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Abstract: Objectives: A convenient and efficient method for the clone of unknown full-length gene was established 
and the structure and molecule evolution of full-length aroA gene of Avibacterium paragallinarum were evaluated. 
Methods: This experiment took an international standard strain 145 (C-3) of Apg as template, designed degenerate 
primers according to aroA gene with CODEHOP software. The improved chromosome walking was used to amplify 
the whole gene sequence of aroA. Some structure researches on the nucleicacid and coding protein sequence have 
been done. Besides, we also did some research on molecular evolution analysis with other serotypes and related 
bacteria by sequence alignment. Results: Complete aroA gene of Avibacterium paragallinarum was obtained, which 
is 1 293 bp. The length of the gene encoded product is 430aa, which have three transmembrane domains and five 
potential epitopes. The homology of amino acid sequences is 91.4%-100% between different serotypes experiment 
strains, and the nucleic acid homology is over 74.2% between bacteria of the same family. Conclusions: This trial 
has combined the degenerate PCR and improved chromosome walking for the research of avibacterium coli aroA 
genes complete sequence for the first time, and obtained the expected results. It laid the foundation for the study of 
biological activity of its encoded protein and building avibacterium bacilli aroA deletion attenuated strains.
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Introduction

Avibacterium paragallinarum (Apg) is a kind of 
short Gram-negative bacteria in pasteurellace-
ae [1], which can cause acute respiratory dis-
eases in chickens. The disease has a worldwide 
distribution [2]. According to the typing meth-
ods of hemagglutination inhibition tests, Apg 
was divided into 3 serotypes of A (A-1, A-2, A-3, 
A-4), B (B-1) and C (C-1, C-2, C-3, C-4) [3]. 
Majority of inactivated vaccine currently used 
in the world generally were the A and C sero-
types, but a large number of B serotype has 
recently been discovered in domestic [4]. 
Robert R.Bragg [5], a South Africa scholar, had 
confirmed that the C-3 serotype strains were 
highly virulent strains and it had spread outside 
of South Africa.

The aroA gene encodes a product of 5’-pyru-
vate shikimate-3-phosphate synthase (EPSPS), 
which is a very important enzyme in bacterial 
aromatic amino acid metabolic pathway. AroA 

gene was firstly discovered in E.coli, then peo-
ple have successfully cloned it from a variety of 
bacteria. At present, the research on the aroA 
gene of Avibacterium paragallinarum is limited 
to its partial sequence. Song et al. [6] has 
established a PCR diagnostic method for aroA 
genes of Avibacterium paragallinarum, which 
could amplify specific fragments of 800 bp in 
different serotypes of the bacterium. In this 
study, Avibacterium paragallinarum was taken 
as a template to establish a convenient and 
efficient method for the clone of unknown full-
length genes, in order to enrich its molecular 
biology database and lay the foundation for 
future research.

Materials and methods

Experimental materials

Strains: 10 international standard strains of 
Apg (including C-3 strains) were preserved in 
the laboratory; four domestic isolates and vac-
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cine strains were donated by Chen Xiaoling 
teacher.

Reagents and instruments: TSA and TSB were 
purchased from BD Biotech Co.LTD; genomic 
DNA extraction kit was purchased from OMEGA 
company; PCR mix and D2000 were purchased 
from Tiangen Biotech company; BSA was pur-
chased from NEB company; gradient PCR 
instrument (Germany Eppendorf); agarose gel 
imaging Systems (BioLab Inc.); gene sequenc-
ing and primer synthesis were performed  
by Beijing Liuhe Huada gene technology 
company.

Software for primers and sequence analysis: 
All designed primer sequences were shown in 
Table 1. The sequence analysis was carried out 
by BLAST, DNA STAR, MEGA and EXPASY.

Methods

Genome extraction: The single colony grown on 
TSA was picked to be cultured in TSB contain-
ing calf serum and NAD at 37°C overnight, and 
3 ml broth was centrifuged. Genome extraction 
was performed according to the method pro-
vided in the kit.

