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Cloning and expression analysis of the maize ferredoxin gene Zm Fdx5

under stress conditions
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(1. Department of Agronomy, Henan University of Science and Technology, Luoyang, Henan 471023, China; 2. School
of Economics & Management, Xidian University, Xi’an, Shaanxi 710071, China)

Abstract: To investigate the structural characteristics of the ferredoxin-encoding gene ZmFdx5 in tropical maize(Zea
mays L.) and elucidate its functional role in abiotic stress responses, the ZmFdx5 gene was successfully cloned from the
tropical maize inbred line CML288. Comprehensive bioinformatics analysis and phylogenetic reconstruction were
performed to characterize the ZmFdx5 protein, while its expression patterns under drought and salt stress conditions were
systematically examined. The results showed that the ZmFdx5 gene comprised a 585 bp open reading frame encoding a
polypeptide of 194 amino acids. The deduced ZmFdx5 protein contained a conserved fer2 superfamily domain and was
characterized as a hydrophilic, unstable protein that lacks both a signal peptide and transmembrane domains. The protein
was predominantly composed of random coils and a-helices. The ZmFdx5 protein may functionally interact with proteins
including NAR1 and ferredoxin-thioredoxin reductase(FTRC). ZmFdx5 was located within the photosynthetic ferredoxin
group, further supporting its classification as a photosynthetic-type ferredoxin in maize. Furthermore, ZmFdx5 exhibited
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a closer phylogenetic relationship with C4 monocot species such as sorghum and switchgrass. ZmFdx5 was

predominantly expressed in leaf tissues and demonstrated significant responsiveness to both drought and salinity stress

conditions.

Keywords: maize; ZmFdx5; gene cloning; expression pattern; adversity stress
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Fig.3 Sequence alignment of Fd proteins family members in maize
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Fig.4 Bioinformatics analysis result of ZmFdx5 protein
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Fig. 6 Phylogenetic tree of Fd protein in maize, rice and Arabidopsis
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Fig. 7 Phylogenetic tree of ZmFdx5 homologous proteins
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Fig. 8 Relative expression level of ZmFdx5 gene in different tissues
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EAE & 25 5(P<0.05), HAE12 hitt THRARKF . 76
RO ALBET , ZmEdx SAHXT 2 1A 1 A R[] () i K
LR [T, ZmFdx SR 3G EAE12 h
I F KA, 6. 24, 48 hikf HoAHN} FKiA R LR
FAAk, HEXFREO hyMH 255 52 (P<0.05). X}
[ —Bpfi] . AN [ R] fA X ek b o0 #r, 45
REM, 766 hibWNabBETR, ZmFdxSELRAINT %R
ESX AN ZERARE, HET7EI2, 24, 48 h
ER B AT 5L E R ZmFdxe S BRI ik 51
R T BEZH (CK)AY(P<0.05), LA EBIFFT4s FL3eh
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Fig. 9 Expression pattern analysis of Zm Fdx5 gene
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3 Tig
3.1 ZmFdx5AHXARIFIEH

BRAUR I L (FAEE IDME Bk, TE4Y)
NS5 ZRRFE N o AR FAAY A A J5 HL 4N
Uige2E 5 R A e AR A A B (R ) . 5
A RIFAEL, JEARIFdAY A LA R RS,
FEAETHYDCEHA ), S6E BIFEILPSI
B A T, R e LSS T i S PR SEY
fitf, 25 . JEEARIFdRY AR )i H A4
W, FEAAAETHEPAEA AL W), RAEEA
B [1-NADP* & 5 fiff (ENR) A NADPH( 34 Jit 70 ff
B T, AEEATEd MR RIFNRAENCR T,
PR T8 SR FAR R 2 5 AL B 418U
vl iFuy s

T W EOKFAxSHEA R, XK, KAS
AR I I FAE T T R G L BT, 45REK
B, ZmFdx55 £ KHAYZmFdx1, ZmFdx2, #IR§IT
FRYALFdL . AtFd2DL SOKAE 1 OsFA1 REETEL S
RIFAZH, D, #HEMZmPdx5A] GE2 F kP re 4
RIFd, BT AR R, S RIFdEEAEM i h Rk,
BN, EREEIT LA RIFdL SFd2 FEAEM F
kRO KRN A IR 1A dfih B Rl OsFd 1) 5%
KA A AL e, HIFEEN hRk, 7
HABTR A Y Pk B AR, OsFdC2AEM . M . %)
FEFIZE P 20k, (BAEM Frrh iy ek &t A
WE PRIk R, OsFdC2FEK K B2 N OsFdI 1Y
15%27), OsFd4tEdE e ks, H
FEAAEKFEMRFRRE, e A AR i R R

RO7, FOKRFAIMFd232565%, FEAET R
B, qQRT-PCRIRIGEE LT, ZmFdx5HE N T2
MR Rk, L RAE T ZmFdxSE A E K H
JBFHAEFAEN.

