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Evaluating the Function of a Novel Gene LaNHR2B of Lepidium

apetalum, Up-regulated by Low Temperature for Cold Tolerance

LU Han, WANG Ru, LI Jinyu, GE Fengwei, XIE Hongtao, ZHAO Huixin"

(Laboratory of Plant Stress Biology in Arid Land, College of Life Science of Xinjiang Normal University, Urumqi 830054, China)

Abstract: Ephemeral plant Lepidium apetalum Willd. seedlings grow well at low temperatures in early
spring in the north of Xinjiang, China, and have a perfect tolerance to low temperature stress. LaNHR2B
(cold up-regulated expression gene in L. apetalum) ., a gene found in L. apetalum, was previously repor-
ted as being up-regulated in seedlings by cold stress. In this study, we obtained the full-length ¢cDNA se-
quence of LaNHR2B using homology-based cloning. We predicted and analyzed the nature and conforma-
tion of its encoding protein with bioinformatics software, the relationship between its expression and the
growth stages of seedlings. We also studied its expression in response to cold induction and exogenous
ABA treatment with quantitative RT-PCR, and further explored the effects of LaNHR2B over-expression
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in Arabidopsis thaliana on cold tolerance. Results showed that; (1) the full-length of La NHR2B gene is
1 035 bp, encoding a protein consisting of 344 amino acid with a molecular weight of 85 791, 16 kD, a theo-
retical PI of 5. 06 and a formula of Cy150 Hsp05 Nigss O1507 So55. The protein contains alanine, threonine, glycine
and cysteine, which has three transmembrane structures with unknown functions and strongly conserved in
cruciferous plants. (2) Expression of LaNHR2B was up-regulated by cold induction at 4 ‘C, but this in-
crease gradually decreased with the growth and development of seedlings, consistent with the decreasing
trend of cold tolerance with growth. (3) Exogenous ABA induced LaNHR2B expression, and over-ex-
pression of LaNHR2B in A. thaliana enhanced cold tolerance. With these results we have proved that
LaNHRZ2B expression has a close relationship with the cold tolerance of L. apetalum seedlings. Moreo-
ver, LaNHR2B may be a functional gene enhancing cold resistance after cold acclimatization, providing a
certain theoretical basis and reference for further developing cold-resistant breeding of crops with this
gene.

Key words: Lepidium apetalum Willd. ; cold stress; LaNHR2B; over-expression; chilling resistance;

ABA

Low temperature is one of the most important
environmental factors limiting and affecting the

]

production of crops™’. In particular, low tempera-

ture stress is more apparent to plants in middle and
high latitudes™.

crease the cold resistance of plants by regulating

Plants directly or indirectly in-

the unsaturated fatty acids, protective enzymes,
functional genes and regulatory genes of membrane

B And utilizing cold tolerance functional

lipids
genes to improve the cold resistance of plants has
become an important and effective approach in
modern plant breeding™. Enhanced resistance of
plants has been reported in many plants trans-
formed with cold tolerance functional genes™. At
present, the available effective functional genes are
still limit, therefore obtaining cold-resistant func-
tional gene becomes a key goal in molecular-assis-
ted breeding. Many studies also focus on the
screening functional verification of cold tolerance

67 endeavoring to enrich this re-

functional genes
source of important genes.

Lepidium apetalum Willd. belongs to the Le-
pidium of the Brassicaceae, widely distributed in
provinces north and south of China, with different
ecotypes that adapt to the surrounding environ-
ment. The L. apetalum present in the north of
Xinjiang has typical characteristics of spring e-

<[8]

phemerals They can tolerate cold to germinate

and grow in early spring, having an important po-

7,

sition in the area as a pioneer plan Previous

studies found that the seeds of L. apetalum could
not germinate at low temperature (below 4 C),
but they would grow normally at the temperature
below 4 ‘C after germinating at 8 C to the stage
that radical grows out. In addition, the seeds can
germinate at 4 C after treated at 25 C for a short
time (60 min). It is inferred that the higher tem-
perature acts as a signal to start the expression of
some genes which are related to the germination of
seeds of L. apetalum™ ™, but there is still a lack
of report about the cold tolerance functional genes
of L. apetalum seedlings.

