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Z{  

 

by&%=.�Bs�� 4);?&%=.��+39��� 80�180 kbp�m

lEg~ DNA"d �4);?&%=.�&%=._hfe����&%=

.tU"XG ucj|�XGF�"[` k]	���XGF�^l�

}�������iSzFq&%=.�nucleopolyhedrovirus; NPV���tq&

%=.�granulovirus; GV��I
�! �Rohmann. 2013��NPV� GV	on

 XGF"�!�!SzF�occlusion body, OB�����tF�O�����

_h WDby�}��� 4 ��Y�TJ�!�����vrby�_h

 NPV�$=5#4);?&%=.Y��vrby�_h GV�7A/4

);?&%=.Y�wvrby�_h NPV �(@84);?&%=.Y�

Mvrby�_h NPV �0=/4);?&%=.Y��I��!�� 

�Jehle et al. 2006�� 

 

4);?&%=.���LR&%=.�occlusion-derived virus; ODV��Hx&

%=.�budded virus; BV����j|�p� Es��&%=.tU	VQ�

�P 1���!�!<%5,%*=��
 \K	p���� �また、ODVt

U�C�N�! 2*>'):6-1�a�����B��2*>'):6-
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9&u�# single NPV¬SNPV��r�;/B,.?=29&u�# multiple 

NPV¬MNPVに分類される。NPV ox���fI��#t�� OB &«G�

#��H��W~$#(A-@n��[�� " OB�� ��Z_$��

�br� ODV�H�T�qV$#�qV$� ODV�H��U����]

����¤�+D>CE=�����©���\&j	¢����T��OR

�#���ox�d�#¬F{ox¬^ 2���l�MNPV���BV�*)

A3���&M%���£��H����`i�Q�!qV$#���!$

��#�H���T�OR���r�.?=29���T&�Y��F§�.

?=29�y�������©����mª�z¥5D</¡¬GP64&0E

9�#¦Le&���#���l���$�5D</¡�H�`i�Q��

������#��H����OR��}"�.?=29�F§��+D>C

E=&���oxn�*)A3��"���a�qV$#¬^ 3���a�

qV$� BV�������N��K��������]���l�+D91

)8E23� "��¡�OR�#���s��ox&p��#��� �

��ox���!��$# BV����©ox�X�$�fIPNS¤�o

x&h���
 ¬J{ox�����oxwv���ODV �gR$� OB

���'�����c¨�kp$����fIt��|��#��|��f

I��*)A3�u�#-7=2D�.6:E4¬Ohkawa et al. 1994, Hawtin et al. 
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1995³ �L�� "���� �[~� OB����ZG��rO�$#�

OB�°d�gX�{¦%��#���E��ZD�����ªx«��"(

'=0�_%�p�#���U���#�v��K]��os� OB��t�

�bHv��±D�$#����INK��jz�l��#²W 2³²Blissard et 

al. 1989, Rohman 2013³� 

 

6+;>('=0��¤�[~AJq%Q� 	������°d��¯�b

HPi%���M���),4'2@ UDP -=.B0¥�¨�²ecdysteroid 

UDP-glucosyltransferase; EGT³%���#������8=:@��#),4'

2@%E�S�#����y�6+;>('=0�bHv����A\k%n

P��}���w«�fª�#����('=0��%[^��#²O’Reilly 

and Miller. 1989³�Cu�P353@7,¢��('=0jzw�&95B/0�

 #bH��Ki%*07B1�®a� "m��('=0�[~%U�

��#²Clem et al. 1991³����EGT ��<@©S¨�²protein tyrosine 

phosphatase; PTP³�jzhx��
#?@4<@-�R�¡£�¬F�#��

��!$��"��y�� OB�e�V��os����#���!$��# 

²Hoover et al. 2011, Kamita et al. 2005³�6+;>('=0��� ���¯�b

HPi%�������('=0§J_�Tc�w�«���Pi|{�`Y
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�ITp��&�7.?E-,C1��KZ�J��MD9C�R_�'�	

%�`m^�yv3,<F0
$�Oh�KZ�^h�KZ�	#�g^h�

KZ�Hq��XQ�'��&�`mOh��M�'&Oh�KZ��\J�

RNA:B=AG2��#�����'&Oh8E>G3G�N�CAGT / CATT�


$�M��('&�Pullen and Friesen. 1995, Xing et al. 2005, Blissard et al. 1989��

^hS��g^h�KZ�^h8E>G3G�N�TAAG�)c��late expression 

factor-8 �LEF-8�� LEF-9� LEF-4� P47��VL
$a&-,C1wk� RNA

:B=AG2�#�����'��M��('&�Guarino et al. 1998, Yang and 

Miller. 1999��8E>G3G�N� RNA:B=AG2����#&X 
�-

,C1�KZ�yv�}on�e$
�����&��W�8E>G3G�N

)c��KZ����#����x�&yvR_��a�'�&�
�vfs

����*�i�e��&� 

 

' ��7.?E-,C1�~�z�KZyv�l��DNA;,/E+D,

�Iwanaga et al. 2004�" Expressed Sequence Tag �EST��l�Nobiron et al. 2003�

�#���('�����
��'$�br����M�'&�KZdt�

{��Pe�&!���U�Mu)�M�Ys�5’|�
$ poly (A)j|�3’|�

 ����M@645����W[�&�����
����]�('�
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Autographa californica multiple NPV ªAcMNPV«p|��&��� RNA 2I.

*H2H/ªChen et al. 2013«������h��%$�+(1}c�O�)(

F3 ªBombyx mori NPV; BmNPV« &p|���+(1Yl�ya©����

# BmN4���yfS¦ cDNAD(=DEI&���7DH3.E>7IA�

zªKatsuma et al. 2011«� "�)(F30:A�y�¢T��	�¢TC9

67�������\g�$���� BmNPV p|��&���7DH3.

E>7IA�z��{�)(F3p|w��¤U�!sg�$# Open Reading 

FrameªORF«�t&�#��¡�#t�¢TC967	e`���K�� 5

QMJ� ORF&]�¨m�¦�C967ª� 8 kb«�ub� ORF&]���C

967	e`�#��	v!������n��§���;-BG)(F3

���'�b^	��¦¥¨1I8 RNAªlong non-coding RNA; lncRNA«��#

����?>58&1I8�#��	s��$�� 

 

�$���b^�$��#X�)(F30:A�y���o¨1I8 RNA��

��c
	@(.G RNAªmiRNA«��#�P���Simian virus 40� miR-S1

��)(F3p|nx�¢T�$�)(F3�,H�j_d��#Vx£Nd

� TrZ£Nd� mRNA���o� "�[�����&qW�#�iL�

R��~����$#)(F3�TrZ4H<. ���&�k��#����
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&%=-`gv{#]C Tv{���Jo	�T����!�z��"��

!�Sullivan et al. 2005�����Epstein-barr virus�EBV�� miR-BART2��&%

=-� DNA8<:;A/��! BALF5�G[�$@1.@-�	��L"

�� �miR-BART2��r~_���� BALF5 mRNAqm
aN"!�EBV

�lV`gd�miR-BART2#H>7=�qm�!���BALF5�qm#N^��

B��&%=-)49���#aN�!���lV`g#xb���!�z�

�"��!�Barth et al. 2008��&%=-)49pf�j|_ lncRNA���!

s������u 160YW� adenovirus VA1 noncoding RNA��u 170YW� EBV


*A3�! EBER1�EBER2
XS"��!�VA1 noncoding RNA��]C

� RNA8<:;A/������L"�poly(A) tail#b��� RNA��!�

-29=A6h�#P!������]C� PROTEIN KINASE R �PKR��w

Q��y��ZU[ eIF2��<@�O#F��y��\#aN�!����%

@0A5'?@��!]C�^#�\�!��
XS"��!�Kitajewski et 

al. 1986, Ma and Mathews. 1996, McKenna et al. 2007�����pre-miRNA�t}�

K! Exportin 5��rEJo�De� RNAMck_#�� Dicer�W���!

����]C� RNA+%>@,@(��!nI�^#T����!���s�

"��!�Maran and Mathews. 1988, Lu and Cullen 2004��EBER� VA1 noncoding 

RNA�Ri�RNA8<:;A/������L"�-29=A6h�#P!
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��� PKR �wK�̂ un�SBtz�%82@./$[F��"�y�

 #��"�Owen et al. 2010, McKenna et al, 2007��BmNPV,59� �E�#

"�-@3 RNA���# �f�������Q	�]��*;/�'&=/

k` lncRNA��"J{X����Katsuma et al. 2011�� 

 

_oq���2;?/*<72@91@0� LR�#� BmNPVk` lncRNA

����lncRNAe\'&=/$DZ�N�tz���(&-U|$j��

Xg�a$}�����wb�3p��d{X lncRNA$~�
"���ZG

��s 1 r���Pl'&=/�DZ��#$j��/*<@4?+����

Q�Cih���A�" lncRNA�m~���OM�"�s�r���vIY

c�W���" 2p�� lncRNA�LR�d{�a����H!�����̂ V

�xKyT���6):>'&=/� lncRNA�'&=/Yc��
"d{�

���yT��
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�¢�� ?.GL*)K5���#{�k lncRNA�o�  

 

��  

-)2%iQ��#-)2zb�S�*)K5 BmNPV¡��(KA'?.G

L*)K5j�j�#*)K5��"�136U� ORF%]� 128,413 bp�1>

E DNA%t�#c` DNA*)K5��# Gomi et al. 1999¡�BmNPV�[�

Rd�{��w�������Rd�a-69;%U�� ORF�nV��|q

*)K5I)BIJN�Tm Ono et al. 2012¡%����b����
��!

$��"�?.GL*)K5�P��7)C���# AcMNPV�}���
�

&��#*)K5��#� 

 

����h���BmNPVly BmN��	!���� mRNA%����,J3

.F9@M0~� "fW� cDNAI)BIJN%Tm��5�u�� � 3�

u�%� 1O/LNM��4N/+M5�#�� "�BmNPVly��	!

4,679U�*)K51>E�v��XH=9;%����\g�#��mY�

��# Katsuma et al. 2011¡����:N7�w��x�*)K5lys��p

g ORF�r%�#	���#r��XH=9;
e_����P�� lncRNA

	��DC8<%2N<�#Z�k
�#��
e_�� ^ 4¡� 



 15 

 

lN���OL�#��"&%6.oc�i|\�+:0 RNA����Q	�

miRNA��"��X�2'58&%6.������&%6.�?R�S=�

?R$hr�� miRNA�OL�#��"�Singh et al. 2010, Singh et al. 2012, 

Zhu M et al. 2013, Singh et al. 2014��BmNPV�+:0�" bmnpv-miR-1��S=

� Ras-related nuclear protein�ran��?R��Gs~\$`��RNA,%79

-9)� �� ran mRNA�kW$�U�"�Ran ��Exportin-5$>�f�

!x{��VFR RNA�v}��<�"����S=�mA�[�T<�"�

��t!#��"�bmnpv-miR-1��ran�ql$@;��"����ydr�

&%6.Pj$B���"�Singh et al. 2012�����bmnpv-miR3��&%6.

�DNAyJ/93(�$+:0�" p6.9$K� 8C�Zb�?R�s~\$`

� miRNA��"�bmnpv-miR3�&%6.]eHb��ql����ab��


"Zb�?R�ql_I$�U�"����S=� "Dpig$M��

�"�z�!#��"�Singh et al. 2014��AcMNPV*14�!�E�#��

" acmnpv-miR-1��ODVwR�g�/93($+:0�" odv-e25�?R�s

~\��"�G$`��odv-e25 mRNA�ql$_I�"��� BVnm$kW

�� ODVY^$P���"���u�#��"�Zhu M et al. 2013�� 
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1 kb$��"���('?.tf� lncRNA����)9-~���7?8.

('?.�Kaposi's sarcoma-associated herpesvirus; KSHV��sr�" 1.1 kb�PAN 

RNA �Q�#" lncRNA 	v #��"�KSHV ��m�\gb��Ik[M

RW��" orf50$cJd�FW��uq�"	����FW$O�m�\g

�FW�S$71@+@:0AG��"���uq$]K�nE\g$|^

��"�PAN RNA �6.2A H3 �<0?M�y�{N�m�\g�FW

�S�71@+@:0AG�$lY��"���H
��!�m�\g���

FW}�uq$�X�KSHV �nE\g� m�\g��\ghZ�w�$

�X��"��	TP�#��"�Borah et al. 2011, Rossetto and Pari. 2012, 

Rossetto et al. 2013����DNA('?.�\gb��I�#" poly(A)	C

L�#� mRNAh� lncRNA�i����"TP��PAN RNADV����%

�o��	qp��"� 

 

5*=@('?.������AcMNPV����9>�3>A�FW�polh�

mRNA��I$j`��"����polh�S� �I�#��" 3.2 kb�&A

0/A. lncRNA��I�	UL�"��TP�#��"	�Ooi and Miller. 

1990���� lncRNA���i��Ba��"�����ex���5*=@(

'?.,4;� �I�#"i�[ lncRNA$_z���i�$a ���"
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�
�*)
�	�&#� lncRNA����!�!����������-PKO

����.�"%�����(��,'$���!� ��+��� 
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PM�NT  

 

4iOd�_c���*$  

4i	� �"Hd� F1>]���k\�l=����0GnM��na	��

BmN rBmN-4s_c� 10%�#b6fWrFBSs�V:	� TC-100 @?��

26��`2@o	��KQCp��",'+-*��*$�	� BmNPV T3R

rMaeda. 1984s;� BmhEPS1rKang et al. 1998s�Y���",'+-*��

*$� PKO ��*$�S^�3Y	�h��*$�DJ	�3�8���

KO1AS1�KO1AS2�KO1AS3�KO1AS123� BmhEPS1�h��*$�	�Y�

�S^	��������Y��KQCp���� BmhEPS1�",'+-*

�	�3Y	��
�1� PKO ��*$�D	�� T3 R�",'+-*��

*$�	�3Y	��",'+-*��*$;�AZF7��*$��()-

!�&%�T��KQ95�XB	�
�IKQCp�3Y	��@o_c�

Y��KQCp� multiplicity of infection rMOIs = 5�g��� �"Hd�

�[/UEKQCp��5qjeHd�.m��� 50 µl� 1 ! 107 plaque forming 

unit rPFUs/ ml� BV�<� TC-100@?�L]	�� 

 

PKO��*$�S^  
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PKO#"@,�m|������� 2��
�6>"8D�u�� BmNPV T3

l�#"@, DNA �� PCR p���yx6B;D.D�S�Q��FYi

s�t`
�pcDNA3.1�-�7'.D�Invitrogen��'BD2C(
��polh

�S�Z
���BmNPV)3: DNA -579�� 2,996VU��S�'BD2C

(	�� pBh-EPS16>,91�Kang et al. 1998��u���o�m|
��F

Yis�Q�6>,91�Z
��KOD-plus-Mutagenesis Kit �TOYOBO��u

�� lncRNA J��L<2/0�6B;D.D�N�Z
�rXv�[K��

�����g�0>C,5 D7'.D�Hc
��PKO #"@,��0>C

,5 D7'.D�O��� Bsu36I��z�P
��FYnh BmNPV�� 1�

�)3: DNA�*0>C,5$'+=C�����Hc
��*0>C,5$

'+=C 7j_�T�Eq�u��6>D'!/-"����X-gal�d��

�w��R��6>D'��g�#"@,�
�~P
��~P
� PKO#"

@,��#"@,)3: DNA�eM
�Xv[K�G� PCRW]
 DNA+D

'%C+C(�����Xv[K�{�
�����?4D.C0#"@,�a

\#"@,�� PKO #"@,�)3: DNA ��Zb��)3:�S�f�6

>,91�Maeda et al. 1990��*0>C,5$'+=C�����Hc
��

?4D.C0#"@,��6>D'!/-"����� X-gal�d���&>D

-A'+=C�Mk��������#"@,^��} 40I�6>D'�~P
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��$�48*7����Bt��4,8&7(��5$����5$ +1

DNA �Q@��NJ�
�G`I>p:� PCR FK��DNA "8��7"7

�	����.628&8qA�NJ�bo��wk 2x�Tc�=_��.3

�/8�4$(�k 3��<P��.3$0)�4$(�k 4�n��� 

 

BV^]r�XH  

Euef���� BV^]r��!7(685��5$���� PKO��5$

OU 96SsM� BmNef9W�DC��.38��'%����XH��� 

OU��!Lh���� BV^]r��!7(685��5$���� PKO�

�5$OU 96SsM���!Lh�;V�DC��0.22 µm"47#-�5&

8���Zg?\�j��M��.38��'%����XH��� 

 

OUef���� OB^]r����OU��!Lh���� OBR@r

�XH  

OUef���� OB^]r��!7(685��5$���� PKO��5$

OU 96SsM� BmNef�DC��1v SDS�ef�Yl��M�i[m

dawNanoEnTekx�_�XH���OU��!Lh�;V���� OBR@

r��!7(685��5$���� PKO ��5$OU 96 SsM���!L
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\�5O�><	�5O3� OBH�]QaVUhNanoEnTeki�P@
���

�^�� 

 

EK�� B\�:H[MIghmedian survival time;LT50i�P@  

=��-"��� B\�A
� LT50�� 0(/1-��-"���� PKO

��-"EK�� B\ 2065�M4H� 6Ig���P@
����V8	

�� 

 

Xa`J  

D���'1$�Xa`J�Xa`J#*( Prism 5 hGraphPadi�T��^

��BVSRf�OBSRf�;� OBF8f��27dY9G9J� Tukey-Kramer

L@���?eL@Nc�^�� 0(/1-��-"� PKO��-"���

�'1$�Nc	��EK�� B\� LT50��Gehan-Breslow-Wilcoxon L@

���� 0(/1-��-"� PKO��-"����'1$�Nc	�� 

 

)1!0+/%&�0�  

 0(/1-��-"���� PKO��-"EKC 0, 6, 12, 24, 48, 72Ig�

BmNWZ�� total RNA�b_	��total RNA�=.10 3 µg���1.2 %,
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.*-18<�.	MOPS% &�2
� F25 mM MOPS, 5 mM sodium acetate, 

and 2 mM EDTAGE?@5���@5�� RNA � Model 785 vacuum blotter 

FBio-RadG�A���Amersham HyboundTM –N+FGE healthcareG
!,1�&

�2�B��UV�0�-1�
���79����1�D��1��1�D�

RNA�>4����DIG Oligonucleotide Tailing Kit, 2nd generation FRocheG

�A�� DIG ,)-1����-�#�/��"(02'FC 5G�3=��

(0!�.
:��$�'-���2�+1	>46;�B��� 
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�p  

 

PKO('A-�r�  

mQ��BmNPVeqBmN���!Hf��]M�cDNA?'8?@D%{���

�~�2?C-*@92D;�o��pa!$��PdW�N�Katsuma et al. 

