S 55 0k A7, 2018, 24(5): 1365-1377 doi: 10.11674/zwyf.17422
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

AR DL SRER I8 B ST A SR B R

RYEIR, LB RRT, TA 4E
(DL AR /28 5 R 5 Rl R TR A S0, B b 712100 )

W PR E K AT R I d M E SR iR . BAR BEp B FREAR S, (EIHAEY A AR AR, 4551
SETERRIE AT RE L B, pH ORI BERRTR £h A i R T LR BRI R o DRI e A S 4R s A A X
BB A5 R 0 AR 0 R A B8 7 1y F R U I e R o AR SCHE A DR T AL A P RS [ )
WEMSRILR] , KX Ak Joip 30 F) 10 25 S I 5 %) G I B AL ) b S e R 30 ) A DG BE PRLJEA T T A T AR 250
LA A AT WE LI P T S i) NRAMP JED] 5 [ 48 T RO kB Z AR Z RS 5, AR HPITR |
AR50 1 I microRNAs 555 HtAh, b4 I A FHER OO G RE D 2 il RIS G D] 7 LA B 45 e 28
FEIGE ) S TR B w2 AL R ) H 0 A S8 T A S e A SRR I3 o 5 R RS AT SR AR e bIL  kishe Z IRV A
KA R E SRR AR SIS AR TR R

KB A ARRRBLE; BRERME; BRUOICEEIN; BUERIENIE 55 BRETR

Molecular physiological mechanism and regulation of plant responses
to iron deficiency stress

ZHANG Ni-na, SHANGGUAN Zhou-ping", CHEN Juan”
( Northwest A&F University/State Key Laboratory of Soil Erosion and Dryland Farming
on the Loess Plateau, Yangling, Shaanxi 712100, China )

Abstract: Iron is an essential micronutrient for plant growth and development. Although iron is abundant in
soil, its bioavailability is very low, especially in alkaline calcareous soils, where high pH and high bicarbonate
levels severely reduce the availability of iron in the soil. Therefore, it has become a hot topic in this field that
how to effectively improve the plant’s utilization efficiency of iron and enhance the plant’s response to iron
deficiency. This article focused on two different iron uptake mechanisms in plants and reaction of plants in
response to iron deficiency stress, and reviewed the presently discovered genes involved in the regulation of
iron deficiency in plants and elaborated the newly discovered NRAMP genes related to phagocytosis mechanism.
The paper also introduced a number of related signals induced by iron deficiency, including plant hormones, gas
signaling molecules and microRNAs, in addition, many approaches to improve the bioavailability of iron in plants
and thus effectively alleviate iron deficiency stress were also proposed, including the transduction of genes related
to iron absorption, the control of factors related to iron uptake, and the implementation of various agronomic
measures. Finally, the article made a preliminary prospect on the future research directions of plant phagocytosis
mechanism, iron deficiency induction signal and new ways to improve plant iron nutrition.
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B3R (phytosiderophore, PS) 7EAEMIAN & UG, &
BURVE T E S5 EIRER . ARBRIERE & BB (nicotinic
amide synthetase, NAS) . X0l Bk e 2 38 5% % il
(nicotinic amide aminotransferase, NAAT) F1 XUl & 27
MR B (double deoxymagenate synthetase, DMAs)
SRV SRR A& A B, BF 5T R I
PR R A2 ARl S- MR W i 2 M2 (S-adenosyl
methionine, SAM) 2833 iX L (1Y) — 2 51 B AL S V&
&, FH-4 TOMI(transporter of mugineic acid family



