
International Journal of Medical, Medicine and Health Sciences

ISSN: 2517-9969

Vol:6, No:11, 2012

569

 

 

  

Abstract—In this study, three subtypes of influenza A viruses 

(pH1N1, H5N1 and H3N2) which naturally infected human were 

analyzed by bioinformatic approaches to find candidate human 

cellular miRNAs targeting viral genomes. There were 76 miRNAs 

targeting influenza A viruses. Among these candidates, 70 miRNAs 

were subtypes specifically targeting each subtype of influenza A 

virus including 21 miRNAs targeted subtype H1N1, 27 miRNAs 

targeted subtype H5N1 and 22 miRNAs targeted subtype H3N2. The 

remaining 6 miRNAs target on multiple subtypes of influenza A 

viruses. Uniquely, hsa-miR-3145 is the only one candidate miRNA 

targeting PB1 gene of all three subtypes. Obviously, most of the 

candidate miRNAs are targeting on polymerase complex genes (PB2, 

PB1 and PA) of influenza A viruses. This study predicted potential 

human miRNAs targeting on different subtypes of influenza A 

viruses which might be useful for inhibition of viral replication and 

for better understanding of the interaction between virus and host 

cell.  

 

Keywords—Human miRNAs, Influenza A viruses, H1N1, H5N1, 

H3N2   

I. INTRODUCTION 

icroRNAs (miRNAs) are small non-coding RNAs with 

approximately 22 nucleotides in length which play an 

important role in regulation of gene expression. [1, 2] The 

miRNAs biosynthesis transpires originally in nucleus where 

hundreds and thousands of nucleotides with hairpin structures, 

called primary miRNAs (pri-miRNAs) were transcribed. Then 

the primary miRNAs are cropped and trimmed to 60 to 100 

nucleotides long with a stem loop structure called precursor  

miRNAs (pre-miRNAs). The pre-miRNAs are then exported 

to the cytoplasm by Exportin-5 and then processed by Dicer 

containing RNaseIII endonuclease activity. [3] The Dicer 

removes the loop region of the hairpin, and releases the mature 

miRNA duplexes which approximately 22 nucleotides in 

length with 2 nucleotides overhanging on both 5’ and 3’ ends. 

As soon as the miRNA duplexes assembled with RNA-
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induced silencing complex (RISC) and then one strand of 

miRNA is removed by a helicase activity of the RISC, the 

remaining miRNA strand guides the RISC to a distinctive 

target mRNA via base pairing. [4] A perfect complementary 

balancing between miRNA and target mRNA leads to mRNA 

degradation. However a partial balancing will lead to in 

translational repression. Therefore, miRNAs play an 

imperative and foremost undertaking in the regulation of gene 

expression in terms of gene silencing. [5]  

Effective mature miRNAs distinguished their target 

miRNAs based on specific nucleotide complementary 

balancing mainly at position 2nd -8th from 5' end of the 

miRNAs which termed seed region. [6,7] According to 

previous studies, the binding between miRNAs and target 

mRNAs can be categorized into 3 distinctive patterns 

including 5' canonical, 5' seed and 3' compensatory. The 5' 

canonical pattern encompasses base-parings at least seven 

nucleotides within a seed region and a supplementary base-

pairings in the 3'-end of the miRNAs.  

The 5'seed pattern predominantly comprises of only the 

base-paring within the seed region without any support from 

the base complement within the 3'-end. The enhanced 3' base 

pairings in a canonical pattern are likely to be more effective 

that is attributable to their higher pairing energy. In contrast, 

the 3' compensatory pattern has no effective base paring 

within the seed region and requires several base pairing from 

the middle to 3'-end of miRNA to function. [8] 

Human miRNAs implicated in many cellular processes such 

as cell proliferation, apoptosis and homeostasis. [9] In 

addition, many reports conjured up that miRNAs also engage 

in an role of great magnitude in regulation of viral infection 

and interplay between virus and host cell response. 

