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FE: AR R AL Py A RPER, (2 S AN EIE A KL F Y d4ER . AR EAEEK
FAXFEE O GMHIE AR A, B0 H AR BT A REAKATE R G 0 4930, I BB T 2 IR 49
A REFFABGTRRE. SREY: HARALERw A K EA R 5 RABLR &R I REBIEA rh a4 AR
A KEFAHE, MAH AL RKEFMMEZHBIRE G R, MR E 2RV I PDHIT R A A b A KT B HAARLE &k

¥, BRRY, MRECT B H A R T EMBARGEREL, FmERFHET
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RAIHARG AR, AR ART I REAAL £ KA T A E SR E T 0998 AR R RAR T 37 69435

SERRIA: M AE AR K ) A R FE A kb

WE a0, HYEN 2 KRER BRI
FRXT H & 2 -9 1E FH (Zhud51998) . H R ILHE
FE AR R LUK, X i 2 B AU B A 78 K 2 S b HLAE
RS B B A D) 8 (Kishors52005) . 2T 12
AUEYE R, AT HEY) B IE S A KK E [FFE
AAEZAER, wna] e RN AEK K & iz
it aE & (DilafiMaloy 1986; Wangf1Brandriss
1986). J HANFAE RS, iz iR 2 2R3 0 1
YK & B A (Dar%2016; MattioliZ£2009), 4k
P8t iN20 mmol- L™ fi 2 B2 5t 23 X #L /I 4 HT 1
TR L AR AR A A 4 R A
(Deuschlef$2004). o FIA 2 IR & OS2 1) S HE
Tt L % b - 532 R 2 Ui (A -pyroline-5-carboxylate
synthetase, P5SCS)2> 5 #HU 5 7+ A il = IR i AR &2,
I Hadk— Bl r AR K, R REEEK
A 5 (MattioliZ52008) . ifi U & 11X A i1 H
BN R FNE M AR A O, ﬁﬁﬁn%jﬂ, e
SEUE AR K I F KRS 5@ 45 i i
TR A KK E (Chend2011).

JIFG 2 R 0T DR 2R P A st A FH R IO AR K B
K (Chen%52011), HAEK KBS, EKER
L HL B4 ] (ChoeMllLee 2017). DRSFEIETHg&
FAR -, B2 AN A2 4K 200 B2 K] (auxin response
factor, ARF)4E &4 5 (TGTCTC) 5 1 5 5 4 i, i
i SRR AR D 2H 23 B AR K RIS M, DRSI 3 AT
RERE TR 7S AE A4 A A2 K 2R 19 49 A7 AR B2 (Ulmasov
551997). AR RN HT F R 14421 25 B ok
RN AE K RZI A1 0L, R A2 IAA2FIDRS
FE N[5 1 4 il 2 78 A 38 (Swarup52005) .
T A 225y 24 IR A CyceB 1 1 A] DU SR AR IE7E

G 23R, CyeBl; 1: GUSHERE R LLSK A
FUHE VIR EB 53 A X A M 1 73 A1 (Colon-Carmona &%
1999),

TEAR AT A A, ANTEER I 1B H Oy (quiescent
center, QC) NI J& il A 22 73 2415 R 1) 40 i T 1%
A MU IR BT, AR FB B 3R R AR el A1 2 2 (1)
2 i1 Sk 5 (SchiefelbeinfliBerfey 1991). K&K
I3 A A A I R 4E R S VIR O, 18 AUl R It
TR, QCH’JEJ&%@Z‘ETL I K (Petersson“5:2009).
ARKFETEEHR MR BARE, R
TERR AN 58 S sk >k 1) _Eaz i, AR R sl a3
PIAEEAEAF IR ER 7= 28 T — MK R IR RS
F, QAL A KR i v, BE B Qi A K FIK
JE R (Woodward fliBartel 2005), A=K K E A
FE e TR LA K & fiid (Ding FlFriml 2010),
KRS A KR WIS 4t RF, 1k
K MM 12 4 bh AR K 308 H SR PIN s SR S
(PeterssonZ52009). Mot KRB A ELKR
W32 Hi B AR PINS 87 1 LA R AUX TAE K A )
Zf A (Kleine-Vehn®$2006) . IEHIEHL T, AR
T AR PIN AT - 4 248 B 1 [ AR 1 5 350 (1 (Gl -
weiler%1998), 154K KA T gk, PIN2M, T4
5tk 1 2 B2 200 P T [r) 25 0 PR TS, AR AR K R A b
1z%1(Rahman®$2010). PIN3 A1 T ML 4 i 1l 355,
4534 K 2K P iz Hi(Friml552002).
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MREEE

