A ) st g 5 i
fity A2 BE g (38 R A B BT iR s



1058 ERER A=

7%

PR SR LA, 3 ] DLd i 46 g R AR 2R DG i i 45 5k
DR R FL it R S 6 A0 S, 33 Je ek 2 R 3R 5 S A E )
MR A st H IR, R T T AR HROE .
33 EYIMBEREYIR U RIER

TEYI MR 54N 20 HHZBHI P4 T KR 2R,
FEHG N BRA BT TH A R Bk IE . 5 A A O
LR 2 R VR T K FF B I GTP 346 K fif g (GTP
cyclohydrolase I, GCHI, folE). — & M & A Wk B
(DHEFS, folC). &% & pllils (DHPS, folP). M
181 F 14 5 3 7 CaMIV35S, B 35 DR 52 A A 4 SR 90
FIT. I KIA fol E 43 M BR-& A 45 Hh I e 2 &
BN E T 1250 £, WER S BN 2~4 %
JOIC F fol P {13t 31 el % JHE DRI AE 4 v 1y v R 5 4
T 12 45 B 2 RAERAM TR RE, R
18 5 5 2% SIS Y GCHI A ADCS ) g 27 35 14 L 5
PR AT — SR (R M R 2 R 1) i v R L
R 2 B S 2 it v o R IA SRR T LB 1) folE
BRI, fEFEE R GG N T 3~140 %, MRS
EHINT 2459 5idRIEREIF ADCS
FERFAAAL G, FS R 2 b IS 25
5 B SEOKFE R, XA SRR IR R 4 ik 2h BT
B TT I ADCS A GCHI % R 43 591 b iR SU 5 57 vk
JB BT gluBl F1 glb-1 W& I KT, 45 e dk
AT 7K e H i 2 i 4 PR T AL A T A S 6 P A U v 12k
oA B INGE, AFRLR R ER R S T 100 265, B
4 38.3 nmol/g, AT wifHE 5 AT 2 mg (1)
MR, wHEIEE AR HEERAR. K5, ©F
MR PIR ML b R G BOS AR R I sl i i
B DR TROK (R ARTE, P ft FH %) e R R DG 2 IR A2 SRR T
KIGFE W folE, MRS ERRE T 265 4,
U EE I y- A I A K A P U P PR AR 99% I
HoH A BT AR 34%™ . kil o, fE
I S M 25 o (] I e 0 2 2 R P R R 0 S R A
SRR S AR 2 5 B

IR AV SR E A I T — A 3L E
Fo: B YR N R R RS TR, B
WHERS K FLrp A AR R, U S B R R A
PR F ARt R A T AR BT HL R
AP R A S A B BRI B E . I
PR I A G 2 R ) 8 KSR R A R R e AL S
AN R] < A DRI S P YR R AR U 2 el T MR
- PR B R (1 2 SR WA VS K, (EAE KRS W md IR AN
LR, YR R A ORIk R R e S KPR AR
B SR Ak BSOS AL, SR G A — R E )

il e #E ) 7O, A5 00k R T S 1 R 2
el R ARAN K, i DAL AT A xR FY R A e
[ LA 1 12 A — AN BR BB R .

FESG TN RNSOR Y B A =40 73 1 TR AE A SIS
VRS I T T RE B e SR S RS S R IR
YRR & B FEM R A RN LR 4 S i 4R L
W E S T AR A el TH RS
J TFIRS, LA IE W] BEA R A AR P %
Tt FEMESE VR R A S (R R ) ORI
) AT 30 R B4 57 7 0 T e A R 0 T Il e A\ AL e
It e R R W) A X T B AR AL S- VR I DY SRR
TR 45%, EARRSCR AN g 5 R A AR
T R SRS

LR, AEYIH R AW 5 AL AT FT UL A 1
IR & SRR 2%, BARAE AR i b A LM R 1
FRELA AT FE G 45 B 28 5 AT A SR KT (0 A5 A 48
PSR AGR A%, AR DL AR AE RSP0 RS H B
B AT RIS AR TE RS R R AR ) LA R 3 07,