54

SRUBIE, 25 AR BRI ) 731 A BRI S A

1367

[ Y

Bl 1 IR 1 1E0AR Z SR IR UARE Pl Rz BR $X BB BOAE R #1328

Fig. 1 Mechanisms of iron absorption and response to iron deficiency in strategy [ plant roots
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Fig. 2 Mechanisms of iron absorption and response to iron deficiency in strategy I plant roots
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Table 1 Major genes responsible for plant iron deficiency
BRI LER FEH e ) HHHE]
Fe absorption mechanism Gene Function Plant Related gene
B T (AT FEAERA HA  5ri H DARRAEAR PR IR S I N0 HA2, HA7
BLELTF- I YD) Secretion of H' to acidify the Arabidopsis, Malus xiaojinensis
Mechanism [ (mainly consisting of rhizosphere
dicotyledonous and non-Gramineae  rpo % Fe3 B JEU Fe* WIEFE . B BT . BN, MAEENL2283639  FROJ-3
monocotyledonous plants) Reducing Fe’* to Fe?* Arabidopsis, Peanut, Cucumber, Tobacco
IRT K Fe e S 4P PARITT , HIU23031 40410 IRTI-3
Transport Fe?* into cells Arabidopsis, Cucumber
PLEE I (FZNRABIAEY)) NAS  HHTSIE N 5 n KA AKAgN 3 NASI-7
Mechanism II Nicotinamide synthase Barley, Rice
(mainly gramineous plants) NAAT  HERE N HEA L T i % KERG . /hEEB2 NAATA-D
Nicotinamide aminotransferase Barley, Rice, Wheat
IDS R U KA IDSI-7
Methanoate synthase Barley
APRT IRV IR AW e R Tl P APRT
Adenine phosphoribosyl transferase Barley
FDH WA KA FDH
Formate dehydrogenase Barley
ADH TN AR KA 2 ADH
Alcohol dehydrogenase Barley
YSL  Fe (1) -PS H%%iz TKAF7-19, 47-48) YS1/YSLI-18
Transport of Fe(III)-PS Rice
TR NRAMP Fe*1)45iz ARIT . KFE, K202 5155 NRAMPI-5
Phagocytosis mechanism Transport of Fe?* Arabidopsis, Rice, Soybean
EIN  ZJf5 B0 H sy AR EIN2

The core component of ethylene

information transduction

Arabidopsis

B 2S5 3G AE IR . §k IRTI
DIReny o848 bk, A 0Nk, sk s b 5 i
B, ARk EWAZEHERG . AR ER
AP AR I T e BRI R R IRTL, {HBE
& IRT2 M IRT3 [WiZ K, JLHIEN IRT2 K3
PR Y e R S DI RE ) AL IS8 A AR ALEE T 46
YIRSk AL T SR A B A, i IRT2
Al AR S Ak WO e B 2 AR BRI T e, (R AEAR 1 4)y
AL LR RN B ALRT2 B3R, JUHJE X Bk bn
BORBURIIRE X . XHEYIETEVER 1 h b3S, &
BLIRTI 1 IRT2 7ML EB () e sk - ¥ 8¢, H
IRTI Fr s iR s T IRT2, it R W FEHL B
I 1 IRTT JEAEWiE i Fer i) G R 0

32 HEB I RAEHES5ATHBZAREEER

SRR IE T, HLEE I AR A AR AR R 2 i i o
WA RIR A R R AR (MAs) JRIE I 3K — 35 85 oy
. KT MAs (A& GERRE, HETC 24w

. L-HZER (L-Met) fEREIKE B ETA, &5
ATP —&IE K S-MR AL Z IR (SAM), A5 7 XA
Pk e & WG (NAS) AL T B ORI EE L (NA), 1
NA W 2838 — Z2 50 A5 YR - 388 3 470 Pk e 2 ik 7 %
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Jo AE XU S A2 AR 5 B (DMAS) FIFEHT T #44bhy
FIRIR (MA) 2% 1] 5745 -3- 2 Z AR R (Epi-HDMA)
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MAs £ B 8 %) 5 B il i DR e v B OF S5
NAS'' | NAAT®® . IDSI-7. APRT. FDH. ADH"L)
Ko YSL B (% 1),

A BRI R A R 1Y cDNA SCEHEA 745
1%, Higuhi Z'9%58] T 7 4~ NAS R [A; 1M Takahashi
S SR T NAATA . NAATB % 4 4~ NAAT
Ko BF NAATA F1 NAATB KR K % BE R 40 R Bek
FHAKF BT AR 3 AOKFE, LS & K R 6 A ikl
18 Ak 8 B, AR ZE IS 1Y NAAT 76 v & T
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Y32 G P 15 Y Ttai SEUIE N HR T E ] TR
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MAs [45 t 23 52 35 Z B A6 P4 4o A v OC B il 1) 52
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FHRHE I RE I G o

BARC I FERE T MAs A UGS R 280 it
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33 AEEENERNESRENEEAE

A RBAEAE DA WAL ) rp 32 29 R G Bk B 1 B T
M NRAMP SRR (3% 1) Bereczky %A H
NRAMP 405 1) —Fh 58 5 B 8 1 2548 Tl g 5 2 A0
{1 [V D A RN LA G2 i R Ge AL, (R PG i5 1)
REMATERE, NRAMPI RIS T ) 12 228 X X
L ARLOP L

