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ABSTRACT 
MicroRNAs (miRNAs) are a group of 17-22 nucleotides that derived from their precursor sequences and 
represent normally various roles in numerous biological and metabolic processes in both animals and 
plants. Among several approaches to identify miRNAs, the bioinformatics-based methods are regarded as 
one of the easiest and cheapest ways to identify miRNAs. In this study, to identify potential miRNAs in 
Papaver somniferum, the publicly available EST sequences of the plant were obtained from NCBI 
GenBank and blasted against the previously known Plant miRNAs. Ultimately, seven distinguished 
potential miRNAs were acquired in the plant. The target genes of the predicted miRNAs included a 
protein serine/threonine kinase (signal transduction), PPR protein family (edit and stability of RNA) and 
globulins 7 S (hydration and dehydration cells), phototropin (response to phototropism), protein of 
serine/threonine phosphatase (glycogen metabolism), TIR protein family (defense against bacteria). These 
genes play an important role in plant growth and development, metabolism, morphology and 
determination of flowering time and diverse plant responses against different biotic and abiotic stresses. 
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�È»Z¿�]�Z]�Ä¯�|��Ã{Z¨f�YMEGA3.0���|��¹Zn¿Y2011 
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½��ZÅ�,¥|Å�É½M�ZÅ BLASTn��|¿|�  

�f»Y�Za�f�Y�¹Z´ÀÅ��{��Ë��ÉZÅ�Ä]�dËZ��¾ËY��Y�Ã{Z¨
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�½{Y{� ½Z�¿� ÉY�]� Ê°Ìf¿�Â¸Ì§� dy�{� ,¾¼��{

� ¾Ì]� Ê¸»Z°e� �]YÁ�miRNA��ÃZÌ³� �ËZ¼f»� ÉZÅ
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� ¾ÌÀr¼Å� Á� Äf�Y{Pso-miR444a-5p�� ÁPso-

miR8744��ÉÁ���]�\Ìe�e�Ä]�Ä¯XeÁ�a¾Ì��Ç{YÂ¿Zy�ÉZÅ
TIR��Á�¿McZ¨�§��Â·Â^Ë��ºË�-��Y�»�ÊaYiPe�Ã{Â]��Y~³�Ì

� Á� |¿�Y{� Ê°Ìf¿�� É|À¿Z¼Å� ¾Ë�f�Ì]� �´Ë|°Ë� Z]-Pso

miR9746i��¾Ë�f¼¯�]Y�»Z°e�È�´Ë{�Z]�Y��Ê¸ miRNA�
�|¿�Y{��Zz�y�ÃZÌ³�{�»Z¿�ÉZÅ  

�µÁ|m� .ÁÊ³�Ë��ÉZÅmiRNAÊËZ�ZÀ��|Ë|m�ÉZÅ��Zz�y�ÃZÌ³�Ç|�  
Table 1. Characteristics of newly identified miRNA in Papaver somniferum 

New miRNA       P. somniferum miRNA         Accession           1MFE       2LP       3LM       A+U    4 MFEI      Homologous  
miRNA 

Pso-miR1863 

Pso-miR845 

 

Pso-miR7782-

3p 

Pso-miR8175 

Pso-miR444a-

5p 

Pso-miR8744 

Pso-miR9746i 

GCUCUGAUACCAUGU 

UAGAUUU 

GCUCUGAUACCAAUU 

GUUGG 

CCUGCUCUGAUACCAU 

GUU 

AUCCCCGGCAACGGC 

GCCA 

CUAGAGGUGGCAAC 

UGCAU 

UCAAAAAAUGGGCA 

AAGU 

 

UUGAAUUUCAAUUAGAU 

EST: 

FG604901 

 EST:

FG604800 

 EST:

FE966194 

EST: 

FG609597  
 EST:

FG612596 

 EST:

FG604764 

 EST:

FE965393 

-20.30 

 

-13.83 

 

-9.20 

 

-20.80 

 

-60.22 

 

-16.5 

 

-63.81 

62 

 

60 

 

68 

 

71 

 

227 

 

58 

 

275 

22 

 

20 

 

19 

 

19 

 

19 

 

18 

 

17 

0.61 

 

0.50 

 

0.54 

 

0.54 

 

0.61 

 

0.60 

 

0.66 

0.82 

 

0.46 

 

0.30 

 

0.63 

 

0.68 

 

0.71 

 

0.52 

cme-miR1863 

 

 

bdi-miR845 

 

 

bdi-miR7782-3p 

 

ath-miR8175 

 

 

osa-miR444a- 

5p 

 

gra-miR8744 

 

gma-miR9746i 

1. MFEs: minimal folding free energies (kcal mol-1). 2. LP: length of pre-miRNA. 3. LM: length of mature 
miRNAs. 4. MFEIs: minimal folding free energy indices. 

