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三个小麦春化基因的时空表达特性分析 
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摘  要: 为明确小麦春化基因的时空表达特性，以中国春和洛旱 2 号小麦品种为试验材料，利用半定量 RT-PCR 技术，

分析了 3 个春化基因 VERNALIZATION1 (VRN1)、VRN2 和 VRN3 的时空表达特性。结果表明，VRN1 在中国春的三叶期

叶片和根、灌浆期的茎秆和旗叶、花药、胚珠和发育的种子中均有不同程度的表达。在开花前，表达水平呈上升趋势，

而花后呈降低的趋势，在干种子和萌发种子的胚芽中没有检测到表达；在洛旱 2 号中，除了在三叶期的叶片和根中没

有检测到表达外，VRN1 的表达特性与中国春有相同的趋势。VRN2 只在三叶期的叶片和萌发种子的胚芽中表达，在其

他检测的组织中没有表达；VRN3 的表达与 VRN1 的时空表达特性相似，但在根中未检测到表达。这一结果为进一步分

析普通小麦品种春化发育的分子调控机理提供了重要信息。 
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Abstract:  To identify spatiotemporal expression patterns of vernalization genes in common wheat, we analyzed expression 
characteristics of several vernalization genes (VRN1, VRN2 and VRN3) in the wheat cultivars ‘Chinese spring’ and ‘Luohan 2’ by 
RT-PCR. The VRN1 gene was expressed at different levels in the leaves and roots at the 3-leaf stage, stems, flag leaves at the 
grain-filling stage, anthers, ovules, and developing seeds in ‘Chinese spring’. Expression of VRN1 increased before flowering date, 
then decreased after flowering time. Expression of VRN1 was not detected in dry seeds or seeds germination. Expression patterns of 
VRN1 in ‘Luohan 2’ were similar to those in ‘Chinese spring’, except that it was not expressed in roots or in the leaves at the 3-leaf 
stage in ‘Luohan 2’. Expression of VRN2 was only detected in the leaves at the 3-leaf stage and in the embryo buds during seeds 
germination. The spatiotemporal expression of VRN3 was similar to that of VRN1, except that VRN3 was not expressed in roots. 
These results improved our understanding of the molecular regulation of vernalization genes in common wheat. 
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Vernalization is defined as the requirement for 
prolonged exposure to low temperatures to accelerate 
flowering. It is critical for floral induction in 
vernalization-requiring plants. Several genes and the 
interactions among them are responsible for flowering 
in the vernalization response[1-2]. VERNALIZATION1 
(VRN1), VRN2 and VRN3 are the main genes involved 
in the vernalization response in common wheat 
(Triticum aestivum L.)[3]. The VRN1 gene promotes 
flowering. It shows high similarity to the meristem 
identity gene AP1 in Arabidopsis[4], which encodes a 
MADS-box transcription factor that is essential for the 
initiation of the transition from vegetative to 
reproductive apices[4-7]. The expression of VRN1 can 
be induced by low temperatures in the leaves and apex 
tissues. The VRN-1 gene has three orthologous genes 
located in the middle of the long arms of chromosomes 
5A, 5B, and 5D in common wheat[8-12]. VRN2 represses 
flowering, and encodes a protein with a zinc finger 
motif and a CCT (CONSTANS, CONSTANS-LIKE, 
and TIMING OF CAB1-1) domain[13]. The expression 
of VRN2 can be inhibited by low temperatures and 
short-days (SD). VRN3, a homolog of the FLOWERING 
LOCUS T gene (FT) of Arabidopsis, is located on the 
short arm of chromosome 7B in diploid wheat Triticum 
monococcum L.[14-15]. VRN3 is a mobile promoter of 
flowering[16-18]. Its protein is produced in leaves when 
wheat is exposed to the long days and is transported to 
the shoot apex where it up-regulates expression of 
VRN1 and promotes floral development through 
interacting with TaFDL2, a bZIP transcription 
factor[19]. Although much progress has been made on 
uncovering the genes involved in vernalization, the 
mechanisms by which these genes are regulated 
remain largely unknown[20]. 

Previous studies have mainly focused on the 
expression of vernalization genes in leaves and apex 
tissues in wheat. Systematical analyses of 
spatiotemporal expression patterns have not been 
reported. We systematically analyzed the expression 
patterns of three VRN genes in roots, stems, leaves, 
flowers, and seed tissues during seeds development and 
germination. The results will increase our understanding 
of gene expression during vernalization and its 
molecular regulatory mechanisms in common wheat. 