Amplification of partial: AroA gene Firstly homol-
ogy analysis of 16sRNA from Apg was per-
formed, and then the amino acid sequences of 
aroA with high similarity experienced block 
analysis. Degenerate primers for the aroA gene 
were designed by CODEHOP. The degenerate 
primers were used to amplify partial sequences 

Table 1. Primers used for this experiment
Primer Sequence (5’→3’) Length/bp Characteristic
Fdp ACTAATTTATTAGATTCTGATGATATTCGTCAYATGYTNA 996 Deputy chickens against bacillus aroA mergers primers
Rdp GGTTGAATACGAATAAAATCTTGACCYTCYTCNAC
FaroA TTGGGGACACGATTTAGACGGC  1963 Contains aroA sequence primers
RaroA AATTCCTCAAAGAATGTTGGGAAGG
Af GCGATGCTTCTTCTGCCTCTTA 324 Amplification aroA downstream section
Af2 GCGAGGATTTTATCCAAGCAGA
Af3 GACCGCCTGAGTGCAATGCAA
Ar GACGTAATGCGTCCACCAAATG 910 Amplification aroA upstream fragments
Ar2 CTCAAAGGTCGCATCGCCGTT
Ar3 TCGCATTCACGCTTATCTTGTG 
Fa ATGGAAAAATTAACGCTACAAC  1293 AroA Gene primer
Ra TTATCGTACAATCTTCGCAAATT

Figure 1. AroA gene partial fragment M. D2000 
marker. 1. strain 145.
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using the method of touchdown PCR 
amplification. 

TAIL-PCR amplification and sequence assem-
bly: Improved TAIL-PCR method [7] was used to 
amplify partial aroA gene from upstream to 
downstream, in order to get the full aroA 
sequence. AroA gene fragment of 700 bp was 
used to design two specific nested primers, 
which were used to amplify its upstream and 
downstream sequence. The degenerate prim-
ers in the walking kit were replaced with 10 
bases of RAPD primers; finally specific bands 
were obtained by thermal asymmetric three 
nested PCR. The obained fragment was recov-
ered and sequenced to link with the aroA frag-
ment by DNASTAR.

Acquisition and identification of aroA gene: 
According to the spliced full-length sequence, 
the upstream and downstream primers of 
FaroA and RaroA were designed. Three stan-
dard strains were amplified to get whole aroA 
gene. The recovered fragment and genome 
were taken as a template to reverse identify 
aroA gene with Ra and Fa as primers. Finally, 
the spliced gene was confirmed to be aroA gene 
of Apg by BLAST comparison.

Functional sites of aroA gene and its encoded 
protein analysis

Functional sites of aroA gene were analyzed 
and identified by ClustalW2.0, a kind of 
sequence analysis online tool. And its adjacent 

Figure 2. AroA complete sequence 1. Strain 0083. 2. 
Strain 0222. 3. Strain modest. M. D2000.

Figure 3. AroA gene verification results. 1. AroA com-
plete sequence. 2. Strain genome. 3. Negative. Con-
trol M. D2000 marker. 
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Sequence alignment of aroA gene in the vari-
ous strains

Whole aroA gene sequences of Haemophilus 
and Pasteurella were collected from GeneBank. 
They were analyzed with MEGA4.0; genetic dis-
tance matrix and phylogenetic tree were con-
structed, so as to get the relationships of aroA 
genetic and evolution among strains.

Results

Acquisition and identification of whole aroA 
genesequences

Using Fdp and Rdp as degenerate primers, 
international standard strain 145 was ampli-
fied to obtain a partial aroA gene fragment of 
996 bp (Figure 1); after extending and splicing, 
the complete aroA ORF sequence of 2178 bp 
was obtained. Furthermore, according to the 
splice sequences, the upstream and down-
stream primers of FaroA and RaroA were 
designed, and fragments of 1963 bp contain-
ing whole aroA gene were obtained by PCR 
amplification of three standard strains (Figure 
2). Respectively taking the recovered genom 
and fragment as templates, Fa and Ra as prim-

Figure 4. Transmembrane area forecasting results of aroA conding.

Figure 5. AroA amplifying of different serotype 1. 
Strain 0083. 2. Strain 0222. 3. Strain modest. 5. 
Strain 668. M. D2000 marker.

sequences between up- 
stream and downstream 
were compared using BLSAT 
and sequenced. Finally, the 
related method published in 
EXPASY was used to predict 
the secondary structure of 
aroA-encoding protein and 
B cell epitopes.

Amplification and sequence 
alignment of each serotype 
of aroA gene

In this study, international 
standard strains 0083 (A- 
type), 0222 (B type), mod-
est (C-type) as well as 
domestic isolates B2 (B 
type) and vaccine strain 
668 (C-type) were selected. 
DNA was amplified using Fa 
and Ra as primers of aroA 
full-length sequences, fol-
lowed by amino acid se- 
quence analysis and the 
comparison between en- 
coded products in the vari-
ous strains.
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ers, the whole aroA gene was verified, and t the 
amplified specific fragments were consistent 
with the expected results (Figure 3). This gene 
sequence contained the whole aroA gene frag-
ment (1293 bp). The aroA gene sequence 
obtained a gene sequence number of JF834213 
in GenBank. The protein encoded by the gene 
was 5’-pyruvate shikimate-3-phosphate syn-
thase (EPSPS); the encoded amino acids had a 
length of 430aa and a molecular weight of 
46.9 KD. BLAST alignments confirmed that the 
spliced gene was indeed aroA gene of Apg.