Ttf-p150 s —FhZe S Eh ks S 4=, ELH Fisher
SEELR BT R LGRS R Z A, A AR T T
YRR E, HMEAE 3.5 mol/L NaCl i9 4
AR, XA A R ) (AR Ak R AR R 2~ 3
5, HZARIUE A & S AR T RS2 Fers

SR PEEE I ZL S R T NRAMP R %
T, T2 DR G A AR B TP BIE 5 R 0l R T
FEEP TR . AKREMEMSLAMEY . Belouchi
SR T KRS 1A NRAMP JEDR, TR Mg

Y NRAMP 3 FI2R FH SR T 68 B AMESE A 2748 (R
HARAI WK FE 53 B0AIE T AHY) NRAMP FEH DI RE o
PRk B T RS e i e o ARE RN R GG AR K fet3
fetd FV5E BT W ZEARAR smf 1 ) BB Bk 2 AT L) s
it AtNRAMPI1, 3, 4 F1 OsSNRAMP1 HJF X5 LATRAD ,
1M AINRAMP2 Tl OsNRAMP2 WIARE , i B /5> 4
PR T BB AN A ik ) i ds B 1

fE 35S IR BTG T, AINRAMPI 30
JF R IR R R ST LR R ), R
AtNRAMP BT A 5T i 25 28 Fe? 3] SR Bl
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WS B S AR R I D RE AT A UK R, W LAt — 20
PR ILER P E BB M AL . A O& NRAMP FER K
BERAESGE, FEREYI R Z 4R T AINRAMP3, Bk
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RS T, MRS B4R U R A K
AtNRAMP3 Fik, WKV AINRAMP3 R AT iES
5T &RE MmN sz i, MR
KI, 5 AINRAMP3 WD se &AL, AtNRAMP4
XFTARER S AF T A1 08 A B2 AR AT DY, Ho4
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T3 AT PRI R O T YR 96 v ) Ak A W R A 1
%, BEEHYIREHE E R A R S ke i
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TN ZHEN G TR GEN, 5 NRAMP SR GA
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. BRE b MR R A5 A8, kg fin sk
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AR HERERR RN NO BB, DA K R REYE NO
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Fig. 3 Mechanisms of plant hormones and gas signaling molecules in response to iron deficiency in plants
[ (Note) : FEIFPIE i KA IE TR BRI RN, S 35 kAR SRR Bk i, XU 5 3k SR {5 S e A AR, de e sk iR

WEAE B EEGR 1915 5 P15 4% The forward arrows in the figure indicate positive response to iron deficiency response, the reverse arrows indicate

negative response to iron deficiency response, the double arrows indicate that the signals interact with each other, and the dotted arrows indicate

potential or hypothetical signal regulation pathways.]

Z(E L SRR 1 DELLA 1ERIYIREE I 405 4140
R AFUR, TTHEBRAR R Az X R B 4l i, 5
FIT. bHLH38 . bHLH39 %5k 53t K 13 [F] 1 A 1k
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T 5 R R LG IR R TAMA &5,
R AR R LR i, M 2 A ek 5 | i
(LIRS 5[] 3 3 0 1 2 4 o 1) - b % I
P4 AtNRAMP3 JERI3R35, BT AMAT ) Fe If-44
SR Fe MRFIH, BRASFEMR P AlEmEeks &
TFEC, KGR (SA) 5 NO B AE AT AR it Bk 0
Be FVEAEA BRI W . B8 B Th Ak, A A
DI 4 SO R A, SR rh ke = 5 AR R
e, NO AR 44 (sodium nitroprusside,
SNP) FI SA AN [F] 4 L it 25 75 i 1 38 1o 25 A W] i AL
1l oFe 2% fifp AL A SRR G | RS I 22 B0, AndR = i A R
BRI SRR i, RSP BRI, T
BT AF

AT ZEFE (CTK) Xif ML FBAK W O R A 3R 55 A
SHEFRETR, TAZ FITHN ST, HWAEE
fdi ik 8 5 L) ACNRAMP3 1 AtNRAMP4 W335 T
JH, R AR R A KK R AR ] IRTT
FRO2 J FIT Wik, PATTHS l HE &8 ) gk W e L i) o)