  
 

  

 
Pso-mir1863                                          Pso-mir845                                        Pso-mir7782               



����                                  Ê¼Ë�¯ Á ½Y�Z°¼Å :�ÊËZ�ZÀ�miRNAZÅ �Á½��ZÅZ]��^e�»�¥|Å�É... 

 

  
Pso-mir8744                                                             so-mir8175 

  
Pso-mir444a                            Pso-mir9746i  
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�d�Y�Ã|���z�»  

Figure 2. Some of the secondary stem-loop structures of newly identified Papaver somniferum 
miRNAs. Mature miRNA sequences are colored (blue). 

 
  

�¶°��dy�{�� ÊËY��Z^e ÉY�] miRNA�ÉZÅ ÊËZ�ZÀ��|Ë|m�Ã|� �Zz�y��{  
Table 8. Phylogenetic tree for the newly identified miRNA in Papaver somniferum. 
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� Z]�ºÌ¬f�»iPedzË�� ,Â¼¿� Á�|��� �]� �Ì��½Z»�� ,ÊfyZÀ�
dyÂ��,ÊÅ|¸³���|¿�Y{�Ã|Æ���]�Y���Àe�Ä]�x�Za�,�Z�Á  

Pso-miR1863 ��{Y�§�ºÌ�Àe�|À¿Z»�Êf�Ë��ÉZÅ|ÀË
ÄfyZË�Èy�q��,µZÀ´Ì��µZ¬f¿Y�Á�ÉY½Z»�Z��Å{�Á�¾Ìf¯Y�Ê

Ì»ÄfyZË� µÂ]ÂeÁ�°�� ��Y{�a� Á� ÉYRNA��Á� {�Y{��¬¿
�ÉÁ�½��ZÅ�ZÀÌ¯�¾Ì¿ÂW�e
¾Ë��� ¾ÌXeÁ�a� Ç|ÀÀ¯|¯�É,�

� ¾ÌXeÁ�aABIL5,�� � ¾ÌXeÁ�alike-2A-dynamin� ��Á
� ¾ÌXeÁ�apentatricopeptide repeat (PPR) iPe��Ì

»Ê���{�Y~³�ÊÀÌXeÁ�a��ZÀÌ¯�¾Ì¿ÂW�e
¾Ë���¾ÌXeÁ�a�iR»�
ºÌ�Àe� ,ÄfyZË� �{� �Zy� µZÀ´Ì�� µZ¬f¿Y� x�Za� �{ 

d§��Ìa Èy�q ÄfyZË�ÉY Á Ê�ËÂ¿Á� ÉZÅ|ÀËM�§�
µZ §��Z�É �¬¿�²ÀÌ·ZÀ´Ì� Z¨ËY�»Ê���|À¯Vincent & 

Settleman., 1997 .( � ¾ÌXeÁ�aABIL5���{� �Ì³�{
� ºÌ�Àe½Z»�Z��Å{ÄfyZË� µÂ]ÂeÁ�°Ì»� Á� ¾Ìf¯Y� Ê��ÉY

d�Y�¾ÌXeÁ�a� �like-2A-dynamin�XeÁ�a�®Ë�|·Â»�¾Ì
�Ä�Ì¯�Ë�� µZ¬f¿Y� �{� Ä¯� µÂ]ÂeÁ�°Ì»� Z]� �^e�»� Á�Ì¿

�µÂ°Ë�Á���¾Ë�eÔ¯�Ê��Âa�¾ÌXeÁ�a�ÉZÅ��YÁ�|u���Y
��¬¿� É�¯�»� ¶WÂ¯YÁ� Ä]� É�¸³� È°^���¿Y�e� d¼�«

�� {�Y{., 2001et alJin (� ¾ÌXeÁ�a� �PPR��Ç{YÂ¿Zy�®Ë
¾ÌXeÁ�a� �Y� ±��]�� Ä]� ¶�f»� ÉZÅRNA��Ä¯� Ã{Â]