1 SEIHARE

SIZIG T F B A= BYH RS T (Arabidopsis thaliana
L.)AColumbia (Col-0)AEZ&M . i &4 K £k

5 HE AR I R PR &R BE At A KL A Columbia

(Col-o)iiﬁi(Zhang:#zols), PDHt &R IEM &
tH Verbruggen 5i246; %5 FT 2 14 (Mani%52002) .
2 KWHE
2.1 METFFEFSHE

B & TR S0 7 T2 mLE O,
70% L2 30 s, 10% IR AR AL FE 1S min,
T K BE6~8VK, &R T 1/2MSH; 77 3 5 & & Fr
T BRI 1/2MS K J7 2 |, 4°CHEA2~3 d
Jo B TR RRE FRAE P R 3R, B IR 16 W8 ht
JE 3
2.2 TEYM R SRR A TR

F 3 TP T RERT AN B AR 1) 1/2M S 5
F3E b, K2R, B30 mmol L

i SRR (VB 1/2MS B IR Jk vy, A T L IS (],
ke
2.3 Real-time PCRIGNEF FRIA

RNA$REUFK F SDS-LiCIyiiE i, %M %4
TFECKIE)H BRA 7 HIM-MLV J % 55 328571 &4
Y& HicDNA. R4 & RNaseffIDNase TiH 1L
5 AFDNA; LLOligo (dT),s 514, 4T cDNAZE—
FHEM G BRI T 20 CORTE 25 H .

K Hreal-time PCRAw I & [K] 1) 8 &, 517 W,
F1, R FA: BRCDNA 2 uL (10 ng-ul™), ik
S 5190 %1 uL (10 pmol-L™), SYBR" Green Real-
time PCR Master Mix (QPK-201, TOYOBO, Osaka,
Japan) 10 pL, ddH,0 6 pL. PCRX N FLEF A: 95°C
2 min; 95°C 30 s, 55°C 30 s, 72°C 30 s, 40 MG,
FAFERMB AN EE, FXRIEEMTHE R
J712:(SchmittgenflLivak 2008), SZ4G AN #8 K F 22 4
1&Mx3000P%< Y 52 5 PCRAY (Stratagene, LaJolla, CA,
USA). ZiR ARt R BoR, Gtk i
SPSS 22.03 47 H[K 3 5 % 4 HT(ANOVA), AN[F
FRREBIEP<0.05KF F 2R EE,
2.4 GUS#t

B4 IR ANGUS 4L 4% (1 mmol-L™
X-Gluc#+100 mmol-L i B4 ZE K, pH 7.2, 0.5
mmol-L" ferricyanide, 0.5 mmol-L" ferrocyanide, 0.1%
Triton X-100), #f1E %, 37°C BRi 4L H24 h, 5
K4l ¥ AHCG (H,O chloroacetaldehyde glycerol)
R (R O 7K=8:3:1), #H1T B85 (BXS53,
OLYMPUS, Tokyo, Japan)#2%, 1l

R R IAH < K R IE [ real-time PCR5| )

Table 1 Real-time PCR primers for gene expression

A IE511(5—3) R 3115 —3)
1442 CGGACAAAACCCCGAAGTT TGATTCGGATCGGAGTTTGAC
AUX1 TCTCGACCACTCCAACGC TCCCAATCACTTTCTCCCAC
PINI TACTCCGAGACCTTCCAACTACG TCCACCGCCACCACTTCC

PIN4 ATGCTGGTCTTGGAATGGCTATG
SAURL TTGTTTCTTACACAAAACTGGCTTTC
TIRI CATTGTTGAGTCTTGGTCCATGTT
ABPI GCTCCAGGTTCAGAGACACC

P5CS1 TGTGTAAAGACCTTCAACATCGCTC
P5CS2 AACGGCACCAGATGACACCAAAATG
P5CDH GCTTCTTTGACTCTCTCCAGATTGA
P5CR GAGAGTATAGCTAGAGGTGTGGTTG
Tubulin AGGCAAAATGAGCACGAAAGA