TEGRER ST, BIRGIF I M (ETH) 28784 erfd h
My aR R S, AR R AR AR DG EE I 4tPAO
I AtCLHI WFEIRFEAG, 53 AN b 145080 SR B
b TR AR AR, BRWOCRE DG SR X A¢IRTT T
AtHA2 MR E K HE, AR AtERF4 1N
Bkt = e 1o 7 B R A TR, AR A Ak I 3
K AFE BRI, WF9E K BGRB8 TR R 4 R i
1) ETH W AESSUIE AtERF72 353K, T AtERF72 W
T i e S gk B R IRTT . HA2 K CLHI )5
Bl T X I 25 A Wk S B AE H B g R SR R
(JA) [ s T ) P8 4 B, B o] B slsr F
FIT 3K, EAEE 06 IRTI Al FRO2 F& A 33k
e TR N 28 RN, TR R, X KRR A
RURE ARSI HITH SR R H B (BR) 2> fff Bk A R 5 m
Wi, MYAERZBE W, 25 OsNASI. OsNAS2.
OsYSL2 3L FRIA T . )b 8k i izt A
I AZ B

RS ETENEAMT, NO FFARES T H MR
F R BB OGN ; [HERER SR E T, AR K B A
NO F U] BHEE, SNP [ i i3 35 {8 ik 2k e 46 4=
FE R 20 L RE | A 2 S5 A A i, I T AR AR
R W2 2 W BE L O R 2% A bR AR BRER IS X Min |
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CuSHELE BRI, BAh, SNP EBH B3 T
A A . A Al B A Y T
P, TGN S 1 AR R, NO WEERF
cPTIO (carboxy-PTIO) B FH W) 5¢ 4= #1432 2|
BRI AR B I R RS AN, BEAR
T B E EAAR R H i, (A
KFER FIT, MxFRO2-like 1 MxIRTI 1) b i# £k %
BRI, AT FRAR A AR A TG PRk S Y, vk
JEIH CO, AUBEMSIG5R — M ah R TG . R+
W FER. FROI. IRT %I FKE, B45FHFMm
HUNO IFR R, IR i GBI e 1) 1 225 s g
XoF HUL T I ARt — i Wk BE Y CO RE 0 B 1k A fole 2k
W R RS B, SR A R R B L
o AIRTI. AtFRO2. AtFITI. AtFERI “58kWRAH G
S RIL, A CO W BEXT BT I AE P 40 K A
WP AT TR IR [F R, CO ik
YRR NO R Z, 17 NO {HBRF cPTIO iYL H
HAMH T COMEMRCR, b0 7E Sk i T,
CO FIREIM I 4% NO 155 73 7K a8 Al ) 34k 7 4
S, AR R, ERIREITT COL NO
55 AR FR B R B R 45 5 e S A P e ] 7 XA )
BRI, HRSRME S 40 HLS W ik 3 s ik
T E K Hh ZmIRTI . ZmFROI 2 ZmYSI
GRS PR A O IE T I Rk, (R AR HLRR
(14 3 U R M AR AR R A 2R B 3R 3 T 2 fe e
BR e 9 i T B0 i SRR G Bz BRI A VR T R
FIEIRT (3 2).

4.2 B8R M microRNAs

microRNAs (miRNAs) J2& i 4F 78 40 il o A& BRI
—RWIRAE RIS A RSN RNA, HK B2
9 20~24nt, JZAAAE T EEY AT, FEGE
IT R AR A S mRNA 505 mRNA 254, M6l &
HFEA R R EER . miRNAs 19 EZE D684 Y
N FREE M0 2 SR YSER R R E S S
MY AR E T OSSR, HETTESIY)
P EARZHE R microRNAs 25 T RS 8
P MIEAE YR N OC T microRNAs #1521
ARIFFE R . 2010 4F Kong 45 I7E $DURE It rhvd ot A
B 7 ) microRNAs SCPE, %558 8 ASTESER 5%
T 252350 microRNAs, VT4FKk AW E
FERURE ST R BT 22 AN ) 15 A ek f 5 D4
microRNAs, FE-EHH A 17, 10 F1 4 4> microRNAs
Ja BF L BRI N TG IDET . A A Fma T
G0 R TTIF (5 2),