In previous studies, a cold induced gene seg-
ment TDF119 was screened by analyzing the tran-

51 whose sequence

scriptome data of L. apetalum
is almost exactly the same with AT4G25030 in Ar-
abidopsis thaliana. Tt was reported that the
AT4G25030 is a serine/threonine protein kinase,
locating on A. thaliana chromosome 4 and enco-
ding 344 amino acid residues'™. Secki found that
this protein possesses an exactly similar amino se-
quence to GSLTFB57ZDO01 in plant growth and de-
velopment"'™. And Boaz Kaplan reported that the
promoter of AT4G25030 contained multiple ABRE
or ABRE-CE motifs, which suggesting that the
gene participates in Ca’" regulation in A. thaliana

[18]

biotic and abiotic stresses pathway"'*'. Amazingly,

and the transcription processing characteristics of

this gene about AT4G25030 have also been studied

and it is considered an alternative splicing gene''*.
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The latest research advances in biology. the
AT4G25030 was named AtNHR2B (A. rthaliana
nonhost resistance 2B), it is a chloroplast-localized
protein and plays an important role in deposition of
callose in nonhost disease resistance™’. There-
fore, the cold-up-regulated gene TDF119 was
named LaNHR2B (Lepidium apetalum nonhost
resistance 2B,  GenBank

KF362124. 1) in L. apetalum in this test. We ana-

lyzed the response of gene expression to low tem-

accession number

perature stress and tested the effect of gene over-
expression on tolerance to low temperature stress
in plants, in order to investigate the role of LaN-
HR2B in resisting abiotic stress of low temperature

in plants.

1 Materials and methods

1.1 Seeds

L. apetalum seeds were collected from the
Carp Mountain in Urumgqi Municipality in June
2012, mature and full grains were selected, and
the experiments were carried out in the laboratory
of molecular biology at Xinjiang Normal University.

After the common routinely sterilization with
ethanol (70% for 30 s) and NaClO (0. 5% for 20
min), the seeds were cultured in dishes at 25 C
with light (Irradiance of 14.5 W « m™*) for germi-
nation, until the stages of radicle protrusion, radi-
cle protraction, hypocotyl protrusion and three-leaf
stage were reached, for further uset'".
1.2 Cloning and sequence analysis of LaNHR2B
full-length ¢cDNA of L. apetalum

The seedling was collected at the cotyledon
expansion stage for cold acclimation at 4 C for 6
h. Total RNA from seedlings (about 100 mg) was
extracted with Trizol™ total RNA extraction kit
(Invitrogen, Carlsbad, CA, USA), and cDNA
synthesized with The RNA PCR Kit (AMV Ver.
2.1, TaKaRa) according to the manufacturer’s in-
structions. According to homology comparison re-
sults between the LaNHR2B core sequence ob-
tained previously with the known A. thaliana gene
sequence (AT4G25030) in NCBI, PCR primers
were designed as follows: C-F (5-GCCAAGCT-

TATGGATAATTGTACTGGA-3") and C-R (5'-
GCACCCGGGTTAGCAGACAACAGTAGC -3").
The above cDNA was been used as a template, and
the ¢cDNA sequence of full-length LaNHR2B of L.
apetalum was cloned and ligated into a pMDI18-T
vector, named as T-LaNHR2B for sequencing.
The sequence of its encoding protein were predic-
ted with DNAMAN, the protein properties were
analyzed with ProtParam, structure prediction was
performed with SMART, and the presence of sig-
nal peptides was analyzed with Signal P 4. 1.
1.3 Effects of low temperature treatment on LaN-
HR2B gene expression in L. apetalum seedlings
The 180 L. apetalum seedlings were taken at
the cotyledon expansion stage, divided into 6
groups, and treated at 4 C for 0, 1, 3, 6, 12 and
24 h. Half of each group was sampled, and cul-
tured at 25 C for 6 h, with a total of 12 samples.
The effects of cold acclimation on LaNHR2B gene
expression were analyzed with fluorescence quanti-
tative RT-PCR. ¢EF-1a gene (Elongation factor-
la) was used as an internal control", The LaN-
HR2B detection primers were designed as follows:
LaNHR2B-F (5'-GTTCAATGTCATCTTCTTC-
3", LaNHR2B-R (5-TAGTTCATGCCTGAT-
GTC-3"), with an expected product size of 108 bp.
The eEF-1q detection primers were designed as
follows: efl-F (5'-CAAGGCTAGGTACGAT-3"),
efl-R ( 5'-CAATCATGTTGTCTCCCT-3"), the
expected product size was 119 bp. All primers
were synthesized by Beijing Huada Co. , Ltd. Re-
verse transcription was used to synthesize cDNA,
eEF-1q was taken as an internal control to calibrate
the mRNA levels, and fluorescence quantitative
RT-PCR analysis was carried out in real-time with
cDNA as template. Due to the extremely low back-
ground expression of LaNHR2B, it was unable to
be detected on polyacrylamide gel electrophoresis
with silver staining. For convenience, the gene ex-
pression quantity in L. apetalum seedlings treated
at low temperature for 1 h was used as the refer-
ence standard, defined as one unit, and relative
quantitative analysis was performed for samples in

