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Abstract: FIT (FER-LIKE IRON DEFICIENCY-INDUCED TRANSCRIPTION FACTOR) is a key regulator of Fe
homeostasis in Arabidopsis, which is upregulated under Fe deficiency condition, however, the underlying regulatory
mechanism is still unclear. In this study, the single and dual overexpression plants of A. thaliana bHLH38 and FIT, as
well as the bHLH Ib quadruple mutant plants, were used as research materials, and Fe deficiency test and quantitative
RT-PCR were used to analyze the change of FIT transcription level from the perspective of RT-RNA. The results were as
follows: (1) Under Fe sufficient condition, the transcription level of FIT significantly increased in the bHLH38
overexpression plants compared with in the wild type plants. (2) The transcription of FIT did not respond to Fe
deficiency in the bHLH Ib quadruple mutant plant. (3) The overexpression of FIT could not activate the transcription of
native FIT, and the dual overexpression of FIT and bHLH38 promoted the transcription of native FIT under Fe sufficient
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conditions. (4) There was no significant difference for the expression of FIT between the transgenic or mutant plants and

wild type plants under Fe deficiency condition. Taken together, these data suggest that bHLH Ib transcription factors are

necessary, but not sufficient, for the upregulation of FIT by Fe deficiency. The results of this study provide new insights

into the various ways that plants work together to maintain Fe homeostasis.
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BEEYAERKKENREREMETRZ —, EFE
R Z MBI 2 S OCEVE IR AE
SRR A Y B A DL AR A
B A B LA iy B ( Balk & Schaedler, 2014) . #k0&
SRS TR IT R, b FALIE Ve, A 2 Bl tE
YR, A6 pH %5 & A9 5 b 260 R 2R AR
(Guerinot & Yi, 1994) . AHYIHER H F T BT
AR e R K ] 2 2 8 A T AR 40 0 N 28 40 UK 1Y
HEREEORIE MY Bk 235 e NS e, MYl
TN AR BUR % Bk, & R B AP AN [R] 1Y)
WO, B AE AR ASRHE P (%) S w1 R A B
B3 % 1T ( Romheld & Marschner, 1986; Grillet &
Schmidt, 2019) . HBEAAE Y0 I 2R Y S0 1 £
fE YR AL Fe™ 3R Fe™ AL 3 B,
AR IT AR PR - SRR 1k =% AHA2 58 i ( Santi &
Schmidt, 2009) , ZJ5 Fe’* @£k ik JF A AL 2 (ferric
reduction oxidase 2, FRO2) if J5. & Fe®* ( Robinson et
al., 1999) , &z J&5 2k 8 5 %% 38 1K 1 (iron-regulated
transporter 1, IRT1) %% iz #F # 20 Jffd ( Varotto et al.,
2002; Vert et al., 2002), KA B} 9 an ok
( Hordeum wvulgare) . £ K ( Zea mays) F1/KFF ( Oryza
sativa ) T] LL43 WA 181 55 F1 7 B9 22 MR R (B FR M AEL W) Bk
HAR) Sk HHE A Fe™ (Walker & Connolly, 2008;
Morrissey & Guerinot, 2009) , iT4F kA5 01,
A I W BE 4 W 2k 2 & W ( Rodriguez-Celma &
Schmidt, 2013; Fourcroy et al., 2014; Schmid et al.,
2014 ; Siwinska et al., 2018; Tsai et al., 2018)

FIT 250 1 HLH i — A SR 4 N 7 =
EETER 2 FHUIRTL FI FRO2 357K -1 B A AN
FUEH ) B RE AR ( Vert et al., 2002; Colangelo &
Guerinot, 2004 ; Jakoby et al., 2004; Yuan et al.,
2005) ., FIT 5 bHLH Ib W % % (9 140 4 5 5
( bHLH38 ,bHLH39 . bHLH100 F1 bHLH101) #d H.
V8 FH 8 2 B 26 0 7 ( Yuan et al., 2008; Wang et
al., 2013) . X DU FE R AR 52 3] ol B 2% 1R B9 5 5
HEMMEAIRETTAR (Wang et al., 2013), FIT
W& Z P YSRGS Al N {55 5 k(5 5
B R ixal, flhn, FIT A EE2Z3 o
i fl—A LA (NO) B9 15 ( Garcia et al., 20103
Lingam et al., 2011; Meiser et al., 2011) , Z/f5