Aforementioned reports described viral encoded miRNAs 

from DNA and RNA viruses including herpesviruses (HSVs) 

[10] Epstein–Barr-Virus (EBV) [11], Simian Virus 40 (SV40) 

[12] and human immunodeficiency virus-1 (HIV-1) [13]. In 

contrast, host cellular miRNAs can also target viral gene and 

involve with the replication of many incoming viruses such as 

primate foamy virus type 1 (PFV-1) [14], vesicular stomatitis 

virus (VSV) [15] and hepatitis C virus (HCV) [16].  

Influenza A viruses contain negative single strand RNA 

genome and are compartmentalized in to the 

Orthomyxoviridae family. [17] During infection in human, 

they affect the upper respiratory system and cause either 

asymptomatic, mild or severe symptoms including high fever, 

coughing, sneezing, nasal congestion, running nose, 
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pneumonia and diarrhea. [18] Predominantly, influenza A 

virus can be classified into various subtypes based on the 

antigenic differences between hemagglutinin (HA) and 

neuraminidase (NA) glycoprotein. However, H1N1 [19,20], 

H3N2 [21] and H5N1 [22] subtypes were found to naturally 

infect humans and cause serious global health problems. 

Therefore, this study focused on these subtypes of influenza A 

virus and aimed at identification of human cellular miRNAs 

targeting the genome of influenza A viruses which might be 

useful for understanding the host defense mechanism in terms 

of regulating viral infection. 

II.  METHOD 

A.  Viral Nucleotide Sequences 

Viral nucleotide sequences were downloaded from NCBI 

database. Three subtypes of influenza A viruses including 

A/Thailand/104/2009 (H1N1), A/Thailand/NK165/2005 

(H5N1) and A/Thailand/CU-H187/2010 (H3N2) which 

naturally affect humans were taken account of in this study. 

Accession numbers of complete coding sequences of each 

gene (PB2, PB1, PA, HA, NP, NA, M and NS) for each 

subtype were presented in Table I. 

B. Searching for Candidate Human miRNAs  

Totally, 1921 human miRNAs sequences are available in 

the miRBase database [23-26] (http://www.mirbase.org). 

Based on the average length of miRNA (approximately 22 

nucleotides), gene segments of influenza A virus were divided 

into small fragments with 50 nucleotides (50 bp) in length 

with 25 nucleotides overlapping between adjacent fragments. 

Then each small fragment (50 bp) was input and 

circumspectly examined for nucleotide similarity with all 

human miRNAs by using “SSEARCH” method in a search 

tool of the miRBase (www.mirbase.org/search.shtml).  In 

principle, each of the input viral fragment sequence (50 bp) 

was align with all of the miRNAs in the database and then the 

miRNAs with highly similar to the viral sequence were 

identified as candidate miRNAs. Customarily, the mature 

miRNAs duplex structure consists of two strands of miRNAs 

that are practically perfect complement to each other. The 

complementary strand of the candidate miRNAs might 

complement the inserted viral sequence. Therefore, prediction 

for hybridization between the viral gene sequence and 

complementary strand of the candidate miRNA was further 

analyzed by RNA hybrid. 

C.  Prediction of Hybridization between miRNAs and Viral 

RNA 

 RNA hybrid [27] (http://bibiserv.techfak.unibielefeld.de/ 

rnahybrid/) was used as a tool to predict the energetically most 

favorable hybridization between candidate miRNAs and viral 

RNAs. Subsequently, the results were characterized in terms 

of hybridization pattern and pairing energy (mfe). The 

hybridization patterns obtained from RNAhybrid were 

classified into 4 categories including 5’canonical, 5’seed, 3’ 

compensatory and ineffective hybridization.  