the other 5 groups.
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1.4 Relationship between LaNHR2B gene expres-
sion and cold resistance of L. apetalum at different
development stages

The seedlings of L. apetalum were taken at
the stages of the radicle protrusion, radicle pro-
traction, hypocotyl protrusion and three-leaf stage
(180 seedlings were selected in each growth
stage) , for cold induction at 4 C for 12 h. The
seedlings were then divided into two groups for
stress treatment at —5 C and —10 C for 10 min.
After 2 h, the temperature was continuously in-
creased slowly (up to 4 C after 12 h), finally reac-
hing 25 'C. The survival rate was calculated after
48 h, and the ability to continue to grow was taken
as the survival standard. Additionally, seedlings at
the above four developmental stages were divided
into two groups, with a total of eight samples, one
group was treated at 4 C for 12 h and the other
was not treated. Fluorescence quantitative RT-
PCR analysis was adopted to analyze the effects of
different developmental stages of L. apetalum on
cold induced up-regulated LaNHR2B gene expres-
sion. The quantitative method was the same as
that described above.
1.5 Effects of exogenous ABA treatment on LaN-
HR2B gene expression in L. apetalum seedlings

The 180 seedlings of L. apetalum were taken
at the stage of cotyledon expansion and divided into
three groups treated with ABA (100 pmol « L")
for 0, 1 and 6 h. Half of each group was sampled,
rapidly washed with sterile water, and then cul-
tured with exogenous ABA-free medium for 24 h.
Fluorescence quantitative RT-PCR was used to an-
alyze the effects of exogenous ABA treatment on
LaNHR2B gene expression. The quantitative
method was the same as that described above.
1.6 Effects of LaNHR2B over-expression on the
cold tolerance of A. thaliana seedlings
1.6.1 Expression vector construction, A. thaliana
transformation and identification The cloned T-
LaNHR2B and pBI121 were digested with both of
BamH 1 and Hind Il respectively. And the tar-
get fragments digested were extracted from gel, li-

gated with T, ligase, recombined into the plant ex-

pression vector named as pBl-pLaNHR2B, and
then transformed pBI-pLaNHR2B into competent
Agrobacterium strain GV3101 cells. The engi-
neered Agrobacteria were transformed into A.
thaliana using the floral dip method to obtain the
first generation (T,) of seeds. Seedlings were se-
lected with kanamycin, and after PCR identifica-
tion of transformants, the plants were cultured and
T, seeds harvested. Planting T, seeds to harvest a
large number of T, seeds for subsequent experi-
ments.
1. 6.2

formed A. thaliana seedlings

Cold tolerance test of LaNHR2B-trans-
About 120 T, seeds
were collected, divided into groups | and [] . and
60 seeds for each group were tiled into three clus-
ters on culture dishes containing MS solid culture
medium. Meanwhile, three clusters of wild type
A. thaliana seeds were sown in every dish. After
vernalization at 4 C for 2 days, the seeds were
transferred into an incubator for light culture

2

(light intensity: 80 —100 ymol * m * + s '; tem-
perature; (2131) C; light cycle: 24 h continuous
illumination). The seedlings were cultivated for a-
bout 7 days for germination, and when the true
leaf was going to unfold, group 1 was placed at 5
‘C for 2 h, then back to 4 'C for 6 h. After this,
growth was observed after cultivating in the incu-
bator for 5 days. Group I was induced at 4 C for
12 h, then placed at 5 C for 2 h, and the growth
was observed after cultivation in the incubator for
5 days.

