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ABSTRACT

Auxin distribution during embryogenesis and seed germination were studied with transgenic Arabidopsis

plants expressing GUS gene driven by a synthetic DR5 promoter , an auxin responsive promoter. The

results showed that GUS activity is higher in ends of hypophysis and cotyledon primordia of heart-, torpedo-

and cotyledon-stage embryos, leaf tip area, lateral root primordia, root apex and cotyledon of young seedlings.

And GUS accumulated in root apex of the seedlings grown on auxin transport inhibitor containing media.

All these suggested that above-mentioned part of the organs and tissues have a higher level of auxin, and

auxin polar transport inhibitor could cause the accumulation of auxin in root apex. And auxin transport

inhibitor also resulted in aberration of Arabidopsis leaf pattern formation, root gravitropism and elongation.

Key words: Auxin, auxin distribution, auxin polar transport, auxin-responsive promoter, transgenic

Arabidopsis.

INTRODUCTION

Auxin plays an important role in regulating cell

division, elongation and differentiation, vascular tis-

sue formation[1], pollen development[2] and leafy

head formation [3]. Auxin polar transport is believed

to involve in a variety of important growth and de-

velopmental processes, including the pattern forma-

tion of embryo, leaf morphogenesis and the root grav-

ity response[4-8]. Auxin polar transport inhibitor has

been proved essential interference of auxin trans-

port leading to pattern aberrations[8]. Two possible

models for auxin transport and distribution were

suggested to elucidate initiation of cotyledon[5]. It

is reported that both of basipetal and acropetal auxin

transport were necessary for lateral root develop-

ment[9], and the basipetal transport is also required

for root gravitropism in Arabidopsis[4]. It is diffi-

cult to measure the distribution of auxin in special

tissues and cells using isotope marked auxin because

of low level of auxin content. The high sensitive tech-

nique of GC-MS for IAA measure needs special

equipment and skilled technician[8], [10]. Auxin-

responsive promoters (such as GH3, SAUR and DR5)

provide a convenient method for studying auxin dis-

tribution in special organs or tissues[11-14]. In

addition, DR5 promoter was created by performing

site-directed mutation in a natural composite auxin

response element of GH3 promoter, and DR5 showed

greater auxin responsiveness than GH3[15]. It was

demonstrated that the expression pattern of the
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GH3:GUS gene is similar to the distribution pattern

of C14-IAA that is applied at the apical end

gravistimulated shoot[8], and auxin responsive pro-

moter is induced specially by active auxins, but not

by biologically inactive analogues, other plant hor-

mones or environmental stress[8], [10], [12]. It is

also reported that auxin responsive promoters have

an auxin dose-dependent activation[8]. In this paper,

we described the expression pattern of the DR5:GUS

gene during embryogenesis and early germination

of Arabidopsis, and reported that the auxin distri-

bution and transport in normal embryo and seed-

lings could be clearly observed by using transgenic

Arabidopsis plants expressing GUS gene driven by

DR5. We also reported auxin distribution in seed-

lings and fused leaves in Arabidopsis induced by

inhibition of auxin polar transport.

MATERIALS AND METHODS

Plant materials

The seeds of transgenic Arabidopsis plants expressing GUS

gene driven by a synthetic promoter (DR5) consisting 7 tandem

repeats of an auxin-responsive TGTCTC element and a minimal

35S promoter were kindly provided by Prof. Gulfoyle (Department

of Biochemistry, University of Missouri, USA)[15]. Above-men-

tioned transgenic plants were grown on potting soil in growth

chamber at 22 oC under 16h photo-period light after selection with

kanamycin (50 mg/L). At least 30 immature seeds were used and

each experiment of distribution of auxin in embryogenesis was

repeated for four to five times.

For the experiments of seed germination, the seeds were ster-

ilized with 33%(V/V) Clorox for 15 min, washed with sterile water

five times and then placed on MS medium (Sigma M-9274) supple-

mented with or without TIBA (2, 3, 5-triiodobenzoic acid, Sigma

T-5910). Seedlings were grown under a cycle of 16h light (25 oC) and

8h dark (22 oC).

PCR assay

PCR assay for identification of the transgenic Arabidopsis was

performed with the primer DR5 ( 5 -CCT TTT GTC TCC CTT

TTG TCT C-3  ), GUS/P1 ( 5 - GGG ATC CAT CGC AGC GTA

ATG-3  ) and GUS/P2 (5'-GCC GAC AGC AGC AGT TTC ATC-

3 ) designed based on DR5 promoter, 505-525 and 1048-1068 of

GUS gene respectively.

