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BEA40 mL [ fARRE R . FLRG T A H 70% (1) 0 K
KIS min, L KIHEWE3~SKG, H&TMSHE &
Btk b, 4°CHEREHL48 hWE B TKHBEMT
B 37(22°C, 16 hG[E/8 hEEiE), 19515 d)a, iE
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1.6 RT-qPCR
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Table 1 Primer sequences used in RT-qPCR

HEH] NEEEEY]

EEIEY

AtMGT1

AtCAX4 5'-TCTAGAAGATGTCTTCAATCAGTACGG-3'
AtNRAMPI 5'-CAAACGGGAGCTCAAAGGAT-3'

AtIRTI 5'-CACCATTCGGAATAGCGTTAGG-3'
AtMTPI 5'-ATGGAGTCTTCAAGTCCCCAC-3'
AtCOPTI S"TTGCAATTTTCCTCTCCTCCCAA-3'
AtMOTI1 5S-ATTTGCAGGGGTAGAGCTTG-3'

AtNIP5; 1 5'-CACCGATTTTCCCTCTCCTGAT-3'

Actin 5-ACAGTGTCTGGATCGGTGGTTC-3'

5-GTGTGCTAGGAGCTCAGAAGACGC-3'

5'-CAA CAAGGCCACACACTCCAGT-3'
5'-CCACATGTGGCGTTCATTAAT-3'
5S'-TGCTCTCATCGGTGGTTCAG-3'
5'-CCAGCGGAGCATGCATTTA-3'
5'-CCGGAAGCATTCTTAGAATCTG-3'
5'-ATGATGGTCGAGGCATT-3'
5'-AACAAAGCCTATGGCAGCAT-3'
5'-GCATGCAGCGTTACCGATTA-3'
5'-TGCCTCATCATACTCAGCCTTG-3'

R, TEREFEHEEFERIN0.1 pmol- L7 (K CIF AT LU 3 40
PTG AR A K, (E 50 BRAH B 22 7 AN B 3 ()
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B 5 oA S AR P R A 5 A v (]
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R /NI 1-E); 1 58 it C LR ) FU0 RS 5T 25 B s
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PRI AEKA —E R EH .
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LI A E AR 5 e & R BRI =
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BB G R AR B, AU I CIF AL 3 1) 40, B
TR AR T R S E AR

KI2L B, CIFALER 5, BREHTTEAL, MR T4
WA EEMg). H(Ca). #i(Mn). £ (Fe). %¥
(Zn) H(Cu)FITIB)F TR GBS RE BT, Hr
B, HL. BORIBEI AR AR B KT (P<0.01),
A T 3 AL R BB 2 K (P<0.05) . B BHCIF AL
H ] BB R AR G 3 ORI 2R

25 43 #1 T CIF AL B 40U R FF A R
LR E, AR WEBHFTR. CIFA 5% HEAE L,
LR TF I A s OO BRI 2 2 3 B TH(P<0.05),
B SRR OTAE R RS, 8. BIAHE R
AHEERN. XE5RPMERERBR. HEN

CIF E BAEMR A R IEMEH, 23k 2 B i T R AEAR
HH A R SRR 2R, [ B AT AR 3 2 B L S T )
Hhy b3 5312 5 o
2.3 MHECIFX T Rt RN R A0

CIF 2 /Ny Bk, $U R 7R ] DL B4 i CTF,
T 5 M L PR T B, AEL R UL R T I o2 75 1T DA
W WS e T it CIE U AN 4 o PRIk, ARt 92 0.1
pumol- L™ [ CIF W jfi 0L pg 7 -1, 43 Bt FLx- P 7F
W B GRS R . 25 B4R, CIFAL
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0.05), 8. 5. 4. W, WAHS TR S EEL
FEABIE . AT W, #t CIF AT B 52 2k A0 2 18
SURN TS PNGEL VL IND R

ST ECIF X AR B L R A &R, 45531
(EI5)% B, CIFALER )/ 70 v fa, AR oo
RO ESRECIFM A REA—F, 8. 85, .
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B BRI A AR A TA B R 2 KCE(P<0.01), S A4
TLEARAN Y B K (P<0.05), ARl AIAH o 2=
AN . U TR IR R DL B R
WCCIF, Mt & FEAEFETRE . [FIR 1 BH /N T K CIF
WA LA HE 380 ) R g f B e R E R
2.4 CIFx#lRETTE M T RN R

43 BT AR it CTE X 400 g I+ 4k 9 8 70 0 7R 0 &
FARREIA, 45 R aR2F 7w, fECIFALEE T (40l R
TEENET AR B, 45 (AD. H8(Cr). £ (Co) A4 (Pb) T
B LU R 4R S (P<0.05); mHHh S A TR
B2 FAR, (REAET S ) B 51(P<0.05).
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Fig.1 Effects of CIF on Arabidopsis phenogype
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Fig.2 Changes in mineral elements contents in Arabidopsis root under root treatment with CIF
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Fig.3 Changes in mineral elements contents in Arabidopsis leaves under root treatment with CIF
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Fig.4 Changes in mineral elements contents in Arabidopsis leaves under leaf treatment with CIF
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Fig.5 Changes in mineral elements contents in Arabidopsis roots under leaf treatment with CIF

350
300
250¢
200}
150f
100f

50r

HHF TR S & /pg g (DW)

120

100

80

60

40

20

HHF RT RS & /pg g (DW)