All of the above experiments were repeated

three times with similar results.

2 Results and analysis

2.1 Cloning and sequence analysis of LaNHR2B
full-length ¢cDNA of L. apetalum

Total RNA was extracted from the samples of
L. apetalum treated at 4 'C for 6 h during the pe-
riod from seeds germination to cotyledon expan-
sion. RT-PCR amplification was performed with
C-F/R primers, and sequencing results showed
that the fragment was 1 035 bp, encoding a com-

plete reading frame with 344 amino acid. A total of
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KFE362124.1 (Lepidium apetalum)
BX828145.1 (Arabidopsis thaliana)

52

BX829345.1 (Arabidopsis thaliana)

BX826715.1 (Arabidopsis thaliana)
AY085639.1 (Arabidopsis thaliana)
37 AK228468.1 (Arabidopsis thaliana)
AK317301.1 (Arabidopsis thaliana)

100 | NM_202884.2 (Arabidopsis thaliana)

NM_118635.4 (Arabidopsis thaliana)

— BX827238.1 (Arabidopsis thaliana)

51

98

83

BT024736.1 (Arabidopsis thaliana)
M_002869647.1 (Arabidopsis lyrata)

83 XM _006282593.1 (Capsella rubella)
89 XM_010435394.1 (Camelina sativa)
93 XM_010440625.1 (Camelina sativa)
91 XM 010450180.1 (Camelina sativa)
XM_006413289.1 (Eutrema salsugineum)
. AC241036.1 (Brassica rapa)
XM_009139242.1 (Brassica rapa)
XM_013801545.1 (Brassica napus)
XM _013851827.1 (Brassica napus)
96 XM_013737750.1 (Brassica oleracea)
XM_009140528.2 (Brassica rapa)
84 |] XM 013884170.1 (Brassica napus)
100 /' XM _013884163.1 (Brassica napus)
64 XM _013815814.1 (Brassica napus)
XM 0137412721 (Brassica oleracea)
98 | XM_013815816.1 (Brassica napus)
XM_013815815.1 (Brassica napus)

XM_013815817.1 (Brassica napus)
IXMfO 10549080.1 (Tarenaya hassleriana)

100 ' XM_010549079.1 (Tarenaya hassleriana)

l‘ XM_010496342.1 (Camelina sativa)

| |
0.05

100 XM_010483288.1 (Camelina sativa)

2 XM 010483287.1( Camelina sativa)

GenBank is the NIH genetic sequence database, an annotated collection of all publicly

available DNA sequences. Use MEGA6 make evolutionary tree

Fig. 1

Cluster analysis of LaNHR2B and homologous sequences retrieved

from the database of GenBank

40 homologous sequences were found in GenBank,
derived from plants belonging to nine species in the
cruciferae family. Homology and cluster analysis
results of LaNHR2B with homologous genes in
LaNHR?2B is
very conservative in cruciferous plants. The nucle-
otide sequence of LaNHR2B (KF362124.1) of L.
apetalum is 100% to its homology of A. thaliana

(AT4G25030), and the amino acid sequence is ex-

the database are shown in Fig. 1.

actly the same as the corresponding protein of Ara-

bidopsis.

The encoded protein sequence of LaNHR2B
was predicted with DNAMAN, and was found to
consist of 344 amino acid residues. ProtParam (ht-
tp://web. expasy. org/protparam/) was used to
analyze the protein properties encoded by LaN-
HR2B. The result showed that the theoretical iso-
electric point of the predicted protein is 5. 06, the
molecular weight of the protein is 85 791. 16 kD,

the formula of the protein is Cypz9 Hszs Nigss Oqs07
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S,55» and the protein contains alanine, threonine,
glycine and cysteine. SMART structure prediction
showed that the protein encoded by this gene con-
tains three transmembrane helices are located be-
tween 207 — 224, 231 — 248 and 258 — 275 amino
acid residues, and three low complexity regions lo-
cated between 31—40, 101—115, and 119—134 a-
mino acid residues. No signal peptide was found u-
sing Signal P 4.1 software analysis.
2.2 Low temperature stress induced up-regulation
of LaNHR2B gene expression in L. apetalum seed-
lings