2011��ORF%]M��T���j���O>412�G�!�6)=B('A-

�Qn9B<D/D�P�CAGT / CATT�����`n9B<D/D�P�TAAG�

�!�O$��#�,D3RNA>412���"E]M���Ozx	*BD

4C+$��p������	��$�>412%�h������p�100

�408J��O>412	lncRNAK��P���a!$���6��u��RlncRNA 

�('A-eql���#s��o%��� ��$�$��O�\w�Y|_

L�#����9B<D/Dvc%[v��PKO('A-�r�%����

lncRNA�Z
�.C-RNA�ORFN��O�\w�9B<D/D<0D7�%i

�� �PKO('A-%Hf�#XS�.C-RNA�ORF�&:5��P�Y|

%F����9B<D/Dvc��%t[�#Y|%_L�#b�	�#� 

 

BmNPV orf97��# pif-1�V�!}y�# lncRNA�^�# PKO('A-

�KO97AS5��r�%I����PKO('A-�HIg�%�k�#�U5��2
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AE.)B:3F=�j�~k���pif-1�U��0E8)�",F4 

mRNA�5z�#E1/E.RNA	�L�!�� 
�	y�!�� �Katsuma 

et al. 2011��KO97AS5��5z�#E1/E.lncRNA����1.2 kb�93,758–92,462 

bp��h�����"nZ���PKO%$C.�� �T5��pif1Yu^J:A

.<4��pif1�U"R��G[gr�90,977–95,568 bp�"PCRp�X_��`�

pcDNA3.1�-�;)0F�)DF5E*��m{��:A.<4"pcDNA-pif1�S

Q���o�pif1�U���L�!�� h���#E1/E.RNA�:D>F0

F�M�]���PIF-10E8)��#<6��M�YN����lncRNA��L"

nZ�� ���TAAG�TTAA���WV�e"^J��\b��:A.<4"

pmKO97AS5�SQ���pif1�U�] lacZ'/23dJ�� �G[nf%

$C.��pif1�UK�92,753–94,011 bp��lacZ'/23dJ	dJ�!�:A.

<4�BmNPV T3l�%$C.+6=",3AE.9&)-@E
��� xP

}e�p�Hb���a�!� pif-1nf%$C.�Bm97D�SQ���

pmKO97AS5�Bm97D%$C.+6="Bsu36I�qN�w�N��+6=DNA"

s��,3AE.9&)-@E"���`�:AF)#2/$p��v�:AF

)"|N��Yu^J%$C."a��
����c�"���
���7(

?D%$C.ti�lncRNA"nZ��%$C."O�22Im{����1�� 
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^sv���PKO)(6-ew���o��lacZ*.12XA)(6-����

pif1�I'gN��Bm97D�cg30�I'gN��Bm71D�����Z��?W��

=�lacZ*.12XA)(6-�@~sv��?W�&�)(6-'o����

1��<G?W��pif-1gY)(6-��%Bm97D������=�)(6-�K

F�&��%#��yDVbB�iN���%
�'t�����7��Ohkawa et 

al. 2005��BmNPV�cg30��������Ul�svP[]�KF�&����

��
��$�Bm71D"kMqQA)(6-��o��Ul�`'~�����

za�CG30�d/83+���%
���#���gY�#��J�x{"*(

,R}��	%)(6-Lh�>:%
�'\$��������CG30�!�

RING finger5094�*(,R}��	%OBnm��;%
�'r���

�Ishihara et al. 2013�� 

 

PKO)(6-�J�x{��	%Ul�`  

BmNPVVbx{��	%)(6-p_ lncRNA�f|'�c%� �PKO)

(6-� BmN x{'o��Ul�`'~���T3�BmhEPS1�PKO )(6-

� BmNx{�MOI = 5�Vb����BmNx{�Vb 96]�T�GC��BV

nm�� OBnm�'jO�����za���� PKO)(6-���� BV

nm���,82796)(6-�EuS�����H 6��OBnm���BmNPV 
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orf122�Bm122��D��}=
����!2*(2' lncRNA  aH��

KO122AS ��sym�ZS�74��6� PKO #"0'�����ApN�

����C 7�� 

 

KO122AS���� OBhg~�dK��#"0'%,.<�6�FV�:lm

�|	��Gk�O�����	� oz�����KO122AS ;�/-3)

2+#"0' KO122ASR 9U���T3�KO122AS�KO122ASR i�� BmN

qt���� OBhg~ {_��r]�KO122ASRT^qt���� OBhg

~�QL��	����orf122�D��}=
����!2*(2' lncRNA�

E�qt���� OBhg�J5����	��X�������C 11�� 

 

PKO#"0'�$"&Mu����Rfx\  

b��$"&Mu����#"0'j[ lncRNA�#"0'T^��O� {_

�����$"& 5�|vMu i��Rfx\ w���T3�BmhEPS1�PKO

#"0'�$"&Mu� 1?��� 1 � 105� PFU�#"0'c n4T^


��$"&Mu��T^ 96 Y�P�8c B@��BV hg~� OB W>~ 

eI�����r]�T^ BmN qt����r]�A`����� PKO #"

0'���� BVhg~�&2+130#"0'�ApN�����C 8��OB
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qp�����"�KO122AS � }�v�eb�JG��I� PKO ,+B4

�����Qz^�����S 9��KO122ASR(r��.+1]����& OB

qp�(�i��|g�OB qp�	 T3 �Qz^�������$�orf122 �

U�$�M'��&)E75E4 lncRNA	V�{~�.+1]����$�

���" OBqp�ZH���&��	yR'��S 11�� 

 

lncRNA�tPa���H(�i�&�!�PKO,+B4ch.+1]���l

d�(�i��LT50(�n�����|g�1E:DFB,+B4�m����

eb� LT50	s�& PKO,+B4�YT������S 10�� 

 

=F3E?D89*E0�#& lncRNA��#��'�[`�&5E4

mRNA�uo�f  

lncRNA �=8/),:	[`�&6E>/�1F; mRNA �[��_�(H

���&����(�i�&�!��
��� PKO,+B4����-A2<

/C-7;@DF?(r��=F3E?D89*E0(���5E4 RNA�)

E75E4 RNA (KO�jN�����|g�KO97AS5 ch{~�����

Ws\L�#%wv�)E75E4 RNA	kX���&��	x�'���

��5E4 RNA ���& mRNA �uo�� T3 �Qz^�����S 12��
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KO122AS MPac������C[F:���^]�!3+*3( RNA �R

D ��	��_h�	����sA 13t�����T3 MPac;�����

gJ��%#)�W[]�'$.1�Q=�	���������lncRNA�\

Xm�/4&302,-"3$�Q=oZ86����?dL��^]�

lncRNA �k9qB��i<�����7�i<YV�@`H�n�����

�����W[]�'$.1�Q=�	�����b�����5N�*3(

RNA ��
� mRNA �\Xm� T3 � KO122ASR �Sj�re�UG�

�����>O�sA 13t�KO1AS2MPac���!3+*3( RNA�i

<�/4&302,-"3$�Q=oZ86�TD�����*3( RNA�

i<�E�Kp�f������sA 14t�KO63ASMPac������!

3+*3( RNA�i<�/4&302,-"3$�Q=oZ86�TD�*

3( RNA�i<�lI�h����sA 15t� 
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�e  

 

|\����+8<-,H3 VA1 noncoding RNA"AHB3-,H3 KSHV�

PAN RNA)W!�p��-,H3�1<C�$w�h lncRNA)�T&
�

�_X�'��&���'$���#��-,H3ju�dN���&���

�������*�q$���������Cox and Sullivan. 2014��=/DI

-,H3������ZL polh�]�$�T�'��& 3.2 kb� lncRNA�_

X�'��&�AcMNPV� polh�Txov)����s�$�polh mRNA��

T�
�+J64J3 lncRNA��|)lU���&
����'��&��


� lncRNA�w��Mq��&�Ooi and Miller. 1990������c��('�

BmNPVju BmN���$Pk��aS� cDNAF,?FGK�����9F

J30G@9KC�s�#%�lncRNA)W -,H31<C�r��TE;7

9�����Vb�'�����
�9FJ30G@9KCi_�$�100 �

408Q��T~z) lncRNAR��TE;79����m���� 6��y��


'$� lncRNAR��O�$w�h lncRNA)n�&�!��'�'��TE

;79��x`��� PKO -,H3) 22 QPk��^����#�.,2f

���	&h{�s)����� 1�����t�Bm122 �]�$�T�'��

&+J64J3 lncRNA��4J3 RNA�5J>0�)2K:& mRNA�|

�Ug� OB~}�dN���&
���Y�'��[ 11�13�� 
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KO122AS ��V�{~��$�-*2`����%����"�BV ts��

�b���%(����OBts��z 50��IE��T 11��:C3B�j

�|k�KO122ASdl{~�����Bm122 mRNA��L��	p]��

��T 13��;8/=9)Ju��j�$&�Bm122oh+*@4�QD{~

��!dl���'���%�Bm122 �{~�dl�c��6B</���'

���i%������'�Ono et al. 2012�� ��Bm122,C5A0��'

AcMNPV orf146 �Ac146�tq�+*@4yZ�m�6B</���&�BVt

s�c���'���Ni��'�Dickison et al. 2012��:C3B�j�|k

�%�KO122AS � Bm122 �HZ�:8/7+B�Rn��rU)x��'

���'�Bm122�oh�� BV�tsv^�s�'��Bm122 mRNA�p]

���BVts�YP�� OBts�
�p]��'�}�%(�� 

 

�_�;.?A+*@41:>�2C9�(��' miRNA��+*@4���

�HZwr#\G�HZ�wrfO��F��'���WS�(��'�

AcMNPV ������+*@4�HZ odv-e25 �[K�D���M)g�

miRNA��' miR-1� odv-e25 mRNA�wr)fO�'����BVts)p]

�� ODVae)X���'���WS�(��'�Zhu M et al. 2013�� ��
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BmNPV������in silico�o�!# miRNA�J�j�	�&%��Singh et 

al. 2010��)=20=/ Locked Nucleic Acid�LNA�'y���o�!���

�����?���$ bmnpv-miR3	 DNA�P1=5-���$ P6.9'R�c

m�CX�{x'hL���$��	�%��Singh et al. 2014��n}��F

g�� PKO+*;/����sW�� lncRNA���Singh"	j���miRNA

�J'R(���"���%"	 miRNAM�E����I%�r����$

O�e�D����"%$�n}���p�"�Bm122 Bm63�V�"�I

%��$ lncRNA 'sW�$�0=/ mRNA {x�w^ �`'a
����

�	Kl���T 13�15�����p��4,:<+*;/.38�"�I%

$ lncRNA �?�	�miRNA �!$�CX{xLd��z�#��I_v 

mRNA �Z[eQ@��7<0/�!��+*;/�CX�N]�{xLd�

\A���$O�e'����$� 

 

n���p�"�4,:<+*;/.38�"�I%$ lncRNA ������

fq�����$+*;/�CX�����t~�{xLd��g�\A�$

RNA	YU�$��	&����BSFg�� PKO+*;/��7<9>1>

92>6�!#�i�� lncRNAG��� 1/5�k�|b�$����#�4,

:<+*;/ lncRNA�H�'�l�$�����u#� lncRNAG�����
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��w%����k�	�!���	��Vj�S��! homologous region 

§hr¨��O���R�"��! lncRNA��k¥�Lb��SQ�:D?F2

F�S	gI��! lncRNA�������e��X�r�%��� PKO(

'C/�z�	y��[£��!�8*@D('C/�k¥�Lb��w���

`��Q�5BE/;1F/%T���r�('C/%z��!83+=6

./4>	f
���"��!�Ji�83+=6%���k¥�Lb¦]�

PKO ('C/�Mn�x��!k�	�!����"!�83+=6%���

_�dP��r�83+=6�U~���p�������Lb¦]�o�}

��l�Lb)035%qP�!����$"!��Lb)035	�s¦]

���	���R�"��! ��RA735%-F6�!�S�Y�"�

��W�l���Lb)035	�O¦]��R¡a|K��qP�"!��

�� �RA735���:D9&'C�h¤�!W�l	���"!���

��83+=6./4>%��� PKO('C/�Mn���\��N�m��

��k�	u!�#�� 

 

t��<(/%cH��! murine gammaherpesvirus 68§MHV68 �̈{�v���

�sORF���	! ��R�}��w	^Z�"�§Canny et al. 2014 �̈Canny

����¢���P���R�}�G��2F,35��!�R�}��	�
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#
��B$�)
 siRNA �@?
�98A#31�268�����!

�<����0;>-�<���"*��PKO �� ��.:�&C�D'�

)
%/�,5�4������	��(��0;+ lncRNA�7=	����

��� 
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revertant virus plasmid name plasmid cloned site 
(T3 genome) 

KO1ASR1� pUC-EcoE� 126616-8732 
KO1ASR2� pUC-EcoE� 126616-8732 
KO1ASR3� pUC-EcoE� 126616-8732 

KO1ASR123� pUC-EcoE 126616-8732 
KO9ASR1� pUC-PstG� 7065-14896 
KO9ASR2� pUC-PstG� 7065-14896 
KO63ASR� pUC-PstD� 52136-64335 
KO95ASR� pUC-PstB� 79744-96695 
KO97ASR3� pUC-PstB� 79744-96695 
KO97ASR5� pUC-PstB� 79744-96695 

KO97ASR1-5� pUC-PstB� 79744-96695 
KO105SR� pUC-BamF� 99520-103501�

KO122ASR� pUC-HindC� 110820-127899�
KO124ASR� pUC-HindC� 110820-127899�
KO126ASR� pUC-HindC� 110820-127899�
KO127ASR1� pUC-HindC� 110820-127899�

KO127SR� pUC-HindC� 110820-127899�
KO127ASR3� pUC-HindC� 110820-127899�
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name sequence purpose!
T3-8041 BamHI F aaggatccggacgttcaaaggcgaaaac cloning��
T3-9520 HindIII R ttaagcttgcatctacttgaacaccgac ��
T3-44650 EcoRV F gatatcttgtgttatagtcacggatttgccgtccaacgtgttcctc ��

T3-49064 Kpn R ggtaccgatttgtcaataatatcgggtcaattcaacgccgacaaag ��
T3-54494 Nhe F gctagcaagtcggtggtttgcgctcgctcaaaattatttgacaaac ��
T3-59530 Xba R tctagacgacatgatggtgggctataacaacacgacgagcaac ��
T3-65413 Xho F ctcgagttgtcattgcctcttttcacgacgctgtctggagcatggg ��
T3-69274 Kpn R ggtaccggccatcttgtcaatcaacgtggtcagcggcacgaatg ��

T3-81998 EcoRV F ggcggcttcttcgtgtttgcgacatgttgttgccagtg ��
T3-87376 Kpn R ggtacctggtgctggtagcaaacattttgcctttgagttggtgttttgc ��
T3-90068 Xho F ctcgagaattttacgtgtaaaacacgatcacagcacttcgtag ��
T3-93022 Kpn R ggtaccacgttgcaatcttcgtacatgttaagctg ��
T3-90977 Nhe F gctagcctatacaaattggccaagcgattcggaatgcac ��

T3-95568 EcoRI R gaattcgcgataaattgtatgtatatagggcgtgggagctcg ��
T3-99711 Nhe F gctagcctgcagtcatttattaatctctcgctatttggaacataatc ��

T3-104032 HindIII R aagcttgaacgggtgcagtaattgtgagaactttattttgtaaatcg ��
T3-113998 Xba F tctagataataatatactaccgccgcacccttctaacgcaaag ��

T3-117502 HiindIII R aagcttgcacagctttgaattgtgcttttcttgtatttaggcttc ��
T3-117498 Nhe F gctagctgtgcaacccttgagcagacaattaatcacaac ��
T3-121145 Kpn R ggtacccaaatgtttttgcagcgctagttcatcagattttc ��
T3-119487 Xba F tctagagtatgcccactcctgctactttcaaggttc ��
T3-122536 Kpn R ggtaccttctacgcatttgatagcgcctctcc ��
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��!

37�



name sequence purpose!
mKO1AS1 F atcgggcgtacgtacgtgtacgacaata mutagenesis!
mKO1AS1 R tattgtcgtacacgtacgtacgcccgatgg ��
mKO1AS2 F aaacttgggctgtttgatcaaaaacgcc ��
mKO1AS2 R cttggcgtttttgatcaaacagcccaag ��
mKO1AS3 F gcaaaaaccaaaaattgaccctttttaaag ��
mKO1AS3 R ctttaaaaagggtcaatttttggtttttgc ��
mKO9AS1 F agtgcctatattcaggctac ��
mKO9AS1 R gcctgaatataggcactatc ��
mKO9AS2 F acaatgccctacgtcatcgg ��
mKO9AS2 R gacgtagggcattgttgtac ��
mKO52AS F cggcgtcgggaatgttatcg ��
mKO52AS R cgtgccgcaatgcatacaaatcagtc ��
mKO63AS F ccgctattgtaaagattgctgctcaaataatg ��
mKO63AS R cgtgcctttacaaaaagtggccaaattaatgaatcac ��
mKO71S F gtttttagccgcaagttttgcgtaatcatc ��
mKO71S R gccagattgagtaacgaaaacaaagttttatcaaataaaaatattg ��
mKO88S2 F aacgttatcccaagtattacaacgagacgac ��
mKO88S2 R ttacaaaaacgacagccatacgcaacacattg ��
mKO88S3 F cgatagtttattaaacaaagcggaagagtgttac ��
mKO88S3 R gtaacactcttccgctttgtttaataaactatcg ��
mKO95AS F ttcccgtatcgtccaccaagtctctg ��
mKO95AS R cgccgaggccatatctatgcaac ��
mKO97AS1 F caacgtgcccgtgggctgc ��
mKO97AS1 R caatcttcgtacatgtttaactgcgtaacaag ��
mKO97AS2 F agaagcctactgcttggctttggatc ��
mKO97AS2 R cccgctcgaattaacttctcctgttcttg ��
mKO97AS3 F tgcagttgcttacggcccggac ��
mKO97AS3 R caaaagagcgaaacctgtttcagtttcgg ��
mKO97AS3-2F acagaaacaggtttcgctcttttgtgcagttgcttac ��
mKO97AS3-2R ttcggccaacaaccacacacccgtgttgg ��
mKO97AS4 F caatcgacaaaggtgtcaacggaatcaac ��
mKO97AS4 R gatggtgaaaaagccgtccccttg ��
mKO97AS5 F gtcatgcttctttccaggcgtagg ��
mKO97AS5 R gaccgagaagtgctactttcttttaatctaaatatcc ��
mKO105S F attgaggcatcttatatacccgaccgctatttg ��
mKO105S R gctactagtaaatcaatcataccaaggcttc ��

mKO122AS F actgacacgttgcccgacattatcattaaatccttg ��
mKO122AS R gcattttattaataatcttcaaaaatgtcgcgcgc ��
mKO124AS F attgtttggcccgcaggaagatc ��
mKO124AS R catgtgcatcgaaccatactcgtttag ��
mKO126AS F caacacttcaggtttagacatctcaatag ��
mKO126AS R ctattgagatgtctaaacctgaagtgttg ��
mKO127AS1 F gttcgtgtttcaacatagcgtagtcgc ��
mKO127AS1  R gcgactacgctatgttgaaacacgaac ��

mKO127S F caacacttcaggtttagacatctcaatag ��
mKO127S R ctattgagatgtctaaacctgaagtgttg ��

mKO127AS3 F cgtggactatatgcgggagacc ��
mKO127AS3 R ccaaggtctcccgcatatagtccac ��
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name sequence purpose!
t3 7567 R catggtaaaactggtcgcccatcatg sequencing!
t3 7495 F gtttattacgcaaggcggactacaatcg ��
t3 8436 R catctgaccactccaaagtatttccaatg ��
t3 8315 F gcatttgcaaaatttgctaaggaaaaagaacg ��
t3 9296 F cggttaattattttacgggtagacagctattaac ��

t3 10418 R cgtttgttaaatcaactaaatcttggcgttctac ��
t3 45704 F gtaaaagtgtgtggcgccgac ��
t3 45825 R tgctctggaaacagaaactcagagg ��
t3 47112 F ctgttgaaacatgtattgcgctgtgg ��
t3 47186 R cgtgccgcaatgcttacaaatcag ��
t3 48614 R cgcaccgccaatagcatatacg ��
t3 55571 F cacatattcggattattgcatatcatcaaccaac ��
t3 55710 R gacgagccaacatgtcaacgac ��
t3 56928 F gaacggctcgtcgacaaaaatgc ��
t3 57031 R tgtacgttagcaaagagaccaacatgaaag ��
t3 58206 F tacaacaacgattctcccgacgaac ��
t3 58358 R gaatcacgaatcttccgcaagcac ��
t3 66467 F ggcgtaaaggcgatcaagaatgaac ��
t3 66560 R ggctatcgtttaaagcgcactgattg ��
t3 67796 F catgatgtcactgcttcttatcggg ��
t3 67886 R cgccacgtgtataattgacgaaacg ��
t3 83405 F ccgccgagggtatcgtc ��
t3 83508 R gccatacgcaacacattgtatcgc ��
t3 84841 F gctaaacctgtacaatctcgatcatattg ��
t3 84953 R gatgagaaagcgttttgtcactgttatc ��
t3 86219 F agcgttgcttactgtgcctgtatc ��
t3 86362 R cgagtaaaattctacgtgtaacgcacg ��
t3 91520 F caccgtgtccaaattcatattcagcc ��
t3 91601 R cagagacttggtggacgatacg ��
t3 92202 F cagtgtaattgaaggtgcgatgtgttg ��
t3 92324 R ttgtcactagtgtattctaaactttccaacacttc ��
t3 94570 F gtcttcgtgtttgttgtaaggtcttcg ��
t3 94717 R gattatcctgctgtttgtcgtggc ��
t3 100947 F gtttcaccaactctttgcctttgacc ��
t3 101083 R tttgctcatgtggggtatcaggc ��
t3 102266 F caatactagtggtcatgtacgaatctatgg ��
t3 102386 R cgaatcgtgttattttgcaagttgctcaac ��
t3 103443 R tccagtttttgtctgtcggcttcg ��
t3 115397 F gccgtggtgtttagcacattagc ��
t3 115478 R gcttgtgtcattagtttcagtgaccac ��
t3 116893 R tcaatttatactgccctaatggcgaacac ��
t3 118872 F gcataataacaatgggagttggtgcg ��
t3 119002 R gcccatcattatgatgataggcgc ��
t3 120522 R gtaactctaatctatgatttataccgacacacatg ��
t3 120745 F actcggccacctgcttacg ��
t3 120815 R gggcaaatcgtgatttggaagaatttacc ��
t3 122067 R tgcctgacaagttcccttatcactattg ��

pcDNA F atcaatgggcgtggatagcggtttg ��
pcDNA R gcatgcctgctattgtcttcccaatc ��
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plasmid name! vector! primers set!
pcDNA-bm9! pcDNA3.1(-)! T3-8041 BamHI F/ T3-9520 HindIII R!
pcDNA-gp37! pcDNA3.1(-)! T3-44650 EcoRV F/ T3-49064 Kpn R!
pcDNA-vlf1! pcDNA3.1(-)! T3-54494 Nhe F/ T3-59530 Xba R!
pcDNA-cg30! pcDNA3.1(-)! T3-65413 Xho F/ T3-69274 Kpn R!
pcDNA-vp80! pcDNA3.1(-)! T3-81998 EcoRV F/ T3-87376 Kpn R!
pcDNA-pif3! pcDNA3.1(-)! T3-90068 Xho F/ T3-93022 Kpn R!
pcDNA-pif1! pcDNA3.1(-)! T3-90977 Nhe F/ T3-95568 EcoRI R!
pcDNA-gp64! pcDNA3.1(-)! T3-99711 Nhe F/ T3-104032 HindIII R!

pcDNA-bm122! pcDNA3.1(-)! T3-113998 Xba F/ T3-117502 HiindIII R!
pcDNA-odve56! pcDNA3.1(-)! T3-117498 Nhe F/ T3-121145 Kpn R!

pcDNA-ie2! pcDNA3.1(-)! T3-119487 Xba F/ T3-122536 Kpn R!
pmKO1AS1! pBm-EPS1! mKO1AS1 F/ mKO1AS1 R!
pmKO1AS2! pBm-EPS1! mKO1AS2 F/ mKO1AS2 R!
pmKO1AS3! pBm-EPS1! mKO1AS3 F/ mKO1AS3 R!

pmKO1AS123! pBm-EPS1!
mKO1AS1 F/ mKO1AS1 R,"
mKO1AS2 F/ mKO1AS2 R,"
mKO1AS3 F/ mKO1AS3 R!

pmKO9AS1! pcDNA-bm9! mKO9AS1 F/ mKO9AS1 R!
pmKO9AS2! pcDNA-bm9! mKO9AS2 F/ mKO9AS2 R!
pmKO52AS! pcDNA-gp37! mKO52AS F/ mKO52AS R!
pmKO63AS! pcDNA-vlf1! mKO63AS F/ mKO63AS R!
pmKO71S! pcDNA-cg30! mKO71S F/ mKO71S R!
pmKO88S2! pcDNA-vp80! mKO88S2 F/ mKO88S2 R!
pmKO88S3! pcDNA-vp80! mKO88S3 F/ mKO88S3 R!
pmKO95AS! pcDNA-pif3! mKO95AS F/ mKO95AS R!
pmKO97AS3! pcDNA-pif1! mKO97AS3 F/ mKO97AS3 R!
pmKO97AS5! pcDNA-pif1! mKO97AS5 F/ mKO97AS5 R!

pmKO97AS1-5! pcDNA-pif1!

mKO97AS1 F/ mKO97AS1 R,"
mKO97AS2 F/ mKO97AS2 R,"
mKO97AS3 F/ mKO97AS3 R,"

mKO97AS3-2F/ mKO97AS3-2R,"
mKO97AS4 F/ mKO97AS4 R,"
mKO97AS5 F/ mKO97AS5 R!

pmKO105S! pcDNA-gp64! mKO105S F/ mKO105S R!
pmKO122AS! pcDNA-bm122! mKO122AS F/ mKO122AS R!
pmKO124AS! pcDNA-odve56! mKO124AS F/ mKO124AS R!
pmKO126AS! pcDNA-ie2! mKO126AS F/ mKO126AS R!
pmKO127AS1! pcDNA-ie2! mKO127AS1 F/ mKO127AS1  R!

pmKO127S! pcDNA-ie2! mKO127S F/ mKO127S R!
pmKO127AS3! pcDNA-ie2! mKO127AS3 F/ mKO127AS3 R!
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probe name! sequence! position!
polh S! cacaattctgattacttcgtggggcacgtagtcttcttcccacctaaga! 420-468!

polh AS! tcaaatcccaagatgtgtataaaccaccaaactgccaaaaaatgaaaac! 128172-128220!
egt S! gatgaataacatttattgacgtaactaaaagtgtgctatatgattc! 7906-7951!

egt AS! gaatcatatagcacacttttagttacgtcaataaatgttattcatc! 7906-7951!
orf8,9 S! gaaccggcgactattttcataaactatgactcgcggaccaaacgctgcc! 8615-8663!
orf9 AS! ggcagcgtttggtccgcgagtcatagtttatgaaaatagtcgccggttc! 8615-8663!
gp37 S! cactaatcggaataataaccgctgtcgtaaccttggtcaaaaacg! 47383-47427!

gp37 AS! caatataaatgttttaaagatggaaatttttattggccccacaatggcgataacattcc! 47218-47276!
vlf-1 S! gtgccaattccaacggtttcattttgatgttgttgagcgtgttattacgactgc! 58552-58605!

vlf-1 AS! gcagtcgtaataacacgctcaacaacatcaaaatgaaaccgttggaattggcac! 58552-58605!
cg30 S! gatagtagtagcgtttgtgatacatttatatgattgtaatgttgtg! 66744-66789!
vp80 S! ctcgtcggcagtgtacgccgcgttgtagtccttgtcctgatcggtgtaatg! 83960-84010!
pif3 S! gaaaatgtgaagcaagcccagtgcgggatcgcattctatcaagtccg! 91649-91695!
pif3AS! cggacttgatagaatgcgatcccgcactgggcttgcttcacattttc! 91649-91695!
pif1 S! gattattatttcggacggcggttcaatgagcggcacgcccgtgttg! 92648-92693!

pif1 S-2! gtgttggggttacacgatcgggcgcgttctcgatccaaagccaagcagtag! 92867-92917!
pif1 AS! acaacacgggcgtgccgctcattgaaccgccgtccgaaataataatc! 92647-92693!
gp64 S! cttcgacgcgtgtgttgggatccagcgagcctccgttgtac! 101118-101158!

orf122 S! cacgtacgctcctcgtgtcccgttcaaggacggtgttatcgacctcag! 116692-116739!
orf122 AS! ctgaggtcgataacaccgtccttgaacgggacacgaggagcgtacgtg! 116692-116739!
odv-e56 S! gttagataattgatagcccggctgatatctgttgtttccaaggttgcg! 119785-119832!
orf126 S! cggaaaatgtactccaattggtctgttaacgcaactgaactcgtcgtctgaatc! 120408-120461!

orf126 AS! gattcagacgacgagttcagttgcgttaacagaccaattggagtacattttccg! 120408-120461!
ie2 S! ctaaaagctcacgccaatgctgtttgatggaatcccggttacgaatgagg! 121018-121067!

ie2 AS! cctcattcgtaaccgggattccatcaaacagcattggcgtgagcttttag! 121018-121067!
ie2 AS2! gaaagtgtggatcgtgcttctcagcagtaccagaatagcattgcgtcgg! 121504-121552!

let-7! tactatacaacctactacctca!
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���ORF! lncRNA����� lncRNA (start-stop)! ������
	��

��
cDNA���
����������

1-polh! AS! 40–128413! TAAG! 1 !
1-polh! AS! 81–128413, 128415! TAAG! 15 !
1-polh! AS! 207–128413, 128415! TAAG! 2 !
2-orf1629! AS! 770-1107! TAAG! 2 !
2-orf1629, 3! S/AS! 2013-2375,3213! TAAG! 2 !
2-orf1629! S! 2069-2375! TAAG! 2 !
3-pk1! AS! 2834-2622! TAAG! 18 !
7-egt! S! 7237-7955! TAAG! 1 !
7-egt! S! 7769-7955! TAAG! 8 !
8,9! S! 8507-9215,9329,9334! TAAG! 4 !
6.7.8.9! AS! 8908-5993,7861,8259! TAAG! 3 !
7,8,9! AS! 9028-7916! TAAG! 1 !
9,10! AS/S! 9555-9116,9165,9363! TAAG! 3 !
9,10! AS/S! 9860-9161! CATT! 1 !
11! S! 10689-10813! TAAG! 1 !
12-arif1! AS! 11587-12323! TAAG! 4 !
12-arif1! S! 11747-10848! TAAG! 3 !
13,14! S! 13503-14456,14940,15039,15177,15576! TAAG! 5 !
13,14! S! 13538-,14477,14940! TAAG! 2 !
14! S! 15152-15624! CAGT! 1 !
16! S! 16512-16171! TAAG! 1 !
19! S! 18652-19084! CAGT! 1 !
20! AS! 19153-19372! TAAG! 3 !
22-broa! S! 21094-20835! CAGT! 2 !
22-broa! S! 21752-20871! TAAG! 1 !
�� S! 22574-23100! TAAG! 2 !
24-vfgf! S! 23635-23993! CATT! 3 !
hr2r! �� 24100-23930! TAAG! 3 !
hr2r! �� 24199-23930,23982! TAAG! 5 !
hr2r! �� 24307-23930,23982! TAAG! 12 !
25! S! 25163-24014,24016! TAAG! 13 !
27-39k! S! 25518-25299! TAAG! 7 !
27-39k! S! 25644-25299! TAAG! 1 !
29.30! AS! 26823-27840! TAAG! 1 !
39,40! AS/S! 36101-38669! TAAG! 1 !
39,40! AS/S! 38089-38724! TAAG! 1 !
48! AS! 43252-43527! TAAG! 1 !
49-fp25k! S! 44356-44090! TAAG! 2 !
52-gp37! AS! 47195-47486! TAAG! 3 !
53,54! AS/S! 50021-51187! TAAG! 1 !
54! S! 50438-51187! TAAG! 3 !
54! S! 52240-52389! TAAG! 1 !
54,55! S/AS! 52240-53016! TAAG! 1 !
no orf! S! 56160-56384! TAAG! 3 !
60! S! 57492-57051! TAAG! 4 !
60,61! S! 57838-57453! TAAG! 1 !
63-vlf1! AS! 58401-58821! TAAG! 3 !
70,71! S/S/AS! 66540-66824! CAGT! 1 !
71-cg30! S! 66851-66627! TAAG! 10 !
70,71! AS/S! 67268-66625! CATT! 1 !
�� �� �� �� ��
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���ORF! lncRNA����� lncRNA (start-stop)! ������
	��

��
cDNA���
����������

73-lef4! AS! 68894-68653! TAAG! 5 !
74! AS! 70014-70425! CAGT! 2 !
74! S! 70456-70103! TAAG! 4 !
76! S! 71539-71766! TAAG! 24 !
78-dnaheli! S! 72717-72458! TAAG! 2 !
81! S! 77623-78600! TAAG! 1 !
81! S! 77924-78643! CATT! 1 !
82,83! AS/S! 79294-80011,80027,80188! TAAG! 3 !
82-38k! S! 79652-78860,78872,78875,79490! TAAG! 40 !
87,88! AS/S! 83206-85178! TAAG! 1 !
88-vp80! S! 83522-84635,85289! TAAG! 2 !
88-vp80! S! 83657-85297! TAAG! 10 !
91! S! 87781-87607! TAAG! 3 !
92.93! AS! 88237-89799! TAAG! 1 !
95-pif3! AS! 91564-91930,91996! TAAG! 13 !
97-pif1! AS! 92849-92419! TAAG! 1 !
97-pif1! AS! 92871,92999-92413! TAAG! 3 !
97-pif1! AS! 92948-92416! CAGT! 1 !
97-pif1! AS! 93334-92456! TAAG! 3 !
97-pif1! AS! 93758-92462! TAAG! 3 !
101! S! 95448-96196! TAAG! 9 !
101! S! 95609-96104,96232! TAAG! 10 !
102-lef7! S! 97024-96357! CAGT! 3 !
103! AS! 97564-98531! TAAG! 1 !
105-gp64! S! 101420-99727,99749,99828! CAGT! 10 !
106-p24! S! 101526-101786,101796! TAAG! 9 !
113-p26! S! 108141-108477! CATT! 1 !
113-p26! AS! 108344-107424! TAAG! 1 !
113-p26! AS! 108467-107690! TAAG! 3 !
115! AS! 109518-110746! TAAG! 1 !
115! S! 110923-108879! TAAG! 1 !
�� AS! 110923-110762! TAAG! 2 !
116! S! 111464-110764! CATT! 1 !
116! S! 111860-110800,110991! CAGT! 2 !
117-exon0! S! 112570-112873! TAAG! 6 !
120-odvec27! S! 115142-115800,115838! TAAG! 11 !
120-odvec27! S! 115261-116001! TAAG! 1 !
122! AS! 116428,116429-116882! TAAG! 3 !
122,123! S/AS! 118103-116906! TAAG! 1 !
123-ie1! S! 118371-118823! TAAG! 2 !
123-ie1! S! 118491-118823! TAAG! 7 !
123-ie1! S! 118575-118823! TAAG! 5 !
124-odve56,125,126! AS/AS/S! 119112-120584! TAAG! 4 !
124-odve56! S! 119978-119656! TAAG! 2 !
126! AS! 120663-120301! TAAG! 2 !
127-ie2! AS! 120881-122180! TAAG! 1 !
127-ie2! AS! 120984-121284! TAAG! 4 !
127-ie2! S! 121099-120617,120619,120622! TAAG! 3 !
127-ie2! AS! 121420-122185,122187! TAAG! 6 !
129! AS! 124035-123389,123396! TAAG! 2 !
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� 2�  4.:>*)=0��Tms�k�� lncRNA�u��r  

 

��  

�~�]���%4.:>*)=0�ms��eMK'¢�� �n �%�

���`�&%���ms��'�Tms�	
¤[ 2�3¥��TmsRz_

�%��b£c���%\¡����ms! BV�-)/g����Ayfb£

��	��j��#&�	��~�]D��*)=0�JoBU���

%�NPV ��Tms�����dEg� OB ' A�%��D��Qx�&

%(=-<l�zS{�"$ OB|���D�X�&�	� ODVD�O�

pP�&%��pP�&� ODVD����Y������+?7>@6��

�������V'h������O��LM�%��D����#msl�

*)=02;.,5;02'G��H�������BV'G��Fvms�

"%N�ms��%��	
 ���%¤Keddie et al. 1989, Engelhard et al. 1994, 

Rohmann 2013¥�����#����9-318�����Bq�}^�w

�&�	%� 

 

�Tms��C�%Za�����per os infectivity factors-1¤PIF-1¥¤BmNPV

��Bm97�AcMNPV��Ac119��i�%�IA�t� W��¥�PIF-2¤Bm13�

Ac22¥�PIF-3¤Bm95�Ac115¥�PIF�4¤Bm79�Ac96¥�ODV-E56¤PIF-5�Bm124�
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Ac148��PIF-6�Bm56�Ac68��P74�Bm115�Ac138��VP91�Bm69�Ac83��

ODV-E66�Bm37�Ac46��Bm121�Ac145����� Bm126�Ac150��RO	

"�� �x 8��Rohmann. 2013���"���CV�H�ODV-E66 � Bm126

BT�'=.;+�����3)9;%$:,�EW	"��!�Wang et al.�

2007, Rohmann. 2013��PIF-1�PIF-2���� P74�Awru� ODVqV�n_

tM�!���[z� ODV �f~/<4*|��!��Ohkawa et al. 2005, 

Haas-Stapleton et al. 2004��PIF-3�f~/<4*|��!�Awru��tM�

��@����gv�?b��!�Li et al. 2007, Ohkawa et al. 2005��Fmi

�j#l��tMX��Peng et al. 2010��5;1'7*,{d�Peng et al. 2012�

�� �PIF-1�PIF-2�PIF-3�P74�PIF-4���� VP91� PIFyMD#Y]
�

ODV�&<6;=5�N�"!���p	"��!�ODV-E56� PIF complex

�f]PV������ODV &<6;=5�f~/<4*|�����!

�Braunagel et al. 1996, Peng et al. 2012���CVoS(-02�^G��!

odv-e56�Q�h`%$:,�sL\eK���kU�!��ODV�Awru�

�tM��Z�
�����RO	"��!�Xiang et al. 2011b, Sparks et al. 