AroA gene and its encoding protein analysis

Analysis of functional sites showed that its 
main functional sites located at: amino acids of 
90-104 and 341-359. Upstream fragment of 
the gene was histidinol phosphate aminotrans-
ferase (HisC) gene, with a pI of 5.31; the half-
life was greater than 10 h and instability index 
was 30.18, more stable. N-terminal sequence 
was Methionine, with 52 negatively charged 
residues (Asp + Glu) and 44 positively charged 
residues (Arg + Lys). Instability index was 30.18. 
EXPASY methods suggested that secondary 
structure of the protein dominated by flexible 
regions, and the potential B-cell epitopes were: 
49-64, 99-114, 407-422, 322-337, 152-167. 
DAS results indicated that the protein had  

nucleic acid alignments between different bac-
teria and phylogenetic trees were respectively 
shown in Figures 7 and 8.

Sequence analysis showed that aroA amino 
acid sequences of different serotypes of Apg 
showed a high degree of similarity, which once 
again verified the conservation of the gene. 
Nucleic acid alignments between different bac-
teria showed that excluding Shigella, E.coli, and 
Bacillus, Apg had a similarity of more than 65% 
with Salmonella and Yersinia, and the similarity 
with Pasteurella was more than 75%. In addi-
tion, it had a high similarity with the aroA gene 
of parasuis reported by CHEN Huan [9] and Xue 
Xiaojing [10] in domestic and the coverage rate 
was large, suggesting that the genetic evolution 
of aroA gene had a certain regional characteris-
tic, while phylogenetic tree showed it was a 
separate one.

Conclusion

This trial has combined the degenerate PCR 
and improved chromosome walking for the 
research of genes complete sequence for the 
first time (conventional chromosome walking 
techniques have been improved), and obtained 
the expected results. Meanwhile, bioinformat-
ics methods were applied in the study to analy-

Figure 6. The homology of the amino acid sequence of Apg aroA.

three transmembrane do- 
mains (Figure 4). According 
to Burkhard [8] theory, the 
protein was a hybrid protein. 
Combining the secondary 
prediction, the protein was a 
globular protein with a rela-
tively scattered structure.

Amplification of different 
serotypes of aroA gene

Taking Fa and Ra as up- 
stream and downstream 
primers, fragments of the 
expected size were obtained 
through PCR amplification of 
five serotypes (Figure 5). 

Gene sequence

Genetic distances of aroA 
encoding products among 
different serotypes of Apg 
were shown in Figure 6; 
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sis and predict the secondary structure of Apg 
related proteins, Potential B cell epitopes and 
transmembrane regions. As a result, five poten-
tial epitopes B and three transmembrane 
domains were obtained. Finally, by analyzing 
the sequence alignment of avibacterium coli 
serotypes and the same family of bacteria, it 
further validates the conservative of aroA gene.

Discussion

In order to verify the reproducibility of this 
method, we cloned another conservative immu-
nogenic protein: membrane protein D-15 using 
the same method and achieved a success. So 
this method can provide new ideas and meth-
ods for the clone of a variety of virulence asso-
ciated genes. The hydrophilic parameters, flexi-
bility parameters, accessibility parameters as 
well as epitope parameters were comprehen-
sively analyzed and compared. It showed that 

prediction results obtained by this method had 
an important reference value to bacterial biol-
ogy research and vaccine development [11]. 

Of many Gram-negative bacteria, the upstream 
of gene aroA is gene serC or phosphoenolpyru-
vate carboxylase gene [12, 13]. However, in this 
test, the upstream of aroA gene is part of his-
tidinol phosphate aminotransferase (HisC) 
gene sequence. This is equal to the latest 
report that the aroA gene and HisC gene are in 
the same structure of transcriptional operon 
[14, 15].

The sequence determination result show that 
the homology of the amino acid sequence in 
different serotypes of Apg, which is encoded by 
aroA gene, is more than 91.4%, indicating a 
high conservative. And among other members 
of the aroA gene in Pasteurella Branch, it also 
has a high homology. This is consistent with the 

Figure 7. The homology of aroA gene nucleotide sequence of the diverse members of Pasteurellaceae and other 
related bacteria.

Figure 8. Phylogenetic analysis on the aroA gene of Gram-negative organism.
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view of reported literature that aroA gene is 
more conservative [16]. It provides a theoreti-
cal basis for the research of biological func-
tions encoded protein, diagnostic reagents, 
subunit vaccines and the development of gene 
deletion mutation.
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