Á�,�ËY�Ìa�,��Y{�a�ÉZÅ|ÀËY�§�µZ¬f¿Y�Á��ËY�ËRNA�ZÅ
Ê»�¶ÌÆ�e�Y���|À¯Manna, 2015 .(  

¥|Å�Ê¿��ÉZÅ miR845-Pso��ÉZÅ|ÀËY�§��{��f�Ì]
� Á� Â¼¿� Á� |��� ,Ê°�y� �Àe� Ä]� x�Zax�Za�ZÅ�É

� Ä¯� |Àf�Å� ¶Ìy{� ÊËY�³�Â¿miR845-Pso��ÓÂ¼ »
½��ZÅ� Ç|ÀÀ¯|¯� ÉXeÁ�a¾Ì�� ¹Á�¯ÂfÌ�� ÉZÅP450 
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� Ê�ËÂ¿Á�ARFs� �Y�«� ¥|Å� {�Â»� Y�� ZÅ»Ê���|Å{
� ¹Á�¯ÂfÌ�P450 )CYPs (XeÁ�a¾Ì�� ÊËZÅÄ]�½YÂÀ��
¾ÌXeÁ�aÂ¼Å���¬¿�½Á�f°·Y�µZ¬f¿Y�Ç�Ìn¿���{�Ä¯�Ã{Â]�ZÅ

� Z¨ËY»Ê�|À¯ )., 2009et alLamb ¾Ì·Â]Â¸³� ����ÉZÅ7S�
�Ã|¼�XeÁ�a¾Ì��ÉZÅy}Ã�Ì��¾ËY�Ä¯�Ã{Â]�½ZÅZÌ³�È¿Y{�ÉY
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�Ä¯� Ã{Â]Ä]��Â��ÃY��ÄÌuZ¿�Ä]�Ê�Z�fyY��x�Za�ÉZÅ�Y|¿Y

�� ¾Ì�¯Y� Ä]AuxREs (�� ¶�f»»Ê�� ,|¿Â�Ä]�½YÂÀ��
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Guilfoyle, 2002& ¾ÌaÁ�eÂf§� ���� ,ZÅXeÁ�a¾Ì��ÉZÅ
� È��YÁ� Ä¯� Ã{Â]� É�Â¿� Ç|¿�Ì³x�Za�ZÅ�Á� ÊËY�³�Â¿� É
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)., 2004let aDidonato � ¥|Å� {�Â»� ½�� ��-Ath
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�� �ZeZ¨�§PSP�ÊËY{��¨�§� �{� É�Âv»� �¬¿� �

� �½ÂÌ�ÔË�¨�§{�XeÁ�a¾Ì�� ZÅ�ºÌ�Àe� �Z¯Á�Z�� �{
ÄfyZË�dyÂ�� Á� ÉY�� Y�� ½�Â°Ì¸³� �Z�ÁÃ|Æ�� �]��|¿�Y{

)Wera &  Hemmings, 1995 .(XeÁ�a¾Ì��ÉZÅ
Chaperon dnaj )Hsp40�É�Ì³Â¸m�Á�d�Z¨u�ÉY�]�,�
��Ì£��¼ne��Y¶]Z«�d�³�] XeÁ�a¾Ì��Á�dyZ��µÂ���{�ZÅ

Ê»�Äf§�³�d»|y�Ä]�ÊËZ»�³��­Â���È¿Z°e�½Z»��|¿Â�
)., 2006et alQiu  .(XeÁ�a¾Ì�� Ç{YÂ¿Zy� ÉZÅING ��{

� ºÌ»�eDNA� ±�»� ,Ä»Z¿�]��É�Ë��ºÌ�Àe� Á� ÄfyZË� Ç|�
�½Âf�ÌÅ� ½{Y{� �Y�«� ¥|Å� ªË��� �Y� ½�� ½ZÌ]

Ê»� Z¨ËY� �¬¿� �ÔÌf�Y{
�ÔÌf�Y�� |ÀÀ¯., et alHe 

2005.(  
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miR9746i-Pso��ºÌ»�e��{��Ì¿DNA�\Ì�M�{�Á�Ã|Ë

���Z¯Z���Ì·Á�|ÌÅ�Á�É�Z�|À¿Z¼Å�µZ´Àq�½{�¯�{Á|�»
� ÁmiR444a-soP��µZÀ´Ì�� µZ¬f¿Y� |ÀËY�§� �{
½Á�{ ÄfyZË���]Y�]��{�ÊeY}�ÊÀ¼ËY�x�Za�Á�ÉY�f¯Z]É��Á�ZÅ
o�Z«�ZÅ��ºÌ�Àe�Á�À¯YÁ�ZÅ�Ê¿Á�{�ÉGDP/GTP��\¸£Y
XeÁ�a¾Ì��¹Zn¿Y��|¿�Y{��¬¿�ZÅZ»�M��ËPCR-qRT��ÉY�]