2011a�� 

 

>a�AcMNPV�����gp64�CV�Jc5;8=/=��}I	"!mRNA
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� ���#"3G;-���Xlx�fL"
��^[�#��"

¨Washburn et al. 2003, Zhang et al. 2004©�GP64 � BV�b�Z�#"z�3G

;-���!���¡�M}lx�£�j¤�3G;-���"�:5->8

016?��Ob�_*257$���Qm�� gp64|p'&E1.9?$7

CG1<(-0BG����]¥���gR"��'&E1.9?�gR�

#����lx���"��s�� BV�qT�#��N����lx"


���¨Monsma et al.1996, Oomens and Blissard. 1999©�AcMNPV� gp64�Ob

�J~�U���r�=F@H3H�Ü 1��Vt=F@H3H� 4��it

=F@H3H©�c\���"�Washburn ���Y�o����� gp64Vt

=F@H3H� ��S��$|p����o� AcMNPV$Q����;E1

4(&1e¦��w� �
�Vt��� GP64:D%G7$�����"
��

���:&)%52&���� Heliothis virescens̈ 3:/+�I�©ª§h��

�	"`�y��XlxW� �y�� 1/50 �PK"
�$���

¨Washburn et al. 2003©� 

 

u�����I���Qm�� PKO'&E1$�����XlxW�¢L"

:,AF'&E1�v�{�k lncRNA�n�$����}���Xlxe¦�

�w� Yd�#��Xlx�j¤� lncRNA ������#�#$|a��
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PKO
	����������������� 
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HE�FM  

 

e4AJ2sLethal Concentration, 50%;LC50t�S8  

e4AJ9q�-Z
 OB���� 5r=h� T3� BmhEPS1� ��� PKO

��#!�N:AJ
�4 G@�AJ=h��53
,R��g[L�(5�

1% SDSUR�%5�g[L�%5OP
���-Z
�OB�g[L�B

W@�jYmc^sNanoEnTekt�Z��X?�S8
�LC50�S8���

�e4AJ9q��e4AJ2�Q7
6\;/��#!����� 1 ! 108�

5 ! 107� 1 ! 107� 5 ! 106�1 ! 106 OB/ml�X?�+���#!�����

1 ! 106� 5 ! 105� 1 ! 105� 5 ! 104� 1 ! 104 OB/ml�X?��9 cm2�lo

`�>�*<pE�V&
��� %rni=h 20.,�'��	��k�

���#!C_ 7 G@�K)=hD�S8
�R  $"�Z�� probit 1I

�k� LC50�c0
� 

 

6\��#!� BmNdf��AJ9q  

BmNdf�Z�AJ9q��b%a�T��k�� 

 

6\��#!��� 5r=h��]&C_9q  

�� 5r=h��6\��#!�]&C_9q��b%a�T��k�� 
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2B%A5@-.�A!  

jCi�e��m�
� 

 

DGS RNA�2B%A5@-.�A!  

��>'rZ_ BmNkl��T3�KO124AS���� KO95ASZ_ 48^pW�

BmNkl���mirVana� miRNA Isolation Kit tAmbionu �g��DGS RNA

�\F��L?BA 1 µg� RNA� 15%�?�RY8=� =>�:0">�

g��qbdI�
�dI�
RNA�(:0<�5@-*B����Amersham 

HybondTM –N+tGE healthcareu�/<A'4�B�m��UV @'=A ��

��OT�
�DIG<7=A!�
 RNA6@B5��e56AS F� T7 e56AS R

6<�9B��� odv-e56�A,(A' lncRNAsP� PCRcQV�
 DNA

]f��
� pif3AS F � T7 pif3AS R 6<�9B��� pif-3 �A,(A'

lncRNAsP�QV�
 PCR]f�.A6?B/����DIG RNA Labeling Mix 

tRocheuJ� T7 RNA polymerase tRocheu �g��M[�
�3�5=+�

)B&;A�`FKX�jCi�Na�m�
��
�DGS RNA�#A/@

B>��� miRNA���h��� let-7oHtLiu et al. 2007u�U	��=$1

 ?�,06@B5�E[��`F�
tn 5u� 
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ODV-E56[>�?Z  

ODV-E56� N^o�� 318�4-�cKDmU��LK�E� pcold-13"

'<�' 7.����":<,;#���RZ��27&4+�Ost BL21

b�V}~\��1 mM IPTGQJ=�16�� 48]�lf|S�w	��lf�

�';/"}� HIS Gravi-trap �GE����0�,)�<px� Slide-A-Lyzer 

Dialysis Cassettes �Pierce��g���`�w��[>?Zg�[F����[

F�[ HIS [>�g����&';1:()�;#��n{���W��

%!��Bk�N�Pz��Sigma��[ ODV-E56 [vd�X��[ ODV-E56

[vd� Ab-Rapid PuRe 2 �Protenova��g�
px��IgGiD�����

[ ODV-E56[>��
@g��� 

 

��&';1:()�;#  

T3G�MjSC��8&Yaqr��%;28.(0�<�62.5 mM Tris-HCl 

pH6.8�2% SDS�10� Glycerol�0.01� 1:60�-<818<� 5% 2-58

 2*�'-<8��g�
ey��19<;U�� 1 ! 104A�qrh_�

�';/"}�%;28��
g��� 

��8&Ya �$Tu��IH�� OB�1 ! 108 OBs�� 1 ml DAS.(0�
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4e0.1 M Na2CO3� 166 mM NaCl� 10 mM EDTA; pH 10.5f	 OB�S]��

H�aI=b�[��ODVWC�X\���ODVWC RIPA%"'�4e25 

mM Tris-HCl pH 8.0�150 mM NaCl� 1d NP-40� 1d sodium deoxycholatef	

S]H�Pierce® BCA™ Protein Assay Kit ePiercef �U�� 3&�TF�R

E��1143G�� 250 µg� ODVWCVL 3&�_��3)0%"'�4

�S]���3)0
��� 

 3&�_�3)0�13% */��/0�,$�0�U��cOP>	=b

���,$.�(2" 4	 PVDFY�`;���`;�� PVDFY� (2

"��4� eDS '�4+%��-#��0f	(2"�3����ODV-E56

 3&�_�M<��5NK8@J�KODV-E56K8:(2"��4�e1:1000f

SQ�7NK8@J� RabbitK8:TBS-Te1:25000fSQ�U��� 

PIF-1  3&�_�M<��5NK8@J�K PIF-1 K8g(2"��4�

e1:1000fSQ�7NK8@J� RatK8:TBS-Te1:2500fSQ�U���PIF-3

 3&�_�M<��5NK8@J�K PIF-3K8g(2"��4�e1:1000f

SQ�7NK8@J� Rat K8:TBS-Te1:2500fSQ�U���K PIF-1 K8�

���K PIF-3K8��.3!WageningenBD�Monique van Oers?A��

:6�����ePeng et al. 2010f�M<^Z�� Immobilon Western 

Chemiluminescent HRP Substrate eMilliporef�9U��� 
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!�% 5}Wp��mN[`T|  

!�% 5}Wp�U��mN[`T|��5}wq 12_zEH�!�%Wp�

�M�� 1 ! 107 OB�P� 10%(">A(d 3 µl�25,.7?�mN\C


�T|�i� OB�Lx�Ob�Ih�s�� 

 

mN[`!�%����rD BVy�eS  

mN[` 72_zY�!�% 5}Wp��Fd�&?4;?#
�kBj�^c

�f��4:A"�,*��s��rD BVy�eS
� 

 

mN[`!�%DoH���<($08� qPCR 

mN[` 6�12�18�24�48�72_zY�!�%Wp�Do�� DNA�]J


�Doln� DNA ��&?4;?#
ln�69'/�)
�Protease K

Ih���+?1"vKt�s�Y�3 0A<@">>6<8Ih�s�

	��]J
�]J
 DNA�gX�eS
�50 ng� DNA�-?4=A.

�
� KAPA SYBR Fast qPCR Kit ~Kapa biosystems�� polh F� polh R4:�

7A�i� qPCR������<($08y�ua
�Z��G��!�

%� BmAgo3{Q�RV�� ago3 F� ago3 R4:�7A�i� qPCR���
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�V���@ g��ye ���x 9�� 

 

"!9*Wc=t� RNA);%#:):&  

qIWc 24�48^�U�$!'Tv�=t�� Trizol Reagent�Invitrogen� g

�� total RNA YC���YC�� RNA�<����B w��KAPA SYBR 

Fast qPCR Kit �Kapa biosystems�� polh F� polh R47!5;���� gp64 F

� gp64 R47!5;�x 9� g�� qPCR�����J(:49����"

!9*Wc� RNA�K~j| w����U�!961k Hiseq 2500 g�

� RNA );%#:):& w���RNA );%#:):&��`>NQNQ

� ]�MFXlQinl�_m[Z�u�pO[Z�	HG���� 

 

RNA);%#:*.;+��Eza  

T3 "!9*�A��E��D�C�� ORF ��E�S��10 7!378;�

8;0 TopHat2  ?g��6*5-, 2 {R�59,5-4�{R�5-2

:&���Kim et al. 2013��������� ORF����hf� }d�

����5-2:&�rbV���8;0$":/�5-4
��8;0\�

���� �����7!378;�s8;0\ ?g��ye�� RPKM

@ oC���V��� RPKM@� 0�PL����U�w�za����S
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u ���¢��Tz��	�����T�� RPKM Q� 0.001 w��Q�1

#7A2'GH- �m�� 0.001 LR������l 2� log [��Q 

O����'D.0EH(Z�;I5@2>�p� ����'D.0EH(

�� R+I6 hclust O���¤®��T��<"/H��«Pu O���

±±1-�«Pu²�¤®�bq²�heatmap�p��� R:2)I-��� gplots

�]��� heatmap2 O����,I'&H.4I0�¡|��{Kcece

� v�¥M��g� e�triª�_�kyfd��
YW¯��� 

 

ODV-E56 0H:'£�s$#F.±ODV-E56 stop²�~�  

�J�����Nn�� BmNPV T3 }*9B 117,498-121,145 °a ]�

pcDNA-odve56±  4² 3H>GI5����KOD-plus-Mutagenesis Kit 

±TOYOBO² ��� ODV-E56 � N x��� 3 ���"A9¨���=%8

F"D8H�+6H¦UTTT�h���b� jR���+6H¦UTAA��

�	���ODV-E56 0H:'£ �s����q�5DH.=!I?'0I 

Nn��pmODV-E56 stop�^\���Nn�� pmODV-E56 stop��V¬§�

Bsu36IS������©���� Bm124D±` 16²�$#F.*9B DNA +

5DH.=%',CH��	�� ODV-E56 0H:'£ �s��$#F. 

Nn���ODV-E56 0H:'�s$#F.��� 1����o���X �
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��ODV-E56 stop �LK��wM 17x�^e�@b��27&4=�8)-�

l 9��?W��27)5.�8)-�l 10�m��� 

 

odv-e56%;,*;) lncRNA2:6=+=SB'&9)�_f  

t�c�! odv-e56%;,*;) lncRNA#VT�!��� ODV-E56+;

0(n�%5/rqE#RH�������U]2:6=+=qE TAAG #

SB��hZ�'&9)# 4�?W��wM 18x�\F� odv-e56%;,*;)

lncRNAqECI��pAvO�qE����%5/rqE#Rc�!��`


�U]2:6=+=qE TAAG��iZ�Jj�qE#Yg���BmNPV T3 

118,963QP� A# G�iZ�!���saN� odv-e56%;,*;) lncRNA

2:6=+=� 151 QPt� odv-e56 %;,*;) lncRNA #�BmNPV T3 

119,260QP� G# A�iZ�!���saN� 146QPd� odv-e56%;,

*;) lncRNA#�BmNPV T3 119534QP� A# G�iZ�!���saN�

 420QPd� odv-e56%;,*;) lncRNA#�BmNPV T3 120,066QP� T

#G��120,068QP� T#G�iZ�!���saN� 952QPd� odv-e56

%;,*;) lncRNA #oD�!2:6=+=qE#SB�	!>�G[���

�����"� 4<X�QPqE�RcSB#k����odv-e56vO���!

PKO '&9)#_f�!u�_f��hZ�-7;)1$=3(+=��!
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pmKO124ASwo 4x�+<1:=,����KOD-plus-Mutagenesis Kit wTOYOBOx

�e��ONmX�n��AV�� 4 ��lX�,8<'0�=2")=�

pmKO124ASR+151 � pmKO124ASR-146 � pmKO125ASR-420 � � � �

pmKO124ASR-952�JH��wo 10x�odv-e56 �<*(<' lncRNA1;6=

)=UB �9'�i 1 h�W`�G]�b	��lX�,8<'0�=2"

)=�Duqk Bsu36I Cd���gsE�� Bm124D  �9'$/5 DNA

�%,8<'0!"&7<��AV���F �9'� KO124ASR+151�

KO124ASR-146�KO124ASR-420���� KO124ASR-952�JH��wK 18x� 

 

pif-3 �<*(<' RNA�?a���31*-�^Q��PfUB �9

'  

pif-3�<*(<' lncRNA���� 81�4/r_N�31*-�^Q����

���BmNPV T3$/5� 91,999ON�TL
�tR%-< ATG� AGG�P

Z
����31*-�^Q��PfUB �9'�AV���i>h���

�AV��BmNPV T3[$/5� 90,068–93,022ON�vM�I�p@SYc�

pcDNA3.1w-x2")=wInvitrogenx�";=.<#�� pcDNA-pif3wo 4x�

+<1:=,��KOD-plus-Mutagenesis Kit wTOYOBOx�e�� ATG� AGG

�mX��lX�,8<'0�=�\j��pm-pif3AS peptide stop �JH��
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D@ 10E�pm-pif3AS peptide stop-CA> Bsu36I,9��
�:B8��	

Bm95D��(��!%DNA���')�"���&)���� pif-3 �)�

�)� lncRNA�*6���$#� �41�	��(��+2�	�+2�	

��(���< 1;�7�	35�=.�?��pif3 AS peptide stop0/�	� 
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wh  

 

PKO)(D2�vTbiS��j  

9,@E)(D2/8>	#�P�&% lncRNA 
vTbi��I���%	

��	�j�%� �uHs�Lc�� PKO)(D2�+(0 1�`{'q�

� LC50�p^'|���} 11����wh�0F6EGD)(D2�m���

KO95AS�KO105S��"� KO124AS ����vTbiS
��o\�%�


� #&��} 11�� 

 

KO105S��gp64�Rf<E?G4G	#�P�&��%3F2 RNA'o\�

�)(D2��%�]N� cDNAB(;BCG'q��1G-*F1F.���

1G-*F2e�q�% Oligo (dT)<B(=G�wV�K�"$�lr� 3�g

t�Q'n^������Uza
y�#&%�Katsuma et al. 2011��JZ|�

� lncRNAM~�PA756�d���3F2 RNA����! 3�gt
 ORF

O��%"��]N� ORF'X����PA756'X ��d���%�

� gp64Rf<E?G4G�Q	#�P�&%3F2 RNA��AcMNPV���

� GP644F:-�'x���vTbi�_I�%�
[Y�&��%�	

#�Washburn et al. 2003��BmNPV����!Wk� lncRNA����4F:-
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q#)6/��!��	h��"������7v�oT�� KO124AS �

KO95AS�ba�oT#m������ 

 

odv-e56wD��s:�"!$5-+5* lncRNA�XjoT  

1. Exei>��'%)Kk��
! KO124AS�O\oT  

KO124AS� odv-e56wD9� BmNPV(02 119,112GF ��s:�"��!

1,473GF�$5-+5* lncRNA#YH��� PKO&%4*��!{C 22A|�

�� lncRNA �f@PV��
!M<#pW�!���BmN ei�'%)Kk

#_�� KO124AS �O\oT#m���oT��316,5.&%4*

KO124ASR�8_�{n 2|� 

 

S;��BmN ei��PVJy#m���T3�KO124AS���� KO124ASR

&%4*� BmNei�MOI = 5�PV����BmNei�PV 96RuN�B

?�BV^]t� OB^]t#[I����gU�KO124AS&%4*� BV

^]t�OB^]t��� T3���� KO124ASR�AcL����{C 19|� 

 

Z��'%) 5 zrlKk#_��f`Qd��!PVJy#m���T3� 

KO124AS���� KO124ASR�'%)Kk� 1=�� 1 � 105� PFU�&%
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:.d"l?X_����(%+Qr��X_ 96 [yT�Ad"JG��BV

hgx� OBYDx"eN�����p^�KO124ASX_Qr���� BVh

gx�OB YDx����T3 X_(%+Qr�KO124ASR X_(%+Qr�I

nR����~K 20������KO124AS �jFW��S{"v` ���

X_(%+Qr� LT50"v`�����p^�KO124ASX_(%+�qb[y

������T3���� KO124ASRX_(%+Qr�Ia�p^����~K

21�� 

 

\T��T3� KO124AS� ��� KO124ASR&%:.� 1}Qr"i�� LC50

"Bmu���KO124AS �����oHX_E	cM����	�KO124ASR

� T3�InR�oHX_E	u��!�oHX_E�UP	mu�!��
�

p^���odv-e56|L��wC�!�� #=0/=. lncRNA	oHX_E

�cM�z@��� 
�	Z������~s 12�� 

 

2. 6>-=7<12$=*�� odv-e56 #=0/=. lncRNA�odv-e56 

mRNA���� odv-e56|L� miRNA�kft]  

odv-e56#=0/=. lncRNA�61)#&3	OV odv-e56 mRNA�O�

�S{"@��� ����"v` ���'9,5);'048<>7"
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f��{bgi�6A+@8?12#@'!s�����p[�KO124ASX\

nq�����RgUG����"@0/@- lncRNA�`S����
��k

u� ��N 22C���� mRNA����� T3���� KO124ASR�ax��

odv-e56 mRNA�hcz��V}�t� �����N 22B�� 

 

7&<?%$>-(6;���|)A4 RNA�Bl��� miRNA�hc��

_r����
��j� ����Singh et al. 2010, Singh et al. 2012, Zhu M et al. 

2013, Singh et al. 2014��odv-e56"@0/@- lncRNA� miRNAK~F���w

H� �Zoi� miRNA!ed�
��_r![���������v]

�����%$>-|X\� BmNnq� T3���� KO124ASX\nq��E

JT RNA!YI��EJT RNA�6A+@8?12#@'!s���odv-e56

"@0/@- lncRNA� miRNA�K~F���wH� �Zoi� miRNA�

�����PL���T3X\nq������ 21�� 25QO�mM�bgi

�,'5>�^I� ��CW� ��)@3?A>9?A8� let-7 9?A8

������|X\nq�T3���� KO124ASX\nq���� 21 ntDy�

*$.�,'5>�^I� ���odv-56"@0/@- lncRNA!^I�=:

9?A8!f��PL� T3 X\nq�bgi�,'5>�^I�	����

�N 23��
�
��� odv-e56 "@0/@- lncRNA � miRNA K~F���
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��o��!�� 

 

3. &',.?7>01$?)�� ODV-E56.?6(w�hes]  

odv-e56#?/-?, lncRNA�40(#&2	�SV ODV-E56.?6(w

�nt��ODV kR��M\z�T~"A� ����v` ����Y

ODV-E56 YD"f��&',.?7>01$?)"q���&%=,}W_�

BmN lp�T3 W_lp�KO124AS W_lp�KO124ASR W_lp�Bm124D

W_lp���� Bm124D�<5@.?2&%=, KO124ASRW_lp��Y

DFX�|�Gf�� ODV-E56 YL"*?8=����Y ODV-E56 YD"f

��&',.?7>01$?)"q���T3 ���Og&%=,W_lp��

W_ 96 [{U�*?8="Gf�����m^�&%=,}W_� BmN lp

�ODV-E56.?6(w"bQ��� Bm124DW_lp����+)3=	a

I�!��KO124AS W_lp�KO124ASR W_lp�KO124ASR W_lp�

ODV-E56YL����dgi�+)3=	aI�!��N 24A��
�
���

FX��Y ODV-E56 YD	 ODV-E56 "aI��� 
�	ju�!��

ODV-E56�#:4yxK��Bc�! JRz�� 41.3 kDa�;%?+)3

=	aI�!�	��!CP�JRz�9%3@+)3=	rZaI�!��N

24A��
�
��� ODV-E56.?6(w�E���H��8>-0+?)�J
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s$D
��"FoV	m�!#��`��W[ 0�6�12�24�48�� � 72

X{U� T3�KO124AS�KO124ASRW[in�Q�()-/=6<12&=

+$p��W[jXe� ODV-E56 /=5*w�daz$v\�~K 24B��

��kZ�ODV-E56/=5*w�(':-W[ 24X{U����]B;8:�

y�KO124AS ��
"da5/>=��T3�� � KO124ASR �Rc	u

�!#�������kZ�!�odv-e56%=0.=- lncRNA� ODV-E56/=

5*w�lt�NOV�H?��|@������	fJ�#�� 

 

ODV-E56/=5*w� ODV�^x/=5*w��"���!~Braunagel et al. 