With eEF-1q gene as an internal control, rela-
tive quantitative comparative analysis was carried
out for samples in the other five groups, including
one group without low temperature stress, and
four groups with different treatment time. The re-
sult is shown in Fig.2. Expression analysis
showed up-regulation with increasing time within 0
—24 h of low temperature stress, and this espe-
cially increased rapidly within 1 —3 h. After this
time there was a slight decrease in expression,
maintaining high expression levels with a signifi-
cant difference when compared with the control
samples. Numerous studies have shown that low
temperature induction can effectively enhance the

LaNHR2B

expression is up-regulated in L. apetalum after

cold resistance ability of plantst* %,
low-temperature induction, however whether it is

457¢1
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Relative expression
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o
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0 1 3 6 12 24
Time/h

Data are means {from three biological replicates with three
technical replicates each. The error bars show the
means &= SD. The same as below
Fig. 2 Expression profile analysis of LaNHR2B
in response to chilling temperature of

L. seedlings using qRT-PCR

one of the main factors enhancing the cold resist-
ance of plants is still to be further investigated.
2.3 Up-regulated expression pattern of LaNHR2B
is consistent with the change in cold resistance of
plants after cold acclimation

2.3.1

L. apetalum seedling L. apetalum is vulnerable

Cold resistance decreases with the growth of

to low temperature stress during the stages of seed
germination and seedling growth under the natural
environment in the north of Xinjiang in China,
where the low temperature is in early spring. As
the plant grows up, the temperature becomes
warmer. Thus when L. apetalum seedlings gradu-
ally grew up, the possibility of suffering from low
temperature damage also decreased. In this study,
it was showed that the cold resistance capability of
early stage seedlings of L. apetalum was strong,
but gradually weakened along with the growth of
seedlings (Fig.3). Cold acclimation at different
temperatures and of different durations was given
to the L. apetalum seedlings at four different de-
velopmental stages, following which the survival
rates were measured. Results showed that the bud
swelling-white petals forming stage had very
strong tolerance to low temperature stress. The o-
verall survival rate slightly decreased at the hypo-
cotyl elongation stage, but with a strong cold tol-
erance, while the tolerance to cold was further
lowered at the cotyledon expansion stage, and was
minimal at the three-leaf stage. In summary, the

cold tolerance capability of L. apetalum seedlings

mRadicle protrusion
mHypocotyl protrusion

N Radicle protraction
& Three-leaf stage
120
100
80
60

40

Survival percentage

20

for 10 min for2 h
Treament time and temperature

for 10 min for2 h

Fig. 3 Cold tolerance analysis of L. apetalum

seedlings at different growth stages
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decreased along with its growth.
2.3.2 Decreased effects of low temperature treat-
ment on LaNHR2B gene expression with the seedling
growth The low temperature induction conditions
on L. apetalum at different developmental stages
were set at 4 C for 12 h, due to the maximal ex-
pression of LaNHR2B under these conditions (as
described above). The result is shown in Fig. 4 re-
vealed that the expression quantity of LaNHR2B
was significantly higher at four stages after low
temperature induction than that of controls with-
out treatment, including the stages of radicle pro-
trusion, radicle protraction, hypocotyl protrusion and
three-leal stage. But there were differences in the ex-
pression quantities amongst different developmental
stages, being extremely high expression levels at
the stages of radicle protrusion and radicle protrac-
tion, there was no significant difference between
them. However there was a slightly decreased up-
regulation at the hypocotyl protrusion stage com-
pared with the above two stages, and an obviously
decreased amplitude at the three-leaf stage com-
pared with the above three stages, even still main-
taining a certain high degree of up-regulated ex-
pression.

