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Abstract 

 

 The aim of this research is to study the translation of the biology book using two 

selected chapters from the book Virolution by Frank Ryan as a case study. The purpose of this 

research is to study translation approach and theories in translating a biology book about the 

evolution of life involving the theory of virus, to study translation approach of biology words, and 

to translate parts of this book and be a guideline in translating other science books or journals.  

   

 The hypothesis is that the researcher can apply translation theories which are Source-

text Analysis by Christiane Nord, Interpretive Approach by Jean Delisle, the study of the 

evolution of life and the study of virology in the translation of the Virolution to analyzing and 

determining the translation method, to be a guideline in choosing words, especially technical 

terms, and to precisely transfer the meaning from source-text both words and complex 

sentences, having the study of the evolution of life and virology as fundamental knowledge to 

better understand the source-text.  

 

The researcher found that all these translation theories can be applied in the analysis 

and determine the translation method for the translation of Virolution, and can be used as a 

guideline for the translation of other science books or journals. 
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,��)*#ก�	*����#


��#�B#��G#+��ก �$%��*+���#
�����"		�'+#����� #�	)�����,#����ก	
"�#ก�	
������	��ก�E�  
�#M���
,��

���	ก�	
��+	%�ก	
"�#ก�	
��
""�กก��" ���#�B (Nord, 1988 ����J!�*# �		K#�, 2552: 26-27) 

 

,J�#ก�	K)(�#��� 

 

 

 

����	�
+)(��"�(�#X"�" 

 

(��"�(�#X"�" 

����	�
+)���)�	
ก�" 

���,&���D*#ก�	
�� 
JE������ ,����	�
+)��#
�� 

����	�
+)���ก&�+#�+	%�

��%��#��,&�+	�"��#
�� 

,J�#ก�	K)������� 

 

 
��#
�� 
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 ก	
"�#ก�	
��
""�กก��" �� 3 ��B#(�# ���#�B 

��B#(�#��� 1  ����	�
+)��%��#��(E��F �������E�����	
"'*+���*#��#
�� 

��B#(�#��� 2  ����	�
+)(��"�(�#X"�" �X$�
���)�	
ก�"(E��F ���,&���D �$%���	
+�������
�
 !ก��

+#����������#�E��
#&���*����E���	 �&�
#ก�Z��������#%B�+� 
�
$���	K�
��C���!�

���������G#+��ก*+��#%B�����+	%�	��
""#�B#F ����ก�"M���+	%���A#L		�������� 

��B#(�#��� 3  #&���#
����������(	��,�"ก�"��%��#��/���ก&�+#� �������������(�B���� 

 

 #�	)�����L�"������E� ก�	����	�
+)���)�	
ก�"M��*#
�
M��#�ก���(��"���E���
������
�&�

*+�����������ก����ก�"+#����������#
��*#��A#L		�#�B# I!���&�*+����
��(��,�#*�����E� *#ก�	
��(��"�

(�#X"�"�
(�����,E�#*����
�
�
(������
���,E�#*� �$%��,%������*+���G#�������*�(	�ก�#*#��ก��A#L		�

+#!�� (Nord, 1988: 24 ����J!�*# �		K#�, 2552: 28) 

 

 2.1.1 ก���������"#$%���  

 ก�	����	�
+)(��"�,���	J
"E������G# ก�	����	�
+)���)�	
ก�"M��#�ก(��"� 
�
ก�	

����	�
+)���)�	
ก�"M��*#(��"� ก�	����	�
+)�
�	�����ก���)�	
ก�"M��#�ก(��"���+����)�	
 

ก�"M��*#(��"� C����,J�#ก�	K)��G#(����"�'� ���
��(���(	
+#�ก�E����)�	
ก�"M��*#
�


M��#�ก�
,E���
กEก�# �%� �������ก����ก�"�Z����M��#�ก����&�*+��	�"J!���ก�K
����Z����M��*#�	%���

��� 
�
���)�	
ก�"M��#�กก]���+������กก�	����	�
+)���)�	
ก�"M��*#(��"� (Nord, 2005: 43) 

 

  2.1.1.1 ก���������"#���#���ก��;����ก$%��� 

�&��E����)�	
ก�"M��#�ก(��"�#�B# +���J!� ���)�	
ก�"������,J�#ก�	K)�	�������

ก�	#&�(��"���*����G#��	%����%�*#ก�	,%��,�	 

1. <��3=�3�� (Sender)  

 ���,E�,�	ก�"������((��"�#�B# �����E*�E�#�����ก�# ���,E�,�	��G#"'���+	%�,J�"�#���*��(��"�#�B#
���

�E��,�	*+�"'����%�#�	�"�$%��+����	
C��#)"����E�� ,E�#������((��"��
,	���+	%����((��"��!B#(��

�&�,���������,E�,�	 C���!�(��+��ก�กK_)ก�	�	��"�	���(��"�+	%��#"���#���*#M���+	%���A#L		�����


#&�(��"���*�� ��E���	ก](��C���ก(���ก�
*��+���J!��#�����ก�# ��E# ���
(E�#�#���� �������#"����� 

 ก�	�	�"�������E����,E�,�	��G#*�	 	����B�������(E��F ��E# 	
��"ก�	 !ก�� `�#
���,���� ��G#

"'���������%���,��� +	%���G#�����������D*#�	%���*� "'���ก��ก�K
������,E�,�	��G#��E���	 �E��*+�����	�
+)
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����E����	�",�	��	������	��$%B#`�#�ก����ก�"���,E�,�	��ก#���
�E�+# ��E#���(#��ก	�`�#(	��	
�� 

���	��#����#"�����(�$��$)*#+#��,%�$��$) ����E�#������	��#�
�	�"��#����%���+]#�%���E��E�#��G#*�	


�
,��ก��$		��+# 
(E����E�#����������
��E�	�" +�ก"�
����E����L�"���$����(�� #�ก��ก#�B ������

�ก����ก�"���,E�,�	�������E��*+�,���	J����	�
+),%�� ,J�#��� ���� C�ก�,$�� �*#ก�	,%��,�	 +	%�+#�����

���(��"������ก���� 

2. �?$�����<��3=�3�� (Sender@s intention) 

��(#�������,E�,�	�%�,���������,E�,�	(���ก�	*+��ก����(E����	�",�	 �����+���
"" ��E# (���ก�	
���

*+��	�"�ก����ก�"�	%���*��	%���+#!�� (referential intention) (���ก�	
,������	��,!ก+	%��� #�(�(E�,���(E��F 

(expressive intention) (���ก�	C#��#���*+����	�",�	#&���������+]#"����E����*��+	%�ก	
�&�ก�	"��,��� 

(appellative intention) +	%�(���ก�	(��(E�,%��,�	ก�"���	�",�	 (phatic intention) �'��'E�+���������,E�,�	

,���	J�������กก�E�+#!����E��*#(��"�+#!�� 

3. <���%�3�� (Audience)  

 ก�	����	�
+)�E����	�",�	��G#ก�'E��#�	
�M�*� I!�����
(ก(E��ก�#��(���E�����' �$  ��%B���(� 

,���� f�f �$%���
����	�"�E����	�",�	������	��$%B#`�#�ก����ก�"(��"���ก#���
�E�+# ��B��	%���������
�


�	%����X$�
���
�� C��(����&�#!�J!���B����	�",�	���(�#X"�"
�
���	�",�	���"�
�� I!����ก�
������


(ก(E��ก�# �#%�����ก���E*#,J�#ก�	K)
�
,M�$
�����������E�+�%�#ก�# C���������
������
(ก(E��ก�#

��E��#���+#!����E�� ���	�",�	�������B����	�",�	C��(	� (Addressee) 
�
���	E��	�",�	 (Chance 

receiver/Secondary addressee) ��E# �&�$�����#�กก�	��%�����(�"�&�J�����,��M��K) (���ก�	,%��J!�

�	
���#���,#�",#'#������	�"jZ��&�,��M��K)����  

4. 3E�� (Medium/channel)  

 +���J!� ,�������E��$�(��"���,�E���	�",�	 �����+���	��
"" ��E# ก�	*��C�	 �$�)+	%���C�	Cj# 