1996��odv-e56 %=0.=- lncRNA 	 ODV-E56 /=5*w� ODV gM��

9*:>3�P@��"����$v\��T3�KO124AS�KO124ASR�

Bm124D�� � Bm124D � ODV gM$LrA�!hq��#�# 250 µg

� ODVgM$b��()-/=6<12&=+$p�����kZ�KO124AS

� ODV gM����� T3�� � KO124ASR �G_ ODV-E56 �,+4:	

]B�#�~K 25�������! odv-e56 %=0.=- lncRNA � ODV-E56

/=5*w� ODVgM��IY��S}$@�����	fJ�#�� 

 

4. odv-e56%=0.=- lncRNA�jEW[W[7<.-��
"TC  
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odv-e56"2+*2) lncRNA�^<IR���Vm�E4������!iN

������Ch6!J4�� 5o%#(Fc![��kS!e���O9��

^<IRG�BV �d6a�L8
��������!kS�����T3�

KO124AS�KO124ASR�Bm124D���� Bm124DR\P�Ch6!^<J4��

IR 3MG�IRFc��6W!?;��.03&",*#� BVZYl!XD

�����_Q�KO124AS���� Bm124D IRFc�6W���IRH BV

�7�T8
�����p@ 26q�	�	����KO124AS IR����d6

a�� BV�L8�e �����	��N������� 

 

U��KO124AS\P�Ch6!^<J4��A>�IRFc�5b]`���

�$#1)'-/�gf�e �����!kS�����=$#1)!^<

IR
� 5 oFc�5b����$#1)nIR�%#( 5 oFc�5b�

� DNA!K8��qPCR![��$#1)'-/l!kS�����_Q�T3�

KO124ASR���� Bm124DR^<IR%#(����$#1)'-/l�B:

!j��	��8P���KO124AS���� Bm124DIR5b��$#1)'

-/�B:�j�������p@ 27q�	�_Q���KO124AS !^<IR


�%#(Fc�5b]`�����$#1)'-/�gf�e ����

�	��N������� 
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md���Rfq��	(I�~���.-F7�Jb��O+�r�(�"

��T3�KO124AS��%� Bm124D+�Rfq� 24�48l�d�I��& RNA

+hP��RNA 6H2/G6G3+����e&)�EH=+�BmNPV 4>

C�B;@G3��d��S.-F7���	(.-F7�Jbxu��t�

+�������p�KO124AS��%� Bm124DfqI������.-F7

�Jb�xu�M��"&)�����X 28��
��p�&�KO124AS ��

Rfql�����.-F71DA6=�I�~�N��KL��g�)��

�Jbxu�%�4>C����*)����
��|W�)�� 

 

5. ODV-E56 stop.-F7+v���o  

nz}�e&)��p��uY � AcMNPV�%� BmNPV � odv-e56�[�

���]V�)��(y��&�Xiang et al. 2011b, Spark et al. 2011a��odv-56�

Jb�[+�Jb{_08;<�iL�%'sj��(
��%' odv-e56 

mRNA�ODV-E569G?2���%� odv-e56,G:8G7 lncRNA� 3�+�

��sa��`w.-F7�BmNPV�^T�nz}�v���(Bm124D���

odv-e56,G:8G7 lncRNA�!+sa�� KO124AS��uZ�U��(


��*������*��Qk�`w.-F7�#�\�~�$0-5c�
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��|uae���#*)C2Tj�tP`��^�m
�|QaeO�kW

����\$#���}d��odv-e56'E53E2 lncRNA���|Qae

O�_���"�ODV-E56 4E=-��J�|Qae�_����R�`&x

���#�����odv-e56 mRNA�� � odv-e56'E53E2 lncRNA���

��M$#��ODV-E56 4E=-��~�$�� ��*)C2��#

ODV-E56 stop&hy���ODV-E56 stop � ODV-E56� 3rv�'A<���

#>+;C'B;E&286@/9E�Us&K$�*)C2��#���

ODV-E56 stop�|QaeO&�f�#����ODV-E564E=-��J�|Q

aeO�[H���#�&b!���#����	#�ODV-E56 stopae{�

� ODV zX&p��*,24E?D67(E.�}d�ODV-E56 4E=-�

�1.:C�L
gN$�������!�286@/9E�]K� ��

ODV-E56 4E=-��L
on$�����w�$��S 30�����

ODV-E56 stopae{�&p��<F0E?D67(E.�}d�ODV-E56 stop

ae{����� mRNA� lncRNA�1.:C�gN$����!�S 29��

ODV-E56 stop� odv-e56 mRNA�� � odv-e56'E53E2 lncRNA&�M�

#�� ODV-E56 4E=-��on$��*)C2��#���w�$��

i��ODV-E56 stopqc�V�J� LC50�lZ&�����ODV-E56 stop�|

QaeO�YL�kW������ 13��IG�}d&�%�#��ODV-E56
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-:2(q� odv-e56$:.,:+ lncRNA�����hCRZ�Qz�DK�

� 
��U������� 

 

6. odv-e56$:.,:+ lncRNA597;-;L>'&8+"a��nX  

odv-e56$:.,:+ lncRNA�sA@�hCRZ�Qz�{G"p[� ���

]yd�w��b� odv-e56$:.,:+ lncRNA"PN���JbL>'&

8+"=S��ODV-E56 -:2(q�$61tsA"JB��������

OW597;-;sA TAAG "L>� 
���u`F'&8+� odv-e56 {

G�$:.,:+ RNA��� 151IHw�$:.,:+ RNA"PN���'

&8+�� KO124ASR+151�146IHe�$:.,:+ RNA"PN���'

&8+�� KO124ASR-146�420IHe�$:.,:+ RNA"PN���'

&8+�� KO124ASR-420���� 952IHe�$:.,:+ RNA"PN�

��'&8+�� KO124ASR-952"\f�}E 18~�odv-e56$:.,:+

lncRNA597;-;L>'&8+��	 odv-e56{G�RNA�c_"p[�

 ���'&8+RZ 72 VxO� BmN gj"a��1;*:49/0%:)

"l�����iY�odv-e56 {G�,:+ RNA �593#&8�� T3 RZ

gj�^r��?��'&8+RZgj�|k�M�m�!����}E 29A~�

<T�$:.,:+ RNA�����Jb'&8+���c_v�M�o��!
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��R 31��T3cj}� KO124ASRcj}��o����KO124ASR+151c

j}������ odv-e56'>20>/ lncRNA�q^��KO124ASR-420cj

}������mG�u<9;�q^��KO124ASR-146 cj}������

VK��\%��R 29B��@e�KO124ASR-952cj}�������]D

��'>20>/ lncRNA�521 UT��Ap�YS�$ orf126 � mRNA�490

UT��P{_�UTd��$���".-5;������#�wr&fy

�z��$���Gh�����R 29B�����i�"�odv-e56'>20>/

lncRNA �8=:?1?�I�B��!���F��v�$�����
�

lncRNA���!$Z[b����s���$N�b���"%�� 

 

n��odv-e56 '>20>/ lncRNA 8=:?1?]D*);/���$

ODV-E56 1>6,��wr�� ODV |X��Qg��WL����&�k�

$����%�%�*);/cj}���!� ODV|X&t��*+/1>7

=34(>-&�������i�E�� odv-e56'>20>/ lncRNA8=:

?1?]D*);/���� ODV-E561>6,��wr� ODV|X��Q

g��`�������z��	��R 30������O*);/t��~Mc

jJ&�k������i� KO124ASR+151������sl� 1/500�CA

��KO124ASR-420���sl� 1/100�CA����~McjJ��Hx�a
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J���������KO124ASR-146 � KO124ASR-952 ��f@OV?���

$�\G����yl 14z�
" �gU� �f@OV�� odv-e56%5.,

5+ lncRNA�r:�u�y�!��s;z�c_t�Mm��!
��=R�

�� 

  

pif-3vC� p9�"!%5.,5+ lncRNA�YinT  

1. Dweh����(&*Kj��	! KO95AS�N^nT  

KO95AS � pif-3 vC8� BmNPV )02 91,564 FE � p9�"��! 433

FE�%5.,5+ lncRNA#ZG�� PKO'&4+��!yB 34Az�PKO

'&4+�f@OV?��	!oW�gU�KO124AS�AX�f@OV?�\

G�����
� pif-3 %5.,5+ lncRNA �N^nT#k����316-

5/'&4+ KO95ASR#7P��BmNeh�(&*Kj#b�� KO95AS�

N^nT#k��� 

 

S<��BmNeh��OVIx#k���T3� KO95AS���� KO95ASRO

Veh�����>q�Q[�AX� BVa`t� OBa`t#]H�����

gU�KO95AS � BV a`t�OB a`t��� T3 ��� KO95ASR �AdL

����yB 31z� 
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_��(&+ 5 }Or#f��SbvZ#t���T3� KO95AS� ���

KO95ASR #(&+Or�niVl�BV edy�s>�� OB WAy#aK

����o[�KO95ASU\Or��
! BVedy� OBWAy�@��T3�

��� KO95ASRU\(&+Or�EkP����~G 32�����KO95ASU

\(&+Or� LT50#x]�o[�T3���� KO95ASR U\(&+Or�

�z�YTN�w� "����~G 33�� 

 

XR��T3� KO95AS� ��� KO95ASR #f�� LC50#aK����o

[�KO95AS �����nDU\B	`J���	�KO95ASR �����

T3 �EkP�nDU\B	w� "�~u 15����o[� �pif-3 $;0/

;. lncRNA�^J�
	nDU\qB�`J�CF��!��	j�"�� 

 

2. 5<-;6:12%;*��! pif-3$;0/;. lncRNA�pif-3 mRNA�

��� pif-3|H� miRNA�hcvZ  

pif-3$;0/;. lncRNA�^J	 pif-3 mRNA�hc�L�Q{#=���

!����#x]�!���'8,4)9'037:<6#f��5<-;6

:12%;*#t�����o[�KO95AS U\mp�����IgM?��
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#po�&=10=/ lncRNA����
�B�&=10=/ RNA�nj h

P���#��	q~$��N 34C�������"�pif-3&=10=/ lncRNA

�dP	��F�O��CQnj�V�%A���#��	rM$��?]

0=/ RNA����� T3��!� KO95ASR�g��� mRNA�nj���

V�	}"$�����N 34B���F�O��CQnj�V�	w�"$��

��pif-3 ��[�# orf94 �!� orf96 %d\�� Bm94D � Bm96D �S��

LC50%iR��uLYaK��V�%�b�����v`�Bm94D��!�Bm96D

�����uLYaK	hP��������"�orf94��!� orf96	uLY

a�X�������	rM$��| 15��Bm94D ������uL[s 7

^W�uLYaK	 1/5�D@����	��$�Ya*(,Tz�yf_�	

U���v`��#�w�"$�� 

 

e��pif-3 &=10=/ lncRNA 	 miRNA J�E����G$�miRNA %

lk�#�����b�#���)(;/�Ya� BmN tx� T3��!�

KO95ASYatx�"DIQRNA%ZH��6>-=7<23'=+%{���

��v`�,=4<>;���m�� let-7 8<>7�������Yatx�

T3��!� KO95AS Yatx����.+5;	cH$��N 35B��pif-3

&=10=/ lncRNA �O%cH�#:98<>7%m��v`������
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T3 ^ab�.,6<	\E�
����xK 35Ay������ pif-3 &>2

0>/ lncRNA� miRNAGwC�����j� #�� 

 

3. ()/1>:=34'>,��" PIF-31>9+r�nX  

pif-3&>20>/ lncRNA�83+&(5	�PIF-31>9+r� ODVeM�

�IV�Ou%A���"����q[�"����R PIF-3RC%_��()

/1>:=34'>,%k������ODV eMD�gHQZ�Pv�B�

PIF1>9+r	I�#��"����%cp�"����R PIF-1RC%_�

�nX�k���T3�Bm95D�KO95AS�KO95ASR���� Bm97D `W�L

mC� ODV eM%fl�()/1>:=34'>,%k���Bm95D �

PIF-3�7*4':->5=?<���Bm97D�R PIF-1RC�7*4':-

>5=?<��_���R PIF-3RC%_��()/1>:=34'>,�h

Y�T3�KO95ASR����^ab�.,6<	\E�#�	�Bm95D�KO95AS�

Bm97D �����.,6<	\E�#����xK 36Ay������ �

KO95AS����� ODVeM� PIF-31>9+r	IV������	dJ

�#����$��pif-3&>20>/ lncRNA�83+&(5	�PIF-31>9

+r�io��"�� ODVeM��IV�sA��"��	dJ�#��@

T�pif-1�]S��! PIF-3� ODV��;+<?5	tN�#"���FU



 86 

�����T3�KO95AS�� � KO95ASR^i{��_ PIF-3_B$u��(

)/1>9=34&>,$���}h�D��^i{�����qvx�.,

7<$]"���Ff�����5?1y����rS���e�`�Cu�

_B$u��^i{�;'0?6$u��()/1>9=34&>,�TO�

#�������!�e_B��('</^i{���
" PIF-3�wr�dp

$�j�"���Q���"�~�!#"� 

 

PIF-1_B$u��()/1>9=34&>,�}h�Bm97D$�	 T3�Bm95D�

KO95AS�� � KO95ASR ����qvx�.,7<�kF�#��Bm95D

���� PIF-1�.,7<�kF�#����!�PIF-31>8+��WS@�

� ODVzVE� PIF-11>8+��N�#"���Hb��R 36B���#�

Ml�}h��AcMNPV����TO�#��"�Peng et al. 2010�� 

 

4. pif-3%>20>/ lncRNA�|K^i^i:=0/��
"[I  

pif-3 %>20>/ lncRNA �|K^i���m��YA��"��$�j�

"����odv-e56 %>20>/ lncRNA �UL�Ml��5 �*'-Z�$u

���g$����cG��T3�KO95AS�� � KO95ASR $|K^i���

^i 3a\�Bn$PJ�BVts�$oX����}h�KO95AS^iZ
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g��
" BV^]�;	W>�#����vD 37w���cT�!�KO95AS

���bALUR�h:e�� BV�O>�i$#�������?Q�� 

 

Z��KO95AS %bALU�8fad����('40-23�kj�i$

#��"����%nV�"���8f�! DNA%N>�qPCR%_��(

'40-23r%nV����cT�T3 ��� KO95ASR %bALU�E

B�('40-23r�F@%m�"��������KO95AS LU8f��

('40tLUIg�CY('40-23�F@�m�!#����vD 38w�

�����!�KO95AS bALU*'.Ig�8fad<������('4

0-23�kj�i$#�������Q!������ 

 

SJ��bALUR� KO95AS �8fad����('40q9H�o=%i

���"����%nV�"����T3�KO95AS�� � Bm95D�Gl:%

bAM7� 24�48RsJ� 5uIg�8f�! RNA%N>�RNA/6+

)5/5,%i���('40q9H�`\r[p%i��cT�KO95AS �

 �Bm95DbALU8f�����('40q9H�`\���&�m�!#

����vD 28w�KO95ASLU 24RsJ�8fad���� bm21�egt�bm108

q9H�`\�m�!#����#�#�q9H����K!#�1,P�X
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��[�
�48c�]�����sp	���"������"��{f���

KO95AS� KO124AS�Ok��zL`gc�('</*;9.5�A�y~G

��DF	�a�"������	uQ�"�� 

 

5. pif-3%>20>/ lncRNA	-?5�!M�^	�!:925��e  

�I�e�{f�pif-3 %>20>/ lncRNA �IG� 81AA �:925	|�

�"!M�^	}��"��R 39����:925�mW	 KO95AS �zL`

gK�mW��@��!�����h�!�����B_:925��X-

5> ATG$tU�Vr('</ pif3 AS peptide stop$Ca���^o�e

$�������pif3 AS peptide stop� ODVwY$x�()/1>8=34

&>,$���{f�KO95AS ��r� PIF-3 �.,6<	jH�"��R

40����{f��KO95AS���� ODVwY� PIF-31>7+�	P�"��

���d:925�Na��E	����$u��!�l��pif3 AS peptide 

stop� LC50$�h���#�zL`gK��qi�Ov\������ 16��

�"��{f���pif-3 %>20>/ lncRNA �ZS	Bn�"�:925�

[�
���KO95AS��pT��@������	Jb�� 
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sN  

 

Zl���L=Vu�O� 2(68&%7+R]�XA�`��� pCR

]Q�gf���m;l�?S�� PKO&%7+#e��pCR]B�M<�

 ^tQ lncRNA�Tn#v����q\�pif-3$9.,9+ lncRNA#_I

�� KO95AS�gp64AY485:-:��z@
! RNA#_I�� KO105S�

��� odv-e56$9.,9+ lncRNA#_I��KO124AS� 3�� PKO&%7

+����pCR]B�aI� 	��W�������KO105S ������

{r&%7+�� AcMNPV�����gp64�AY485:-:��z@
!