Gravity response and elongation of Arabidopsis roots

The gravity response and elongation of Arabidopsis roots were

measured using 3d old light grown plants. About twenty seedlings

were transferred with horizontal direction on the surface of the

medium in each Petri dish for 2 h, then the plates were reoriented

90o. Angles and length of roots were measured at different times.

Histochemical assays for GUS enzyme activity

Histochemical assays for GUS enzyme activity were performed

as described by Jefferson[16]. Plant tissues were incubated in

Gus assay solution (100mM sodium phosphate [pH6.8], 0.5mM

potassium ferrocyanide, 0.5mM potassium ferricyanide, 10 mM)

EDTA, 0.1% triton X-100, 20% methanol and 1mM 5-bromo-4-

chloro- -glucuronide) at 37 oC for 8-16 h. Pigments in the tissue

were removed by 95% ethanol for photographic analysis.

Gus assay and whole-mount clearing

The procedure of the technique was developed

on the basis of whole-mount clearing[17] and GUS

assay[16], which include following steps. 1) GUS

assay, the immature seeds were harvested and incu-

bated in the GUS assay solution at 37oC for 16 h. 2)

Treatment of acetic anhydride, the specimen were

   Fig 1. Asymmetric distribution of GUS activity during
embryognesis and seed germination of transgenic
Arabidopsis
A and B showed that GUS activity is positive correlated to
the exogenous IAA. The seedlings incubated in phosphate
buffer and stained for GUS activity for 16h as CK (A) and
the seedlings incubated in phosphate buffer containing
2mg/L IAA for 12h and then stained for GUS activity for
16h(B).
C-F showed that symmetric distribution of GUS during
embryognesis of transgenic Arabidopsis. Heart-type (C), tor-
pedo-type (D,E) and cotyledon-type embryos (F)of the
transgenic Arabidopsis displayed a maximum GUS activity
in ends of cotyledon primordial and hypophysis
G-I showed that the 3-day-old seedlings of the transgenic
plants grown on MS medium displayed a maximum GUS
activity in leaf tip area(G), lateral root primordia (H), and
root apexs(I).
J and K showed that GUS activity accumulated in the root
tip(K) and cotyledon(J) of the seedling grown on TIBA con-
taining media.
L showed histochemical staining for GUS in the root of a
transgenic plant after 12 h of gravity response. A larger
amount of GUS activity was detected on the topside of the
root that induced faster growing for gravity response
M showed GUS activity was observed in the basal end of the
stem segment. Two segments cut from transgenic
Arabidopsis seedling stem followed by placed horizontally
on a moist filter paper for 16 h, then incubated in GUS
assay solution.
N-S are some different type of trumpet-shaped-leaves (N-Q)
and fused-leaves(R,S) formed in Arabidopsis seedlings
grown on TIBA containing media. Q and S are distribution
of GUS activity in trumpet-shaped-leaves (Q) and fused-
leaves (S)
T and U showed that GUS activity accumulated in the basal
end of the cut stem (T) but no GUS activity could be detect
in the basal end of the cut stem in seedlings cultured in
TIBA containing medium.
V showed the distribution of GUS activity during lateral root
development with a 9- day-old transgenic Arabidopsis grown
on MS medium.
W showed that lateral root development initiation was
inhibited obviously by TIBA with a 9-day-old transgenic
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placed in acetic anhydride solution (100 ml acetic

anhydride in 5 ml 0.1 mol/L triethanalamine) for 1

h. 3) Dehydration, the specimen were passed through

the following steps: H2O, 70% ethanol, 95% ethanol,

and 100% ethanol, 15 min each. 4) Clearing, the

specimen cleared in ethanol/methyl salicylate (1:1)

mixture for 2 h followed by methyl salicylate for 2 h

or overnight.

RESULTS

PCR assay was performed to confirm the

transgenic Arabidopsis, and the results showed that

all the kanamycin-resistant seedlings in the experi-

ment were positive in PCR assay (data not shown).

For observing the responsiveness of the transgenic

Arabidopsis to auxin, histochemical GUS assay was

performed with 3d -old seedlings grown on MS me-

dia without hormones. The plants were incubated

in 10 mM potassium phosphate buffer (pH 6.8) con-

taining 2 mg/L IAA for 12 h. As shown in Fig 1A

and B, the GUS activity is higher in seedlings treated

with IAA than that of CK.