,&�+	�"ก�	,%��,�	C��ก�	$�� 
�
ก�	(�$��$)��ก,�	(E��F ��E# +#��,%�$��$) #�(�,�	 
�E#$�" ,&�+	�"ก�	

,%��,�	C��ก�	����# ,%�����*������&�*+����
��,���	J�	�"�'K��ก�K
������	�",�	��� ��E# +#��,%�$��$)

L'	ก�� ����E�#��	�
������	����������*��ก����ก�"L'	ก��*#	
��"+#!�� 
�
��E�X$�
���
���E�����E�#�
��G#

*�	�#*��#+#!�� ก�	��%�ก*��,%��(E��F �������(E��������+���������	�",�	����
�ก���!B# ��E# ����E�#���

�E��
����	�"��L�*������ก
�E#$�"���
#"��ก�"ก�E���� ��E���	ก](�� ,%�������ก�#J��*��*#,�������
(ก(E��

ก�#�� �����+#�����(E��ก�# ก�	��%�ก,%����ก�
�&�(�����#����H�"�(�ก�#*#,����+	%���A#L		�#�B# ������

�ก����ก�",%������E��*+����
���	�"��(#�������,E�,�	 ���� +	%� ,J�#��� ������((��"������ก���� 
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5. 3J����� (Place of communication)  

 ���������#,J�#�����B�,J�#���������((��"�
�
,J�#������#&�(��"���*�� �&�*+��	�",&��#���M���J��#

���*��*#���#�B#��� +	%�������	���������	%���*��������E�#���(��"�(�#X"�"�	�"���E
��� �$%��#&����	�"*��*#"�


�� #�ก��ก#�B ,J�#������������,&���D(E�ก�	���,M�$ก�	��%��
�
��A#L		�*#,����#�B# ��E# (��"�

������(*#�	
�� �����ก�	��"�'��#%B�+����,%����E��������� ����E�#�
(������+	%��E�#������L�ก�	���


(ก(E������ก(��"��������ก�	
�� �������,	
*#ก�	
,����������+]#�E�#,%��(E��F 

6. ��
� (Time of communication) 

 M����'กM����
��ก�	������#
���*#���#ก��กK_)
�
ก�	*����(������ �������ก�	���((��

"��
�E��"�กJ!�,M�$M������*��*#(��"� 
�
���,
���#*+��+]#J!�ก�	������#
���������#,����
�


��A#L		�*#����#�B#���� ��������ก�"�������+����������E�#
�
���
����� �$	�
*#�E���������(��"�

���(�!B#������E�#���"����E��	�����E����I!��*#�Z��'"�#���������#
�����
��� �Z�������#��������E��*+�

����*���(#�������,E�,�	��� 
�
�E�����
��*#ก�	(��,�#*���%�ก	��
""ก�	
�� ��E# ก�	��%�ก*��,&�#�#

M���
""�'�,����กE�*#"�
��  

7. O�ก�3P���
Q�ก��3E��3�� (Motive for communication) 

 C�ก�,$�� �(E��F *#ก�	,%��,�	 ��E# �&��	
ก� �#%���*#C�ก�,,�	, 	����#�E�� "�#�!กก�	

�	
�'� ��+�������# ��E�E��
�ก����ก����#����H�"�(�*#,����+	%������&���G# �&�*+���ก�	���((��"�


(ก(E��ก�#�� 
�
#���*��,%��(E��ก�#��ก�� C�ก�,$�� ��+�E�#�B��G#�������&�*+��	�"��(#�������,E�,�	


�
+#��������(��"���� C�ก�,$�� �*#ก�	,%��,�	��ก�
��G#(��ก&�+#��Z�������#�#%B�+� �� �$�)���*�� 
�


C�	�,	������M��� 

8. "���������$%��� (Text function)  

 +���J!�+#�����*#ก�	,%��,�	
(E�
+#����� +	%�+#�����*#ก�	,%��,�	�'ก+#��������(��"�#�B#F 	��ก�#

��B�+�� �$%��#&���*��*#,J�#ก�	K)*�,J�#ก�	K)+#!�� +#��������(��"�,���	J+������ก�&�"E��#�����

�	�กH*#+#���%���	%��� ��E# 	
"'�E���G#�E�� +	%���ก,�	ก&�ก�"ก�	*���� J����E�	�กH�#�����(��"���E��

��E#��� ���
���
(���+���ก�Z����M��#�ก(E��F ��(#�������,E�,�	
�
�������+���������	�",�	��G#

�Z����,&���D����
	��ก�"�Z�����%�#F �E��F (�ก	�"+#��������(��"�*+�
�"������ ��%�����
��������"E���B

�"%B��(�#I!���
"E�"�ก+#��������(��"�����X$�
���
��������กก�	����	�
+)���)�	
ก�"M��#�ก(��"�


��� ���
���
(���#&���(	��,�"ก�"���)�	
ก�"M��*#(��"���ก�	�B�+#!�� �$%��*+�
#E*��E�+#��������ก�E��

J�ก(��� 
�
��	�
(�����ก�	(	��,�"����+����	�B� 
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    2.1.1.2 ก���������"#���#���ก��;��Q�$%��� 

���)�	
ก�"M��*#(��"�#�B# �%� ก�	J���#%B�+��E��%��
�	 
�
*��	��
""ก�	�,#� 

��E���	 

1. "%������E������$%��� (Subject matter) 

 (��"������+������	%���,��$�#L)ก�#
,��J!������ก�����#%������(��"�#�B# J��(��"�*���E����	
ก�" 

����+������	%���*��	%���+#!��C���X$�
 +	%���G#�$���ก�	#&�(��"�+���F "���	��ก�#��E�#�B# �
(���

ก&�+#�+������	%���,&�+	�"(��"�
(E�
"����#&���	��ก�##�B#���� J�����
���	�"�E�(��"���G#+������	%���*�


�
#&���*��*#"	�"������A#L		�*� �
�&�*+����
��,���	J����������	��$%B#`�#������	�",�	(�����กE�#

+#��#�B��� #�ก��ก#�B+������
"E�"�ก�E�(��"�����ก����	��,���*� 
�
�&�*+����
���	�"�E�(���,%"��#

�������$����(��*#���#*�"��� ���
��,���	J,%"��#�ก����ก�"+������	%���*#(��"�"���#�������ก�%���	%���+	%�

,E�#�����ก�"�%���	%���+��ก 

2. ��EV�"� (Content) 

 ก�	����	�
+)�#%B�+����(��"����I�"I��#��E�E��
��G#���#C�	�,	���+	%����#����+��� #�	)�


#
#&�*+����	��"�	���*+�E����M������(#�����E���E��F C��
"E���G#+#E�����������������,��$�#L)��G#

�+('��G#��ก�# I!���
�&�*+����
��,���ก(�+]#J!� �#%B�����������
(E��
���*#`�#�������*� 
�
�#%B�����������

�����ก�����#%��� ก�	�	��"�	���*+�E���#�&� �$�)�
(���	
�����E*+�����+���
k���������E*#�&� �$�)����#�B#

+���� �����ก�	����	�
+)�#%B�+�,���	J�&�*+����
���������Z����M��*#(��"��%�#F ��� ��E# C�	�,	���

���(��"� ��ก�K
�X$�
������#M���
�
���#������� �$�)
�
C�	�,	���M��� 

3. ��EV��������
�W��Q�X���������Q? (Presuppositions) 

 ��G#��%��#��������,E�,�	�����(E����	�",�	 ���,E�,�	���+����E����	�",�	�
(���,���	J����*�,���������,E�

,�	�
���I!��#�ก��ก�
��G#,���(E��F ����	
ก�",J�#ก�	K)�K
#�B#
��� ��������G#�	%�������F�� ��E# 

�	
��(����
(E� �+('ก�	K)(E��F ���,���� ก�	��%�� +	%��	��D� 
(E*#"����A#L		����,E�,�	#�������

����+	%�$��IB&��������� �$%����G#��	%���(�ก�B&�*+�����*������!B# ก�	�
�#%B��������*#`�#�������*����

#&���,�E��������*������� ,E�#ก�	IB&���������ก]����&�*+��ก������	&���D
กE���	�",�	��� ก�	+��#%B�����

������$���
���*#`�#�������*���G#,��������ก ���
���
(�����#+��E����	�",�	���(��"�(�#X"�"
�
���	�",�	���

��#
��+E����กM���+��������A#L		����(��"�(�#X"�"��ก#����$���*� *#(��"�(�#X"�"��,E�#���ก�	

*��M����$%��*+��������ก����ก�",J�#ก�	K)(E��F ��E��
�E������ก#����$���*� 
�
��ก�	ก�E���#%B�����

IB&�F +	%�����������ก#����$���*� 
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4. O���3�������$%��� (Text composition) 

 ,E�#(�#
�
,E�#�������(��"���,E�#,&���D��ก*#ก�	����*��#%B��	%���+	%�*#ก�	(�����(��"� ��

(��"�+����#�������ก�	ก&�+#�C�	�,	���(���#"����!�J%��H�"�(�ก�# ก�	����	�
+)+�C�	�,	����
�&�*+����


���	�"�#�����(��"�
�
+#��������(��"�#�B#��� ก�	����	�
+)C�	�,	������(��"� 
"E���G# 

1. ก�	����	�
+)C�	�,	����+M�� (ก�	
"E�(��"�/"�/�E�+#��) 

*#ก	K����(��"�(�#X"�"��(��"�
�	ก �%� ,E�#�����G#�����		J �&�$������ก��������� +	%�

(����E�� ���
���
(���
��(��"�
�	ก(��+#����������#*#(��"�	����B�+�� �����		J������
��
�	ก������

�ก����ก�"M���+���+	%��������������E�#�&���G#(����	�"ก]J%���G#(��"�
�	ก��E#ก�# �#%�����ก(��"������
�
��E��

�����		J�
����(E�����E�#(E��ก�# ���
���!�(���(	��,�"*+��
������E����*����L�ก�	�%�#
�#ก�	*�������		J

���+	%���E ��E# *����L�
��
""�L�"������ +	%�*+�,E�#�%�#*#��#
���&�+#�����
�# 

#�ก��ก(��"�
�	ก
��� �����,E�#�%�#������E
�ก��ก(���#%B�+��	��F ���
กE �%���	%��� +���	%���+	%�

,E�#���	����G#+���	%��� (��"�"���#���
��C�	�,	���ก�	
"E�(�#(��"����(��(����G#��ก�K
�X$�
���(��

"��#��#�B#F ��E# #���#��$#�����
���&��!B#(�#
�
�&��"�	%���*#�&�#�������ก�#+�� 	��
""��+��� ���


���
(����&�#!�J!��#"���#���(����A#L		�#�B#F ���� 

2. ก�	����	�
+)C�	�,	����'�M�� (ก�	
"E��	
C��/+#E��������) 

��B#(�#
	ก ��G#ก�	����	�
+)C�	�,	�������	
C�� ��E# ,��,E�#ก�	ก	
���(������	
C��

+��ก
�
�	
C���E�� ก�	*��ก��(E��F ก�	*��,E�#
�	ก�$%���������� ก�	����	�
+) �$�)���*�� ก�	+�

����,��$�#L)��G#�+('��G#��ก�#����#%B����� 

��B#(�#���,�� ��G#ก�	����	�
+)�E�ก�	
"E��	
C������	�กH*+��+]##�B#�ก��������ก�"ก�	
"E�

�#%B�+���G#+#E����������E���	 +#E��������*#(��"������G#�	%�����E����
,��C��ก�	*���&�ก	��������ก��

(E��ก�# ����E���G#ก�	
"E�(�#M��*#(��"�C��ก�	������#
���ก�����*�� ก�	����	����&���"กE�#+���*#

ก�	�&��#�#�	%����&�*+��	��	�"C�	�,	������#������+	%�C�	�,	���ก�	
,���+('��C(�
���*#�����	%������ 

5. ��%?�;�
�Q�$%��� (Non-verbal elements) 

 +���J!�,�D��ก�K)���
,����ก��C����E���*��M�����G#,%�� �&�+#������,	������ ��������*+�

��E#���+	%���������ก&�ก������#%B����� +	%��#�#�B&��#%B�����*#(��"� ���
กE ก�	���+	%����	��	E��

+#��(����(��"� (�	�� 	��M�$ ก�	
,���E�����	
ก�" 
(E�
��E#�"	��M���*"�+	%�M����E����I!��

��G#ก�	,%��M�����E��+#!��
�#M��������G#�����ก�K)��ก�	 ก�	����	�
+)����#M���*#(��"��
�&�*+�

�	�����������ก����ก�"C�	�,	������(��"� ��E# ก�	
"E��E�+#��+	%�ก�	������#��ก�K
(����ก�	 ���������

�ก����ก�",���������
(E��
���*#`�#�������*� ����������ก����ก�" �$�) 
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 ����#M���*#(��"���,E�#�ก��������ก�"��A#L		�����������M�����G#��E����ก ���
���
(���

����	�
+)�E�����A#L		�����������M���
�	ก���E+	%���E ��ก#����$���*� 
�
�
JE�������,�E���	�",�	

��#
��������E��ก��A#L		�+#!��C����E������#
������+	%���E *#"��ก	K����
������������&���G#(���*��

�&�$��*#ก�	
������#M���+	%�*������#M���
�#M��������G#�����ก�K)��ก�	ก]��� 

6. �%P�# (Lexis) 

 ก�	��%�ก*�� �$�)�!B#���Eก�"�Z�������#�#%B��	%���
�
+������	%������(��"���G#,&���D�E��
(�����%�ก 

*���&� �$�)*#ก�'E�*�+	%��� �$�)*� ก�	����	�
+) �$�)�������	�
+)���#����+��� ���#���#���� +	%����#

	��
""����&� �����ก�	����	�
+)�����ก�����#%���ก�#��E��*ก���������&� �$�)
�
C�	�,	����	
C�� +	%�

����	�
+)*#	���
������X$�
"��,E�#��E�#�B# 

 ก�	��%�ก*���&� �$�)*#(��"�+#!���
*+��������ก����ก�"�Z�����%�#FM��*#(��"�������E#ก�	*���&������

����+���
k� +	%� �$�)�X$�
���# �
*+��������ก����ก�"�#%B��	%��� +������	%��� �#%B�����������
(E��
���*#

`�#�������*� ก�	��%�ก*�� �$�)�����G#��	%���
,����(#�������,E�,�	�����G#��E���� ��E# �&�"���&����

(���ก�	*+��ก��M�$���,��������"		��ก�  
(EJ����%�ก*���&������E�+��
ก�""		��ก� +	%�,J�#ก�	K)*#

(�##�B#ก]�����G#�$	�
(���ก�	*+��ก����"����E�� ��E# (���ก�	�	
���	
��#�,���,� #�ก��ก#�B������

*+��������ก����ก�"���	�",�	��� ��E# ก�	��%�ก�&� �$�)����'E������ก�'E�����E�#�X$�
"��ก�'E���E�#�B# 

7. O���3�������O�� (Sentence structure) 

 �#�#ก�	����	�
+)���#	��
"" +#����� 
�
���#�������ก�	*��C�	�,	����	
C��(E��F �����ก�	

����	�
+)�	
C��+��ก �	
C���E�� +	%�,��,E�#����	
C��+��ก
�
�	
C���E��*#(��"�#�B# ����	�
+)

�����������	
C�� +	%�����(E��#%�������#%B�����*#
(E�
�	
C�� ����	�
+)C�	�,	�������	
C�����

��G#��ก�K
�X$�
���(��"��#��#�B#F ก�	����	�
+)C�	�,	�������	
C���
�&�*+�����������ก����ก�"�#%B�

�	%��� +������	%��� 
�
C�	�,	������(��"� ก�	��%�ก*��C�	�,	����	
C��*�#�B#���J�กก&�+#���ก�Z����

M��#�ก(��"��%�#F ��� ��E# ��ก��(#�������,E�,�	 ����,���	J*#ก�		�"	��������	�",�	 ����
(ก(E��

���C�	�,	����	
C�����*��*#M�������#
�
M���$�� �#"�	
�&��#�����(��"� 

8. 
%ก
\��"�E�"�=���3��� (Suprasegmental features) 

 +���J!�	��
""�X$�
���*��
,��#B&��,������(��"� +	%���ก�K
"����E�����(��"����กB&�ก!��

	
+�E��,E�#�����G#�&� �$�)
,������+���
�
,E������ก	K) ��ก�K
�+#%�+#E���,������(��"������G#

�����ก�K)��ก�	 ��E# ก�	�&�(������� (������ ก�	*,E��	%���+�����D�	
ก�  
�
����]" ��ก�K
�+#%�

+#E���,������(��"������E��G#�����ก�K)��ก�	 ��E# ก�	��#B&�+#�ก�,��� ก�	+�'�$�ก ก�	�#�#�&� 
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 2.1.2 �����ก���������"#$%���  

 ก�	����	�
+)(��"�M��#�ก
�
M��*#C���
����� �
�&�*+�����������ก����ก�"+#����������#
��

*#��A#L		�#�B# I!���&�*+����
��(��,�#*�����E�*#ก�	
��(�#X"�"�
(�����,E�#*������� +	%����
���,E�#

*��$%��*+�,%������(	�ก�#*#��ก��A#L		�+#!�� ��กก�	 !ก���	%���ก�	����	�
+)(��"� ���������
#&�ก�	

����	�
+)(��"�M��#�ก
�
M��*#��*������	�
+)(��"�(�#X"�" �$%��+�
#����ก�	
������+��
,�*#

ก�	
��+#��,%�����ก�	���#�������� �#%�����ก�'��	
,��)���,&���D*#ก�	����	�
+)#�B#�%��$%��*+��	�"J!�

��(#����,E�,�	 +#��������(��"� 
�
������ก���!B# I!���
�&�*+���������,���	J(��,�#*�����E�*#ก�	
�� �$�)

�X$�
*#(��"� ��B�������&�
��*#M������
���
�
�����E�� �
��%�ก
����ก��*#
#����*� �$%��*+�(	�

(����(#�������,E�,�	 (	�(��+#��������(��"� 
�
�ก����(E����	�",�	(��������,E�,�	(���ก�	 

 

2.2 ������ก����
���$������
���4����"��� (Interpretive Approach) ��� _�� �4�

�
 (Jean Delisle) 

  
2.2.1 ������ก����
���$������
���4����"���  


#����ก�	
��
""(�����
�
�!�����+������ >�� ������ ��$%B#`�#����ก���H�ก�	


�������#�ก� �I��,Cก��(�) ����E�ก�	
��#�B#��E*�Eก�	JE���������+���*#	
��"���M��� +�ก
(E

��G#ก�	JE���������+���	
��"���ก		�
�
�		J,�	
���(��"� ����+���*#	
��"���M��� �%�


#���������ก(�����Eก�"�&�(E��F +	%�C�	�,	���*#�	
C��
""(E��F C������&�
(E�
�&�#�B#��E������$���
�E

+#!������+��� 
(E����	%��E���������+����	
�&��&�#�#+#!����ก(�����E (����+���(��$�#�#'ก	�) 

,E�#����+���(��	
��"���ก		� ��G#����+������������	�กH��G#+#E��F ���E*#�&�
(E�
�&� +	%�
(E�


�	
C�� 
(E��G#������%���C��	
+�E���&�/(���	
C�� 
�
"	�"� +	%��������
����������&�/(���	
C��#�B#

�	�กH���E �	
ก�"ก�""	�"�,J�#ก�	K)
�
"	�"������A#L		� ก�	
����	�!�����+���(��	
��"

���ก		���G#+��ก �#%�����กM�����G#�$���
�E	+�,+	%�	
""*#ก�	JE�����C��������ก	K)��G#��%��#�� 

���
��(����&���������*�(��"�(�#X"�"��E��JE��
���$%������
�������*�����+������(��"����

��E��J�ก(��� C��ก�	�&����ก		�����	�
+)
�
 !ก��"	�"� ��ก�	(�����I!���
(����&���E����G#	
"" 

�$	�
����+���#�B#��ก�
��+���#�� �!�(����� ������	�"	���$%��(��,�#*��E�����+���#�B#�%��
�	 
�


��#����+�"	�"�C��#&�����	�����,
,����������	
����$%������
����*�,�	#�B#�����E�������# 
���#&�

����+�����������กก�	�&���������*�#&�������#*+�E*#��กM���+#!�� C��*+���#B&�+#�ก����"��E�ก�"M���
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���� ��G#ก�	JE���������+���*+�����	"J��#������(	� �!�����+�����G#+��กC����E��$
��ก�"ก�	

����"�����M���*+��������!�ก�# 

>�� ����������,#���B#(�#ก	
"�#ก�	
��C��
"E���G# 3 ��B#(�# �%� (Delisle, 1988: 53-69) 

 
  2.2.1.1 ก���b���������Q? (Comprehension)  

  ��B#(�#
	ก���ก	
"�#ก�	 ���
��(���$������&���������*�,�������������#(���ก�	,%�� 

C��*����������*����M���	��ก�"����	�����#�#%B�+�,�	
����ก�������� �$%��#&�����+������
���	����ก

��ก(��"�I!���
��G#ก�	JE���������+���*#	
��"���ก		� ก�	�&���������*�#�B#�
�ก���!B#*# 2 	
��" 

�%� 	
��"�&�
�
	
��"����+���C��	��  

1. ก��J�4�"%3;�
� (Decoding signs)  

��G#ก�	
������+����	
�&��&� �$%��������+�����������G#���������&�#�B#F ��G#�$���
�Eก�	

J��	+�,���M�����E����&�#!�J!�����+������(�#X"�" I!��ก�	,%������+���*#	
��"ก�	����*�,�	

��ก�K
#�B��ก��'���	%� �������%��# �$	�
J����&�
�
C�	�,	���*#
(E�
M���������+������ก�#����


�

k�#����E��E�ก�# ���
����E,���	J����	�
+)�X$�
�&� �$�)
���
����กM���+#!������G#��กM���

+#!��C����%�ก�&�����+]#�E�������+����+�%�#ก�#�����#�� �$	�
ก�	
��
"" Transcoding +	%�ก�	
���

	+�,���M��� ��G#�$���
�Eก�	��"��E�&�,���&����������+��������ก�#��E�#�B# ��E,%������+���C��	��

���(�#X"�" ก�	(�����(��"��$%����"����+���#�B#(�����G#ก�	(�����*#	
��"���ก		���E�#�B#  

2. ก���b���������Q?����"��� (Understanding Meaning) 

��G#��B#(�#����	�
+)+�����+������
���	�� C���� ������+���	
��"�&�*#`�#
�����G#,E�#�	
 

ก�"����������#�B# 	��ก�"��������*�M��� �#%B�+� 
�
�	
,"ก�	K)������
�� ����+����������
��E

�!�(��ก�"	��
""M���(�#X"�" ���
��(�������������*�M���
�
�#%B�+����(�#X"�"��E��J�ก(��� ����*�

��B�����+������
���	��
�
����+���
k� ก�	(�������G#ก�	��#$"����,��$�#L)	
+�E������+���

�������
�
,�D��ก�K)���M��� �,(	)���	��ก�#���E*#,�	#�B# ��G#ก	
"�#ก�	����
�&�*+��ก����������*�

�!B#��� ก�	�&���������*�����������M���(���*������	��+��กF 2 �	
�M� �%� ����	�����#M��� I!����G#

��ก�
��������*�*#M���(E���	
�� *#(�#X"�"
�
��ก�
ก�	*��M���
�E 
�
����	�����#�#%B�+� I!��

��G#����	������
�&�*+�����*��#%B�+����#ก�	
�� ����	��	�"(���
�E��*+���"�	
��]#����	]�
�
,���	J

��%���C���	
��]#���J�ก(��� 
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  2.2.1.2 ก��J=����4����"��� (Reformulation) 