�½ZÌ]�sÂ���ÊnÀ��Z^f�Y�Á�Ä�ËZ¬»miRNA��Á½��ZÅ�É
�¥|Å½M���{¹Y|¿Y�ZÅÃZÌ³�¦¸fz»�É���Zz�y»Ê��|¿YÂe

�Ê¨À»�Ê´f�^¼Å�Ã�Z]�¾ËY� �{�Ä¯� �{Â��¹Zn¿YÀ »Ê���Y{
� ½ZÌ]� ½Y�Ì»� ¾Ì]miRNA�� ¥|Å� ½�� Á½M��¹Y|¿Y� �{

� �]� ÃYÂ³��Zz�y� ÃZÌ³��ZyPe� ¾ËY� |ÌËmiRNA���{
�ÃZÌ³�¾ËYd�Y.  

�µÁ|m�¥|Å�d��Æ§����Ê¿��ÉZÅa�Ì�ÊÀÌ]�Ã{Y{�Ç|���Êf�Ë��ÉZÅmiRNA���Zz�y�ÃZÌ³�{�»Z¿�ÉZÅ  
Table 2. List of computer-based predicted targets of P. somniferum miRNAs 

ÊÅZÌ³�Ä¿Â³  Target Acc.  Êf�Ë��{�°¸¼�  ¥|Å�¾ÌXeÁ�a  miRNA  

Cucumis melo  

METC015205  µZ¬f¿Y µZÀ´Ì�  ¾Ë��/¾Ì¿ÂW�e �ZÀÌ¯  

Pso-miR1863  
METC043373  ½Z»�Z��Å{Ê ¾Ìf¯Y Á µÂ]ÂeÁ�°Ì»  �¾ÌXeÁ�aABIL5  
METC008607  µZ¬f¿Y�Ä�Ì¯�Ë��ÉZÅ Ê��Âa�¾ÌXeÁ�a 

¾Ë�eÔ¯  
Dynamin-2A-like 

protein  
METC031017  �µZ¬f¿Y�Á�É�Y|ËZa�,�ËY�ËÁ            

RNA  
�¾ÌXeÁ�aPPR    

Brachypodium  
distachyon  

Bradi1g36725.1  Ç�Ìn¿� µZ¬f¿Y ½Á�f°·Y  ¹Á�¯ÂfÌ�  P450  

Pso-miR845  
Bradi2g25850.1  [M��a�
É�Ì³�]Z  ¾Ì·Â]Â¸³  7S    
Bradi5g07360.3  x�Za�ZÅÉ ÊËY�³�Â¿  ¾ÌaÁ�eÂf§�ZÅ  
Bradi3g03420.3  ¶»Z� Ê�ËÂ¿Á� x�Za ½Â»�ÂÅ�Ä] 

¾Ì�¯Y  ��Ê�ËÂ¿Á��¶»Z�ARFs  

Brachypodium 
distachyon  Bradi3g19910.2  Äy�q��¨u��ÉY�]�É�ÂfÌ»�º�À»�ÉZÅ

�¶Ì°�e�Ä�Ë�Ê^¿Zm�ÉZÅ  
XeÁ�a¾Ì�°�e�Ã|ÀÀ¯�Z£M�ÉZÅ�¶Ì

�Ä�Ë�Ê^¿Zm�ÉZÅ  miR7782-Pso  
Arabidopsis  TC366626  ��Ì·ZeZ¯¶°·Y�ZÅ�Âf¯ÓZ³��Y�¦¸fz»�É  �Y|Ì�¯Y��Âf¯ÓZ³  miR8175-Pso  

Arabidopsis  
TC388495  x�Za ÊÀ¼ËY ÊeY} ��]Y�]��{�f¯Z]É�ZÅ   XeÁ�a¾Ì��Ç{YÂ¿Zy�ÉZÅTIR  