 RNA� GP64-93)y#*:1��pCR]�~<��� ���GE�


!����Washburn et al. 2003�����Zhk���$9.,9+ lncRNA

#_I�� KO95AS � KO124AS � 2 ��&%7+�O��xo�Qbw[#

v���pCR]B�M<� �DK
!� 2��$9.,9+ lncRNA�,9

+}��pCR]�~" pif-3��� odv-e56�*:1
!�� ���"��

|>JiH',/0#e��_U&%7+�� w[���	!� 2 |>J�

dc� -93)y�pCR]�~<� 	��j
!�� �Li et al. 2007�

Xiang et al. 2011b, Spark et al. 2011a��pif-1���pCR]�P��-93)y#

*:1��� �F�� ��Ohkawa et al. 2005��pif-1$9.,9+ lncRNA
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&fS� KO97AS3�KO97AS5�KO97AS1-5 �����wL[eK�lW

�����~ 11�������!�wL[e��B�#3>:-�&/?8�

�#�P�!�H�$��#G�� lncRNA �wL[e�UB��#%
�

������`!������ 

 

odv-e56'>42>1 lncRNA&fS� KO124AS��[eQ�vz� BV� 

� OB�on��Y���!$��������rAjV� ��wr[e��

�,)/X|��
# BVon��}C�� OB^I��X|{ga�����

�G	Y���!$������$!�xd�!�KO124AS��nO*)<1

�h���wL[eK���EA�#~mO&t�*)<1��#���`

!������@_�KO124AS[evz��
#9?0>;=56(>.�x

d�!�odv-e56 mRNA�qm� odv-e56'>42>1 lncRNA��B���

��J�����!��\ ODV-E56\F&p��*+13>;=56(>.�

xd�!�ODV-E56 3>:-��y�� ODV uT��Nb��Y����

��t�$���$!�xd�!�odv-e56'>42>1 lncRNA��&fS

� KO124AS ��Zci� �� odv-56 �DT�P&�DTsR,257� 

"f]��#��� " odv-e56 mRNA�ODV-E563>:-��odv-e56'>4

2>1 lncRNA &���fS� Bm124D ��wL[eK�kS�#���M
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m��rU(v���
g$	�����ODV-E56 2?7.�~F
yNck

��B����O}b
|�$&��!�ODV-E56 2?7.��{�(�C

�0548�%#��ODV-E56 stop(Gd���LC50(pZ����zj�

yNckM
 Bm124D" KO124AS�Pw_�EA���	$�ODV�E562

?7.�
 odv-e56)?31?0 lncRNA�I��yNck�a��TY��%

��
vR�&���&���WQ�&��% Xiang" Spark$�����DY

uX,145�#% BmNPV�#�AcMNPV� odv-e56�DY�ne[����

polh�V��s���+*<0/69�V�odv-e56�DY(`]���=0-

;@+*<0
Gd�&�����Xiang et al. 2011b, Spark et al. 2011a���&$

�tx����^�'&%#�� odv-e56 � ORF�L� �`]�#��yN

ck�a�� odv-e56)?31?0 lncRNA
S`�&��yNckM�=0-

;@
Kh�	���!��polh �V��=0-;@[��zj
WQ�&�

���O}b
�%� 

 

o��yNck�a��)?31?0 lncRNA �V(�l�%�!�KO124AS

+*<0� odv-e56�VJ�f��)?31?0 lncRNA�8>:@2@�L(

\H����s�% lncRNA (`]���+*<0�odv-e56 )?31?0

lncRNA8>:@2@\H+*<0�( 4�Gd��&$�bq�i(����
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KO124ASR+151��mM�0;54;3 lncRNA)+'�� lncRNA/�D�,

	�lncRNA�pl��kW��zJ^dG	�mM� 1/500tY�@=��� 

KO124ASR-146���mM�0;54;3 lncRNA)+' 151POr� lncRNA

/�D�,)��Ro/VB��21:3��,���{c�lncRNA�pl�

�QH��	�zJ^dG�"#jS�����<`�KO124ASR-420 �

KO124ASR-146)+'r�0;54;3 lncRNA/pl�,)��21:3��

,	�lncRNA �pl��kW���,�'�.*��zJ^dG��mM�

1/100tY$�[X���>L�{c�*��0;54;3 lncRNA���)

 lncRNA �pl��zJ^dG�[X�tY�Iw�q��A	�*-��

���&�[X��0;54;3 lncRNA��he���?��x����'

|_�,\�	�,�|�*-,�>Z�odv-e560;54;3 lncRNA�f~

�b���odv-e560;54;3 lncRNApl79386/<�]pl��N�

y}! KO124AS^d��N�y}C�nm-, OB�zJ^dG/T��,

)��U�v	\���|�*-,���)��U�v	eu�
-��lncRNA

���,\��E(�he��KT	��,����,� 

 

<`�pif-30;54;3 lncRNA/gS�� KO95AS'�mM21:3�i�

���zJ^dG�%	jS�,�lM/s�21:3��,��	Fa���
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����pif-3 #<.,<+ lncRNA �xH`g�]��NV�� ���t

!��KO95AS `gw|��� 2=*<5;/0$<)�yf���pif-3 

mRNA�rm� pif-3#<.,<+ lncRNA��>������tM!���

���b PIF-3bA"p�� ODVvV�%&+-<5;/0$<)�yf���

KO95AS�on� ODVvV�� PIF-3�C
K�!��������!��

yf���pif-3#<.,<+ lncRNA� PIF-3-<4(��z��-<4(��

XY^���� ODV vV��9(:=1�Z>��� ���{��! �

KO95AS�� Bm95D�Ji� PIF-3-<4(��WO��� ODV vV�� 

����xH`gF�kU�GN�� �y��	 �-<4(��z�"B

�� lncRNA �����7%+�~j}�uxTaq_��>��� 

ubiquitin carboxy-terminal hydrolase L1�Uchl1��@V�P���D! #<.

,<+ lncRNA�� AS Uch1�RL!�� �Carrieri et al. 2012��AS Uch1

� 5’�P� Uchl1 mRNA� 72SQ'=3=8/6� �E"c��yI�

 ��� UCHL1 -<4(��z�"B�� �?\�pif-3 #<.,<+

lncRNA� AS Uch1�Ji�-<4(�z�"B�� j}"d� ����

� j}�e�]��� �{��! � 

 

mO�����
���shnl� lncRNA�-<4(��yI��IA"[a



 94 

�$�����p�'m���	[Z�%��$�Q���inactive X specific 

transcripts RNA�Xist RNA���=J���	i�$ 2j� Xn�N�����

j� X n�N'FrdT�$��dn�N��M]xs'����}���

$�M]��R��G�$ lncRNA ��$�Xist RNA ��:07C H�@4A

T�~��$ polycomb repressor complex 2�PRC2� �DNA�X3C9-��

�$ YY1�zKPu�$���h�y� Xn�N�<6B-B>4CT'�

f���$�	[Z�%��$�Zhao et al. 2008, Jeon and Lee. 2011��odv-e56

(C42C0 lncRNA pif-3(C42C0 lncRNA}�*)A0vk� lncRNA

������O"��*)A0�!�_Ivk�3C9-���zKPu�!

��p�'m����$V�d	�$�Lb�RNA-pull down(52)}'��

��!# lncRNA�X3C9-�'Y^�$���lncRNA	��!��@

,81?��Uen��&���$�'t��
$���"%$� 

 

j|��l�� 2 {�� lncRNA �����Uen�c�� RNA ����	�

E��!��Pup`	w�$�	g"���������q�W lncRNA

��Uen;B20���$aS'�o���KO124AS� KO95AS�\�N'

u���Uen'�����H�'u�� RNA/D-+C/C.'�����

��m'u��*)A0�M]���yxs�l�����"�*)A0�H
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���)(?/�M]�zu	P�oR�
���Vemi�)(?/+<8

-5	H����NO�
�������#��nQ����	�f�$��

���	}Z�$��LD���!�G)(?/��VemT�t\� ODV

afi���#y_� ��`
��$��#W�d	�����!$#�

�����VemT	t\����C��)(?/��# KO105S �����

�Jrem�c��BVp�1A7,���#GP64�Sj8@;B1B&q\

��)(?/��#�AcMNPV������GP64	 ODV�]�Y�$���

����%!���Vem�^F���#�	{!$��#�Braunagel et al. 

2003, Washburn et al. 2003, Zhang et al. 2004��6+=@)(?/��Vem��

�|��I� AcMNPV&x���%$�
��Keddie et al. 1989, Engelhard et al. 

1994��ODV	H���Q�NO��b��h�+<8-5	��Q&~U��

C��n�~���+<8-5� "wv�$� GP64� ���s"�C��

+<8-5	*A9@B8&��� BV��"�4>+'&K��Jrem�~

��#���!$��#�Rohrmann. 2013������	!����� AcMNPV

� ��ODV�]�H��h�+<8-5&g�:?2+<8-5[�)(?

/�W��8@0/��"�BmNPV� �� ODV�]�H�C��+<8-

5��g���)(?/����h�)(?/	C��X����em���

�"X�/4>3.B��em�EW���#�k|������l��
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KO105S ����N7BHD�AI�V��	��BV�R3P�4�C5


������X: 41Y�	�OG��AcMNPV� gp646F*.+0(0<L

! -'���8�TJ;����2?�KO105SBH1Q�K� RNA&0

$"/&/%�S�	���BmNPV�9�&/%-#,*&);�! -'�

N7BHNW�=��EK�MU�@���	��F>
��� 

  



�q8E>� Vf� J^RZ�

pif-1(Bm97, Ac119)! c<NT���Lu�PIF complex�?����� Ohkawa et al. 2005, 
Peng et al. 2010�

pif-2(Bm13, Ac22)! c<NT���Lu�PIF complex�?����� Ohkawa et al. 2005, 
Peng et al. 2010�

pif-3(Bm95, Ac115)! c<NT���Lu�PIF complex�?�����7
gbe��d=��t6
����

Ohkawa et al. 2005,!
Li et al. 2007, !
Peng et al. 2010�

pif-4(Bm79, Ac96)! BV�ODV��2.13-�Un&2,!l�PIF 
complex�?�����

Fang et al. 2009,!
Peng et al. 2012�

pif-5(odv-e56, Bm124, 
Ac148)!

c<NT���Lu�BV�ODV��2.13-�U
n&2,!l�7gbe��d=��t6
����

Braungel et al. 1996,!
Sparks et al. 2011a,!
Xiang et al. 2011b,!
Peng etal. 2012�

pif-6(Bm56, Ac68)!
c<NT�Lu�PIF complex�?����WQ
BmNPV��c<NTHi����hXSsIr�D
k:KO_G�J�m����

Li et al. 2008,!
Xu et al. 2008,!
Nie et al. 2011,!
Peng et al. 2012�

p74(Bm115, Ac138)! c<NT���Lu�PIF complex�?�����

Haas-Stapleton et al.
2004,!
Zhou et al. 2005,!
Slack et al. 2010,!
Peng et al. 2011,!

vp91(Bm69, Ac83)!
PIF complex�?���� '2d=*/�2�P�
*/�2WQ���c<NT��95����q8
EaC�$()���WQ��BV]\	�����

Peng etal. 2012,�
Zhu S et al. 2013,!
Xiang et al. 2013�

odv-e66(Bm37, Ac46)!"2*1�'+3%YM�P�7g4`�d=���
WQ��0#�c<NTS��hX�pI����

Sparks et al. 2011b,!
Xiang et al. 2011a�

Bm121(Ac145)!
 '2d=*/�2�P�BV�ODV�?���U
n&2,!l�q8EWQAcMNPV���c<NT
;�95����

Lapointe et al. 2004!

Bm126(Ac150)!
BV�ODV�?���Un&2,!l�q8EWQ
AcMNPV��c<NT�95����q8EWQ
BmNPV��hX�pI
�c<NT�F�����

Lapointe et al. 2004!
Zhang et al. 2005�

j8v[A���B@	����c<NTtoq8E!
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name sequence purpose!

odv-e56 Sac F! ccaagagctcatgagtttttttacaaatcttcgtagag! cloning!
odv-e56 Xba R! tttttctagatttgttgcggatgccgtcactac! ��

odv-e56 stop F! ttaactcattttaaagcaaacttatttaataaatatatcacag! mutagenesis!
odv-e56 stop R! tttacaaatcttcgtagagtcaataaattgtatcc! ��

odv-e56 ASR+151 F! cttaatactttattttatctacagatacatgac! ��

odv-e56 ASR+151 R! cctaaaaacaagaccgcgcctatc! ��

odv-e56 ASR-146 F! ttactaaccaacatgtgccaaggatttaactatg! ��

odv-e56 ASR-146 R! gggcgaatcgttagccaacaagg! ��

odv-e56 ASR-420 F! cttacataatcacatgagaaccttgaaagtag! ��

odv-e56 ASR-420 R! cgggggttttgctgcagtgcgttttg! ��

odv-e56 ASR-952 F! cgcttagattttaccaacatggcgccgcag! ��

odv-e56 ASR-952 R! tctccttgctttagattttgggcgagaggg! ��

e56 AS F! aaggttcgatgcacatgattgtttggc! riboprobe!
T7 e56 AS R! ctctcttaatacgactcactatagggataatctgatataggaacacaatctttaac! ��

pif3 pep mut F! cctgcgtgagcacgtacagagacttg! mutation!
pif3 pep mut R! cttgagacacgacaaaatctccgcctg! ��

pif3 AS F! aaggcctcggcgttcccgtatcgtc! riboprobe!
T7 pif3 AS R! ctctcttaatacgactcactatagggttgaacttttggcaaatac! ��

polh F! gaacaagaggagaagcaatg! qPCR!
polh R! tccagttggcgattaacttc! ��
ago3 F! ctctcttcgtagaacatatc! ��
ago3 R! tttcttagtacactcaaacg! ��

�9���������	���
��!
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plasmid name! vector! primers set!
pcold-e56! pcold-1! odv-e56 Sac F/ odv-e56 Xba R!

pm-e56stop! pcDNA-odve56! odv-e56 stop F/ odv-e56 stop R!
pmKO124ASR+151! pmKO124AS! odv-e56 ASR+151 F/ odv-e56 ASR+151 R!
pmKO124ASR-146! pmKO124AS! odv-e56 ASR-146 F/ odv-e56 ASR-146 R!
pmKO125ASR-420! pmKO124AS! odv-e56 ASR-420 F/ odv-e56 ASR-420 R!
pmKO124ASR-952! pmKO124AS! odv-e56 ASR-952 F/ odv-e56 ASR-952 R!

pm-pif3AS peptide stop! pcDNA-pif3! pif3 pep mut F/ pif3 pep mut R!
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kRZ�h��9.BF*)E1
#�P�%$q�e lncRNA�g��q��

m&~}������ ���$���}�7CG1/D>7H@�m
#T

]�%� BmNPV{l lncRNA�_����%#&r[�� PKO*)E1&M

f��ev�m&����j�}� 3���q�e lncRNA&wc��� 

 

xW���YU�%��$�nyt!*)E1�	�$q�e lncRNA ���

�����V 42�pbV&����Geisler and Coller. 2013��k�������

�9.BF*)E1{l lncRNA�MzA6E&��$���KI��%�%�

Mzqa&o��$� 

�Xist RNA�Zhao et al. 2008, Jeon and Lee. 2011�! PAN RNA�Borah et al. 2011, 

Rossetto and Pari. 2012, Rossetto et al. 2013���/F?3GN�&J��|xQd

&����YU�%��$�%#� lncRNA�;17GN������S��

��e& � DNA�X���S&O������u]��L\�X�,=0

+85(4/�Qd&�f���$� 

��P`s�"��mRNA�|xQd&�� lncRNA���'-:G-<� qrf

�YU�%��$�qrf��'-:G-<�oiD2@���L\��$ frequency
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�frq�}N~Merrow et al. 1999, Hong et al. 2008��!4*(4' lncRNA����

qrf�6b}N�@Fc���gemU���pBLP�jIu< ^��@F

c��� qrf�ge	6_�
���(4'� frq�ge	&'�\E���

��~Xue et al. 2014�� 

�MALAT1��6.5 kb:6y� ^� lncRNA����mRNA�Y|�LP��

� serine/arginine splicing factor 1~SRSF1��AVM ���SRSF-1�24wG

d[ EW�
�� pre-mRNA �s]h'/1"&4$�T7�����k

������~Tripathi et al. 2010�� 

�mRNA�QRZ�T7���� lncRNA��� BACE1AS��!3+-"05

f�zq� beta-site APP-cleaving enzyme 1~BACE1�t;P�!4*(4'

RNA����BACE1 mRNA�jI��
���mRNA�miRNA~miR-485-5p�

�jI {S����
�	OK�����~Faghihi et al. 2008, Faghihi et al. 

2010�����PTENP1~Poliseno et al. 2010, He. 2010�� KRAS1P~Poliseno et al. 

2010��?t;P}N��pB��� lncRNA ����miRNA �,%"���

Cl���
�� mRNA �>n ����8	OK������1/2-sbsRNAs

��mRNA � AluHXvD J� 3’UTRvD�jI��9ax RNA jI)4

.#o staufen1~STAU1� mU�
���̀ ih� mRNA�Cl =r�


�	OK�����~Gong and Maquat. 2011�� 
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�\c=H�l�� lncRNA����\c7h�l�� AS Uchl1qCarrieri et al. 

2012r�\cK=�l�� lincRNA-p21qYoon et al. 2012r	C?������

AS Uchl1��ubiquitin carboxy-terminal hydrolase L1qUchl1r� 1(%1$ RNA

��e;��� lncRNA ����5’oB�/,&2-��b@I�L� short 

interspersed nuclear element B2qSINEB2rk<�L��Uchl1 mRNA 	 AS Uchl1

� 3’oB�[>�����\c7h	iJ�����qCarrieri et al. 2012r�

lincRNA-p21���-catenin qCTNNB1r�Uj5D JunB� mRNA�X`I��

�[>��qYoon et al. 2012r����RNA[>'1*#d� ATP dependent RNA 

helicase qDDX6�Rckr'1*#dqSmillie and Sommerville. 2002r��\cK

=AD��� Fragile X Mental Retardation ProteinqFMRPrqAscano et al. 2012r

��[>�a>6�GJ�����WV� mRNA�\cK=�_���	C

?�����qYoon et al. 2012r� 

�RNA�'1*#da>6qRNPr�GJ�'1*#d�RI�=H��N:

*.$+)#0�OJAD��8
P^I lncRNA�C?������3f

�"!0$�TS�� lncRNA��� EBERsqOwen et al. 2010, McKenna et al, 

2007r� VA1 noncoding RNAqKitajewski et al. 1986, Ma and Mathews. 1996, 

MaKenna et al. 2007r��9� RNA�pQOg�F4Y]:� PKR	[>��

����MZV�S6mHPO�nE���NEAT1 ��N:Og6���*.
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/;3,@'`d�$���l��$ lncRNA��$�Sasaki et al. 2009��NEAT1

�� 3.7 kb� NEAT_1��23 kb� NEAT_2�g#�NEAT1_2�5?9@:?3

,/m�� tRNAnm�'`d��	#�Naganuma et al. 2012��40y� RNA

~Qb1B8,��wFGv�$���8>/;3,@'`d�$�Hirose et al. 