  ��G#ก�	JE���������+���*#���������ก����G#M�����กM���+#!�� C��*���+('�� 

��	��"����" ��G#��B#(�#����ก����กก�	�����E����G#�+('��G#�� C��ก�	�&���#���,��������	��"����"
�


��#+�	��
""M��������������+��
,�
�
,���	J,%������+���*#���������ก����� ก	
"�#ก�	#�B

�
�ก���!B#ก��"��ก��"��	
+�E��ก�	J������+��� 
�
+�,&�#�#	��
""M�������
JE����� �#��%�����


������&������G#���$�*�
���  

1. ก��Q���"$e<
����������� (Analogical Reasoning) 

 ก�	����
+�����+�������&�*#,J�#ก�	K)ก�	,%��,�	 
�
#&���JE�������ก�	�B�*#��กM��� ���


���
��	��"����"+�����+�������������!�ก�#�E�# ก�	��%���C�� (association) ก	
"�#ก�	+��+('�� 

(deduction) +	%�ก�	�#'��# (inference) I!����B#(�#(E��F �+�E�#�B��E�&���G#�
(����&��	���(���&���"

กE�#+����,���� ���
��(���*���+('����	��"����"+����	�B��$%��+��&����������+�������"�������� ก�	*��

�+('����	��"����"��G#ก	
"�#ก�	������
��,	��������+�%�#ก�#�!B#*#*� ���
��������
����#(#�ก�	
�
��

ก�		�"	������� �&�*+�,���	J��"��E
�
��%���C���������(E��F ����� 

2. ก��J=����4������4��f�;�
� (Re-verbalization) 

 ��%�����
������*�����+���
��� ก]�
JE������������#�B#��ก��C����%�ก	��
""
�
J����&����

�+��
,� ���
���
(��(����%�ก�����������G#�����
(E��E��G#���$�*���ก 
�
$���	K�(����%�ก����+��
,�

���,'���B�	��
""
�
����+��� �+('��*#ก�	��%�ก������
���
�!B#���Eก�"����	��������*#,���������
�� 

��B�����,���	J���M���
�
����	��	�"(�� ���
��
(E�
�#�������&�(�"����+�%�#ก�#+	%�(E��ก�#ก]��� 

�#%�����กก�	(���������+�%�#ก�#,���	J
,����ก���
(ก(E��ก�#*#M���������� J����E�����	��
""

(��(��ก&�+#���� 

 

  2.2.1.3 ก��$��?3������"��� (Verification) 

  �'��	
,��)�%�ก�	(	��,�"����J�ก(������ก�	JE���������+��� �E����JE�����

����+���#�B#��E���	"J��#,�"�	K)���,'�+	%���E C������"�E�,�	���,%����ก��(	�(���'��	
,��)���

�������#+	%���E ก�	(	��,�"����+���J%���G#ก�	(������	�B����,�� ก�	(������	�B�
	ก�ก���!B#+�����ก���

���
���&���������*�����+������,�	
�
กE�#ก�	JE���������+��� �'��	
,��)���ก�	(������	�B�


	ก�$%������
����*��������������E*#,�	 ก�	(������	�B����,��#�B#�ก���!B#+�����กก�	JE���������+���


�
กE�#ก�	(��,�#*��	�B�,'����� �$%������
$���	K��E�	��
""M�����������ก����G#�&�(�"�"%B��(�# 

(tentative solution) #�B#�
,���	JJE���������������,�	#�B#�����E��J�ก(���
�
������(	� ���#�B#ก�	



14 

 

(	��,�"�'KM�$���ก�	
���!���G#ก	
"�#ก�	��#+��+('�� (reasoning process) ก�	
���
(���

�� ��ก�	(�������B�,���	�B� C���	�B�
	ก�
���E"#`�#���M���(�#X"�" 
�
�	�B����,�����E"#`�#���

M���������� �'��'E�+����$�����E����������ก�	(�������B�,���	�B��%�����+��� 

 


�#���ก	
"�#ก�	
�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source text 

 

Original Utterance 

 

Decoding of Linguistic Signs 

(Language as Reference Point) 

 

Comprehension of Meaning 

(Reality as Reference Point) 

 

NONVERBAL STAGE 

(Concepts Turned Over to Non- 

Linguistic Cerebral Mechanisms) 

 

Reverbalization of Concepts 

 

Tentative Solutions 

 

Verification 

 

Selection of a Solution 

 

Re-expression of Utterance 

 

Target Text 

Compre- 

hension 

Reformu- 

lation 

Verifica- 

tion 

First 

Interpre- 

tation 

Reasoning 

by Analogy 

Second 
Interpre- 

tation 
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 2.2.2 �����������ก����
���$������
���4����"���  

 *#ก	
"�#ก�	
��#�ก��ก(����&���������*�����+��� 
���JE�������ก����G#M������� 

���
��� �������B#(�#���J%��E�,&���D��ก��ก��B#(�#+#!���%� ก�	(	��,�"�E�����+���������#�B# 
�E#�&�

J�ก(���
���+	%���� ��กก�	 !ก���	%���
#����ก�	
��
""(�����
�
�!�����+��� ���������
#&�
#�

���ก�	
��
""(�����
�
�!�����+�����*��*#ก�	
��(��"�(�#X"�" �$%��*+�
#E*��E�"�
��#�B#,%��

����+������J�ก(���,�"�	K)(��(��"�(�#X"�" C���X$�
ก�	
�� �$�)�X$�
*#(��"���������E���&�
��

����"�����*#M������ I!��(����� ��"	�"� 
�
����	��(E��F *#ก�	(�����*+��ก����������*�����+��� 

 

2.3 ���%i��ก�����3���������$ 

 

����A#�ก�	���,���������( �%�ก�	���,���������(�ก��ก�	������#
���(E��#%���ก�#��G#	
�
�������#�#

�#ก	
����,���	J���E���*#,M��

������*�,M��

������+#!�� 

 

2.3.1  ���������4�ก����ก%�กb����43���������$�
����%i��ก�� 

�#'��)*#
(E�
�'���������%���ก����ก�"ก&��#�����,���������(
�
����A#�ก�	���
(ก(E��ก�#��ก�� 


#�������#�"�E���G#�'��	���(�#���������%��*+�EF ����E�,���������(������A#�ก�	����ก,���������(����ก�#�	�����%��

�	
��K 300 �oกE�#�	�,( �ก	��C�� �	�,C(�(�� (Aristotle) #�ก�	��D)���ก	�ก����,#�
#�����E�

,���������(��ก�	������#
�����ก��ก�K
�E��F �����E,�"�	K)��,�E��ก�K
���������I�"I��# 
�
,�"�	K)��ก

�!B# ��%���#'��) !ก���ก����ก�"L		���(���ก�!B# ��ก�	$�A#�
#���� ��������� �,(	) C���� ��ก�	,���ก(


�
ก�	���������G#+��ก`�#*#ก�	�,#�
#����*+�E ��ก�	��#$"I�ก�!ก�&�"		$) (fossil) ��ก��� #�ก

���������!��	���*+�����,#*� !ก���ก����ก�"ก&��#�� 
�
����A#�ก�	���,���������(��ก�!B#(���&���" 
#����

ก�	ก&��#��,���������(��������J%��E�#������ก#�"��ก,���กE�#�� 5 �	
ก�	 �%� 

1.  ,���������(�ก����ก�&�#��#�ก�+#%�L		���(� (Special Creation) *#,���กE�#�	�,( �ก	�� �#'��)��

������%���E� ,���������(*#C�ก�ก����กก�	"�#���������,	��� (creator) I!�����&�#���+#%�L		���(� ��E#

$	
������G#���"�#���*+��ก��,���������(�'ก�#�� 

2.  ,���������(�ก����ก,��	)���C�ก�%�# (Cosmozonic Theory) 
#����#�B��%���E���,��	)���,���������(������

(ก*#C�ก+	%���$	���ก�"�'กก�"�(���(ก"#C�ก  

3.  ,���������(�ก����ก,�����E������( (Spontaneous Generation) 
#����#�B��%���E�,���������(�ก����ก,�����E������( 

