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Expressions of Three Wheat S-like RNase Genes Were Differentially Regu-
lated by Phosphate Starvation
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Abstract: In plants, RNase can degrade RNA to release Pi in senescent organs, which can be reused by young organs. The
expression of many S-like RNase genes were up-regulated by phosphate starvation. Using the ESTs, three S-like RNase
gene cDNAs were isolated from common wheat by RT-PCR. The predicated amino acid sequences of the three sequences
were found having high similarities with those S-RNases and S-like RNases in other plant species. The expression of WRNI
gulated by phosph

P

was down-regulated by phosphate starvation and leaf senescence, while WRN2 and WRN3 were up-

starvation.
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Phosphate (Pi) is one of the key substrate in energy Under Pi-limited conditions, RNase NE expression was
induced in roots but not in leaves'*’ . Besides tobacoo,
RNase genes had also been
pyrifolia'® , Malux x Domestica Borkh!” and Pyrunnus
dulcis™ ,
of RNase genes isolated from self-compatibility plants (S-

metabolism and biosynthesis of nucleic acids and mem-
branes. It also plays an important role in photosynthesis, isolated from Pyrus
respiration and regulation of a number of enzymesm . Ri-
bonucleases (RNases) can degrade RNA and DNA in se-
1 organs, and
. The first identi-

respectively . Although the amino acid sequences

nescent plant organs r ing Pi to i

(2]

improve the Pi utilizing rate in plants
fied plant RNase is S2-glycoprotein from tobacoo ( Nicoti-
ana alata)™ . Tt has close relation to self-incompatibili-

ty'* . RNase NE, also isolated from Nicotiana alata, ex-

like RNase) were highly identical to those isolated from
self-incompatibility plants (S-RNases), many differences
existed in expression patterns and functions between the
two types of RNases. S-like RNases did not take part in

the control of self-imcompatibility. The expressions of S-
(9~ 11)

pressed in styles, petals and immature anthers but not in

(5]

the vegetative tissues under normal growth conditions like RNase genes were induced by specific stimuli
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S-like RNases take part in the reactions of stresses,
senescence and RNA metabolisms. The activities of
RNases in tomato leaves increased with agem] . The ex-
pressions of RNase LE and LX genes were induced in
leaves during an advanced stage of senescence in toma-
0™ . The S-like RNase LE gene was also induced by Pi
starvation in cultured tomato cells™ . In Arabidopsis,
three S-like RNase genes, RNSI, RNS2 and RNS3,
were each induced to different extents during leaf senes-
cence. RNSI was induced only slightly™™
RNS2 and RNS3 were more strongly induced™® "' . How-
ever, their responses to Pi starvation differed, RNS!/ and
RNS2 were induced by Pi starvation, whereas RNS3 was
not'*'® | Antisense inhibition of RNSI or RNS2 elevated

the accumulation of anthocyanins, the production of which

whereas

is often associated with several forms of stress, including
Pi starvation. This suggested that S-like RNases may par-
ticipate in the related processes of nutrient recycling dur-
d in RNA, in

combination with the actions of phosphatases during star-
(17

ging Pi seq

ing senescence and scav

vation for Pi
In a previous study, we have isolated a wheat S-like
RNase ( WRNI) gene, and found that its expression was

US] In this study, two new

down-regulated by senescence
S-like RNase genes from wheat were isolated, and the ex-
pressions of them, together with formally isolated WRNI,

under the conditions of Pi starvation were analyzed.

1 Materials and Methods

1.1 Plant Materials and Growth Conditions
Common wheat (cv. Xiaoyan 54) seeds were sur-
face-sterilized and germinated on filter paper. When the
hypocotyls had emerged, the seeds were transferred to a
thin layer of quartz saturated with 0.2 mmol/L calcium
sulphate solution, and incubated at 25°C for S days.
Then the seedlings with the residual endosperms removed
were transferred to complete nutrition solution in a growth
cabinet kept at a constant (20 £2) °C, with a relative hu-
midity of 75% , and ill
of 280 - 300 pmol photons*m™>+s”" for 16 h a day. Af-

ter one week, the seedlings were transferred to the nutri-

1l

rate

ion at a ph

ent solution deprived of Pi for 0, 3 and 7 days, then roots
and leaves were collected for gene expression analysis.