Pso-miR444a  
BP658598  �ºÌ�Àe�À¯YÁ�ZÅ�Ê¿Á�{�É

GDP/GTP  XeÁ�a¾Ì�Ã{YÂ¿Zy�ÉZÅ GDI2  

Gossypium raimondii  

CO127192 dÌ^je ¾]�¯ �{ ½ZÅZÌ³  �Â·Â^Ë� cZ¨�§�-ÊaY �Y�» 

miR8744-Pso  
CO107913 ÊËY{��¨�§�XeÁ�a¾Ì�ZÅ  ¾Ë��- ¾Ì¿ÂW�e �ZeZ¨�§ 

TC515 
��Y�d�Z¨uXeÁ�a¾Ì���Àe�½Z»���{�ZÅ

ÄfyZË�ÉY  ¾ÌXeÁ�a  Chaperon dnaj  

CO110739 
�ºÌ»�eDNA��±�»�Á
Ä»Z¿�]��É�Ë�ÄfyZË�Ã|�  XeÁ�a¾Ì��Ã{YÂ¿Zy�ÉZÅING  

Glycine max  TC432759 �ºÌ»�eDNA�Ã|Ë{�Ä»|� �¾ÌXeÁ�aRada  
miR9746i-Pso  

TC463100 d§Z°]M ��Z¯Z�  �Ze�ÂÀËY Ê·Á�ÂfÌ�  
  

f¿ÄnÌ�Ê¸¯�É�Ì³  
miRNAZÅ�»Ê�|À¿YÂe�� ½YÂÀ ]ÉZÅ�Y�]Y ÊuÔ�Y |Ë|m 

�{ {Â^Æ] Ê°Ìf¿� ½ZÅZÌ³ ¼�¶ � �Y�Êy�]� Á� Ã{�¯¿MÆ�Z
É�ÌiPe |À»Á�Ì¿ �{ ºÌ�Àe cZ¨� Ç|¼� ��|¿�Y{�Ê�Y��

� �Ìz�e� ÉY�]� ,Ê���]� ¾ËY� �{miRNA�ÃZÌ³� ÉZÅ
� ,�Zz�yÃ{Y{� {�°ËÁ��®Ë� Z]���]�ÊÀf^»� �Êf�Ë��ÉZÅ

� Y|f]Y�{� ,Ê¿Z�¼Å�ÉÂnf�mEST��Zz�y� ÃZÌ³� ÉZÅ
��]Y�]��{miRNA�ÄfyZÀ��ÉZÅ��,¾Ì�Ìa�Ç|�BLASTn�

d¨Å�dËZÆ¿�{�Á�|¿|� miRNA��ÃZÌ³��{��ËZ¼f»�{�»Z¿
�Zz�y �¾ËY� �|��ÊËZ�ZÀ�miRNA�Ê¼Æ»��¬¿� ZÅ
� �ZÆ»� �{Y�§��Â¿� ,Â¼¿� Á� |��� |À¿Z»� Êf�Ë�� ÉZÅ|ÀË

dyÂ��,dyZ���Ä]�x�Za�Á��Z�Á�Àe�ZÅ�Z¨ËY�Ê�Ìv»�É
»Ê�� �|ÀÀ¯miR7782-Pso��½{Y{� �Y�«� ¥|Å� Z]

XeÁ�a¾Ì�� ¶Ì°�e� �Z£M� ÉY�]� �ZÌ¿� {�Â»� ÉZÅ�Ä�Ë��ÉZÅ
�ZÆ»��{�,Ê^¿Zm���¬¿�Ê°�y��Àe�Ä]�x�Za�dË�Ë|»�Á

� Z¨ËY»Ê�� �|À¯miR8744-Pso��½ZÌ]�½Y�Ì»��ZÆ»� Z]�¿M�ºË
��Â·Â^Ë�� -�Á�Äf�Y{��¬¿�dyZ��Â¿��{��Y�»�ÊaY�cZ¨�§

��Ì£� �¼ne� �Y� ÊËZ»�³� È¿Z°e� Ä]� x�Za� �{� ¾ÌÀr¼Å
¶]Z«�d�³�] XeÁ�a¾Ì��ÊËZ»�³� �Àe� ½Z»�� �{� ZÅ

�É�Ì³Â¸m»Ê�d�Y�Ê��Y�³�¾Ìf�z¿�Ê���]�¾ËY� �|À¯�
� Z]� Ä�]Y�� �{� Ä¯miRNA�,Â¼¿Á|��� �{� ¶Ìy{� ÉZÅ

��Zz�y�ÃZÌ³��{�Ê°�y��Àe�Ä]�x�Za�Á�dyZ��Â¿
���Y�³»Ê��{Â�  

  
É�Y�´�Zb�  

�,¹Â¸��c�Y�Á�É�ÁZÀ§�Á��ÅÁ�a�d¿ÁZ »��Y�Ä¸Ì�Á�¾Ë|]
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