In order to visualize auxin distribution during

embryogenesis, the immature seeds were stained

with GUS assay solution and then cleared by methyl

salicylate. All the heart, torpedo and cotyledon em-

bryos of the transgenic Arabidopsis displayed a maxi-

mum of GUS activity in ends of cotyledon primordia

and hypophysis (Fig1C-F), but the GUS activity is

too low to be detected in globular embryo and

younger ones.

The young seedlings of the transgenic plants

showed a maximum GUS activity in leaf tip area (Fig

1G), lateral root primordia (Fig 1H) and root apex

(Fig 1I). And GUS activity accumulated in cotyle-

don (Fig 1J) and root apex (Fig 1K) of the seedling

grown on auxin polar transport inhibitor contain-

ing media. The experiments here also showed that

GUS activity accumulated in the basal end of the cut

stem (Fig 1M, T) but no GUS activity was detected

in the basal end of the cut stem in seedlings cul-

tured on auxin polar transport inhibitor containing

medium (Fig 1U). Trumpet-shaped- and fused-

leaves could form in Arabidopsis seedlings grown

on auxin polar transport inhibitor containing media

(Fig 1N-S). Lateral root initiation was inhibited ob-

viously by auxin polar transport inhibitor (Fig 1V

and W). Fig 2 and 3 showed that TIBA inhibited

elongation of roots and gravity response.

DISCUSSION

The progress of molecular biology and genetics

has made the studies on complex subject, biological

function of auxin and its polar transport at molecu-

lar and cellular aspects. A serial studies of develop-

ment in auxin research field have been obtained by

using the model plant, Arabidopsis, such as the gene

cloning of auxin binding protein, auxin efflux car-

rier and auxin responsive genes[14],[18]. A major

limitation of plant biology is its inability to accurately

Auxin distribution of Arabidopsis embryo and young seedlings

Fig 3.   The elongation of Arabidopsis roots inhibited by

TIBA

Fig 2. The gravity response of Arabidopsis roots inhibited by

TIBA
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assess the auxin levels[13]. The expression of re-

ported genes, such as GUS gene driven by auxin

responsive promoter might make us more convenient

to study the relationship between distribution of

auxin in plant cells/tissues and plant growth and

development. And this sort of example is increasing

now[11-14]. We have used an indirect method to

assess the auxin responsiveness of Arabidopsis em-

bryo and young seedlings. The experiments used the

synthetic auxin responsive promoter, DR5.

DR5 promoter responses rapidly to active auxin

between 10-8 and 10-5, and remains at high level up

to 10-4 mol/L[11]. It has demonstrated that DR5 is

the best tool to visualize response to active auxins at

cellular resolution level[7]. The present results

showed a higher level auxin in root apex and ends of

cotyledon primordia from heart to mature embryo.

In young seedlings auxin may accumulate in leaf tip

area, lateral root primordia and root apex. The auxin

content in globular embryos and younger ones was

relatively low. PIN1, a efflux carrier was accumu-

lated in the four innermost cells in the lower part of

the mid-globular embryo (the future root apex), and

gradually narrowed down to vascular precursor cells,

both in the developing cotyledon and in the embryo

axis[19]. Therefore the asymmetric distribution of

auxin in developing embryos might be contributed

to asymmetric location of PIN1 protein in auxin po-

lar transport.

Transgenic plants expressing auxin responsive

promoter provides a convenient method for the study

of auxin transport. Fig 1M, T and U showed that

auxin accumulated in biological basal end of excised

stem because of auxin transport. This result provided

a new exemplification for that auxin polar transport

inhibitors could trully interfere auxin transport in

plants[8]. The present results also showed that auxin

polar transport inhibitor caused accumulation of

auxin in the root apex of the seedling, and it also

inhibited initiation of lateral root and elongation of

roots. These results supported the presumption that

auxin transport inhibitors caused accumulation of

auxin in the root apex while reducing levels in basal

tissues critical for initiation of lateral root [9] and

provided additional support for that auxin synthe-

sized in root apex first and then transported to other

part of the root. The present results also showed

trumpet-shaped- and fused- leaves could form in

Arabidopsis seedlings grown on auxin polar trans-

port inhibitor containing media (Fig 1N-S), that pro-

vided a new exemplification that auxin polar trans-

port is required in foliar leaf pattern formation[6].
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