3.2 ZmFdx5E{EZEBM

B EAEYIRN R R LR AR, 1T
ZE AT E S HME A RS FERE S, @
12 U EAE R FEI A T RECS, 3l A X FdxSEE 111
HAEMZE I TN B, I A T RE S NARTE A
(AOAIDG6LACO), #kffi AL H LS EH(FTRC), £k
A TE 1A (AOA ID6QNRS) | SE R GRS 0>
TV HEEII(PsaF/AOA096RAVO) . YeZRGEI i e 7 Ji:
I(PsaB/B4FAW3 MAIZE) , Yt R G b 0 1 5
IV-A(PsaE/B6THS55 MAIZE)% 8 AAEEAERR
NARIEE 15 A 8 (Fe-S)iE, fEMIBIE A TRES
FAEFAAE AR, TEOCATER . A 0IR S5 R  FkE
PRI ZH e PR 25 T A B E Y, FTRCHFdZ
(B 9 A 32 ) AR SC . ZERATERIIDE
KOV B, PSU™AE Rl FAfZB 45 FTRC, P
FH FTRCA% 38 45 Trx sl HoAth 75 22 L (19 32 1A B0), 33X —
I AEGA VR R R R s A oG B G S 2D
B — AWF5EEM, ZmFdl1 5ZmFTRAL, ZmFd2
HZmFTRBEA BAERR, RUIFAE S Tk
HAMBEAERRY, Fd7id i F4bid iR A 4R M e
(Synechocystis sp.)PCC6803 LA 12 4 Ak S A0 15 [y
1B R YRR EEAE B, SE RGN PO
FRPSIIAZ 4y, RE M TORCRER L ik
fg, JFAR A SR A 2 B A i 6 3R cof% i 2]
FdB2, Fif AGE 2 PR 2581 A 3, ZmFdC2 5 PSI
JZ N H U V. 2 ZmPsaD2 il ZmPsaC 7 76 A B AF
FHR2 RWDE R GELSON H U I BEFE A4 g ot
P ZEARRENE . Rl FE B LR S HAE R R &
YA AR v R BRI, OsFd4rT LI H
2 5O0sFdUAHEAEH], mibROsFd45: R 2xF:3OsFdl
Tk B, R OsFd45 OsFd 1L [ JE K R xt
psa g s 07, KRG Bk gl AT A, ZmFdx53E A
AlREAEE AR A Lk e RAEEER, H
ZmFdx58 A Be 5 A E LB - A 5AE,

MY CEER U A RK LT

3.3 FdERZS5HEMHEmN
B AA B L (FA SR )2 R R SCIRFR L 40 i Y
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2025 4 10 H

ROS/KF- ¥ SCHERE 11, ARAEYMNa 2 28U
PIEPEARROS) LR, Mgl e A EH . IF
WA FHAE AR R, B A 0 240 B 1 6 2 3
fiE, RN N EAIE IR A I R A4, 3 A
AR MR I RTEE, ISk S R
FIRERIRAKOT o AR, ORI Bk AR 8 A
DRI A B, AN AL RIS ) ik S 2 1 R 32 S e
sz, HFGAB A AR B3), CECCOLIZERY
$4 157 (Cyanobacteria)F B pAnFdFEH 5 AR E 5
K IAE T 2 F AR, pAnFddE N Rk %
FEAK. 7E3C0 2%(Oncidium hybridum)", [ s (8]
PIIEAS , OnFdEDRAE B EEER an F T2 a2
PFRISEE FIHER, MHAEIAA, SA. ABAZH
EUOE: OIS )| N O < L
LEHTIMAKIZSCI 5 & B, 76T 5-hia T IR v
FdRE R GO R 2 St KT RRAIS R Fd IR Y 3%
IR TR . LIUSEBOH I S Gom B N U T Fal ik
BT TIF9E, RIAFdIFER 5K EAE
48 Wi 2 FIHE S TR, MAFd2 5L kK
PR B, O R SE Ak
FLTE VIR BE R ZmFd 1 5 ZmFd2 DL Je AR 64 B ek
A g S 5L N ZmFd3 . ZmFd4 5 ZmFavi .
ZmFdIMZmFd2FZAEMth Rk, mmRoGr 20,
ZmFd3, ZmFd4. ZmFdVIFSAeRh3kis, Hi,
ZmFdVDERAERSTRER A T (135 i 2 FAI%, 1
TESCHBRIE N, ZmFdVDERAEM: F A AR G075
S0, HET, A 5 ZmFdx 55D R 330358 30 i
R R, ASSOAEE 5y A B R ba AT
Joip36 DL B AN [ Ak RS (8] R 114 Zm Fbe 5 356 PR i) & 18 45
KT, KB ZmF dx SH A EER Waa A+ e
TFRE R BEK, SpAnFd, OnFd. AtFd2.
ZmFdVIFEHE R Aema R s e T i RaAs i i —2,
XRINZILH S5 FORXHEHEAERa N, ik
B RPN TERAL T 2% A0 2 Ar F A 4R
iR iE A0 S0 R W ZmFdx SFER A THTSE , R 5
N5 A aE 254, JCik B Zm P dx 53R ik 5
JESREE R OC R, MELLARE FLmm N B(E . S SRR
RImFdxSIEHEATF ARG B AR L AN ]
Joip 36 5 B A SR TN B RIRAE OL, DAETR ARG
ZmFdx5HE R b i 4B

4 ZEp

AW Tk A 58 & CML288 H o [ H
ZmFdx5HEMH , KI5 11585 bpry ik
BEHE, JEOnA 1942 AR, HA R IR 45
W, ANEEER, TESHK; ZmFdxSE TR AEK
HAREEN, BTOLEMKELEN, WS
NARI1ZE FH (AOAIDG6LACO) . 4k fii S d & i i i
(FTRC) ., B H A R EFH AOA1D6QNRSE) LA K
ARG ORI, 11, IV-AZE8E A A EAE
Mo FKRZmFdeSEER FEAEM Frh ik, HAEERM
TE T 5 P00 A5 4T 0K f AR S T 0 A2 B i
FEAIK
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