2014����!���o�b lncRNA ��qm��HZ��1B8,��~Q�

�#�WV�L�w�b�!�� mRNA  miRNA �~Q�$����n��

uTt���E���$���f"
�������$� 

 

D��o�b lncRNA�Gvo_'J��hxz�R\�%� 3y��7+=A

*)@/
"�K�%$o�b lncRNA �Gvom<4@'�]�$�Bm122

(B20B/ lncRNA'pe�� KO122ASck|�'v��6C.B�i�~

j�Bm122 mRNA��K���s^�����U 13������
"�Bm122

(B20B/ lncRNA� mRNA�~Q�$���!# RNA�[\b�SD �

miRNA�4-)���o��$���mRNA'I��$aM'j����$P

�b���"%$�U 43�����odv-e56 (B20B/ lncRNA 'pe��

KO124AS *)@/�	����mRNA ��K�ODV-E56 1B8,���� 

ODV{Y��?,@C5���E��������&"��}OckN�rX

���������
" odv-e56(B20B/ lncRNA� ODV�E561B8,�
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�rI�yI?%TZ"
���qGYc�ev"
��Hv�����

"HvX�t�!#��N 44�����pif-3 &9.,9+ lncRNA %fO��

KO95AS������pif-3 mRNA��D��U�������$!��PIF-3-

92(~� ODVnP�L�#��!��qGYcF�gO�����
�
�

�! pif-3&9.,9+ lncRNA��pif-3 mRNA�rI"
�� PIF-3-92

(~�s|%@����"HvX�PIF-3-92(~�rI"
�� PIF-3-

92(~�RSX%K;���"HvX�PIF-3 -92(~�dC��kw�

ODV nP��7(8:0��<���"HvX�t�!#��N 45��>W

Ribonuclease protection assay� RNA-pull down assay%h�� lncRNA�rI"

MP%JS"
����#�#� lncRNA�}p�ev�^!���"
��

_V�#"� 

 

Chen!�w�� AnMNPVYcpu%h�� RNA*:('9*9)%h��0

69+(730:4{a�rb�!�Chen et al. 2013��`jm�iz�� 3l

��evX lncRNA� BmNPV�	��� AcMNPV������D�#��"


��E^����
��̀ jm��[��evX lncRNABx�D51/0�

=�!�AcMNPV �����AQ�#��"&9.,9+�D51/0%\o

�����rb�]�� arif-1�orf92�pif-1�orf111�p74�ie2�� � orf129
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�ª`�&¢R�)(.D86D5 lncRNA 	�BmNPV � AcMNPV �Q¤�

�¢R�)��(�	r&������)&�¢R@<9:#0/B5n

z�N&��jU,y����(Z�m	��&)(��&�q�� PKO0

/B5,OS���)&��x,¥"(l�	�(�*��pif-1�%� ie2ª`

�&¢R�)( lncRNA�¨����v������ KO97AS5� KO127AS3�

�� PKO0/B5,���m��x,���	�§�_0/B5����_�

¦���"&)�����L^���}�m lncRNA�52AE<D3��0/

B5d~��Xm,Fh�wMG� {��#���(�P���nzs��

ieW,H��b[�0/B5d~$�OB,�f�$K��o�t��k��

YnzV,�h�(���%'���c�o�£�wM,�p��52AE<

D3,�����L^§�_0/B5�\|���_,��� PKO0/B5

�J�&#q��}�,#� lncRNA,\h�
(�#�)��� 

 

DNA0/B5���(}�m lncRNA�a]� �-���«Cox and Sullivan. 

2014¬�v�������}�m lncRNA �=1?C0/B5��(uT���

��(�)!��=1?C0/B5�}��x�g���ORF �4E;�)

�7D>2¡������+)�
��v���%'�L!�I�J����

	��������©4E;¢R@<9:�}�,���(�	�
��
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Jb��ORF)2H9�� mRNA������V��Z�`Y�&K��QD

:78�a��!t�d lncRNA "t�d?>69)2H9���&T�d�

����f����)��c�	�&���&����<.CF,+E3es

m�~z���&�QD:78������ O���&�	(����&

�X 4��,+E31;A	2H9���&�QD:78� mRNA ������

�k� ORF)h��QD:78�t�d lncRNA��� gp64�Sn�Q{x�

#��V� ORF)2H9����!>FBH5H����#&~z5+@G0

����$��y}��t��&�QD:78!`Y���&����$�

'���('�
��L_�\-478�#&U�L_�uj,+E3)|

��t��q�I�������&5G=/��u^�������N�Z�

`Y�&K�t�d�QD:78!P�u^��������op�5G=

/��t�)w���q�
����!�	�&�!�'���Jb��o�

��Mg�� PKO,+E3"5G=/����)*@;��i��v���,

+E3�#�������&W_� )u^���]},+E3)|���q

)����#���#%w��<.CF,+E3�L_�t��q)��

�	Rp&���$'&� 

 

o����#�l[����r�$�<.CF,+E3es���&<.CF
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)(E0~t�.H7 RNA�O��
�MJ�!���$�9+BF)(E0

�dL��U�kv)(E0-8>�wU�QT�$��dL� RNA<D?

CH2�!��)(E0�Ws;F@H3H�"Ws�N`��V�%$�k

vWs����� miRNA � bmnpv-miR-1 �dL�|P�hyx&�c�

bmnpv-miR-3 �kvWs�K��)(E0gs�N`�S���{&mX�$

�Singh et al. 2012, Singh et al. 2014��kvgs��)(E0~t RNA<D?C

H2�LEF-8�LEF-9�LEF-4�P47��!��)(E0gs;F@H3H�"g

s�N`��V��_�%�)(E0-8>����BV }|�ODV }|��

!�dL�N`�{�/A56*:���$�kvgs���� acmnpv-miR1

�gs�N �̀odv-e25���{Xh&����� BV� ODV&}|�$3(=

G,��o&���Zhu M et al. 2013��Bm122 'G41G0 lncRNA�i��N

`��$ Bm122 mRNA ��VR� 	�abj&Ip����$����

odv-e56'G41G0 lncRNA� pif-3'G41G0 lncRNA� ODV�`�kv

j�i��fY&u������VLF-1�rgs�N` polh�!� p10�;

F@H3H�\���[�!#�Yang and Miller. 1999��kvrgs��eZ�

;F@H3Hzj&n� polh ���{��l�%�r����^��]�P�

}|�%$���!���9+BF)(E0kvq��
$�N`�{Xh��

Ws;F@H3H�gs;F@H3H����!$Xh�
��	�miRNA�
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��K@� lncRNA �j<���M]iVZ\�NfA
����	��L�

�������:h� lncRNA lodv-e56"8-+8* lncRNA��� pif-3

"8-+8* lncRNAm�`UXC;����$#6*�JQI�E<�����

0%47$#6*�5#2)#&6�Hk�b^������	��?L��

=F�$#6*'/3YO� miRNA � lncRNA !�,81&e!(9.��

mRNA �BS� 1 g>D���cP!a�	���$#6*'/3����M

]iVZ\�g>D[W@GTR�d_�cL
�������� ��
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l�  
 

 

p�+*=3�A���%7.:>+*=3��80¬180 kbp���Et¥DNA

(069��%^YDNA+*=3��%�7.:>+*=3�+*=3�`(

cJ�%�qw¢ªcJG«(ek�%�h��$���i��£��"$v

]�G�+*=3ªnucleopolyhedrovirus; NPV«�§��+*=3ªgranulovirus; 

GV«�^P&%�NPV�cJG�]�Gªocclusion body, OB«�W�&%�

7.:>+*=3���SZ+*=3ªocclusion-derived virus; ODV«�N�+

*=3ªbudded virus; BV«���w¢���%E�¨�+*=3�`�aX��

�&�&;*81*/=��
%fR������%�NPV��~�[B��

ju=@4��Uju��%���'��bDp��]n�ODV�SZ&�

OB(©B�%��C��Oz&%)=-<i�{T|�"$OB�}���S

Z&���ODV�C�L�mN&%�ODV�C�M����HJ�%��

�ju�_ %ªAxju«���\�mN&�BV����!��G��F

��������V���g�,?51*4@23�"$�� �HJ�%�

��o��ju(k��%ªExju«�ju���#��&%BV���

�¦ju�Q�&�bDIGK¡�ju(d���	�����jusr�

��ODV�cJ&�OB�^¤�ek&�bDp��y��%��y��b
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V��)(L2	\#a+9B1O ,7=P3�\¡�!#¹¥	�½��

OB	¶� nU��a�%$�OB�Ïz�}k��Ç&���¶� nS��

��Ë�Ì��#®p± W��"ODV&]Á$
�	g´��$��·[

p�����OB�����xV�·�ÐS�%$
���X^[����	�

«$� 

� @,HM)(L2�¶Ä�o�&�b�È�$����µ¥DLGO��$

*-6(4O�T�e 'E;P12�Íw��!�NO6KO.¸d�¿Â

����Ïz�Ñ|�xVc�&¸��
�!��»Î�c�&¸������

fy�ÉZr¤�c����sl	Tg���$�Æ{�©���§ªv���

+(0�q¼[£)(L2ÒBmNPVÓ��BmN¯³�"Àº��mRNA&¡�

�t_ËcDNAJ(AJKP&\���5’�¬�!� 3’�¬& 1 Q-MPO

��1P-*O2$
��!#�4,679^�)(L2/?F¢��Å`I>8

;&hu���¾¯�:P5½��°��)(L2������uORF��&

�$��Ã�$��Å`I>8;	sl����U��5^YR�ORF&i�Ï

z�Ë�I>8;Ò8 kbÓ �m�ORF&i���I>8;	sl$
�	

�"���������~²�ËÊÏ0P<RNAÒlncRNAÓ �¦�CB7<

&0P<$g´�	¨j�%�� 
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� n�����7*;@('?/-69��o�#lncRNA��('?/br�

����� ��u�%e���#��%�j�#����4=A/+>84

B9�p� "PZ
$�BmNPV�olncRNA�[��lncRNAvg('?/%

Gc��)'.�oS����� �)'.]�%���a|�p%���� 

 

1. 7*;@('?/���#u�alncRNA�f� 

� iT�ORF%YK��Q���h���L<534�E�!�7*;@('

?/�Nm8@:B1B�M¡CAGT / CATT¢����_m8@:B1B�M

¡TAAG¢�!�L
$��#�L<534���"DYK���L~{�+@

B5A,
$��q����	����
$�<534%�d������q�

100�408H��L<534�lncRNAI��M���`!$��w��OlncRNA

�('?/brk���#u��p%������$�$��L�Xz�V�

\J�#	���8@:B1Bya%Wy
�8@:B1B63+&(4

¡PKO¢('?/�t�%���l���22H�PKO('?/%`��	$!

K��PKO('?/�[��S����� �)'.]�%���('?/U

x��s%����q�Bm122�R�!�L
$��#&A20A/lncRNA%

vg��KO122AS��)'.�oS����� �)'.]����!���

���BV~}���^���!$����OB~}���50 �FC�#	��
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Cb������2;*:�d�|e�KO122AS]fz}�����Bm122 mRNA

��B����mW�����
!��
����Bm122#:/-:+lncRNA

��.:4(�");0 mRNAvq"DZ����|e���OBts�T

>��� 
��xH�!�� 

 

2. 3'79%$8+�{F]f��> lncRNA�g~�d 

� �orM��	 3'79%$8+�]f��UA@"�����`� 


���P�! �{F]fE�lO ��R�S��	 L�z}��]

f��BV�&$)X���w<kVR������Y����!�����o

rM<��%$8+�?a�=G~�� �����{F]f�6&1,5�

�=b�n�N�i�!�� ��
��{F]f��> 3'79%$8

+uc�g~\lncRNA�^y"������|e�{F]fE�lO 2��

PKO%$8+KO95AS���� KO124AS"v���� 

 

2-1.  odv-e56�K���B�! #:/-:+lncRNA�g~�d 

� KO124AS��{F]f�[��.:4(�");0 odv-e56�#:/-:

+��QI lncRNA"h_��PKO%$8+�� �KO124AS]fL�z}�

���&$)X���	 \p�d�|e�KO124AS��sJ%$8+�j�
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���|PbkO�HCFX�n\��&+*>4��&��	g$����

�����KO124ASbk{����&:@2?�i�}j�$�odv-e56 mRNA

�vr���lncRNA��D�����	g$������$��dODV-E56

dI(u��+,46?�i�$�ODV-E566?;.��~�"ODVzZ��

y��!^������	x'��Af�KO124AS(|Pbk����-

*1]����&BVts��E�{����&+*>40:=�����#�

E�RNA(u��RNA3@.,?3?/�}j�$�KO124AS	E�{��K

L�
����	xS'�� 

� FB�}j�$�odv-e56)?75?4lncRNA��(mY�� KO124AS��

_ho�#��odv-56�GZ�V(�GZwW-589�#%me�&��

�#%odv-e56 mRNA�ODV-E566?;.��)?75?4lncRNA(���mY

��Bm124D	�|PbkO	pY�&���Rl��rU(x���	g$�

����������$�ODV-E566?;.��I	|Pbk��D����

�Q�a	��$'�� �ODV-E566?;.��~�(�E�498<�&

#��ODV-E56 stop(Jc����|PbkO(q[�����}j�|Pb

kO	Bm124D"KO124AS�Rl�pY�����$�ODV-E566?;.��

�!)?75?4lncRNA�M��|Pbk�`��TZ��&��	Ng��� 
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� o��~K^i�\��%80.8-lncRNA�P$qV"���KO124AS

'&6-�odv-e56�PD�c��4759/9�G$WC�����v�"

lncRNA$[X���'&6-$4�@`���#!�]s�g$�������

h�%80.8-lncRNA������wt��~K^iI�J{�x��B�

�!#�����%80.8-lncRNA��ok���;���"L�]��=

��|������_"\���"���!#"� 

 

2-2. pif-3�P�!�E�#"%80.8-lncRNA�m��g 

� KO95AS�~K^i�\��/83*�$+91"pif-3�%80.8-�

�!�E�#"lncRNA$nb��PKO'&6-��"�Q�}��� �)&

+Z���	"]s�g��h�KO95AS��:��KO124AS�Ml�~K^

iI�rS>R�pY�'&6-��"
��Hd������KO95AS^i}

���	"29,8�g��h�!�
�lncRNA�pif-3 mRNA�wt��;�

��
��d!����������aPIF-3a?$u��'(-/8�g�!�

ODVzTD�UO"���PIF-3/83*��rS���"
��y�#��

�!��~K^ie�<�$�j���h�KO95AS�<�}��ACFf��

'&6-��"
��yN�#��>:��h�!�pif-3%80.8-lncRNA
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�PIF-3)5.%��y~�����r{��7�����odv-e56!5*(5'

lncRNA��m��ed�wDVaA�N7����
��?[��� 

� 6Z��=}_���
�!5*(5'lncRNA�=<�81!1,�gH�0

/*+�|�����
����
�0/*+��K&+5 fJ���pif3 

AS peptide stop ;W����wDVaA �b�����x`�pif3 AS peptide 

stop�wDVaA��jc�EsP����
����pif-3!5*(5'lncRNA

�MG�8h���0/*+�wDVa���7�����
��?[��� 

 

]pu���PKO#"3' k��-$24#"3'l^lncRNA�Xv�ez

}_ {�����x`�3t��-$24#"3'l^�ezUlncRNA o|

���
����lncRNA�oi�-$24#"3'�nBU�Q� 7���

�
� q>���IF����9S�����ezUlncRNA�Xv�ez

}_ ���
���-$24#"3'��	�CO��:Loi@Ted�

}[�#"3'lncRNA�Y��ez�o|�\R���� 
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��  

 

jw|$�����"�k7KNKN��NrEzNw|z�rs3qIrpN

Sa�f��8w|P�A��<b_��cJ���^T��@�$�����


����y����!��o� ��JK���Y$�`�����	�w

|�������rn�������]W��=�^T$����������

��H$:"�C�Xxv�5����

�

f��8w|PUu�b_�i;�D@b_���g��w|qI$d���


�w|������=�^T$�"����C�Xxv�5����

�

polh�8M�G�R�# PKO'&1-�9\��f��8w|P� Fr�Vm

� #�����Frm���jO����!��w|;Q���#hZ~�

/%-).,02$cJ����
����C�Xxv�5����

�

'&1-[l6��!�d�� RNA� Hiseq 2500$t�� RNA,4*(2,

2+��k7KNKN� e�G>\zNw|z�i{b_���}Lb_��

B?���
����C�Xxv�5��� 



 153 

�

RNA ����������F A5�4�#%#%I� 1?E�:<'� %

@0/(G="� )3&$6�����
��!�,;9������ 

 

2+��4*H�:<87���D��	1?E�:<'�B6�-��.C>

���� 

 
 
  



 154 

����  

 

Ascano M Jr, Mukherjee N, Bandaru P, Miller JB, Nusbaum JD, Corcoran DL, Langlois 

C, Munschauer M, Dewell S, Hafner M, Williams Z, Ohler U, Tuschl T. FMRP targets 

distinct mRNA sequence elements to regulate protein expression. Nature 492, 382–386 

(2012). 

 

Barth S, Pfuhl T, Mamiani A, Ehses C, Roemer K, Kremmer E, Jäker C, Höck J, 

Meister G, Grässer FA. Epstein-Barr virus-encoded microRNA miR-BART2 

down-regulates the viral DNA polymerase BALF5. Nucleic Acids Res. 36, 666–675 

(2008). 

 

Blissard GW, Quant-Russell RL, Rohrmann GF, Beaudreau GS. Nucleotide sequence, 

transcriptional mapping, and temporal expression of the gene encoding p39, a major 

structural protein of the multicapsid nuclear polyhedrosis virus of Orgyia pseudotsugata. 

Virology 168, 354–362 (1989). 

 

Borah S, Darricarrère N, Darnell A, Myoung J, Steitz JA. A viral nuclear noncoding 



 155 

RNA binds re-localized poly(A) binding protein and is required for late KSHV gene 

expression. PLoS Pathog. 7, e1002300 (2011). 

 

Braunagel SC, Elton DM, Ma H, Summers MD. Identification and analysis of an 

Autographa californica nuclear polyhedrosis virus structural protein of the 

occlusion-derived virus envelope: ODV-E56. Virology 217, 97–110 (1996). 

 

Braunagel SC, Russell WK, Rosas-Acosta G, Russell DH, Summers MD.  

Determination of the protein composition of the occlusion-derived virus of Autographa 

californica nucleopolyhedrovirus. Proc. Natl. Acad. Sci. U. S. A. 100, 9797–9802 

(2003). 

 

Canny SP, Reese TA, Johnson LS, Zhang X, Kambal A, Duan E, Liu CY, Virgin HW. 

Pervasive Transcription of a Herpesvirus Genome Generates Functionally Important 

RNAs. MBio. 11, e01033-13 (2014). 

  

Carrieri C, Cimatti L, Biagioli M, Beugnet A, Zucchelli S, Fedele S, Pesce E, Ferrer I, 

Collavin L, Santoro C, Forrest AR, Carninci P, Biffo S, Stupka E, Gustincich S. Long 



 156 

non-coding antisense RNA controls Uchl1 translation through an embedded SINEB2 

repeat. Nature 491, 454–457 (2012). 

 

Chen YR, Zhong S, Fei Z, Hashimoto Y, Xiang JZ, Zhang S, Blissard GW. The 

transcriptome of the baculovirus Autographa californica multiple nucleopolyhedrovirus 

in Trichoplusia ni cells. J. Virol. 87, 6391–6405 (2013). 

 

Clem RJ, Fechheimer M, Miller LK. Prevention of apoptosis by a baculovirus gene 

during infection of insect cells. Science. 254, 1388–1390 (1991). 

 

Cox JE, and Sullivan CS. Balance and Stealth: The Role of Noncoding RNAs in the 

Regulation of Virus Gene Expression. Annu. Rev. Virol. 1, 89–109 (2014). 

 

Dickison VL, Willis LG, Sokal NR, Theilmann DA. Deletion of AcMNPV ac146 

eliminates the production of budded virus. Virology 431, 29–39 (2012). 

 

Engelhard EK, Kam-Morgan LN, Washburn JO, Volkman LE. The insect tracheal 

system: a conduit for the systemic spread of Autographa californica M nuclear 



 157 

polyhedrosis virus. Proc. Natl. Acad. Sci. U. S. A. 91, 3224–3227 (1994). 

 

Faghihi MA, Modarresi F, Khalil AM, Wood DE, Sahagan BG, Morgan TE, Finch CE, 

St Laurent G 3rd, Kenny PJ, Wahlestedt C. Expression of a noncoding RNA is elevated 

in Alzheimer’s disease and drives rapid feed-forward regulation of !-secretase. Nat. 

Med. 14, 723–730 (2008). 

 

Faghihi MA, Zhang M, Huang J, Modarresi F, Van der Brug MP, Nalls MA, Cookson 

MR, St-Laurent G 3rd, Wahlestedt C. Evidence for natural antisense transcript-mediated 

inhibition of microRNA function. Genome Biol, 11, R56 (2010). 