CTGAACGATGGCTATACGGAGAAG
TCAGCATAACTTCTAGGATCCAATGA
GTGGCTGGTCCTCGATTTGA
TAATAGGCGGCCGAGATATG
AAGAGCCCCATATCAGGATTCTTCT
TTAAGCGTATCGTCGTCAAGGTTGG
GCGTGTTATGATTTGACGATCCTAT
AGAACTTCTTCGCTAGTGGAGAAGA
TCAGACCTGTTGGTGGAATGTCAC
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25 BAHREENBEINEREKZREEBNE
XS TE

I 2 R Ak 3L 5 RO DL A I 40 AR SR F O
R B MAEI(FV1000 MPE, OLYMPUS, Tokyo,
Japan)FEAT W %E, 5 2 42 A0 L 46 5, K FIPI
(propidium iodide) LAE#(20~50 pg-L™") %45 min,
FRGEK PG WSS, i, RERh A B 5
PRECR T 101~

SMUTESE S

1 ERLIERME KRHEXEERFRIA

BT R IR 2 il A KR AE T IR R
A A A, RATE ST T IR R S
AR RIE R L, K T30 mmol- L7
B AL PEAS RIS 1) e, B AR R o AR A R
FER RIS . PR, IAA2RSAURIE KR
LS 3 PR, HL R B2 B 2 R I 4 PIN4YE
NERKFBRBRARIER, RIEZIHERET;
Az R AR AR IE K TIRTH) RIS
IR 52 B R BR TS AL T RRK AR RS &
FIABPINZRIE AT 3 21 bR (15200 o

2 HERLCERESHIMETRIEKZSEN
Tk

S 0 IR 2 R Ak 3 S RAS AR TR AR KK AR R
FAy AR e 75 & AE S8, SRAI30 mmol L7 &
R AL FEDRS:GUS. DR5rev:GFP. I4A2p:GUSHI
CycBI;1:GUSH; BRI #k, 101 W A4 N GFP
MGUSHE A4, 2K 75 Hr il 2 e Ak 3 Ji5 A kA Y
AR AT R AR X AR H AR . S5 SRR, il
ARG, T8 GFPIE & GUSHE 7 (IDRS# %
A 53 X (EI2-AFIB), 43 A= X A £ H A
KA R EBNE2-D), X sk B vk il = R Ak
HRVEAT 3 AP P ST AR AR 2 o A R R AR A
MGUSTE 7 ITA A2 73 A7 72 1 2 B AL BE 2 J /b
(E12-C), FREHIAA2 TR/ R A0 R B AR K R A Al
WD, XA R R A EL 2 J5 T4 A 25 R R A ek
W S
3 HREERCESBURE KSRIER RS

J2341:GFP#2GFPLEARF: 40 i bR e MR 3R
R R, IR A KSR T itk RGFPAEMR M T
41 1 1 (columella initials)#¢ ik (Haseloff2$1999).
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Fig.1 The expression of genes relative to auxin after proline treatment

P EANTEDR, S 41T B AR RNG FRFR NSRS 22 57 2 (P<0.05), EI5F .
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Fig.2 The accumulation of auxin after treatment by proline
A: DR5rev:GFP, ##/R=100 pm; B: DR5:GUS, £ X=100 pm; C:
I4AA2p:GUS, 5 R=2 mm; D: CycB;1:GUS, {xR=100 um. CK: %}
I1&; proline: 30 mmol- L'l Z IR AL BH3 d, &3, 4[F]1.
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e
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W FE I R AEQC AL FE i R IL I WUS-RELATED
HOMEOBOX 5 (WOX5)MQC251t1 54, I ELA I
TJ2341:GFPFE R R GFPII AT . 25 BRI, A
T2 Ab FE J5 WOX S FIQC 25 43 A7 fvr. B V& A K A8
b, (B FIAREL S T 1R 2 (K3-AFIB), Tl 2 K
S:5J2341:GFPH 2P GFPI R IA M B R E T2
(E3-C)o XA R R, IR A3 T QC
(PILERE, FEAEARAE 240 A (0 7 B A A R AR T B0,
BIYfib ZUR R e T AR T L P 4
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KI3E W2 IR R 7 QCRIZERE, A K&
[ 1E I s T QC I i Hr 22 OC B 22, HE iR
AIRER I T AEK RIS, AWIMATH T AK RN
IEH T8l iE B QC I T BB TS « VIR IE I — HEl,
I 5 A KT8 B R R AR 25 I UL R T AR R IR R BT
T BRI A K RIS R AR o A RS o

W R, ERAEZ 5, EFAEKEN
] P 38 B 3R AU X TR0 AE K 3 0 1 32 a4k
PINI1. PIN2FIPIN3 g [ )2 IA 56k 55 (F4) -
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K3 Tz FRAL 3 B A A b R A
Fig.3 The stem cell niche was ectopic in response to proline treatment
A: WOX5pro:GFP; B: QC25:GUS; C: J2341:GFP. k7/N=100 um.