The reagents of the nutrient solution and the phosphate

treatments were done according to the previous article!"” .

During the hydroponic culture, solution were continuously
aerated and changed every other day.

1.2 RNA Extraction and Isolation of Full-length
cDNAs of Three WRNs

Total RNA samples from roots and leaves were isolat-
ed using a Trizol reagent (Gibco BRL). RNA samples
were treated with DNase I . Total RNA was used as tem-
plate for synthesis of the first-strand cDNA. PCR reaction
was carried out in 25 pL reaction volume, involving 1 pL
first-strand cDNA as template, with total 35 cycles of de-
neturation for 30 s at 94°C, annealing for 30 s at 56°C,
and elongation for 1.5 min at 72°C . According to the rice
S-like RNase gene sequence ( accession numbers
AF495872), six wheat EST sequences (the accession
number was BE591570, BM136217, BJ260079,
BJ265782, BJ234043 and BJ239911, respectively) were
found in GenBank. The first pair of primers (P1: 5'-
CATTTCTGCTTGCAATACTTAGTAGA-3'; P2: 5'-CAT-
GTATACACT TTTATTTATTCAACCATC-3') was de-
signed according to BES591570 (5') and BM136217
(3'). PCR reaction was performed with total 35 cycles of
denatuation for 30 s at 94°C , annealing for 1 min at 53°C,
and elongation for 1 min at 729C. The second pair of
primers ( P3: 5'-GCGAGATAGATAGCTCTGCAGCGAG-
3’; P4: 5'-ATGAAATAGCAACCGGCTCCCTCC-3') was
designed according to BJ260079 (5') and BJ265782
(3'). PCR reaction was carried out with total 35 cycles
(94C 305, 65°C 1 min, 72°C 1 min) . The third pair of
primers ( PS: 5'-TGAGGTTGCAGTGCTCCCTGGTCCT-
3’; P6: 5'-CCTAAGTTTATTCTGCCGCGGCAAG-3')
was designed according to BJ234043 (5’) and BJ239911
(3"). PCR reaction was carried out with total 35 cycles
(94C 30 s, 65C 1 min, 72°C 1 min). The PCR prod-
ucts were recovered and cloned into pGEM T-easy vector
(Promega) and sequenced, respectively.

1.3 Relative-quantitative Polymerase Chain Reac-
tion (RQRT-PCR)

Samples of 200 ng of total RNA were used as tem-
plates for synthesis of the first-strand cDNA. RQRT-PCR
was done for WRNI using the specific primers P1 and
P2. P3 and P4 were used to identify the expression of
WRN2 . PS5 and P6 were used for WRN3. PCR reaction
was carried out as described above. As a control, amplifi-
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cation by RT-PCR was performed using two primers (P7:
5'-AGAACACTGTTGTAAGGCTCAAC-3' and P8: 5'-
GAGCTTTACTGCCTCGAACATGG-3') specific for the
wheat tublin gene. PCR was performed for 30 cycles

(94°C 30's, 55°C 60 s, 72°C 60's) .
2 Results

Using the known rice S-like RNase gene (accession
number AF495872), six wheat ESTs were found. Three
clones were got by RT-PCR. They were named as WRNI
(accession number AF495872), WRN2 (accession number
AY517470) and WRN3 (accession number AY528721),
WRNI1 and WRN2 were both full-length cD-
NAs, which had start and stop codons. They had an open

respectively .

reading frame containing 735 bp and 684 bp, respectively.
WRN3 was a partial cDNA. The predicated amino acid se-
quences of the three genes were highly similar with those
encoded by S-like RNase genes (Fig.1).

All of the amino acid sequences of active RNases re-
ported had two conserved histidine sites™ . They may

play important roles in keeping RNase activity. WRN 2

WRN1
WRN2 :
WRN3 :

WRN1
WRN2 :
WRN3 :

WRN1 :
WRN2 :

WRN3 :

WRN1
WRN2 :
WRN3 :

WRN1 : ATSPAKIMLPTEA : 245
WRN2 : ——————===——=- : -
WRN3 : -—=--=—-————= : -

WRNI 78%
AF439449
29%

WRN3 59%

17%
U19924
DO0238

2%
08860

Fig.1  Phylogenetic tree of three
wheat S-like RNase amino acid sequences
The amino acid sequences of the three S-like RNases were aligned
with that of Oryza sativa S-like RNase (AF439449), Zinnia
RNase [l (U19924), Nicotiana alata RNase Rh (D00238)
and S2-RNase (U08860) , Petunia hybrida S1 (U07362) .
The phylogenetic tree was created using the software DNAMAN .

and WRN3 both had the two conserved histidine sites,
but the two sites in WRN1 were replaced (indicated by

arrows in Fig.Z) .