 
1  Materials and methods 

 
1.1  Plant materials 

Seeds of ‘Chinese Spring’ (spring wheat) and 
‘Luohan 2’ (winter wheat) were germinated in Petri 

dishes with water at room temperature. The embryos 
and endosperm tissues of germinating seeds were 
collected at various time points (6, 12, 24, 48, 72, and 
120 h). Leaves and roots were harvested when plants 
reached the 3-leaf stage, and were immediately frozen 
in liquid nitrogen and stored at −80°C until analysis. In 
addition, mature seeds, stems, flag leaves, anthers, 
ovules and developing seeds were collected at 5, 10, 
15, 20, and 30 days after pollination (DAP) from 
field-grown wheat varieties ‘Chinese Spring’ and 
‘Luohan 2’ for analysis of spatiotemporal expression 
patterns.  
1.2  RNA Extraction 

Total RNA was extracted from leaves, roots and 
stems using the TRIzol method (Invitrogen) according 
to the manufacturer’s instructions. Total RNA was 
extracted from anthers, ovules, embryos and 
endosperm tissues using the method described by Zhu 
Yun et al[21]. The integrity of RNA samples was 
assessed by agarose gel (0.8%) electrophoresis. 
Concentration and purity of RNA were determined 
from the A260/A280 ratio using a UC800 nucleic 
acid-protein analyzer (Beckman Co., USA).  

Equal amounts (2 μg) of RNA were reverse 
transcribed into cDNA in a 20 μL reaction mixture 
containing 50 mmol/L Tris-HCl (pH 8.3), 75 mmol/L 
MgCl2, 10 mmol/L  DTT, 50 μmol/L dNTP, 200 U 
M-MLV reverse transcriptase (TaKaRa) and 50 pmol 
Oligo-dT(15) nucleotides. The mixture was incubated 
at 42°C for 60 min and finally denatured at 95°C for 
5 min. 
1.3  RT-PCR analysis of VRN1, VRN2 and VRN3 

Specific primers were designed based on the 
sequences of wheat vernalization genes in GenBank. 
In addition, primers specific to the wheat actin gene 
were also designed as an endogenous control (Table 
1). RT-PCR was performed using Taq DNA 
polymerase (TaKaRa). The PCR program was as 
follows: 5 min denaturation at 94°C, followed by 28 
cycles of a denaturation step at 94°C, an annealing 
step at 53°C−60°C, and an extension step at 72°C. 
Each step was 50 s long, and the final extension step 
was at 72°C for 7 min. The PCR products of 
amplification were separated using 1.5% agarose gels 
and stained with ethidium bromide. 

 
2  Results 
 
2.1  Expression patterns of three VRN genes in 
wheat tissues 

The spatial expression patterns of VRN1, VRN2 and 
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VRN3 were characterized using semi-quantitative 
RT-PCR. The vernalization genes were expressed 
differently in various tissues of the wheat cultivars 
‘Chinese Spring’ and ‘Luohan 2’. In ‘Chinese Spring’, 
low levels of VRN-A1 and VRN-D1 transcripts were 
detected in leaves and roots at the 3-leaf stage, while 
transcripts of VRN-B1 were not detected in these 
tissues. High levels of VRN-A1, VRN-B1 and VRN-D1 
transcripts were detected in the stems and flag leaves 
at the grain-filling stage, anthers, ovule tissues, and 
transcript abundance tended to decrease from stems to 
ovules. Transcripts of VRN2 were detected only in the 
leaves at the 3-leaf stage, but not in other tissues 
(including roots, stems, flag leaves at the grain-filling 
stage, anthers and ovules). VRN3 transcripts were not 
detected in the roots at the 3-leaf stage, but were 

detected with increasing levels in leaves at the 3-leaf 
stage, stems,and flag leaves at the grain-filling stage 
(Fig. 1). The level of expression tended to decrease 
from anthers to ovules. 

In ‘Luohan 2’, expressions of VRN-A1, VRN-B1 and 
VRN-D1 were not detected in the leaves or roots at the 
3-leaf stage. However, these genes were expressed at 
high levels in the stems, flag leaves at the grain-filling 
stage, anthers and ovule tissues. 

The pattern of VRN2 transcription in ‘Luohan 2’ was 
similar to that in ‘Chinese Spring’. We did not detect 
VRN3 transcripts in leaves or roots at the 3-leaf stage. 
However, high levels of VRN3 transcripts were 
observed in the stems and flag leaves at the 
grain-filling stage, and lower levels in anthers and 
ovule tissues (Fig. 1).

 
Table 1  RT-PCR primers used to detect expression of VRN1, VRN2, and VRN3 in common wheat 

Genes Primer sequence (5′−3′) Product size (bp) Annealing 
temperature (°C) 

Accession 
No. 