4 LHIBFMRE

N T A ROT AR BR AV SR ALHT 7T, 16 5,
i B AR NIRRT A A R AR K EL R ML Y
TR AT, RGBSR R AR TE R
SR, R A AR X TR AR LB T (R T AT
8. EF KT, PR A R SR e e ]
FER AR B, WAKIE RS miRNA 2 5
FOBHRE 5 EBE SRR AT B, R & R
W2 15 A7 A8 H AL B BRIR A A8 1 » AEAUETKF L
AR I A7 55 3L, MRS AT A I iz .
3 i D[R] 25K A B v A A B R AR W AL Y
R, (R, REBHEEE W2 T3 E
Fhfems, A ScOEYH IR 2 HbR. HIX,
R sE X LA YRR s SR 290, B el
R BT M e 2 DR R B A, 4298 S P A v
AR Z KT BT SE N, 85 & > TAR G B £
il KGO0 R A AL AR SR P N BAT A A AR 2
WHEAT, Fifa /R, SRR aFMEeE. Hh,
T AT DAPRGE 5 B R BEIR (SR ) Mgk 2 A
Ve, FRSIERCRA, BJa R F, BER KATERAA .
[BIAZHEAA . A A AR XA AR B[Rl i
R 2 M AT R G R AR, A A RESEIUE M IR
PRI R e BE ORI R AR SR AL
HER 5 BT AR AR RS, WA R R
AT EMI S sRNAR R B IS5, B0 7K B



gy *=

e S AR IR A

1059

AN FERVR AR 5 4 2 O R R AR A e
AT DX o b T T L1 ] PR KR A st P PR 7 ) i A
AR IARRIITRE, R NI E TR R A
RIS o

(10]

[11]

[12]

[13]

[14]

(& £ X #
Hanson AD, Roje S. One carbon metabolism in higher
plants. Annu Rev Plant Physiol Mol Biol, 2001, 52: 119-
37
Jabrin S, Ravanel S, Gambonnet B, et al. One carbon
metabolism in plants. Regulation of tetrahydrofolate
synthesis during germ ination and seedling development.
Plant Physiol, 2003, 131: 1431-9
Bekaert S, Storozhenko S, Mehrshahi P, et al. Folate
biofortification in food plants. Trends Plant Sci, 2008, 13:
28-35
Shane B. Folylpolyglutamate synthesis and role in the
regulation of one carbon metabolism. Vitam Horm, 1989,
45:263-335
Crosti P, Malerba M, Bianchetti R. Growth-dependent
changes of folate metabolism and biosynthesis in cultured
Daucus carota cells. Plant Sci, 1993, 88: 97-106
Orsomando G, de la Garza RD, Green BJ, et al. Plant
gamma glutamyl hydrolases and folate polyglutamates:
characterization, compartmentation, and co-occurrence in
vacuoles. J Biol Chem, 2005, 280: 28877-84
Wang YN, Imec Z, Ryan TJ, et al. The properties of the
secreted gamma glutamyl hydrolases from H35 hepatoma
cells. Biochim Biophys Acta, 1993, 1164: 227-35
Besson V, Rébeillé F, Neuburger M, et al. Effects of
tetrahydrofolate polyglutamates on the kinetic parameters
of serine hydroxymethyltransferase and glycine
decarboxylase from pea leaf mitochondria. Biochem J,
1993, 292: 425-30
Rébeillé F, Neuburger M, Douce R. Interaction between
glycine decarboxylase, serine hydroxymethyltransferase
and tetrahydrofolate polyglutamates in pea leaf
mitochondria. Biochem J, 1994, 302: 223-8
Ravanel SP, Block MA, Rippert P, et al. Methionine
metabolism in plants: chloroplasts are autonomous for de
novo methionine synthesis and can import
S-adenosylmethionine from the cytosol. J Biol Chem,
2004, 279: 22548-57
Blancquaert D, Storozhenko S, Loizeau K, et al. Folates
and folic acid: from fundamental research toward
sustainable health. Crit Rev Plant Sci, 2010, 29: 14-35
Ames TD, Rodionov DA, Weinberg Z, et al. A eubacterial
riboswitch class that senses the coenzyme tetrahydrofolate.
Chem Biol, 2010, 17: 681-5
Padmanabhan N, Jia D, Geary-Joo C, et al. Mutation in
folate metabolism causes epigenetic instability and
transgenerational effects on development. Cell, 2013, 155:
81-93
Douce R, Bourguignon J, Neuburger M, et al. The glycine
decarboxylase system: a fascinating complex. Trends