Combined with the cold tolerance changes of
L. apetalum seedlings during growth, we have
shown that the changing trend of cold induced up-
regulation of LaNHR2B gene expression was con-
sistent with the changing trend of the cold toler-

ance of the seedlings, implying that there is a certain

B4 °C stress forOh 04 °C stress for 12 h
501 a
451 _-bL ] c
401 =
35
3.0F
251
2.0t d
1.5
1.0
0.5 e e e

Relative expression

(S

Radicle Radicle Hypocotyl Three-leaf
protrusion protraction protrusion stage

Seedlings of different developmental stages

Fig. 4 Expression analysis of LaNHR2B following
low temperature stress at different developmental

stages of L. apetalum

correlation between both. LaNHR2B may be one
of the important regulators in the cold signaling
pathways of L. apetalum, playing an important
function in low temperature resistance at seedling
stages. Currently, it is acknowledged that there are
two kinds of cold signaling pathways, namely, ABA-

[25-26] In

dependent and ABA-independent pathways
order to explore the function of LaNHR2B in cold
signaling pathways of L. apetalum seedlings, we
further determined exogenous ABA induced LaN-
HR2B gene expression in this study.
2.4 Exogenous ABA treatment significantly in-
duced up-regulated expression of LaNHR2B in L.
apetalum seedlings

Relative quantitative analysis of LaNHR2B
gene expression was performed on L. apetalum
seedlings treated with ABA (100 pmol « L") for 1
h and 6 h (Fig.5). The results showed that LaN-
HR2B expression was significantly up-regulated
after ABA treatment for only 1 h, and doubled in
quantity after 6 h treatment. Considering that
ABA treatment can usually induce the expression
of stress resistance genes, the above results fur-
ther increased the possibility that LaNHR2B is as-
sociated with cold resistance of L. apetalum, and
proved that LaNHR2B may play an important role
in an ABA-dependent cold signaling pathway.
2.5 LaNHR2B over-expression significantly en-
hanced the low temperature tolerance of Arabidopsis
thaliana seedlings

Arabidopsis transgenic lines overexpressing

or a
5t
=
S
2 4r
L
&
. b
2
B 2t
o
o
1 L
c
O 1 1 I
0 1 6
Time of ABA stress/h

Fig.5 Expression profile analysis of LaNHR2B
in response to ABA stress in L. apetalum

seedlings with qRT-PCR
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LaNHR2B were also generated to investigate its
function on the resistance to low temperature. The
preparation and screening of Arabidopsis transgen-
ic lines of LaNHR2B are described in Online Re-
sources 1—3. The cold tolerance of T, seedlings at
different developmental stages was subsequently
investigated and the results are shown in Fig. 6.
Wild type Arabidopsis seedlings without low tem-
perature induction were treated at —5 C for 2 h,
then, cultivated at 4 C. Almost all the seedlings
were dead after 5 days at 21 'C (Fig.6 A, D), but
the transformed seedlings grew well after the same
treatment (Fig. 6 B, C). The wild type and trans-
formed Arabidopsis thaliana seedlings after low
temperature induction also grew well after the
same treatment (Fig. 6 E, F), showing that LaN-
HR2B transgenic plants have stronger cold resist-
ance, whether treated with cold induction or not.
Therefore,

sion substantially improved the cold resistance of

constitutive LaNHR2B over-expres-
transgenic Arabidopsis thaliana seedlings, its
effect can be equated to cold acclimatization train-
ing. It is well known that cold acclimation can
greatly increase the cold resistance capability of
plants. Here, the
LaNHR2B makes the A. thaliana seedlings with-

out cold acclimatization to have a cold resistance

heterologous expression of

capability equal to that with cold acclimatization,

N
4 > i )
s ot
. _‘ "-'
£, tim
A B
"
P
. < {
e
D

implying that LaNHR2B can really enhance the
cold resistance function of A. rhaliana.

The above results mainly support a conclusion
that LaNHR2B plays an important role in cold re-
sistance. Firstly, the cold resistance trend of L.
apetalum seedlings at different growth stages was
consistent with the expression trend of LaNHR2B
being up-regulated by low temperature. Secondly,
ABA treatment induced a significant up-regulated
expression of this gene. Finally, and also the most
compelling evidence was that the cold resistance
capability was significantly enhanced in LaNHR2B
LaNHR2B

may be an important gene functional in the cold re-

transgenic A. thaliana. Therefore,
sistance of L. apetalum during the processes of

germination and seedling growth.