o B o W % St ¥ EIN3 ( ETHYLENE
INSENSITIVE 3 ) il EIL1 ( ETHYLENE
INSENSITIVE 3-LIKE1) 5 FIT HAE , 33458 HAA &
P ( Lingam et al., 2011) . NO REH0 | FIT & 1 K%
fife A HE FLAE Bk 25 18 R AR E (Meiser et al.,
2011), Wk 4+, NO i if GRF11 ( GENERAL
REGULATORY FACTOR 11) #8735 FIT %% 5% ( Yang
et al., 2013) . 2R%F 2 & Gk S W 1 5 — > IE
2, DELLA & R0 o 85 2 A5 5 30 2K 1 1700
R, 5 FIT & A EAE I FIT & A2 fe
(Wild et al., 2016) , 5340, KATER#E 115 S bHLH
IVa W % J% 3 A ( bBHLH18 . bHLH19 | bHLH20 Fll
bHLH25 ) )33k T 8 Sk s g, Ho™= ) 5 FIT AH
HAEHIFEHE FIT B9 A% ( Matsuoka et al., 2014;
Cui et al., 2018) , FIT {F Ry k4 ma 1y {5 5 H i 56
B R, S 2 B s T, Lei 5§
(2020) FWFFE 2B, bHLH121 P 3480 15 FIT ()5
g, IR IE S R B R

FIT VENEAREAG 5 i — A B 1
7 B 5 et 37 B gk R s R . AT Bt
8 W, FIT A1 bHLH Ib A] DA 5% W FIT B %5 5%
(Wang et al., 2007; Naranjo-Arcos et al., 2017),
eI JE s FIT £ AR AN LS At
¥ 5 547E bHLH b i 5 bHLH38 K FIT %5 5% A
TXF FIT i s KF B 45 480 bHLH38 3 3Rk &
AT LAV FIT 0% 5%, 7€ bHLH 1b 1) Y 28 48 {4
TP FIT 5% 5% 20 fa2 S k5 5 FIT o AT
TG IR FIT W5 5%, DL S bHLH38 1 FIT /)3
1 R IR W50 FIT (355,

1 AkE 77 %
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B P BRI 44 8 Columbia-0 A= A, #%
PR A7 70% W5 K512 10 15 min, 2 J5 H 2818
KIEHRZED 3R, FRFE7ER R L4 CHRIE
2 d BB A FE AT H 3% (22 °C R 16 h/ 7RG 8
h) ., +Fe 3535 5L 1) 1/2MS 5535 5L (1% FERE 0.7%
BifE A.0.1 mmol - L Fe( I )-EDTA ,pH 5.8) ;-Fe
R 3k BV LRG3 i B 7 AN Fe (11 ) -EDTA
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DIA, 5 R M +Fe BEFR 5 —FE L 8 SCh T
[ FIT 3 Rk ok A v BB B s A8 & 8 Fot
FF R 2 E W95 41 (Cui et al., 2018)
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G, B H TR pOCA30 MUCF B b, FHE
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Me B 7 d %I, 53 58 B+ Fe Fll-Fe 1 FL AR
AR 3 d, ZE 0 EAR W AR . FIH Trizol
IR AR UM BB A A RNA, R B Rk &
(TaKaRa) I oligo(dT) ,, 51 ¥ S 5% i cDNA i H]
SYBR Premix Ex Taq'" kit( TaKaRa) % & RT-PCR
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5 180 B+Fe b b 5 804{m-re
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® 2 1007 RE
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EZ 40 E.Z 304
S 401 = 20-
o~ 204 & 10
0 : T 0-
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{57 & 7F Roche Light Cycler 480 real-time PCR ¥
r LA AR, o ACT2 HIfEN S

2 HR 54

2.1 bHLH38 3 RiXR# T FIT FE Mk (+Fe) 55
HTHFRE

6P bHLH38 1E°5 bHLH Ib % 5% H T 1yt 3%
JFREMFSE ., IRT1 F1 FRO2 J2& FIT Fl bHLH Ib #% 5%
PR B 3 TR, A2 BBk S R s S, AERTTIY
SIS B IRT1 A FRO2 % FHAE BH 1 Marker 5 [H
BATH ZE 7 RT-PCR Kz T Sl gk mi i & K IRT1
FRO2 M FIT {33k, P 1 45 R F W FE+Fe 1500
N IRT1 .FRO2 ! FIT {£ bHLH38 i F ik M ¥ F 1Y
XA R E S T ENFE WT H i K T AE
—FelB5WL T, EA17E bHLH38 it 548 Wy v i) 3 3k
WAL F B AR T AE WT Hh 7K

FRO2 ° - FIT
b b i.% 37m+ke b b
B K5 2.0
X2
2 1.5
Eg 1.0
=
© 0.5
~
0_
b380e-2  b38oe-3 WT b38oe-2  b38o0e-3
FF A Genotype FEFE A Genotype

WT. B/ 75 5380e-2 Fil b38oe-3 /R PI AL 1Y DHLH38 JLFIAMRR . Bl 3 WEMF BRIV IIE; /NG TR R +Fe & 1F T 22
S, KRG TR R-Fe R MF T 2257 B#H (ANOVA, P<0.01), T,
WT. Wild type; 6380e-2 and b38oe-3 represent two independent bHIH38 overexpression lines. Data represent x+s (n=3) ; Different letters (uppercase

letters for —Fe, lowercase letters for +Fe) above each bar indicate statistically significant differences (ANOVA, P<0.01). The same below.
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Fig. 1
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(-Fe)F=