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Plant Sci, 2001, 6: 167-76

Jiang L, Liu Y, Sun H, et al. The mitochondrial
folylpolyglutamate synthetase gene is required for
nitrogen utilization during early seedling development in
Arabidopsis. Plant Physiol, 2013, 161: 971-89

Pribat A, Noiriel A, Morse AM, et al. Nonflowering plants
possess a unique folate-dependent phenylalanine
hydroxylase that is localized in chloroplasts. Plant Cell,
2010, 22: 3410-22

Malhotra K, Kim ST, Sancar A. Characterization of a
medium wavelength type DNA photolyase: purification
and properties of photolyase from Bacillus firmus.
Biochemistry, 1994, 33: 8712-8

Van Wilder V, De Brouwer V, Loizeau K, et al. C1
metabolism and chlorophyll synthesis: the Mg-
protoporphyrin IX methyltransferase activity is dependent
on the folate status. New Phytol, 2009, 182: 137-45
Storozhenko S, Navarrete O, Ravanel S, et al. Cytosolic
hydroxymethyldihydropterin pyrophosphokinase/
dihydropteroate synthase from Arabidopsis thaliana: a
specific role in early development and stress response. J
Biol Chem, 2007, 282: 10749-61

Meng H, Jiang L, Xu B, et al. Arabidopsis plastidial
folylpolyglutamate synthetase is required for seed reserve
accumulation and seedling establishment in darkness.
PLoS One, 2014, 9: ¢101905

Blancquaert D, Van Daele J, Storozhenko S, et al. Rice
folate enhancement through metabolic engineering has an
impact on rice seed metabolism, but does not affect the
expression of the endogenous folate biosynthesis genes.
Plant Mol Biol, 2013, 83: 329-49

Tang HM, Liu S, Hill-Skinner S, et al. The maize brown
midrib2 (bm2) gene encodes a methylenetetrahydrofolate
reductase that contributes to lignin accumulation. Plant J,
2014, 77: 380-92

Nazki FH, Sameer AS, Ganaie BA. Folate: metabolism,
genes, polymorphisms and the associated diseases. Gene,
2014, 533: 11-20

Rébeillé F, Ravanel S, Jabrin S, et al. Folates in plants:
biosynthesis, distribution, and enhancement. Physiol
Planta, 2006, 126: 330-42

Seshadri S, Beiser A, Selhub J, et al. Plasma homocysteine
as a risk factor for dementia and Alzheimer's disease. N
Engl J Med, 2002, 346: 476-83

Stanger O. The potential role of homocysteine in
percutaneous coronary interventions (PCI): review of
current evidence and plausibility of action. Cell Mol Biol,
2004, 50: 953-88

Choi SW, Friso S. Interactions between folate and aging
for carcinogenesis. Clin Chem Lab Med, 2005, 43: 1151-7
Rader JI, Schneeman BO. Prevalence of neural tube
defects, folate status, and folate fortification of enriched
cereal-grain products in the United States. Pediatrics,
2006, 117: 1394-9

Bhutta ZA, Salam RA. Global nutrition epidemiology and
trends. Ann Nutr Metab, 2012, 61: 19-27

de Benoist B. Conclusions of a WHO technical



1060

G gEEd

7%

[36]

[38]

[39]

[40]

[43]

[44]

consultation on folate and vitamin B12 deficiencies. Food
Nutr Bull, 2008, 29: S238-44

F 24, A AR TR E TR0 T .
TPAEWFTT, 2004, 33: 774-6

JAE, R, 4w, 2 b ERE AL E8104 2 E A
T M I R FR R0 B FL X 22 R Ay . P AR AT
2Jkik, 2012, 33: 360-3

G, R SESEHR I, FHAME, S5 ORSEEE £234
B4 TR S RS TR S R K 5 B e OR R I
WHFE. BB Rl K224, 2011, 34: 429-31

FH T, XUThtk, M, &5, REETT171054 ) LEMIRE TR
WAL E. i [ELEE R4 35, 2008, 16: 310-1

Lorenzo DB, Alessandra L, Elisabeth RG, et al.
International retrospective cohort study of neural tube
defects in relation to folic acid recommendations are the
recommendations working? BMJ, 2005, 330: 571-3

Bae S, Ulrich CM, Bailey LB, et al. Impact of folic acid
fortification on global DNA methylation and one-carbon
biomarkers in the Women's Health Initiative Observational
Study cohort. Epigenetics, 2014, 9: 396-403