BT FRILRA R/ug g' (DW)

0

WHPT FRILRA R/ug g’ (DW)

35001
3000
2500¢
2000r
1400+
1000¢

500

1401
120+
100F
80r
60
40r
20f

CK CIF

Mo

CK CIF

Fe

* %k

CK CIF

CK CIF




742 T A P )

2 MHACTF [ Fg IF & AR F o R & E AL

Table 2 Changes in contents of other elements in Arabidopsis under root treatment with CIF

UK H
Vo3 e/ e/ B/ e/ HEE B/ B E i/ e/
ngg'OW)  pgg'OW)  ugg ' OW) pgg'(OW)  pgg'OW)  pgg ' (OW) pgg'(DW) pgg’' (DW)
e 51.71+5.32 46.79+4.78 0.26+0.01 3.79+0.34 18.3542.34 28.86+3.14 0.21+0.01 2.53+0.31
CIF 116.29+7.36" 76.08+5.98" 0.44+0.02" 5.82+0.46" 30.98+3.12" 29.21+3.89 0.24+0.02 4.55+0.27

2.5 CIFXHFETTH R R EE ERIARE ﬂl‘]
For I CIF Ab B 56 40U B I+ 17 5 o6 R W I 4% ia
RIRIEAA . 45 5 (El6)ER B, #tCIF )5, Bfft'éﬁfu%%
W 32 R AtMOT1 R IS TE H 404k LA, $L 5
M AIMGTI, AtCAX4. AINRAMPI. AtIRTI.
AtMTP1. AtCOPTIFIANIPS,; 15555 R ) K ik i 2
A LR I AN ALRTI R AtMTP 1 3£ K] 3 32
% LA, BRI, MR ECTF AL EE f R T (EAR 5 S

BT R R s B R R IA
3 Wit

B E AR R R S, AR LN
A IERAR N 5T HMA AR 7] FR A 1) 12 4 (Taiz Al Zeiger
2006). 1EFIGOLT, HTELRAT KIAELE, 7 it R
2 N R JE I R I R AR R A i3k N A (Taiz

FZeiger 2006). Wﬁm%‘%ﬁ‘]/\fﬁ%LiﬁuﬂiﬁcEﬂ%
il B8 - 18 L is AR 7, X USRI E A s

WHBAE SRS 1, AR LE 2 M T
A 45 = CK =CIF —
I 400
:& sk
S Pk
24
z
Y
*
B
ES
7
=

(Hewitt 2003). FE4) 38 i o HMA AN 3L o i@ 42 1Y)
P R FH DR IE 28 i 25 1 IR WSO T N A o5 2H 2R
WFEITLE ., PR TFACIFsIE Rk 55 . B ML
%ﬂﬁ%)’é%’ﬁﬁﬁfL)Lﬁéﬁiié.‘zl/l\ﬁ?ﬁﬁﬁﬁﬁfﬁﬁ’wb
K, %K BA NG A S IRRHE, HEE DR
IEEGEP NP NG AR EE%DﬁRT%ﬁ%%E‘JzJJ
A 711 B # EAE F (Nakayama®$2017).

AT 58 # CIFs#% 0 7 1l (RPPFKLIPN) A T4
BT R BE T LR I AL B, R BIARE0.1 pmol- L™
HHCIFA] DL B e E R 8t . 85, &, Bk,
B AANBIAER" 5T o0 2 AR R (12); Mt CIFI AR
R, B, HRL. BR. BB TR S ER ER
wE(E5) . PAN AL UL R T T BT R S R
e AH NN (B3I 4) o i3 — D5 K I, HICIF &b
IR R, R e, 85, 4. 2. B WA
T FC R A s 3 A s RE I AtMG T . AtCAX4. AtN-
RAMPI. AtIRTI. AtMTPI1. AtCOPTIFIAINIPS; 1
SHNRIEEE LFEE6). BT WL, CIFX AR

B 1.8¢

1 CK = CIF sk

U FF 1+ e B DR AR O 3RS

K6 CIFALPEXI LR T i 0 3R R U 32 2 DR 2R (52
Fig.6 Effect of CIF on genes expression of microelement uptake and transport in Arabidopsis
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Effects of small signaling peptide CIF on the mineral absorption and

accumulation in Arabidopsis

XIAO Yuan', LIANG Qi-Wen®, ZHAO Jin-Ping’, SU Yi’, XIAO Lang-Tao™"
'College of Life Sciences, Tsinghua University, Beijing 100084, China

’Hunan Provincial Key Laboratory of Phytohormones and Growth Development, Hunan Agriltural University, Changsha
401028, China

Abstract: Synthetic small signaling peptide CIF was used to treat Arabidopsis. The effects of CIFs on the ab-
sorption and accumulation of mineral elements in roots and leaves were studied. The results were as follows:
Root treatment with 0.1 pmol-L™" CIF could significantly promote the accumulation of mineral elements such as
Mg, Ca, Mn, Fe, Zn, Cu and B in Arabidopsis roots. Leaf treatment with CIF could significantly increase the
contents of Mg, Ca, Mn, Fe, Zn and Cu in 4Arabidopsis roots. CIF had little effect on the microelement content
in leaves. CIF could significantly induce transporter gene expression of Mg, Ca, Mn, Fe, Zn, Cu and B in roots.
It indicated that CIF could be absorbed and utilized by plant roots and leaves, and CIF could also be used as
growth regulator.
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