Criteria for selection of potential miRNAs 

 According to the principles of miRNAs target recognition 

which requires the sufficient base pairing between the 

miRNAs and their target mRNAs that can be classified into 

5’canonical, 5’seed and 3’ compensatory [8]. The principle 

was cogitated to be a foremost criterion for the selection of the 

potential miRNAs . For 5’ dominant classes of target sites that 

can be divided into 2 subtypes: 5’ canonical and 5’seed as 

described previously, both must indicate the effective base 

pairing within the 2nd to 8th position from the 5’ portion of 

the miRNAs. For the pattern of 3’ compensatory, the 

candidate miRNAs should show at least half of the sequence 

from middle to 3’ portion of the miRNAs that will perfectly 

coordinate with the target.  Another criterion involved with the 

pairing energy indicating the stability of the hybridization is 

the pairing energy or minimum free energy (mfe) at -10 

kcal/mol that was utilized for the selection of potential 

miRNAs. In conclusion, the miRNAs targeting influenza viral 

gene with effective hybridization patterns (5’canonical, 5’seed 

or 3’ compensatory) and paring energy less than -10 kcal/mol 

were selected as potential miRNAs.  The miRNAs with 

ineffective hybridization or unsuitable pairing energy were 

excluded from the study.  

 

III. RESULTS AND DISCUSSION 

A. Specific miRNAs Targeting Influenza A Virus Subtype 

H1N1 

From 1,921 mature human miRNAs in miRBase database, 

25 miRNAs were predicted as potential miRNAs targeting 

influenza A virus subtype H1N1 (A/Thailand/104/2009). The 

details of hybridization patterns and the paring of energy 

between each miRNA and target viral gene were summarized 

in Table II. These 25 miRNAs can be divided into 3 groups 

according to the patterns of hybridization including 

5’canonical (16 miRNAs), 5’seed (5 miRNAs) and 

3’compensatory (4 miRNAs). In addition, the cellular 

miRNAs were mostly found to target the polymerase genes of 

H1N1 influenza A virus (5 miRNAs for PB2, 5 miRNAs for 

PB1 and 6 miRNAs for PA) whereas a few miRNAs were 

observed to target other genes (4 miRNAs for NP, 2 miRNAs 

for NS, 1 miRNAs for HA and only 2 miRNA for NA). No 

predicted miRNA targeted to the M gene of H1N1 influenza A 

virus. The numbers of cellular miRNAs targeting each gene of 

H1N1 influenza A virus were shown in Table V. 

TABLE I 
ACCESSION NUMBERS OF VIRAL NUCLEOTIDE SEQUENCES IN THIS STUDY 

        subtypes 

genes 

H1N1  H5N1 H3N2 

 

PB2 GQ205443 DQ372598 CY074963 

PB1 GQ259597 DQ372597 CY074964 

PA GQ169383 DQ372596 CY074965 

HA GQ169382 DQ372591 CY074966 

NP GQ169385 DQ372594 CY074967 

NA GQ169381 DQ372593 CY074968 

M GQ169384 DQ372592 CY074969 

NS GQ229379 DQ372595 CY074970 
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B. References Specific miRNAs targeting influenza A virus 

subtype H5N1 

 According to the result of hybridization pattern and pairing 

energy between human miRNAs and their target viral gene, 31 

cellular miRNAs were analyzed as potential miRNAs 

targeting influenza A virus subtype H5N1 

(A/Thailand/NK165/2005). Table III illustrates in details of 

the hybridization pattern and paring energy between each 

miRNA and target viral gene. These miRNAs were classified 

as 5’canonical (23 miRNAs), 5’seed (only 1 miRNA) and 3’ 

compensatory (7 miRNAs) based on their hybridization 

patterns with target viral gene. Moreover, these 31 miRNAs 

were found to be predominantly targeted to PB2 and PB1 (9 

miRNAs for each gene) of H5N1 influenza A virus. The other 

genes were significantly less targeted by miRNAs (4 targets in 

HA, 3 targets in PA, 2 targets in each NP and NA and only 1 

target for each M and NS). Table V summarizes the numbers 

of cellular miRNAs targeting each gene of H5N1 influenza A 

virus.  