 

Fang M, Nie Y, Harris S, Erlandson MA, Theilmann DA. Autographa californica 

multiple nucleopolyhedrovirus core gene ac96 encodes a per Os infectivity factor (pif-4). 

J. Virol. 83, 12569–12578 (2009). 

 

Geisler S, and Coller J. RNA in unexpected places: long non-coding RNA functions in 

diverse cellular contexts. Nat. Rev. Mol. Cell Biol. 14, 699–712 (2013). 

 



 158 

Gomi S, Zhou CE, Yih W, Majima K, Maeda S. Deletion analysis of four of eighteen 

late gene expression factor gene homologues of the baculovirus, BmNPV. Virology 230, 

35–47 (1997). 

 

Gomi S, Majima K, Maeda S. Sequence analysis of the genome of Bombyx mori 

nucleopolyhedrovirus. J. Gen. Virol. 80, 1323–1337 (1999). 

 

Gong C, and Maquat LE. lncRNAs transactivate STAU1-mediated mRNA decay by 

duplexing with 3’ UTRs via Alu elements. Nature 470, 284–288 (2011). 

 

Guarino LA, Xu B, Jin J, Dong W. A virus-encoded RNA polymerase purified from 

baculovirus-infected cells. J. Virol. 72, 7985–7991 (1998). 

 

Haas-Stapleton EJ, Washburn JO, Volkman LE. P74 Mediates Specific Binding of 

Autographa californica M Nucleopolyhedrovirus Occlusion-Derived Virus to Primary 

Cellular Targets in the Midgut Epithelia of Heliothis virescens Larvae. J. Virol. 78, 

6786–6791 (2004). 

 



 159 

Hawtin RE, Arnold K, Ayres MD, Zanotto PM, Howard SC, Gooday GW, Chappell LH, 

Kitts PA, King LA, Possee RD. Identification and Preliminary Characterization of a 

Chitinase Gene in the Autographa californica Nuclear Polyhedrosis Virus Genome. 

Virology 212, 673–685 (1995). 

 

He L. Posttranscriptional regulation of PTEN dosage by noncoding RNAs. Sci. Signal. 

3, pe39 (2010). 

 

Hirose T, Virnicchi G, Tanigawa A, Naganuma T, Li R, Kimura H, Yokoi T, Nakagawa 

S, Bénard M, Fox AH, Pierron G. NEAT1 long noncoding RNA regulates transcription 

via protein sequestration within subnuclear bodies. Mol. Biol. cell 25, 169�183 (2014).  

 

Hong CI, Ruoff P, Loros JJ, Dunlap JC. Closing the circadian negative feedback loop: 

FRQ-dependent clearance of WC-1 from the nucleus. Genes Dev. 3196–3204 (2008).  

 

Hoover K, Grove M, Gardner M, Hughes DP, McNeil J, Slavicek J. A gene for an 

extended phenotype. Science 333, 1401 (2011). 

 



 160 

Ishihara G, Shimada T, Katsuma S. Functional characterization of Bombyx mori 

nucleopolyhedrovirus CG30 protein. Virus Res. 174, 52–59 (2013). 

 

Iwanaga M, Takaya K, Katsuma S, Ote M, Tanaka S, Kamita SG, Kang W, Shimada T, 

Kobayashi M. Expression profiling of baculovirus genes in permissive and 

nonpermissive cell lines. Biochem. Biophys. Res. Commun. 323, 599–614 (2004). 

 

Jehle JA, Blissard GW, Bonning BC, Cory JS, Herniou EA, Rohrmann GF, Theilmann 

DA, Thiem SM, Vlak JM. On the classification and nomenclature of baculoviruses: a 

proposal for revision. Arch. Virol. 151, 1257–1266 (2006). 

 

Jeon Y, and Lee JT. YY1 tethers Xist RNA to the inactive X nucleation center. Cell 146, 

119–133 (2011). 

 

Kamita SG, Nagasaka K, Chua JW, Shimada T, Mita K, Kobayashi M, Maeda S, 

Hammock BD. A baculovirus-encoded protein tyrosine phosphatase gene induces 

enhanced locomotory activity in a lepidopteran host. Proc. Natl. Acad. Sci. U. S. A. 102, 

2584–2589 (2005). 



 161 

 

Kang W, Tristem M, Maeda S, Crook NE, O'Reilly DR. Identification and 

characterization of the Cydia pomonella granulovirus cathepsin and chitinase genes. J. 

Gen. Virol. 79, 2283–2292 (1998). 

 

Katsuma S, Kang W, Shin-i T, Ohishi K, Kadota K, Kohara Y, Shimada T. Mass 

identification of transcriptional units expressed from the Bombyx mori 

nucleopolyhedrovirus genome. J. Gen. Virol. 92, 200–203 (2011). 

 

Katsuma S, Kobayashi J, Koyano Y, Matsuda-Imai N, Kang W, Shimada T. 

Baculovirus-encoded protein BV/ODV-E26 determines tissue tropism and virulence in 

lepidopteran insects. J. Virol. 86, 2545–2555 (2012). 

 

Keddie BA, Aponte GW, Volkman LE. The pathway of infection of Autographa 

californica nuclear polyhedrosis virus in an insect host. Science 243, 1728–1730 (1989). 

 

Kim D, Pertea G, Trapnell C, Pimentel H, Kelley R, Salzberg SL. TopHat2: accurate 

alignment of transcriptomes in the presence of insertions, deletions and gene fusions. 



 162 

Genome Biol. 14, R36 (2013). 

 

Kitajewski J, Schneider RJ, Safer B, Munemitsu SM, Samuel CE, Thimmappaya B, 

Shenk T. Adenovirus VAI RNA Antagonizes the Antiviral Action of Interferon by 

Preventing Activation of the Interferon-Induced elF-2! Kinase. Cell 45, 195–200 

(1986). 

 

Lapointe R, Popham HJ, Straschil U, Goulding D, O'Reilly DR, Olszewski JA. 

Characterization of two Autographa californica nucleopolyhedrovirus proteins, Ac145 

and Ac150, which affect oral infectivity in a host-dependent manner. J. Virol. 78, 

6439–6448 (2004). 

 

Li G, Wang J, Deng R, Wang X. Characterization of AcMNPV with a deletion of ac68 

gene. Virus Genes 37, 119–127 (2008). 

 

Li X, Song J, Jiang T, Liang C, Chen X. The N-terminal hydrophobic sequence of 

Autographa californica nucleopolyhedrovirus PIF-3 is essential for oral infection. Arch. 

Virol. 152, 1851–1858 (2007). 



 163 

 

Liu S, Xia Q, Zhao P, Cheng T, Hong K, Xiang Z. Characterization and expression 

patterns of let-7 microRNA in the silkworm (Bombyx mori). BMC Dev. Biol. 7, 88 

(2007). 

 

Lu S, and Cullen BR. Adenovirus VA1 noncoding RNA can inhibit small interfering 

RNA and MicroRNA biogenesis. J. Virol. 78, 12868�12876 (2004). 

 

Ma Y, and Mathews MB. Structure, function, and evolution of adenovirus-associated 

RNA: a phylogenetic approach. J. Virol. 70, 5083–5099 (1996). 

 

���  . 	��������������
�����!�����


�����. ��". 53, 547-548 (1984). 

 

Maeda S, and Majima K. Molecular cloning and physical mapping of the genome of 

Bombyx mori nuclear polyhedrosis virus. J. Gen. Virol. 71, 1851–1855 (1990). 

 

Maran A, and Mathews MB. Characterization of the Double-Stranded RNA Implicated 



 164 

in the inhibition of protein synthesis in Cells Infected with a Mutant Adenovirus 

Defective for VA RNA. Virology 13, 106–113 (1988). 

 

McKenna SA, Lindhout DA, Shimoike T, Aitken CE, Puglisi JD. Viral dsRNA 

inhibitors prevent self-association and autophosphorylation of PKR. J. Mol. Biol. 372, 

103–113 (2007). 

 

Merrow M, Brunner M, Roenneberg T. Assignment of circadian function for the 

Neurospora clock gene frequency. Nature 399, 584–586 (1999). 

 

Monsma SA, Oomens AG, Blissard GW. The GP64 Envelope Fusion Protein Is an 

Essential Baculovirus Protein Required for Cell-to-Cell Transmission of Infection. J. 

Virol. 70, 4607–4616 (1996). 

 

Naganuma T, Nakagawa S, Tanigawa A, Sasaki YF, Goshima N, Hirose T. Alternative 

3’-end processing of long noncoding RNA initiates construction of nuclear paraspeckles. 

EMBO J. 31, 4020–4034 (2012). 

 



 165 

Nie Y, Fang M, Erlandson MA, Theilmann DA. Analysis of the autographa californica 

multiple nucleopolyhedrovirus overlapping gene pair lef3 and ac68 reveals that AC68 is 

a per os infectivity factor and that LEF3 is critical, but not essential, for virus 

replication. J. Virol. 86, 3985–3994 (2012). 

 

Nobiron I, O'Reilly DR, Olszewski JA. Autographa californica nucleopolyhedrovirus 

infection of Spodoptera frugiperda cells: a global analysis of host gene regulation 

during infection, using a differential display approach. J. Gen. Virol. 84, 3029–3039 

(2003). 

 

O'Reilly DR, and Miller LK. A baculovirus blocks insect molting by producing 

ecdysteroid UDP-glucosyl transferase. Science. 245, 1110–1112 (1989). 

 

Ohkawa T, Majima K, Maeda S. A cysteine protease encoded by the baculovirus 

Bombyx mori nuclear polyhedrosis virus. J. Virol. 68, 6619–6625 (1994). 

 

Ohkawa T, Washburn JO, Sitapara R, Sid E, Volkman LE. Specific binding of 

Autographa californica M nucleopolyhedrovirus occlusion-derived virus to midgut cells 



 166 

of Heliothis virescens larvae is mediated by products of pif genes Ac119 and Ac022 but 

not by Ac115. J. Virol. 79, 15258�15264 (2005). 

 

Ono C, Kamagata T, Taka H, Sahara K, Asano S, Bando H. Phenotypic grouping of 141 

BmNPVs lacking viral gene sequences. Virus Res. 165, 197�206 (2012).  

 

Ooi BG, and Miller LK. Transcription of the Baculovirus Polyhedrin Gene Reduces the 

Levels of an Antisense Transcript Initiated Downstream. J. Virol. 64, 3126–3129 

(1990). 

 

Oomens AG, Blissard GW. Requirement for GP64 to drive efficient budding of 

Autographa californica multicapsid nucleopolyhedrovirus. Virology 254, 297–314 

(1999). 

 

Owen TJ, O'Neil JD, Dawson CW, Hu C, Chen X, Yao Y, Wood VH, Mitchell LE, 

White RJ, Young LS, Arrand JR. Epstein-Barr virus-encoded EBNA1 enhances RNA 

polymerase III-dependent EBER expression through induction of EBER-associated 

cellular transcription factors. Mol. Cancer 9, 241 (2010). 



 167 

 

Peng K, van Oers MM, Hu Z, van Lent JW, Vlak JM. Baculovirus per os infectivity 

factors form a complex on the surface of occlusion-derived virus. J. Virol. 84, 

9497–9504 (2010). 

 

Peng K, van Lent JW, Vlak JM, Hu Z, van Oers MM. In situ cleavage of the 

baculovirus occlusion derived virus receptor binding protein P74 in the peroral 

infectivity complex. J. Virol. 85, 10710–10718 (2011). 

 

Peng K, van Lent JW, Boeren S, Fang M, Theilmann DA, Erlandson MA, Vlak JM, van 

Oers MM. Characterization of novel components of the baculovirus per os infectivity 

factor complex. J. Virol. 86, 4981–4988 (2012). 

 

Poliseno L, Salmena L, Zhang J, Carver B, Haveman WJ, Pandolfi PP. A 

coding-independent function of gene and pseudogene mRNAs regulates tumour biology. 

Nature 465, 1033–1038 (2010). 

 

Pullen SS, and Friesen PD. The CAGT Motif Functions as an Initiator Element during 



 168 

Early Transcription of the Baculovirus Transregulator ie-1. J. Virol. 69, 3575-3583 

(1995). 

 

Rohrmann GF. Baculovirus Molecular Biology, 3rd edn. Bethesda, MD: � National 

Center for Biotechnology Information, National Library of Medicine (2013). 

 

Rossetto CC, and Pari GS. Kaposi’s sarcoma-associated herpesvirus noncoding 

polyadenylated nuclear RNA interacts with virus- and host cell-encoded proteins and 

suppresses expression of genes involved in immune modulation. J. Virol. 85, 

13290–13297 (2012). 

 

Rossetto CC, Tarrant-Elorza M, Verma S, Purushothaman P, Pari GS. Regulation of 

Viral and Cellular Gene Expression by Kaposi’s Sarcoma-Associated Herpesvirus 

Polyadenylated Nuclear RNA. J. Virol. 87, 5540–5553 (2013). 

 

Sasaki YT, Ideue T, Sano M, Mituyama T, Hirose T. MEN !/ " noncoding RNAs are 

essential for structural integrity of nuclear paraspeckles. Proc. Natl. Acad. Sci. U. S. A. 

106, 2525-2530 (2009). 



 169 

 

Singh CP, Singh J, Nagaraju J. A baculovirus-encoded miRNA suppresses its host 

miRNAs biogenesis by regulating the Exportin-5 co-factor Ran. J. Virol. 86, 7867-7879 

(2012). 

 

Singh CP, Singh J, Nagaraju J. bmnpv-miR-3 facilitates BmNPV infection by 

modulating the expression of viral P6.9 and other late genes in Bombyx mori. Insect 

Biochem. Mol. Biol. 49, 59–69 (2014). 

 

Singh J, Singh CP, Bhavani A, Nagaraju J. Discovering microRNAs from Bombyx mori 

nucleopolyhedrosis virus. Virology 407, 120–128 (2010). 

 

Slack JM, Lawrence SD, Krell PJ, Arif BM. A soluble form of P74 can act as a per os 

infectivity factor to the Autographa californica multiple nucleopolyhedrovirus. J. Gen. 

Virol. 91, 915–918 (2010). 

 

Smillie DA, and Sommerville J. RNA helicase p54 (DDX6) is a shuttling protein 

involved in nuclear assembly of stored mRNP particles. J. Cell Sci. 54, 395-407 (2002). 



 170 

 

Sparks WO, Harrison RL, Bonning BC. Autographa californica multiple 

nucleopolyhedrovirus ODV-E56 is a per os infectivity factor, but is not essential for 

binding and fusion of occlusion-derived virus to the host midgut. Virology 409, 69–76 

(2011a). 

 

Sparks WO, Rohlfing A, Bonning BC. A peptide with similarity to baculovirus 

ODV-E66 binds the gut epithelium of Heliothis virescens and impedes infection with 

Autographa californica multiple nucleopolyhedrovirus. J. Gen. Virol. 92, 1051–1060 

(2011b). 

 

Sullivan CS, Grundhoff AT, Tevethia S, Pipas JM, Ganem D. SV40-encoded 

microRNAs regulate viral gene expression and reduce susceptibility to cytotoxic T cells. 

Nature 435, 682–686 (2005). 

 

Tripathi V, Ellis JD, Shen Z, Song DY, Pan Q, Watt AT, Freier SM, Bennett CF, 

Sharma A, Bubulya PA, Blencowe BJ, Prasanth SG, Prasanth KV. The nuclear-retained 

noncoding RNA MALAT1 regulates alternative splicing by modulating SR splicing 



 171 

factor phosphorylation. Mol. Cell 39, 925–938 (2010). 

 

Wang Y, Kleespies RG, Huger AM, Jehle JA. The genome of Gryllus bimaculatus 

nudivirus indicates an ancient diversification of baculovirus-related nonoccluded 

nudiviruses of insects. J. Virol. 81, 5395–5406 (2007). 

 

Washburn JO, Chan EY, Volkman LE, Aumiller JJ, Jarvis DL. Early Synthesis of 

Budded Virus Envelope Fusion Protein GP64 Enhances Autographa californica 

Multicapsid Nucleopolyhedrovirus Virulence in Orally Infected Heliothis virescens. J. 

Virol. 77, 280�290 (2003). 

 

Xing K, Deng R, Wang J, Feng J, Huang M, Wang X. Analysis and prediction of 

baculovirus promoter sequences. Virus Res. 113, 64–71 (2005). 

 

Xiang X, Chen L, Hu X, Yu S, Yang R, Wu X. Autographa californica multiple 

nucleopolyhedrovirus odv-e66 is an essential gene required for oral infectivity. Virus 

Res. 158, 72–78 (2011a). 

 



 172 

Xiang X, Chen L, Guo A, Yu S, Yang R, Wu X. The Bombyx mori 

nucleopolyhedrovirus (BmNPV) ODV-E56 envelope protein is also a per os infectivity 

factor. Virus Res. 155, 69–75 (2011b). 

 

Xiang X, Shen Y, Yang R, Chen L, Hu X, Wu X. Bombyx mori nucleopolyhedrovirus 

BmP95 plays an essential role in BV production and nucleocapsid assembly. J. Gen. 

Virol. 94, 1669�1679 (2013) 

 

Xu HJ, Yang ZN, Zhao JF, Tian CH, Ge JQ, Tang XD, Bao YY, Zhang CX. Bombyx 

mori nucleopolyhedrovirus ORF56 encodes an occlusion-derived virus protein and is 

not essential for budded virus production. J. Gen. Virol. 89, 1212–1219 (2008). 

 

Yang S, and Miller LK. Activation of baculovirus very late promoters by interaction 

with very late factor 1. J. Virol. 73, 3404–3409 (1999). 

 

Yoon JH, Abdelmohsen K, Srikantan S, Yang X, Martindale JL, De S, Huarte M, Zhan 

M, Becker KG, Gorospe M. LincRNA-p21 suppresses target mRNA translation. Mol. 

Cell 47, 648–655 (2012). 



 173 

 

Zhang JH, Washburn JO, Jarvis DL, Volkman LE. Autographa californica M 

nucleopolyhedrovirus early GP64 synthesis mitigates developmental resistance in orally 

infected noctuid hosts. J. Gen. Virol. 85, 833–842 (2004). 

 

Zhang JH, Ohkawa T, Washburn JO, Volkman LE. Effects of Ac150 on virulence and 

pathogenesis of Autographa californica multiple nucleopolyhedrovirus in noctuid hosts. 

J. Gen. Virol. 86, 1619–1627 (2005). 

 

Zhao J, Sun BK, Erwin JA, Song JJ, Lee JT. Polycomb Proteins Targeted by a Short 

Repeat RNA to the Mouse X Chromosome. Science 215, 750�756 (2008). 

 

Zhou W, Yao L, Xu H, Yan F, Qi Y. The function of envelope protein P74 from 

Autographa californica multiple nucleopolyhedrovirus in primary infection to host. 

Virus Genes 30, 139–150 (2005). 

 

Zhu M, Wang J, Deng R, Xiong P, Liang H, Wang X. A microRNA encoded by 

Autographa californica nucleopolyhedrovirus regulates expression of viral gene 



 174 

ODV-E25. J. Virol. 87, 13029–13034 (2013). 

 

Zhu S, Wang W, Wang Y, Yuan M, Yang K. The baculovirus core gene ac83 is 

required for nucleocapsid assembly and per os infectivity of Autographa californica 

nucleopolyhedrovirus. J. Virol. 87, 10573–10586 (2013). 

 