Badiga S, Johanning GL, Macaluso M, et al. A lower
degree of PBMC L1 methylation in women with lower folate
status may explain the MTHFR C677T polymorphism
associated higher risk of CIN in the US post folic acid
fortification era. PLoS One, 2014, 9: €110093

Cole BF, Baron JA, Sandler RS, et al. Folic acid for the
prevention of colorectal adenomas: A randomized clinical
trial. J Am Med Assoc, 2007, 297: 2351-9

Figueiredo JC, Grau MV, Haile RW, et al. Folic acid and
risk of prostate cancer: results from a randomized clinical
trial. J Natl Cancer Inst, 2009, 101: 432-5

Moore EM, Ames D, Mander AG, et al. Among vitamin
B12 deficient older people, high folate levels are
associated with worse cognitive function: combined data
from three cohorts. J Alzheimers Dis, 2014, 39: 661-8
Datta S, Bouis HE. Application of biotechnology to
improving the nutritional quality of rice. Food Nutr Bull,
2000, 21: 451-6

Gregory JF, Quinlivan EP, Davis SR. Integrating the issues
of folate bioavailability, intake and metabolism in the era
of fortification. Trends Food Sci Technol, 2005, 16: 229-
40

Hossain T, Rosenberg I, Selhub J, et al. Enhancement of
folates in plants through metabolic engineering. Proc Nat
Acad Sci USA, 2004, 101: 5158-63

BV AT, Bovy A, U /N, FUERIBANTE —E R 5
ity i DR 42 v DL B A R R AT . A AR, 2006,
32: 164-8

[45]

[55]

[56]

de la Garza RD, Quinlivan EP, Klaus SM, et al. Folate
biofortification in tomatoes by engineering the p teridine
branch of folates synthesis. Proc Natl Acad Sci USA,
2004, 101: 13720-5

de la Garza RD, Gregory III JF, Hanson AD. Folate
biofortification of tomato fruit. Proc Natl Acad Sci USA,
2007, 104: 4218-22

Storozhenko S, De Brouwer V, Volckaert M, et al. Folate
fortification of rice by metabolic engineering. Nat
Biotechnol, 2007, 25: 1277-9

Nagqi S, Zhu C, Farre F, et al. Transgenic multivitamin in
corn through biofortification of endosperm with three
vitamins representing three distinct metabolic pathways.
Proc Natl Acad Sci USA, 2009, 106: 7762-7

Akhtar TA, Orsomando G, Mchrshahi P, et al. A central
role for gamma-glutamyl hydrolases in plant folate
homeostasis. Plant J, 2010, 64: 256-66

Blancquaert D, Storozhenko S, Van Daele J, et al.
Enhancing pterin and para-aminobenzoate content is not
sufficient to successfully biofortify potato tubers and
Arabidopsis thaliana plants with folate. ] Exp Bot, 2013,
64: 3899-909

Goyer A, Collakova E, de la Garza RD, et al. 5-
Formyltetrahydrofolate is an inhibitory but well tolerated
metabolite in Arabidopsis leaves. J Biol Chem, 2005, 280:
26137-42

Picciano MF, West SG, Ruch AL, et al. Effect of cow m
ilk on food folate bioavailability in young women. Am J
Clin Nutr, 2004, 80: 1565-9

JEME, RGE T, 227k, 55, 1 FIK RN IE JFHFPTR 1 5 [l {2
BERPIH IR & BT T, E AL R TR, 2012, 14
49-56

Waller JC, Akhtar TA, Lara-Nunez A, et al. Developmental
and feedforward control of the expression of folate
biosynthesis genes in tomato fruit. Mol Plant, 2010, 3: 66-
77

Noiriel A, Naponelli V, Gregory III JF, et al. Pterin and
folate salvage: plants and Escherichia coli lack capacity to
reduce oxidized pterins. Plant Physiol, 2007, 143: 1101-9
Brown GM, Weisman RA, Molnar DA. Biosynthesis of
folic acid. I. Substrate and cofactor requirements for
enzymatic synthesis by cell-free extracts of Escherichia
coli. ] Biol Chem, 1961, 236: 2534-43

Hanson AD, Gregory JF 3rd. Folate biosynthesis, turnover,
and transport in plants. Annu Rev Plant Biol, 2011, 62:
105-25

WANH, TR, B, & AEMERES ST EM.
FEAIE A% BEUE 2441, 2010, 11: 364-8