C. Abbreviations and Acronyms Specific miRNAs Targeting 

Influenza A Virus Subtype H3N2 

Table IV demonstrates the result of hybridization patterns 

and pairing energy between potential cellular miRNAs and 

their target H3N2 influenza viral genes. Based on our analysis 

and prediction, there were 27 miRNAs targeting influenza A 

virus subtype H3N2 (A/Thailand/CU-H1817/2010). There 

were 19 and 8 miRNAs targeting viral gene with 5’canonical 

and 3’compensatory hybridization pattern, respectively.  In 

spite of this, there was no miRNA targeting the subtype H3N2 

influenza viral gene with 5’seed pairing pattern.  

Furthermore, these 27 miRNAs were obviously targeted to 

polymerase genes of H3N2 influenza A virus (6 miRNAs for 

PB2, 5 miRNAs for PB1 and 7 miRNAs for PA). Instead, only 

a few of miRNAs were found to target other genes (3 miRNAs 

for each NA and NS, 2 miRNAs for HA, and only 1 miRNAs 

for NP). None of the predicted miRNA targeted the M gene of 

H3N2 influenza A virus. Table V indicates the numbers of 

potential miRNAs targeting each gene of H3N2 influenza A 

virus.     

D. Equations Potential miRNAs Targeting Multiple Subtypes 

of Influenza A Virus 

 As revealed in the Table II, III and IV, miRNAs targeting 

multiple subtypes of influenza A virus is being marked with  

an asterisk (*) sign at the name of each miRNA. There were 6 

miRNAs targeting multiple subtypes of influenza A viruses 

including hsa-miR-4753, hsa-miR-3682, hsa-miR-4513, hsa-

miR-216b, hsa-miR-5693 and hsa-miR-3145. The hsa-miR-

4753 targeted to PB1 gene of H1N1 subtype and PA gene of 

H5N1 subtype.  The hsa-miR-3682 was anticipated as a 

potential miRNA for pairing to NA gene of H1N1 subtype and 

NS gene of H3N2 subtype. The hsa-miR-4513 was analyzed 

as a potential miRNA to hybridize with PA gene of both 

H1N1 and H3N2 subtypes. The hsa-miR-216b and hsa-miR-

5693 targeted both H5N1 and H3N2 subtypes that 

complements with NA and PA gene, respectively. Finally, the 

hsa-miR-3145 was the only potential miRNA targeting all 

three subtypes (H1N1, H5N1 and H3N2) of influenza A virus. 

This subtype targeted to PB1 gene of H1N1, H5N1 and H3N2 

subtypes with similar paring energy (-18.2, -18.2 and -18.1 

kcal/mol, respectively). Interestingly, the 5’ portion (the 1st to 

12th nucleotides from 5’ end) of hsa-miR-3145 (5’-

AGAUAUUUUGAG-3’) targeted to similar region within 

PB1 gene for all three viral subtypes. It seemed  that this 

targeting region is highly conserved in the PB1 gene among 

different subtypes of influenza A viruses. Therefore, hsa-miR-

3145 might be the human cellular miRNA targeting PB1 gene 

of influenza A viruses and might be involved in the inhibition 

of viral replication. 

E. Viral Genes Targeted by Human Cellular miRNAs 

 Table V shows the amount of cellular miRNAs targeting 

influenza viral genes. PB2 genes became the most targeting 

sites for 20 miRNAs to bind to. PB1 and PA genes had 19 and 

16 targeting sites for miRNAs, respectively. These three genes 

show the most targeting regions for human cellular miRNAs 

as 55 miRNAs from total 83 predicted miRNAs (66.67%). 

These three genes encoded for polymerase enzyme complex 

which are necessary for viral replication and therefore 

conserved among different subtypes. Moreover, these genes 

are the 3 longest genes with 2.2-2.3 kb in length. These may 

be the reason why most predicted human miRNAs can target 

these genes of influenza A virus.  