5 IR BRER A 1A ROE S

51 FIRAGKRWHEXERNESESEDSKEE

BB M (ferritin, Fer) AMYUAT L& & E R
i, A REORTF A M G sz B B R i Ak T, B
1k A R = A o PR R R A 3 PR B AR A I
FER 3 [H 5 AAE 93 IR 41 32 3 R 400 1R 9 035 1
BN Goto A5l i AATF R ATk, AEKREIRZLH
EFLH T IS 3h 7 OsGluB1 335K G 8k 1 5 A
SoyFERHI, o34 TIRFLA T1ACFFH ik &
o BOFTF R A AR ARTI . AtNASI 1 PvFER
BRI 238 0T LIS KRS P i gk 2, 2 — Rl
AR A Py A i

W BRI B e i o R A SR 3R I AR
Al A A 2 Bk B . U Robinson S51KE
FRO2 556 A Feid Ji g il e i 40 /g I+ 28 A8 A )5
SESLPIAR h Fed TR A 06 PR AR LAVKAE o XK ARG
WSO AR A= A B R, Suzuki 5090 K
BB A% R R R 43 b 22 R TR AT ) 4k AR ) S
K, W HNAS. HvNAAT Fl HvIDS3 % AOK R, )
KU EE = T KRG 22 AR TR A& RN Zr W RE 1, il L &%
A HvIDS3 H: K 7K FE i ip gk & i W 25 15
5.2 &I ERIR NS K AR i3 E IR ek E B
B

HRAES Fe*' . Mn* &R IT RS &I A S b
N RRERUTTE , MRS FRC R A
AR, SR T AR 1 0 e AP R 28 A8 A 15 75 (A
FRAE D A RO i o o7 FH Ak 25175 28 4R A5 19 R AIGAR
R A Ipal-1 F Ipa2-1 ¥FRE b AR RR & 40 3 F
KT 66% Fl 50%0, JKFE . KERREFED L
L G A UNTR CR IRGES: ST BURZ AN UTES ) 6 L 1]
AL TR it O 08 A4 - 1 Ao R P A A R /K A Ry TE AL
BEFTALEE . s A AARDESE IR, P9 A IGAR R il
T AR T AR R & i, TR R A A
RS WA RR AR /NZ IRFL G SE IR Fe 3k, ik
P (0 R R it 6 PR R i, JRBRAIR T /INZE Bl P A
MR e, MR A Fe £ Zn iR F D,

RE IR R T DU HER I, R
bR B & S AR 2 K. Lucca 860928 T 14
RE AR S E, BN E S 12 AR
)4 B E 2R H (cysteine-rich metallothionein-
like protein) - AJKFIMEL, 25 A% 4R iR
R KRR L Pt i geah, IR amR &
HIERE AR 10 £, 1% NA 5 EGEEE OsNASI



51 SRYBHIE, 5. RPN SRR A o7 BEALT SRR 1373
*2 EMBRNHRZMEXES
Table 2 Signals in plants responding to iron deficiency
VRIvREac ) i E =B U
Induction signal Plant Main function Reference
Auxin KA. HREIT FEFIT NO b3if; GRfif k| K MRIBR IR/ N BOE B AR SRR [57-59]
Rice, Arabidopsis Acts on NO upstream; Relieves symptoms such as dwarfing and photosynthetic reduction
caused by iron deficiency
GA RS HEZEG T 2B DELLA Xk CE 2, WY bHLH038. bHLH039. [60-61]
Arabidopsis FRO2 S5 BRAHSCSE R By 2Rk
Gibberellin signaling repressor DELLA is essential for iron absorption; To regulate the
expression of iron deficiency related genes such as bHLH038, bHLH039 and FRO2
ABA URIIF RSB BLE ; (ERE ST b NRAMP JEP R IA [62]
Arabidopsis Relieves the yellowing caused by iron deficiency; Promote phenol secretion and up-
regulate NRAMP gene expression
SA s PR YO 5 NO HARSR Ry A ARk R U AL B [63-64]
Peanut Adjusting iron homeostasis in plants; Interaction with NO improves leaf iron availability
and antioxidant enzyme activity
CTK IR ANEZ FIT B35 A M R AR RO R A R S P ) s [65]
Arabidopsis Not mediated by FIT; Inhibition of iron deficiency gene expression through a root
growth-dependent pathway
ETH IREIT PV A S P 5 R -k SR BARATR B R MSOAR DGk PR ) 3% [66-67]
Arabidopsis Control iron reductase activity; Regulates chlorophyll degradation and iron absorption
related gene expression
JA fRIT MSE T FIT LA ) IRTI R FRO2 45k 5L A 1 235 [68]
Arabidopsis Independent of the FIT gene; Inhibition of iron deficiency gene expression such as /RT/
and FRO2
BR KA INEEEIER ; IR NAS K YSL 3R YIS [69]
Rice Accelerate iron deficiency symptoms; Down-regulate expression of NAS and YSL genes
NO B A /AR AN TR SIS PSRRI AR B R R SR R TR A [70-72]
Tomato, Peanut, Malus Inhibits the accumulation of malondialdehyde and reactive oxygen species; Promote the
xiaojinensis absorption of iron in plant organs and the expression of iron deficiency genes
co. il (AT NO Lol SRR IR | TR BB O A e 73]
Tomato Acts on NO upstream; Enhances iron reductase activity, proton secretion, and iron uptake
related gene expression
co (AT NO Lol WLIEBEB L MO, SRR 15 [74-75)
Arabidopsis Acts on NO upstream; Prevent chlorosis caused by iron deficiency and enhance iron
uptake gene expression
HS Bk SRR TR £ WL WTRAT DU AP T SRR 5 [76]
Maize Relieve chloroplast synthesis blocked caused by iron deficiency; Enhances organic acid
secretion and iron uptake gene expression
microRNAs  #FEFSF. 3% [77-85]