CCACCGAGTCATGTATGG ACA 
VRN-A1 

GAGCTGGTTTGAGGCTGAGTT 
403 53.3 AY747600 

AY747601 

ACCGAGTCATGTATGGACAAAAT 
VRN-B1 

TCCTCTGCCCTCTCTCCTGA 
488 53.6 AY747604 

AY747603 

CTGAAGGCGAAGGTTGAGACA 
VRN-D1 

CGCTGGATGAATGCTGGTAGC 
348 54.8 AY747606 

AY747597 

CCATGTCATGCGGTTTGTG 
VRN2 

CGCCTCTTCCTCTTCTCCC 
475 56.5 AY485969 

ATGGCCGGTAGGGATAGGG 
VRN3 

GCCGTGGGTAGATCAATTGTACAT 
546 59.7 DQ890162 

CJ509289 

GTTCCAATCTATGAGGGATACACG C 
Actin 

GAACCTCCACTGAGAACAACATTACC 
422 58.5 AB181991 

      

 
Fig. 1  Expression of vernalization genes in various tissues. 1: 
roots at the 3-leaf stage; 2: leaves at the 3-leaf stage; 3: stems at 
the grain-filling stage; 4: flag leaves at the grain-filling stage; 5: 
anthers; 6: ovules. 

2.2  Expression patterns of VRN genes during 
seeds development 

In ‘Chinese spring’, the expressions of VRN-A1, 
VRN-B1 and VRN-D1 gradually decreased during 
seeds development (from 5 DAP to 30 DAP). 
However, VRN2 expression was not detected in seeds 
of ‘Chinese Spring’. The expression pattern of VRN3 
was the same as that of VRN1. Expression patterns of 
VRN1, VRN2, and VRN3 during seeds development in 
‘Luohan 2’ were similar to those in ‘Chinese Spring’ 
(Fig. 2) 
2.3  Expression patterns of vernalization genes 
during seeds germination 

During seeds germination of ‘Chinese Spring’, 
VRN-A1, VRN-B1, VRN-D1, and VRN3 were not 
expressed in dry seeds, germinating embryos or embryo 
buds, or endosperm at any of the tested times. No VRN2 
transcripts were detected in the seeds, germinating 
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Fig. 2  Expression of vernalization genes during seeds development. 1: 
seed at five days after pollination (DAP); 2: seed at 10 DAP; 3: 
seed at 25 DAP; 4: seed at 20 DAP; 5: seed at 30 DAP. 

embryos, or endosperms at 6, 12, 24, or 48 h. However, 
VRN2 transcripts were detected in the embryo buds of 
germinating seeds at 72 and 120 h, with higher levels 
of transcripts detected at 120 h than at 72 h (Fig. 3). 
VRN1 and VRN3 were not transcribed during seeds 
germination. Transcription of VRN2 was initiated in the 
embryo buds, and transcript levels increased with the 
embryo buds developing.  

During seeds germination of ‘Luohan 2’, the 
expression profiles of VRN-A1, VRN-B1, VRN-D1 and 
VRN3 were similar to those in ‘Chinese Spring’. VRN2 
transcripts were detected only in the embryo buds of 
germinating seeds at 120 h, but not in seeds or any of 
the germinating embryo tissues at 12, 24, 48, or 72 h 
(Fig. 4). 
 
3  Discussion 
 
3.1  Relationships between expression of VRN 
genes and VRN1 alleles in wheat 

VRN1 and VRN2 are normally expressed in leaves 
and apex tissues[4,13,22]. Our results showed that VRN1  

 
Fig. 3  Expression characteristics of vernalization genes during seed germination of Chinese spring.1: seeds; 2: embryos at 6 h germination; 3: 
embryos at 12 h germination; 4: embryos at 24 h germination; 5: embryos at 48 h germination; 6: embryo buds at 72 h germination; 7: embryo 
buds at 120 h of germination; 8: endosperms at 6 h germination; 9: endosperms at 12 h germination; 10: endosperms at 24 h germination; 11: 
endosperms at 48 h germination; 12: endosperms at 72 h germination; 13: endosperms at 120 h germination. 