 Previous study confirmed that PB1 gene of H1N1 influenza 

A virus (A/WSN/1933) was the specific target for human 

miRNAs: hsa-miR-323, hsa-miR-491 and hsa-miR-654. [28] 

However, these 3 miRNAs was not predicted as potential 

miRNAs targeting H1N1 human pandemic influenza 

(A/Thailand/104/2009), H5N1 avian influenza 

(A/Thailand/NK165/2005) and H3N2 seasonal influenza 

(A/Thailand/CU-H1817/2010) in our study may be due to 

viral genetic variation among different subtypes (H3N2 and 

H5N1) and accumulations of point mutations. The viral 

genome observed in this study was more than 75 years and has 

different form of the H1N1 influenza A virus (A/WSN/1933) 

and thus the viral genome became significantly different. Even 

the “A/WSN/1933” and  “A/Thailand/104/2009” are belong to 

the same subtype but they also contain different viral genome 

because of  the human pandemic influenza subtype H1N1 

(A/Thailand/104/2009) that was a new re-assorted virus 

containing combined genetic materials from human, avian, 

and swine influenza A viruses. [29] Therefore, the prediction 

of potential miRNAs targeting multiple subtypes of influenza 

A virus seems to be more useful than determination of 

miRNAs targeting individual subtypes.  

 

TABLE V 

AMOUNT OF CELLULAR MIRNAS TARGETING EACH GENE OF INFLUENZA A 

VIRUS 

Segment 

Subtype 
PB2 PB1 PA HA NP NA M NS Genome 

H1N1 5 5 6 1 4 2 0 2 25 

H5N1 9 9 3 4 2 2 1 1 31 

H3N2 6 5 7 2 1 3 0 3 27 

Total 20 19 16 7 7 7 1 6 83 
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IV. CONCLUSION 

 In conclusion, this study utilizes the information obtained 

form miRNAs database and using bioinformatic software for 

the searching and  the prediction of candidate potential cellular 

miRNAs targeting the genes of several subtypes of influenza 

A virus. The result divulges that hsa-miR-3145 might be the 

best candidate human cellular miRNA targeting conserved 

region within PB1 gene of 3 subtypes (H1N1, H5N1 and 

H3N2) of influenza A viruses. It seems that this miRNA may 

have a potential for inhibition of viral replication by silencing 

the function of PB1. However, further in vitro analysis should 

be performed in order to test for inhibition of influenza viral 

replication by the effect of hsa-miR-3145.  

ACKNOWLEDGMENT 

This work was supported by grant thesis from Graduate 

School, Chulalongkorn University, Ratchadapiseksompotch 

Fund (Faculty of Medicine), the National Research University 

project of CHE, the Ratchadapiseksompotch Endowment Fund 

(HR1155A), Thailand Research Fund (TRF) and Office of the 

National Research Council of Thailand (NRCT). We also 

would like to thank Mr. Julius C. Pacheco for reviewing of the 

manuscript. 

REFERENCES   

[1] V. Ambrod, “microRNAs: tiny regulators with great potential,” Cell., 

vol. 107, no. 7, Dec. 2001, pp. 823–826.  

[2] J. C. Carrington, and V. Ambros, “Role of microRNAs in plant and 
animal development,” Science., vol. 301, no. 5631,  Jul. 2003, pp. 336–

338.  

[3] R. F. Ketting, S. E. Fischer, E. Bernstein, T. Sigen, G. J. Hannon, and  
R. H. Plasterk, “Dicer functions in RNA interference and in synthesis of 

small RNA involved in development timing in C. elegans,” Gene. Dev ., 

vol. 15, no. 20,  Oct. 2001, pp. 2654–2659.  
[4] D. P. Bartel, “MicroRNAs: genomics, biogenesis, mechanism, and 

function,” Cell., vol. 116, no. 2, Jan. 2004, pp. 281–297.  

[5] M. Chekulaeve, and W. Filipowicz, “Mechanisms of miRNA-mediated 
post-transcriptional regulation in animal cells,” Curr. Opin. Cell. Biol., 

vol. 21, no. 3, Jun. 2009, pp. 452–460.  

[6] E. C. Lai, “MicroRNAs are complementary to 3’UTR sequence motifs 
that mediate negative post-transcriptional regulation,” Nat. Genet., vol. 
30, no. 4, Apr. 2002, pp. 363–364.  