Arabidopsis, Phaseolus

vulgaris

WA RAEPIERERZ 5 TR TTAE A A BT

Responsive to plant iron deficiency; Adjusting iron homeostasis in plants

KR SR R AR T NA B BB 4
SRR AR . PR B 9 B 2 SR B
25,
53 RERSHBSHEENRES

S - B | WORGRAE | T3 St
AR AT e 2 Bl R 0 7
B S WORRKIEAEGS YU . A AL IR

BRSO A A S . He SE07 UG R AN
15 A F14 i ] 32 B i v A K v ) 2k 35 S I 2R A 2
P, H DTPA-Fe BRI N B3 o £ KL L8k
TR LB IT A -5 R AR LB T AR i T AR RE A 5
LB T AR IR, oA HLEE IT AL AN fE
S R S R AR A B B oK,
BN RS I 5 R () VEATLEE T AR MR 3 X Bk i) i
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24 4%

WG 20, AN R/ A FE A R 3 A [ VR AT
DLARE R FOR ZEAR R 1) 40 I FAE AR TR ', )
Ao 7 B ABURRINT B, B4 ARFRO1 R ARIRTT IR
M, R R R R e, DT AR (R VR AR
HE R W A R 3z, I 3 4R v AR A R R AR Ak
S, MEXTFERMEYE AN S, PE IR UGS
AT ) FARIR BT A R [ LR ) B v s, SR —
S G PR A 2K, ANt k0 A A EAE ) & B
BC T 7 53425 0 R R FH A 0 1) B 1 5t A% 7 g
X IR A R 0 R A AN R EL A A R S A S R

X

6 MR

1641k, HE ROl HI BT 58 E S s T A
Ky fg, ke 7 RECHME I, X HAE W
ATV SER RS o XA SCAE 4 SR 38 1 i) iz
MBI REFRWA T —EWN TR, HEFHXL
T TERA . BT 1) Pk
WL T FIATLEE IT A LA ask 7 K 5 K 381 1 A DG
HE LMY, HHFDS T Moil B i Y47 L
TAAIEAR T M, Hor b CHEVE R NRAMP JEH5Y
TR QT SO i i R T R 1R 5 B E— 2 e
Bk, 2L R A A i B R EEH
WESATRAIIIE, 2) BIRC KB T IEZ WY
MR SIBRME 50 F e BN 55, EXFT
WMREZIE . 5550 Z MU MR 51550+ Z 1
S T AR AR 2 R 38 1 I8 1 T i — 20 R
Ko M, BRI Z AN 1 A AR AR )
FR AR IR Y BRI microRNAs, X2 microRNAs
SR AT 3 o PR AR 5 3 EURG Si PR ok ik A
A B AR AR ARG R . 3) RE HETC A ZFhiE
0] LIRS FR 0o A 7ok ss , JRTT AR AR N T
5, A A T Ak S 0T BTk W 38 55 R AR R R A O
K] Sy i 295 0 290 1 5 ) 2 R AR ) ) 1R o IR A4
JHE AR AR IR AR 5 T A B kA 1 B XL VE 0 1ol o e
LR R —FoB A a3 R 2R B B e dl )
B, MIMseE NREFRME R,
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