 

Fig. 4  Expression characteristics of vernalization genes during seed germination of ‘Luohan No2’. 1: seeds; 2: embryos at 6 h germination; 3: 
embryos at 12 h germination; 4: embryos at 24 h germination; 5: embryos at 48 h germination; 6: embryo buds at 72 h germination; 7: embryo 
buds at 120 h of germination; 8: endosperms at 6 h germination; 9: endosperms at 12 h germination; 10: endosperms at 24 h germination; 11: 
endosperms at 48 h germination; 12: endosperms at 72 h germination; 13: endosperms at 120 h germination. 
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was expressed not only in leaves at the 3-leaf stage, 
but also in roots at the 3-leaf stage and stems at the 
grain-filling stage, anthers, ovules, and developing 
seeds in ‘Chinese Spring’. In addition, VRN1 was 
expressed in stems, anthers, ovules, and developing 
seeds in ‘Luohan 2’. VRN2 transcripts were detected in 
embryo buds and leaves at an early developmental 
stage. The expression pattern of VRN3 was similar to 
that of VRN1, except that VRN3 was not expressed in 
roots. This result was consistent with the findings of 
Hemming et al[23]. ‘Chinese Spring’ has two recessive 
vrn-1 alleles (vrn-A1 vrn-B1) and one dominant Vrn-1 
allele (Vrn-D1)[15,24-25]. The winter wheat cultivar 
‘Luohan 2’ has all three recessive vrn-1 alleles (vrn-A1 
vrn-B1 and vrn-D1)[26-27]. VRN1 was expressed in roots 
and leaves at the 3-leaf stage in ‘Chinese Spring’, but 
not in ‘Luohan 2’. This result suggested that the 
expression characteristics of VRN1 are related to its 
alleles in winter and spring wheat. Loukoianov et al[22] 
indicated that in varieties of wheat that require 
vernalization to flower, VRN1 is induced by exposure 
to low temperatures and is expressed at low basal 
levels without vernalization. In some varieties of 
wheat that have dominant Vrn1 alleles, the dominant 
alleles reduce or remove the requirement for 
vernalization, and are expressed at high basal levels 
without vernalization treatment.  

Expression patterns of VRN2 were similar in spring 
wheat (‘Chinese Spring’) and winter wheat (‘Luohan 
2’). This result indicated that its expression was not 
related to the Vrn-1 alleles. The VRN3 gene was 
expressed in leaves of plants at the 3-leaf stage in 
‘Chinese Spring’, but not in ‘Luohan 2’. It was not 
expressed in roots of spring or winter wheat. This 
result indicated that expression of VRN3 may be 
determined by its own genotype, not by Vrn-1 alleles.  
3.2  Relationship between expression of VRN 
genes and developmental stage 

The VRN1 promotes the initiation of inflorescences, 
and the transition from vegetative to reproductive 
development at the shoot apex[23]. Dominant Vrn-1 
alleles are expressed at early stage of wheat 
development, whereas recessive vrn-1 alleles are 
expressed at a later stage[4,7]. VRN1 was not expressed 
in roots or leaves of plants at the 3-leaf stage in 
‘Luohan 2’, which requires vernalization to flower. 
This is because at this stage, ‘Luohan 2’ has not passed 
through the vernalization process. However, VRN1 
was expressed in ‘Chinese Spring’ (which carries the 
Vrn-D1 allele) in the same tissues and at the same 

stage. This result suggested that expression of VRN1 in 
winter wheat was influenced by the developmental 
stage. The VRN1 was expressed in the stems, leaves, 
and flower tissues after transition of vegetative 
development to reproductive development. After 
pollinating, the expression of VRN1 tends to decrease 
with the seeds developing. When the seeds is fully 
mature, transcription of VRN1 ceases.  

The expression pattern of VRN2 was completely 
different from that of VRN1. The VRN2 gene was not 
expressed in root tissues, and was expressed in leaves 
at the 3-leaf stage and embryo buds in both winter and 
spring wheat varieties. This indicates that VRN2 
maintains the vegetative state until the requirements 
for vernalization are met before initiation of flowering. 
According to the hypothetical model proposed by 
Hemming et al, VRN1 acts in the vernalization 
response pathway, and is induced by low temperature 
independently of VRN2 and FT (VRN3), which act in 
the day-length response pathway. The VRN2 gene 
delays flowering by down-regulating expression of FT, 
which integrates vernalization and day-length 
responses[23]. Our results showed that VRN2 was 
expressed in the embryo buds and leaf tissues at the 
3-leaf stage, in spite of expression of VRN1 in leaves 
of spring wheat at the 3-leaf stage. We propose that the 
expression of VRN2 is related to the developmental 
stage, and is not associated with VRN1. The 
expressions of VRN1 and VRN3 appeared to be related 
to their own genotypes. 