3 Discussion

Low temperature stress is an adverse environ-
ment often encountered by early spring ephemeral
plants. Adaptation to the microthermal climate in
early spring is one pre-requisite characteristic of
early spring ephemeral plants for seed germination

h*1. L. apetalum in northern Xin-

and seedling growt
jiang of China belongs to the group of typical early
spring ephemeral plants, and can tolerate the cold
stressing to germinate and grow, by having suitable

response mechanisms to low temperaturet?$2°),
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A—Dis A. thaliana seedlings without cold induction. E—F is A. thaliana seedlings with cold induction. A, D and F are

wild type A. thaliana seedlings. B, C and E are LaNHR2B over-expressing transgenic A. thaliana seedlings

Fig. 6

The tolerance to low temperature stress of LaNHR2B over-expressing

Arabidopsis seedlings of T, generation



12 1 s

PR, B AT SRS RN LaNHR2B R IR it 32 M B 5% (230 2183

Scientific studies have shown that cold induction,
namely, cold acclimatization, can improve the cold
resistance of plants. At present, a series of genes
related to cold acclimation signaling pathways have
been obtained through all kind methods of screen-
ing and cloning functional genes. Meanwhile, the
cold tolerance of plants has been greatly improved
through transforming the key genes involved in the
cold acclimation process™**™,

LaNHR2B is a new cold induced gene, it is
closely related to the expression of LaNHR2B
gene and cold tolerance of L. apetalum and trans-
genic A. thaliana. The homologous gene At-
NHR2B of LaNHR2B can enhance plant resist-
ance to bacteria and pathogens, whether LaN-
HR2B also has the ability of disease resistance? It
is a long way to go to study how to enhance toler-
ance of a variable splicing gene LaNHR2B for bi-
otic and abiotic stresses, and what the molecular
mechanism of the gene is in the process of cold tol-
erance in plants for further study.

After the treatment by 4 C, L. aperalum
seedlings could tolerate the temperature below the
0 C. The tolerance to low temperature gives L.
apetalum the ability to survive in frigid zone.
What with the research concerned are the function-
al genes which underlay the ability of L. apetalum
to adapt to the environment. LaNHR2B is a cold
inducible expression gene and its high level expres-
sion could increase the cold tolerance of its trans-
genic Arabidopsis. It is just what we concern with
results in this study showed that LaNHR2B ex-
pression can be up-regulated by cold induction in
L. apetalum during the seed germination stage,
implying that this gene plays an important role in
low temperature tolerance. This speculation is also
verified by results of the stress hormone ABA,
which participates in ABA-dependent signal trans-

duction pathways of cold stress, and further con-

firmed by the significantly enhanced cold resistance
capability of LaNHR2B overexpressing transgenic
A. thaliana. As the temperature is gradually in-
creased during the mature seedling stage, the low
temperature stress damage is consequently re-
duced, and LaNHR2B gene expression high for
resistance to low temperature is no longer re-
quired, especially for the flowering stage of L. ap-
etalum LaNHR2B gene expression is gradually
weakened until there is no response to low temper-
ature induction.

In conclusion, the LaNHR2B gene of L. ap-
etalum is likely to play an important role in cold
tolerance of L. apetalum seedlings. Given that it
can significantly enhanced the cold resistance of A.
thaliana, this gene is considered to have the poten-
tial of a cold-resistant gene, at least in the trans-
genic breeding of cruciferous crops; however its
actual effect, specific function and mechanism of
action are worthy to be further studied.

After analyzing LaNHR2B gene expression of
L. apetalum seedlings during low temperature
stress, and the effects of LaNHR2B over-expres-
sion on the cold resistance of A. thaliana, it was
found that LaNHR2B expression was different at
the different growth stages of L. apetalum, and
was only largely expressed at the seedling stage.
beneficial to the adaptation of seedlings to frigid
weather in early spring. The ability of tolerate low
temperature was higher significantly in A. thali-
ana overexpressing LaNHR2B than wild type,
proving that LaNHR2B is a functional gene of
plants tolerating cold for germination. Moreover,
whether it has direct correlation with cold resist-
ance of L. apetalum during the processes of germi-
nation and seedling growth, and how it works,
still need to be further explored in our future

work.
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