[7] S. Kuersten, and E. B. Goodwin, “The power of the 3’UTR: translational 
control and development,” Nat. Rev. Genet., vol. 4, no. 8, Aug. 2003, pp. 

626–637.  

[8] J. Brennecke, A. Stark, R. B. Russell, and S. M. Cohen, “Principles of 
miRNA-target recognition,” PLoS. Biol., vol. 3, no. 3, Mar. 2005, pp. 

404–428.  

[9] H. W. Hwang, and J. T. Mendell, “MicroRNAs in cell proliferation, cell 
death, and tumorigenesis,” Br. J. Cancer., vol. 94, no. 6, Mar. 2006, pp. 

776–780.  

[10] S. Pfeffer, A. Sewer, M. Q. Lagos, R. Sheridan, C. Sander, F. A. 
Grässer, L. F. van Dyk, C. K. Ho, S. Shuman, and other, “Identification 

of microRNAs of the herpesvirus family,” Nat. Methods., vol. 2, no. 4, 

Apr. 2005, pp. 269–276.  
[11] A. K. Lo, K. F. To, K. W. Lo, R. W. Lung, J. W. Hui, G. Liao, and D. 

Hayward, “Modulation of LMP1 protein expression by EBV-encoded 

microRNAs,” PNAS., vol. 104, no. 41, Oct. 2007, pp. 16164–16169.  
[12] C. S. Sullivan, A. T. Grundhoff, S. Tevethia, J. M. Pipas, and D. Ganem, 

“SV40-encoded microRNAs regulate viral gene expression and reduce 
susceptibility to cytotoxic T cells,” Nature., vol. 435, no. 7042, Jun. 

2005, pp. 682–686.  

[13] S. Omoto, M. Ito, Y. Tsutsumi, Y. Ichikawa, H. Okuyama, E. A. Brisibe, 
N. K. Saksena, and Y. R. Fujii, “HIV-1 nef suppression by virally 

encoded microRNA,” Retrovirology., vol. 1, no. 44, Dec. 2004.  

[14] C. H. Lecellier, P. Dunoyer, K. Arar, J. Lehmann-Che, S. Eyquem, C. 

Himber, A. Saib, and O. Voinnet, “A cellular microRNA mediates 

antiviral defense in human cells,” Science., vol. 308, no. 5721, Apr. 
2005, pp. 557–560.  

[15] M. Otsuka, Q. Jing, P. Georgel, L. New, J. Chen, J. Mols, Y. J. Kang, Z. 

Jiang, X. Du, and others, “Hypersusceptibility to vesticular stomatitis 
virus infection in Dicer1-deficient mice is due to impaired miR24 and 

miR93 expression,” Immunityl., vol. 27, no. 1, Jul. 2007, pp. 123–134.  

[16] C. L. Jopling, M. Yi, A. M. Lancaster, S. M. Lemon, and P. Sarnow, 
“Modulation of hepatitis C virus RNA abundance by a liver-specific 

microRNA,” Science., vol. 309, no. 5740, Sep. 2005, pp. 1577–1581. 

[17] K. G. Nicholson, J. M. Wood, and M. Zambon, “Influenza,” Lancet., 
vol. 3623, no. 9397, Jan. 2003, pp. 1733–1745.  

[18] D. M. Fleming, P. Chakraverty, C. Sadler, and P. Litton, “Combined 

clinical and virological surveillance of influenza in winters of 1992 and 
1993-1994,” BMJl, vol. 311, no. 7000, Jul. 1995, pp. 1733-1745. 

[19] Novel Swine-Origen Influenza A (H1N1) Virus Investigation Team, F. 

S. Dawood, S. Jain, L. Finelli, M. W. Shaw, S. Lindstrom, R. J. Garten. 
L. V. Gubareva, and X. Xu, “Emergence of a novel swine-origin 

Influenza A (H1N1) virus in humans,” N Engl J Med., vol. 360, no. 25, 

Jun. 2009, pp. 2605-2615. 
[20] CDC, “Swine Influenza A (H1N1) infection in two children-Southern 

California, March-April 2009,” MMWR., vol. 58, no. 15, Apr. 2009, pp. 