CRE 2. 3MARISE IR, IR AL B AN 520
MRS A KRS &, HETREm T AKR
) IEH SN, MTTEAFQCH T RE RS -

5 MRERERIXBEERIEREASHEKREH
EETWL

it 2 12 i, & (proline dehydrogenase, PDH) /&
P SR o A i A2 G B, MR A4 N I BRI PDHT
218 BB AR AR P I R 7 = I B, AR PDHI
i ER AR R P AR RO X R K R
W . S5 E W, PDHI B Rk K
RishmE Ak B AR NAUXIFPINI RIS £,

XARUFIBEIE T BISI4E 3, Mt — B iEm] T &
Fii AT B I B A K R s i ER A, i T A K
RIIE R RS, Wm0 7 AR QC 1 4 FE AR 1)
KRS
19 i

AR K0, e fe % T SUR Y IR A I R 1)
LR, Xt E & 2 R ER . A w5
WA, BB TE T BUE Y PR N 2 R 2R 11 R 4
SN A KRS RIS, X7 b R A K
K20 A7 7 FREE R (DobraZ%2010). C4HIE
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Fig.4 The expression pattern of auxin transporter changed in

response to proline treatment
A: AUXIpro:AUXI1:GFP; B: PINIpro:PIN1:GFP; C: PIN-
2pro:PIN2:GFP; D: PIN3pro:PIN3:GFP. F5/X=100 pm.

I 22 A B =R 2 AR 1 A2 K (Chen®5:2011), ASHIF 7T
Ak SRR T SRR X AR AR K R i 75 A AE KR
S T PR AR — KR RED
o 1e PR U0 T I B R DR bR R, AN T S ) A K
FHKESHEm., 451 RPE30 mmol Ll
f2 kb ¥R, DR5rev: GFPFIDRS:GUSH. 5 vk & T #s
TN HIRRA KR I A A 224k, TTiIAA2p: GUSH
BEAL T A FERT H 7K F, real-time PCR4E5 5.3 1
TR 2 B N L DR TAA 2 1) 26 15 T 92 2 T e
(A o I 150 I M 2 IR R 8 2 il 2 K 3R 1) A g
N, Ff HEF A B TIR 15 R TR 52 J 2 R (1) 75 =, T e
I 20 B8 2 () 2 TIRIOBE I A K RE S . TAA
RAEKRESHSPIEZE LM, TREENE S
W72 54K EFFREERIANE K, IAAK
] B I A7 AR K R IR RS B I S R, R X
— 5 B AL R R IA K SRS 5, AT 51
AR B EA R (LiscumHIReed 2002).
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Fig.5 The expression of auxin transporter genes (4UX1, PINI) changed in PDH1 over-expression lines
Col: Columbia: 25 BF 4= 74; OE1~5: PDHIGT B FIEANFM R -
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Proline inhibits plant root growth through signal of auxin pathway in Arabidopsis

thaliana
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Abstract: Although free proline accumulation is proposed to play protective roles in many plants in response to
environmental stresses, by either exogenous application or endogenous over-production, in the absence of
stresses, is found to be inhibitory to plant growth. In order to explore the inner mechanism of the inhibiting
effect for plant root growth, we detected the expression of auxin marker in response to proline treatment trans-
genic Arabidopsis auxin marker lines. The results showed that proline affected the expression of auxin genes in
Arabidopsis. The content of auxin was not affected by proline, but the expression of auxin carriers was reduced.
And in the overexpression lines of PDH, in which proline content was reduced, the expression of auxin carrier
genes was induced. These results suggested that proline inhibited the auxin flux by inhibiting the expression of
auxin carrier genes, which broke the auxin concentration gradient, resulted in inhibiting of root growth. This
research will contribute to understand the role of proline in plant growth and osmotic stress.

Key words: proline; root growth; inhibit; auxin transport; quiescent center
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