55
55
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115
114
115

173

: 174
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229

Fig.2  Aligment of three wheat S-like RNase amino acid sequences
The two arrowheads showed the conserved histidine residues in all of the active S-RNases and S-like RNases isolated now .
The alignment was done using the software ClustalW at http://www . ch. embnet. org/software/ClustalW . html .
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Using RQRT-PCR, we found that all the three genes
mainly expressed in leaves. Their expressions in roots
were much weaker than those in leaves (Fig.3). The
responses of these three genes to Pi starvation were quite
different. The mRNA levels of WRN2 and WRN3 were
greatly increased in leaves and roots, while that of WRNI
were decreased in leaves by Pi starvation (Fig.3). No
obvious change was observed for the expression of WRNI

in roots under Pi starvation.

Fig.3  Expression of three wheat S-like RNase
genes in response to Pi starvation
RQRT-PCR was carried out with the leaves and roots cut from seedlings
treated with Pi starvation for 0, 3 and 7 days, respectively.
The bottom line showed the corresponded expression of tublin .

R 1

p were d by agarose gel electrophoresis.

3 Discussion

RNA is the most abundant form of organic
phosphorus in plant cells, but has a comparatively low
rate of tumover'! . RNases could degrade RNA molecules
in the extracellular environment with the released
nucleotides then acting as a source of Pi or reallocate Pi

) All of the amino acid

resources in internal pools
sequences of active RNases reported had two conserved
histidine sites'®’ indicating the importance of these two
histidine amino acids in keeping RNase activity. In
present study, we found that the expressions of WRN2
and WRN3 with the two conserved histidine residues was
up-regulated in leaves and roots of wheat, while that of
WRN1 without the conserved histidine residues was down-
regulated in leaves by Pi starvation. This suggests WRN2
and WRN3 may participate the related processes of
nutrient recycling during scavenging Pi sequestered in
RNA when wheat plant is suffered from Pi starvation. In
Arabidopsis, antisense inhibition of RNSI or RNS2
elevated anthocyanin accumulation, the production of

which is often associated with Pi starvation, demonstrating

that diminishing the amounts of either RNSI or RNS2
leads to the effects that cannot be compensated for by the
actions of other RNases, even though Arabidopsis contains
a large number of different RNase activities!'” . Whether
WRN2 and WRN3 had the similar roles of RNSI and
RNS2 needs further studies.

It is not clear how many types of RNases are in
plants now. There were at least 20 types identified from
E. coli™ . Yen and Baenziger (1993) isolated and
identified 15 types of wheat RNases whose molecular
weights were from 16.3 kD t0 40.1 kD™ . Three types of
RNases whose molecular weights were 20 kD, 26 kD, and
26 kD respectively were also identified from wheat'®") .
The predicted proteins of WRN2 and WRN3 were both 25
kD or so. The RNase types they encoded were yet unclear
now.

One difference of WRNI from WRN2 and WRN3 is
that WRNI did not have the two conserved histidine
residues essential for keeping the RNase activities.
Replacement of Either the two histidine residues of RNase
Rh by other amino acids would make the RNase activity
completely or nearly completely lose!™!
that WRNI is possibly not active as an RNase. The

. This suggests

expression patterns of WRNI were also different from
those of WRN2 and WRN3. Although WRNI was mainly
expressed in leaves, it was down-regulated by Pi
starvation. In a previous study, the expression of WRNI
was found to decrease during the natural senescence in
field and induced senescence in laboratory™™ . The
expression patterns of WRNI were quite similar to that of
the barley S-like RNase gene RSHI, whose the two
conserved histidine residues were replaced by serine
residues. RSHI mainly expressed in young, developing
leaf cells and the expression declines well before
senescence'®’ . Our results, together with the results of
RSHI from barley, suggest RNase without the two
conserved histidine

residues may not involve in

reallocation of Pi sequestered in RNA during senescence.
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