400–402.  
[21] CDC., “Update: Influenza A (H3N2)v transmission and guidelines-five 

states, 2011,” MMWR., vol. 60, no. 51-52, Jan. 2011, pp. 1741–1744.  

[22] T. H. Tran, T. L. Nguyen, T. D. Nguyen, T. S. Luong, P. M. Pham, V. C. 
Nguyen, T. S. Pham, C. D. Vo, T. Q. Le, T. T. Ngo, B. K. Dao, P. P. Le, 

T. T. Nguyen, T. L. Hoang, V. T. Cao, T. G. Le, D. T. Nguyen, H. N. 

Le, K. T. Nguyen, H. S. Le, V. T. Le, D. Christiane, T. T. Tran, J. de 
Menno, C. schultsz, P. Cheng, W. Lim, P. Horby, J. Farrar, and World 

Health Organization International Avian Influenza Investigative Team,   

“Avian influenza (H5N1) in 10 patients in Vietnam,” N Engl J Med., 
vol. 350, no. 12, Mar. 2004, pp. 1179–1188.  

[23] S. Griffiths-Jones, “The microRNA registry,” Nucleic Acids Res., vol. 

32, Jan. 2004, pp. D109–111.  
[24] S. Griffiths-Jones, R. J. Grocock, S. van Dongen, A. Bateman, and A. J. 

Enright, “miRBase: microRNA sequences, targets and gene 

nomenclature,” Nucleic Acids Res., vol. 34, Jan. 2006, pp. D140–104.  
[25] S. Griffiths-Jones, H. K. Saini, S. van Dongen, and A. J. Enright, 

“miRBase: tools for microRNA genomics,” Nucleic Acids Res., vol. 36, 
Jan. 2006, pp. D154–158.  

[26] A. Kozomara, and S. Griffiths-Jones, “miRBase: integrating microRNA 
annotation and deep-sequencing data,” Nucleic Acids Res., vol. 39, Jan. 
2009, pp. D152-157.  

[27] J. Kruger, and M. Rehsmeier, “RNAhybrid: microRNA target prediction 

easy, fast and flexible,” Nucleic Acids Res., vol. 34, Jul. 2006, pp. 
W451–454.  

[28] L. Song, H. Liu, S. Gao, W. Jiang, and W. Huang, “Cellular microRNAs 

inhibit replication of the H1N1 influenza A virus in infected cells,” J 
Virol., vol. 84, no. 17, Sep. 2010, pp. 8849–8860.  

[29] R. J. Garten, C. T. Davis, C. A. Russell, B. Shu, S. Lindstrom, A. Balish, 

W. M. Sessions, X. Xu, E. Skepner, V. Deyde, M. Okomo-Adhiambo, L. 
Gubareva, J. Barnes,C. B. Smith, S. L. Emery, M. J. Hillman, P. 

Rivailler, J. Smagala, M. de Graaf, D. F. Burke, R. A. Fouchier, C. 

Pappas, C. M. Alpuche-Aranda, H. López-Gatell, H. Olivera, I. López, 
C. A. Myers, D. Faix, P. J. Blair, C. Yu, K. M. Keene, P. D. Dotson Jr, 

D. Boxrud, A. R. Sambol, S. H. Abid, K. StGeorge, T. Bannerman, A. L. 

Moore, D. J. Stringer, P. Blevins, G. J. Demmler-Harrison, M. Ginsberg, 
P. Kriner, S. Waterman, S. Smole, H. F. Guevara, E. A. Belongia, P. A. 

Clark, S. T. Beatrice, R. Donis, J. Katz, F. Finelli, C. B. Bridges, M. 

Shaw, D. B. Jernigan, T. M. Uyeki, D. J. Smith, A. I. Klimov, and  N. J. 
Cox , “Antigenic and genetic characteristics of swine-origin 2009 A 

(H1N1) influenza viruses circulating in humans,” Science., vol. 325, no. 

5937, Jul. 2009, pp. 197–201. 
 
 


