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Abstract

Microarray data reveals expression level of AtST39( At3g46110) is up-regulted by pathogens
such as Pseudomonas syringae pv. tomato DC3000 (PstDC3000), cold , drought and salt
treatment and in key regultors Ify which controls flowering; while AtMPA (At1g05577) is spe-
cifically expressed in the process of uninucleate microspore switching to tricellular. Howev-
er,the molecular mechanism of two memebers of YWC gene family (AtST39 and AtMPA) me-
diating flower development and stress response remains elusive. Here we report mainly char-
acterization of AtST39 gene function to unravel its function, results are shown below:

(1) Members of YWC protein family are estimated to be over 185 members shown in NCBI
along with three highly conserved motifs. YWC protein family is putatively regulated by aux-
in, potentially has cysteine-type endopeptidase activity and interacts with APG6 domain from
bioinformatic analysis. Both AtST39 and AtMPA share two YWC domains whose functiona is
unkown.

(2)Analysis of transgenic plants expressing Paist39::GUS shows that AtST39 is highly ex-
pressed in vascular tissue, pollen ,trichomes site as well as slightly in lateral roots initiation.
The AtST39 protein is localized in the cytoplasm and cell membrane in the seeding root of
transgenic plants, which is confirmed by transient expression of AtST39-GFP fusion gene in
Nicotiana tabacum epidermis cells. According to conserved domains , 35S::AtST39 N, T-GFP
and 35S::AtST39 N, T-GFP truncated derived from AtST39 protein from N terminus were ob-
served to locate in  nucleus in mature roots. TAIR database predicts that AtST39 has two
splicing variants. However, A novel alternative splicing transcript of AtST39 was identified by
RT-PCR and verified by sequencing besides predicted variants above. We found that the first
intron in novel transcript was not spliced and this novel variant expression level was
up-regulated under salt and cold stresses, impling the novel variant might be involved in salt
and cold stresses.

(3)The T-DNA insertion mutants including Atst39, Atst39h, Atmpa and ufc were identified by
PCR at genome level and RT-PCR at mRNA level. Homozygous mutant Atst39 was obtained
while ATST39H and ATMPA gene were not knocked out in corresponding mutant lines.

(4) The seeds germination of overexpression of AtST39 lines and AtST39 T-DNA insertion
homozygous mutants decreased under salt and drought stresses compared with wild-type. The
phenotype of homozygous mutants that is more sensitive in seed germination can be restored
by ABA inhibitor fluridone, indicating that mutants may accumulate more ABA under NaCl
and PEG treatment. Quantitative PCR confirmed that the transcriptional levels of ABA re-
sponsive gene RD29B and RD29A were up-regulated while the transcriptional levels of ABA
biosynthesis gene NCED3 down-regulated due to possible feedback. Moreover, Quantitative
PCR demonstrated AtST39 gene expression was induced by ABA. The transcriptional levels of
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ABA responsive gene RD29B and NCED3 decreased in mutants while RD29B gene expres-
sion can be can quickly activated in overexpression lines compared with wild-type under ABA
treatment.Germination defects were not observed in mutants compared with wild-type under
various concentration of ABA treatment. However, the morphology of inhibiting main root
length, hypocotyl elongation and cotyledon turning green was observed after Atst39 being
subjected to ABA. These phenotypes can be partly reversed by cytokinin or transferring to /2
MS medium without ABA after two days,demonstrating that AtST39 maybe modulate seed
germination in ABA-dependent manaer under osmotic stress whereas respond to stress in
ABA-dependent signaling passway during seeding stage. AtST39 expression reached maxi-
mum in Wild-type subjected to 200uM H,O; after 1 hour treatment. So, We propose that
AtST39 as ROS signal transducer negatively regulates the process of ABA and cytokinin in-
hibiting root length , hypocotyl lengthand cotyledon turning green.

(5) AtST39 gene expression level is down-regulated in pad3,wrky11, and coil-1while upregu-
lated in nprl. Atst39 T-DNA mutant plants displayed notably smaller lesion than wild-type
plants after inoculation with P.syringae pv.tomato DC3000. PR gene transcriptional levels was
significantly activated and PAD3 and WRKY 11gene expression was enhanced compared with
wild-type after inoculation, suggesting AtST39 negectively modulates plants response to Pst
DC3000.

(6) We constructed prokaryotic expression vector pET28a-AtST39 containing his-tag. The re-
sults showed AtST39 protein was mainly expressed in inclusion bodies after transforming in
E.coli BL21(DE3) stain and optimizing the expression condition.

(7)Moreover,we also probed into AtMPA (Atlg05577) gene expression pattern: AIMPA (Ma-
ture Pollen Abundance expressed in Arabidopsis thaliana) was predicted to specifically ex-
press in stamen and Genevestigator V4 indicated AtMPA expression decreaseed remarkably in
opr3 linked to JA biosynthesis. Co-expression database showed AtMPA exhibited strong
co-expression with genes which encoding lipase and pectinase. PLACE promoter prediction
manifested AtMPA promoter contained pollen-specific cis-elements: CARGCW8GAT, POL-
LENILELATS2, root-specific OSE2ROOTNODULE and auxin response factors binding
site,which were related with pollen development. The expression of AtMPA increased sharply
shown in transgenic plants expressing Pampa::GUS during pollen development. Interesting-
ly,we also found AtMPA expressed in specific location such as lateral root initiation site and
root elongation zone . These results showed that the AtMPA may have hydrolase activity,
maybe involved in the process of the mature pollen development JA mediated and root devel-

opment auxin regulated.

Key words: pollen; root length; cytokinin; ABA
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RNAIi(RNA interference)

IAA (3-Indoleacetic Acid)

ABA (abscisic acid)

6-BA (6-benzylaminoppurine)

Hyg (hygromycin B)

CTAB (cetyltriethylammonium bromide)

PCR (polymerase chain reaction)

RT-PCR (reverse transcriptase-PCR)

GFP (green fluorescent protein)

Pst DC3000 (Pseudomonas syringae pv.tomato )
Tu EF-Tu (elongation factor Tu)

PEG (Polyethyelglyocl)

Mannitol

ABRE (ABA responsive element)

ARR (Arabidopsis response regulators)

DREB (DRE binding factor)

ERF (Ethylene-responsive factor)

GUS (B-Glucuronidase)

ICE1 (Inducer of CBF expression 1)

IPTG (Isopropyl-1-thio-p-D-galactopyranoside )

KIN (Cold-induced)
LEA (Late embryogenesis-abundant)

NLS (Nuclear localization signal)

RD (Responsive to dehydration)

X-gluc (5-bromo-4-chloro-3-indolyl-D-glucuronide )
ACC (1-aminocyclopropane-1-carboxylic acid )
BAKI1 (BRIl-associated receptor kinase 1 )
FLS2 (Flagellin sensitive2 )

GA (gibberellins)

CK (Cytokinins)

Hrp (Hypersensitive reaction and pathogenicity)
NahG (salicylate hydroxylase gene)

SID2 (Salicylic-acid-Induction Deficient 2)

BL (brassinolide)
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