X} bHLH Ib ) P4 58 48 {& bhlhdx-1 F1 bhihdx-2
AT R AL B ( Cai et al., 2021) , Jf38 i % & RT-
PCR #:l IRT1 FRO2 F1 FIT )35, K2 455 3%
M fE +Fe 15 % K, IRT1 Fl FRO2 7E bhih4x-1 Fl
bhlhdx-2 ) FRIK K3 W AR T B4 WT
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X FIT 35 32 25 8 9 336 47 ke 42k Ak 385 ) FH e o

Expression of IRT1, FRO2 and FIT in the bHLH38 overexpression plants
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VAL PR FIT W3R 557K SEFE FIT o 3 35 485 9 fl
WT 9y 35 T e 2% 25 5%
2.4 7E+Fe %1 T bHLH38 0 FIT H Wit %% 18
# T WiR FIT #3Em

ey W% bBHLH38 F1 FIT ) At 26 3k 4 )
ATk Bk b 3, 538 i & 5 RT-PCR & W IRT1 |
FRO2 Ul Je MR FIT W% sk A8 4k, 1 4 245 1 3k
WY, 7E +Fe Fl—Fe IGO0 T, Wt Rk MY



402 U0 MW 43 %
T; 160n - IRT1 . T; 80 B FRO2 — T; 2.5 s FIT S
21404 m-Fe =2 70- B-Fe =2

B8 120- %8 604 ¥ 8 207
%2 %2 %2
3 & 1004 3 g 501 3 2 1.5
R 801 ®E 40- ® &
Bo 60 g 30 & o 1.0
= 404 = 204 =
& 20 & 104 2"
0- b T z A T = A 1 O- b T ii T Z A ()-l
WT bhlhdx-1  bhlh4x-2 WT bhih4x-1  bhlh4x-2 WT bhlh4x-1  bhihdx-2
FH A Genotype FH Y Genotype FH A Genotype
WT. AR, bhihdx-1 T bhihdx-2 F/R AT Y bHLH Th DU A5 1A,
WT. Wild type; bhlh4x-1 and bhlh4x-2 represent two independent bHLH Ib quadruple mutants.
2 IRT1.FRO2 0 FIT M REGEY P HIRIEER
Fig. 2 Expression of IRT1, FRO2 and FIT in the bhlh4x mutant plants
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Fig. 3 Expression of IRT1, FRO2 and native FIT in the FIT overexpression plants
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Fig. 4 Expression of IRT1, FRO2 and native FIT in the dual overexpression plants

IRT1 Fl FRO2 W) ik K FE & T WT i) £k

K, AR FERSIT T, X R A AP B IR FIT K

3

A +Felf A 5T WT, M fE-Fe Bf 5 WT 1)

IR AHIE

FE P& Genotype

Wit 5 &k

BB KT P b T 1 —Fh T BROT R T



2 1] MR s 45 . IEEIF bHLH Ib &% 5% P FIR¥E FIT (5 5 403

R AR P RO T 4G pH (EL, 7ERRYE +
bRk LA 708 SAEAE BAR Y A, (B B
Tk R UAE N AR S EE, B THEY
5 A KTk s, 7 Bl e 1 3 v A= K A
AT G, g3 Kk, Y e %
AL T — SEREIR A AL R A N Rk A B L A ) e
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IRT1 F1 FRO2 14315 ( Schwarz & Bauer, 2020)
B2 FIT H B 5% 5032 2 5k 1915 S ( Colangelo
& Guerinot, 2004) . 7% FIT 1EEER AT Qnaf gk
TG B RS SR 5T AT — AU

it 238 bHLH b 3 2% (%) % 51 bHLH39 7] LA
TE+Fe 1500 T #0& FIT 3235 ( Naranjo-Arcos et al.
2017) , %W bHLH39 7F +Fe & 1F T IE ¥ FIT 1y
Fik, AT 7 bHLH Ib 5% — 4 i 7
bHLH38 Wit Tkl , & BL FIT W) 3235 Ha I
FHAE bHLH39 i F AW 9% i, X i B bHLH
Ib RGO Z M TRETCAY . TSR DI RE T
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b SRR SR A | = 58 AR A 3 IR R A ik R A
(Sivitz et al., 2012; Wang et al., 2013; Maurer et
al., 2014 ) , 17} PU 2 A8 (4 ) & B0 H 5 20 1) dfe 42k i R
(Cai et al., 2021) , AWFF LI, MUK G FIT
1) F R K TE +Fe B IA 1 2 A8 Mk (HFE-Fe B I
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Sit AR FIT ()3 80 F 6 PR B E LT WT
TR K (Wang et al., 2007) , B FIT Xf T H A
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L IRT1 F1 FRO2 B) 435 ( Yuan et al., 2018;
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( Naranjo-Arcos et al., 2017) , X 1581 bHLH39 3%
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