Previous studies have not explained the mechanism 
of action of VRN1 in promoting flowering. Moreover, 
there is diversity in the composition of VRN1 alleles in 
the A, B and D genomes of common wheat, therefore 
it would be worthwhile to conduct further research on 
their expression in varieties with different alleles. 
Previous studies on expression of VRN2 and VRN3 
have mainly focused on diploid wheat (T. monococcum 
L.), while their molecular roles in common wheat 
remain unclear. Recently, Distelfeld et al. described 
the genetic and molecular characterization of the 
VRN2 loci in tetraploid wheat[28]. Their results provide 
information that will be useful for exploring the 
characteristics of VRN2 alleles in common wheat. 
Because of the value of cultivation and breeding of 
common wheat, it would be useful to study the alleles 
of VRN2 and VRN3 in common wheat to understand 
how genes that regulate vernalization responses 
contribute to the control of flowering.  
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4  Conclusion 
 
We analyzed expression characteristics of several 

vernalization genes (VRN1, VRN2 and VRN3) in the 
wheat cultivars ‘Chinese spring’ and ‘Luohan 2’ by 
RT-PCR. The VRN1 gene was expressed in vegetative 
organs (roots, leaves and stems) and regenerative 
organs (anthers, ovules and developing seeds). The 
exact patterns of its expression depended on the 
genotype and the stage of development. The VRN2 
gene was expressed only in the leaf tissues, and its 
expression depended on the developmental stage. 
Expression of the VRN3 gene was similar to that of the 
VRN1 gene, except that VRN3 was not expressed in the 
roots at the 3-leaf stage.  
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《生物工程学报》“生物制品”专刊征稿公告 
 

生物制品是指应用普通的或以基因工程、细胞工程、蛋白质工程、发酵工程等生物技术获得的微生物、细胞及各种动物
和人源的组织和液体等生物材料制备的，用于疾病预防、治疗和诊断的药品。广义的生物制品包括血液类、疫苗类、抗体类、
细胞因子类。我国的生物制品事业始于 20 世纪初，随着微生物学、免疫学和分子生物学及其他学科的发展，如今生物制品已
成为生物产业的核心部分，倍受科研工作者的关注，成为国际上的研究热点。为了展现从事生物制品研发的科研工作者取得
的最新进展，促进我国现代生物制品的进步和发展，本刊拟于 2011 年 5 月出版一期主题为“生物制品”的专刊。 

编辑部将严格按照《生物工程学报》评审要求，组织同行专家对专刊的投稿论文进行评审。编辑部将设绿色通道，对专
刊所收稿件快速处理，依据文稿质量优先的原则，择优录用出版。 
 
具体安排如下： 
一、征文范围 

本专刊拟反映我国学者在生物制品领域所取得的最新研究成果和技术成果，包括研究论文和综述，但不限于此：生物技
术与生物制品的国内外研究进展；世界各国生物技术与生物制品发展的总特点；我国生物技术与生物制品的主要成就及展望；
基因工程制品的分离纯化方法；生物制品的保存与运输；生物制品的质量检测与控制；人源性生物制品的制备实例及研发前
景；动物源性生物制品制备实例及研发前景；基因工程疫苗、细胞因子、治疗性抗体等蛋白类药物。 
二、投稿要求  
1. 投稿方式：通过《生物工程学报》投稿系统在线投稿, 详见主页 (http://journals.im.ac.cn/cjbcn/ch/index.aspx)/投稿须知/投稿

方式。 
注意事项：投稿时，请在稿件标题栏注明“生物制品专刊”字样，否则将以普通稿件进行处理。 

2. 稿件格式：参照《生物工程学报》论文格式, 详见主页/投稿须知/书写要求。  
3. 投稿文章应未在国内外正式出版物上发表过，也不在国内外其他刊物或会议的审稿过程中，不存在一稿多投现象；应保证

投稿文章的合法性 (无抄袭、剽窃、侵权等不良行为)。  
三、本专刊几个关键的时间 
1. 收稿截止日期：2010 年 11 月 15 日 
2. 决定是否录用日期：2011 年 1 月 25 日 
3. 录用后作者修回截止日期：2011 年 2 月 25 日 
4. 出版日期：2011 年 5 月 25 日 
四、特别说明 
1. 本专刊不是增刊，而是在 2011 年第 5 期《生物工程学报》正刊上刊出。 
2. 由特邀编辑邀请的专刊投稿文章免收审理费；录用后正式刊发的文章将请作者提交版权转让承诺书，并按照《生物工程学

报》相关规定收取版面费和支付作者稿酬，同时赠送样刊及单行本。 
五、联系方式 

电话：010-64807509  传真：010-64807327  E-mail: cjb@im.ac.cn  
邮寄地址：北京市朝阳区北辰西路 1 号院 3 号中科院微生物研究所 B401《生物工程学报》编辑部 (邮编 100101) 
专刊特邀编辑：中国科学院微生物研究所  刘文军研究员 
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