��E# +#�#�ก����ก�#%B��#E� ����ก����กC��#+	%���# �'��#�	��)�ก����ก#B&�I'�  
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4.  ,���������(�ก����ก,���������( (Biogenesis) 
#��������#�B��%���E� ,���������(�ก����ก,���������(��������E����

��E�#�B# ��E# +#�#�ก���!B#��ก������(���#%�����ก��
�����#���ก�

�
�����E #B&�(���#%B���������B����

$"�E����'��#�	��)�ก���!B#�&�#�#��ก �#%�����ก�'��#�	��)*#��ก� ��������	�D�(�"C(*##B&�(���#%B� 

5.  ,���������(�ก����ก����A#�ก�	(��L		���(� (Naturalistic Theory) ,���������(
	ก�	����ก��*#�
��C�����*#

�K
#�B#"		��ก� ���C�ก�!ก�&�"		$)�	
ก�"����กt�I+����#�� ��E# ����# 
��C��#�� �#C(	��# 

��#B&� f�f 
(E��E����กI���#��,	
 
�
�� ��$�����#��ก�������(�) ��E#	��,����(	���C���( 	��,�

��,��ก $�����#��กก�	,���,�	ก����#(	��,�"#C�ก�	
ก�"ก�"ju�
�"ju��E��&�*+�กt�I�+�E�#�B#

�ก���H�ก�	�������	��ก�#��G#,�	��#�	��) ��%����k#(ก,�	��#�	��)�+�E�#�B#����
�����*#�
�� 

,�	��#�	��)+���C���ก'��
	��(��*+DE�!B#�	%��� F �#�ก����G#,���������(�!B#C��"�����D  

 

2.3.2  ��
���ก����ก%����%i��ก�� 

��กก�	 !ก�����#�ก����� �,(	)�&�*+���%������E�,���������(*#�Z��'"�#ก�"���(#�B#������
(ก(E��

ก�# ,���������("���#������ก�K
*ก�������ก�",���กE�#
(E"���#��ก]
(ก(E����ก����ก 
,���E�,���������(

(E��F #�B#������A#�ก�	 ������ก����ก�"����A#�ก�	���#E�,#*� ���
กE 

 

  2.3.2.1 ��
�����
����#ก 

  *#�o �. . 1801 ����	)ก���$������L�"��J!�����A#�ก�	C��*���������������G#

�กK_)�%� vInheritance of acquired charactersy C����,�	
,&���D�%� 

1. ,���
��������G#(����ก#&�*+��������&���G#����
*+���C�	�,	����ก���!B#M��*#	E��ก�����,���������( 

2. ,���������(ก]$���������
*+���,����&���G#���ก�E���ก���!B# 

3. *#ก�	$��������,���������(�$%���
*+���G#��(�����2#�B# C�	�,	������,���������(�!�(���������#
����� 

4. C�	�,	������������#
�����#�B�
JE������������ก+��#��� 

  ����	)ก����ก�����	�j��G#(����E��*#ก�	�L�"���E� "		$"'	'���	�j����,�B# ��%����	�j

(���ก�	����
ก�#���(�#����!�(���,	�����*+�����!B# 
�
��%���ก��ก�	������#
��������*+�����!B#����!B#

�'กF����*#	
�
������#���#�#�!��&�*+���	�j������+�%�#*#�Z��'"�# 
#������������������E�

,���
��������G#(������&�*+���ก�	������#
������C�	�,	���*#,���������( ��G#
#�����������#���ก�#


$	E+���*#,���#�B# 
(E*#�Z��'"�#������%��*#���#�Bก](ก�� 
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  2.3.2.2 ��
�����4��#���  

  ��	)��#*�����������L		���(��������ก]"	�"	������K
�����ก���#�����ก�"�	%�,&�	��(��


#�kZz�����	�"C�ก �	
ก�"ก�"����#ก�	,&�	��
�
��������#�ก����� �,(	) 2 �E�#�%� #�กL	K������

�%�� ������) (Charles Lyell) ������$�,��#)�E�C�ก�����'+���$�#���#�o ��กก�E�(�������%��ก�#*#,���กE�# 
�


#�ก����ก�	�%�� �����, (Thomas Malthus) I!�����	����#�ก����ก�"�	
��ก	���C�กก�"�	�$��ก	���C�ก�E�

��E�����+	%��ก���!B#*#��(	������ก�# �%���(	�ก�	�ก������	
��ก	C�ก��กก�E���(	�ก�	�$��������+�	


�
�	�$��ก	"#$%B#C�ก ����&�*+����,#*�*#�	%���ก�	(E�,���$%��ก�	�&�	�����(���E���,���������( I!��#E��
��G#

$%B#`�#���ก�	�����%�กC��L		���(� ,	���
#��������*#�	%���ก&��#���������(C�� vNatural Selectiony 

I!����,E�#,&���D �%� 

1. ,���������(��B�+���������
(ก(E��ก�# ��E# ���]�$%��#�������ก�#�����,�
กE"��� ,��E�#"��� ���#�B#����!�

����E�*#�E��������G#���#F �o $%��}� ,�(�)�}� ���
��ก�	������#
�����G#,�o��,)*+�EF ��� 

2. ,���������(��ก�
,	�����ก+��#��กก�E�������E	���#J!�,%"$�#L')��� �$	�
�	�$��ก	����
�&�#��*+����E	��

��� ��E# ��+�	 ������E�� �� ���&�ก�� ���#�B#�!�(�����ก�	��"�'��&�#�#��E*+���ก�ก�#�� 

3. ���#�B#,���������(�!��&���G#(���
�E���#ก�#�$%���������E	��*+�$���ก�"�	�$��ก	��������E 

4. ��ก+��#�������ก�K
��
�
�+��
,�������E*#,���
������#�B#���ก]�
���E	�� 

5. ��%����ก+��#�������ก�K

(ก(E��
�
��ก�E�(���%�#���E	�����#�#���� ก]�
�&�*+�,�o��,)#�B#F �E��F

������#
�������G#,�o��,)*+�E��� 
�

,���E�������A#�ก�	���,�o��,)*+�E�ก���!B#
��� 

  ��	)��#����*�L		���(�,���
��������G#��������%�ก(������+��
,�����
���E	�� ����!��	��ก

��L�ก�	#�B�E�ก�	�����%�กC��L		���(� (Natural Selection) ,�����	)��#�����E���������
�L�"��$%B#`�#���ก�	

��#
�	�E���G#����E���	��� �#ก	
����J!�,�����#���*#�o �. . 1900 ����	��
�#�$�#L' �,(	)�!��	�����G#���

	����กก�# 

 

  2.3.2.3 ��
���j??e�%�Q���E������%i��ก��  

  +�����ก#�ก��������������	��������#$�#L' �,(	)
����!�������
����	�"�	'�
ก��� 


#�������������	)��#�ก����ก�" vNatural Selectiony ���#�B �%� 

1. ������#
�	�ก����ก Recombination �����# (Gene) *#�ICก( 
�
,���	Jก���$�#L')+	%��E��+�E� 

(Mutation) �%�������#
���	��
""$�#L'ก		� (Genotype) *+�(E������ก���� ก�	ก���$�#L')�&�*+���

ก�	�	�"(��������!B#*#,���
������(E��F 
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2. ก�	���*+�ก&��#����ก+��#��กก�E�������E	���#J!�,%"$�#L')��� ����ก����ก�	�$��ก	���&�ก�� ��E# ��+�	��E

�$���$� +	%�����ก����กก��ก"����E��M��*#,���������(�������&�+#������&�ก���&�#�#��������E
��� ���#�B# 

,���������("����E����%����+#�
#E#ก]�
����ก+��##����� 

3. *#�Z��'"�##�B�!�ก�E���E�ก��ก$%B#`�#*#�������A#�ก�	#�B#���E���ก�	������#
���*#�	%������ vGene 

frequencyy M��*#ก�'E��	
��ก	*#�E��	
�
���#�# 
�
C��+��กก�	�����%�ก(��L		���(� 

  ����������	)��#ก]�����G#���Jก�J���J!�����J�ก(���
�
������G#������	%����� ����B�ก�'E�

���,#�",#'#
�
������# �#ก	
����*#�o �. . 1935 ��G#(�#���#J!��Z��'"�# J%��E���G#�'�C����	)#I�#��I�,

���
#�����	%�������A#�ก�	 ������ก���+#���������� �,(	)
�
���C#C����ก���!B#��ก���C���X$�


,�������$�#L' �,(	) ก�	 !ก���	%�������A#�ก�	���,���������(�!����#&������ก�	�����%�ก(��L		���(�

�����	)��#���,��,�#ก�"����	������ก�	���#�%�#F ��E# "		$����#����� (Palaeontology) �#'ก	���L�# 

(Taxonomy) $�#L' �,(	) (Genetics) 
�
���M��� �,(	) (Biogeography) C���X$�
ก�	#&�����	�����# 

$�#L' �,(	)�	
��ก	���	
�'ก()*��*#ก�	�L�"������A#�ก�	�'�*+�E �&�*+��ก�����������	��ก�E� �����

����A#�ก�	,����	�
+) (Synthetic theory of evolution) I!���ก���!B#*#�E�� $. .1920-1930 

  ���������A#�ก�	,����	�
+)�
�#�#J!�����,&���D����	
��ก	I!��J%���G#+#E��,&���D

�������A#�ก�	 ,���������(
(E�
(��*#ก�'E��	
��ก	�
������
�	��#
(ก(E��ก�# ก�	
�	��#���

$�#L'ก		�*�����+��
,�ก�",M�$
������ �
�&�*+�,���������(#�B#,���	J���E	��
�
,%"$�#L')JE�����

��ก�K
���ก�E����,�E��ก+��#	'E#(E������ �!�J%�����E�,���
������#�"��G#�Z����,&���D*#ก�	�����%�ก

�	
��ก	����+��
,�*+��&�	����E���*#,M�$
������#�B# 

  *#�Z��'"�#��%������ก���+#���������	��$�#L' �,(	)C���ก'����$�A#��!B#��E����ก ก]������

��#������� !ก����	��"����"����,��$�#L)���,��$�#L')
�
,#�",#'#ก�	 !ก������A#�ก�	���,���������(

��ก�!B# �K
#�B#�ก����������� !ก���ก����ก�"����A#�ก�	#�B#
"E���B����
#������ก�����G#,��ก�'E� �%� ก�'E�

����+]#����ก�"
#���������	)��#�ก����ก�"ก��กก�	�����%�กC��L		���(� 
�
ก�'E������E�+]#����ก�"
#����

,E�#+#!�������	)��# �$	�
�+]#�E�ก��ก���ก�E�������E,���	J�L�"������I�"I��#���ก�	�ก������A#�ก�	

�����E��,�"�	K) 
�
��E
#E�E�����A#�ก�	�ก����กก�	������#
�����E�����F �	��+	%���E ��E# ��G#���	��ก�#��

�E���C#�,�	)���,�D$�#L')����E��,�B#����*#������#	���	]� ��%���	
��K   65 ���#�oกE�# 
�
�������*+�

,�(�)���B����ก����#�#&�+#���!B#����B�*#���#�&�#�#
�
����+��ก+����#J!��Z��'"�# �!����+�%�#�E�ก�	

�ก��,���������(*+�E���(E����ก����#�B#����ก���!B#��ก�+('ก�	K)"�����Dก]��G#��� 

  ��ก�'����+#!���ก����ก�"����A#�ก�	���#E�,#*#��G#��� 	���	)� ���)ก�B#,) (Richard 

Dawkins, $. .2484-�Z��'"�#) I!���������#+#��,%��	%��� The Selfish Gene (�$��$)*#�o �. .1976 ���ก�E��
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�E�(��ก�	���กE�*+��ก������A#�ก�	�%� ��#*#(��,���������(#��#��� �$	�
��#�
��G#+#E��,&���D���"�ก�	*+�

,���������((����&�,���(E��F�$%��*+�(��������E	�� ,E���*+�,���������(#�B#
,��$�(�ก		�*�F ��ก���$%��*+����E

	��*#,M��
#�B#��������,'� 
�
J!�
���
�����ก�E��
���J!��	%���ก�	�,��,�
���,���������(��E# ก�	���
�E

�ก�u���$%��*+���ก���E	��#�B# ก]����L�"�����J!�ก�	�'�� (������$%��*+�,��$�#L')�������#*ก�������ก�#������E	��

,%"��%B�,��(E���*#�#��(��� I!����B�+����G#�'��������+]#�E���##��#��������G# �#�)ก������ก�	�����%�ก

�$%��*+��ก������A#�ก�	 

 

2.3.3  "
%กX�����3�%�3�e���E������%i��ก�� 

����A#�ก�	��G#�$�����������#&����+��ก`�#(E��F *#���( 
�
ก�	,���ก(�ก����ก�"ก�	��������

ก�	��	�D���,���������(*#���#������� (Biochemistry) $�#L' �,(	) (Genetics) ��$M
����� (Embryology) 

���	
ก�"ก�# *#�Z��'"�#��%��ก�#�E�����A#�ก�	���,���������(��G#������	�� �$	�
��+��ก`�#+�����E����E#

+��ก`�#��กI�ก�!ก�&�"		$) �����������!����C�	�,	������,���������( 
""
�#ก�	��	�D�(�"C(���

���"	�C� ก�	�	�"�	'�$�#L')����&�*+��ก����ก�K
*+�E ก�	
$	Eก	
�������&�*+�,���������(�#�������ก�#�� ��*#

����J��#(E�� F (����#�����������!����,�	���,	����!B#C��,���������((E���#��ก�# 

 

  2.3.3.1 "
%กX��?�กk�ก4�ก4b����P# (Fossil)  

  I�ก,���������(*#�'�C"	�K�
$"��ก*#+�#��B#+	%�+�#(
ก�# (Sedimentary rock) 

�#%�����ก,E�#(E��F ���,���������((ก�����E*#,���
����������u��ก�#ก�	������#
�������� ��E# *##B&�
�]���B�

C�ก +	%���#����E��F ��"J��#���
#E#ก�����G#+�# �&�*+��ก����G#	��$��$)����	��ก�E�I�ก�!ก�&�"		$)+	%� 

j�,I�� (Fossil) ����	�����L	K������,���	J*��*#ก�	�&�#�K���'���+�#��� ���#�B#�!�,���	J�	�"���'

���I�ก�!ก�&�"		$)��� ��ก���'�����B#+�#���$"I�ก�!ก�&�"		$)#�B#F +	%������กก����#(	��,�����+�%����E*#

I�ก#�B#  

 

  2.3.3.2 "
%กX�����ก����;������������� (Comparative anatomy)  

  �����
���,�(�)"����E������&�+#�������E�������ก�#��B�F �������ก
+�E�ก&��#��(E��ก�#

�	��ก�E���#�C�ก�, (Analogous) ��E# �oก#กก�"�oก
��� 
�
�����
�����
+�E�ก&��#�������ก�# ����&�

+#�����(E��ก�#+	%��+�%�#ก�#�	��ก�E� C�C�C�ก�, (Homologous) ��E# 
�#�# �oก#ก �oก������� 
�

�E#

�	�"������C��� �����
�����G#C�C�C�ก�,ก�# ��G#��	%���$�,��#)����A#�ก�	������E�,�(�)$�ก#�B������ก
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"		$"'	'�	E��ก�# �!���C�	�,	����������!�ก�#��ก 
(E��%��#&������
#�B#��*��+#��������ก�# �!�������#
���

	��	E����"��� 

 

  2.3.3.3 "
%กX��?�ก�=����������%������W�=Q����� (Vestigial organ) 

  *#	E��ก�����,�(�)�������
"����E�������E*��
���������+�%���G#I�ก��]กF���E J!�
���E�*#

,�(�)�%�#�����
�#��#�B���*����#��� 
,���E�����ก"		$"'	'������ก�# 
(E�#%�����ก��E���*���!��E��F+�+	%�

�,%���C�	��� ��E#,�(�)������E*#JB&��%�F (���ก�
��]ก��+	%�+����+��*#�K
���,�(�)�#�������ก�##�B#���E*#���

,�E��(���������E 

 

  2.3.3.4 "
%กX������%P;������"�E�$%��=�� (Embryology)  

  ก�	��	�D�(�"C(���,�(�)��ก	
�
�ICก� (Zygote) ��G#(���E�# (Embryo) �#ก	
����J!�

(��C(�(]���� (Adult) �

,����ก�K
����+�%�#ก�"ก�	����A#�ก�	���"		$"'	'�,���������(��������"	�C�

�����ก�#�!�#E��
��"		$"'	'�	E��ก�# (���E�#���,�(�)+����#���������������!�ก�#��ก�#*#"���	�B���E

,���	J
�ก��ก�E���G#(���E�#���,�(�)�
�	(����E����E# (���E�#������ ก" �กE +�� 
�
�#����ก�K


�+�%�#ก�#+����	
ก�	 ��E#ก�	���E���+�%�ก ก�	��+��*�����ก�K
��G#�E������E��ก�	
"E�
�ก��G#�E�����

I��� ��G#(�# ��E���	ก](����%��(���E�#�+�E�#�B$�A#���G#(���(]����
�����ก�K
	E���+�E�#�Bก]�
+���� 

 

  2.3.3.5 "
%กX�����3�������� (Physiology) 

  �#%B���%��
�
����+��*#	E��ก�����,���������(
,��J!�����A#�ก�	����#%�����ก��ก�
��

�����������!�ก�# ��E# #B&��E�� �
����, (amylase) ��(�B�
(Ej��#B&��#J!��# ��	)C�#*#,�(�)(E���#��ก]

����+�%�#ก�# ��E#�#�����G#�"�+��#���*����#I���#������X��
�#��� 

 

  2.3.3.6 "
%กX�����;�����3$�# (Geography) 

  ,�(�)"#�%#
�E#��#*+DE��ก�
����ก�K
*ก�������ก�",�(�)(���ก�
*ก��ก�# ��E# �
#�
J"

M��*(������� J!�
J"�ก�
��� ,'��(	� ��G#$�ก���*ก�������ก�# 
,���E��	�B�+#!��
�E#��#���(E��#%���ก�# 

,���ก���������M��� �,(	)กE�*+��ก��ก�	������#
�������A#�ก�	 �#%�����ก(�����ก�	�	�"(�� �&�*+�,���������(


(ก(E��ก�#ก	
������E����C�ก 
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  2.3.3.7 "
%กX�����ก���
�V�� �������4���<3�P%�oe# (Breeding) ���PE��
�3%$�# 

  �&�*+����$%�
�
,�(�)�#��
��ก��ก$�#L')������ก�� 
,���E����������$�#L')��B�����
����ก��

ก�	������#
��� (Variation) +�ก�+��
,�ก�",M�$,���
������#�B#F,���������(#�B#�
���E	�� 

 

  2.3.3.8 ��������O��
กe
 (Molecular biology)  

  �Z��'"�#ก�	 !ก��*#	
��"C���ก'�����ก�!B# 
�
,���	J#&�����G#+��ก`�#
,��

����A#�ก�	���,���������(��� C��ก�	 !ก���&���"#�����C����)"#C���ก'� DNA +	%��&���"
�
�#�����

ก	��
��C#"#,��C$��������) ��	��"����"	
+�E��,���������( (����E����E#ก�	��	��" DNA ����#, �
#� 


�
���
$#I� $"�E�������
(ก(E��	
+�E��#�����C����)�	
��K 3 ���	)�I]#() 	
+�E���#
�
���
$#I� 

�K
���������
(ก(E���	
��K 5 ���	)�I]#()	
+�E���#
�
�
#� 
,���E��#������A#�ก�	*ก�������ก�"���


$#I���กก�E��
#� ��G#(�# 

 

 ��ก+��ก`�#(E��F�+�E�#�B
,��*+��	�"�E�����A#�ก�	��G#�	����� *#ก�	 !ก���	%�������A#�ก�	

��ก�K
���"		$"'	'��E��J%��E���G#��ก�K
��B���������ก��กE�# (Primitive) I!����ก��G#��ก�K
���+���+	%� 

��E$�,��	��G#��ก�K
����F�� (Generalized) ,E�#��ก�K
���,�(�)	'E#+���I!��������#
�������ก����J%�

�E���G#��ก�K
ก���+#�� (Advanced) +	%�$�,��	 (Specialized) ��E# ��ก�K
,���������(+����I��)

ก���+#��ก�E�,���������(�I��)����� +	%�,���������(���,%"$�#L')C��*���$  ก���+#��ก�E�,���������(���,%"$�#L')C����E

�� ���$  $�ก+��*�C����E*����กI���# #E��
�ก��กE�#$�กก�	+��*�C��*����กI���# ��G#(�#  

 

 	��
""ก�	������#
��� (Pattern of evolution) ���$"��ก+��ก`�#(E�� F �� 3 
"" �%� 

1.  Divergent evolution ��G#ก�	����A#�ก�	���,���������(����ก���!B#��กก�	
(ก
�ก����ก"		$"'	'�

�����ก�#��E# 
����L ����
�j	�ก� ���������� (E��ก]��"		$"'	'�	E��ก�# 

2.  Convergent evolution ��G#	��
""ก�	������#
������,���������(,��ก�'E������E������,��$�#L)*ก�����ก�#


(E������E*#,M�$
������
""�����ก�# �!�������A#�ก�	�#�����ก�K
����������!�ก�# ��E# #ก
�


������� ���X���
�
���C��� 

3.  Parallel evolution ��G#
""ก�	������#
���
""��E�#�#���,���������(��������"		$"'	'�(E��ก�#+	%�

�� �����E*#$%B#������
(ก(E��
(E����B#(�# �E��(E��F ���$�A#�ก�	�����F ก�#��E# ,�(�)���B����ก����#B&�#����

��	ก (placenta) *#���	�ก��+#%� 
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2.3.4  ���%i��ก�����PE��
�3%$�#$��
b�4%����e���o�\������ 

*#�Z��'"�##�กL	K������
�
#�ก"		$����#�����,���	J
"E��'����L	K��������ก��G# 4 �+��'� 

(���#�����I�ก�!ก�&�"		$)���$"��� ���#�B 

1. �+��'�$	�
���"	��# (Precambrian Era) ��G#�E����� 4,600 � 543 ���#�oกE�# C�กกE�ก&��#���!B# ��%��

C�ก�	�����]#(���� �!��ก��,���������($�ก
"����	�� 
�
�	�������กI���#*#"		��ก� I!���ก����กก�	

,����	�
+)����
,�*#$�ก
"����	��,������
ก�#B&����# ��ก�	�ก���!B#���,�(�)+����I��)�����E��ก	
��ก,�#

+���*##B&� ��E# j��#B&�  

2. �+��'�$���C�CI��ก (Paleozoic Era) ��G#�E����� 543 � 245 ���#�oกE�# �	�����,�(�)$�ก�����E��ก	
��ก

,�#+���I!������B������ �����E*##B&��%�
�
#B&���]� ��E# �(	C��"() (trilobite) 
��C��#() (ammonite) +�� 

��� 	����B�
��� ,�(�)��%B�����# 
�
,�(�)�	!��"ก�	!��#B&� �	���$",�+	E�� �+]�	� $%�"ก��B#(�&� �	�����ก

$%���E���#%B���%���&������ �j�	)# ���#J!�$%����#%B���%���&������ �+��'�$���C�CI��ก,�B#,'�����%����ก�	,�D

$�#L')�	�B�*+DE I!������ก���#%�����กก�	�ก���'�#B&�
�]�X�"$��#+	%��ก��M�����j	
�"�� �&�*+���ก�	,�D

$�#L')���,���������(��B�*#�
��
�
"#$%B#��#�&�#�#��ก 

3. �+��'���CICI��ก (Mesozoic Era) ��G#�E����� 245 � 65 ���#�oกE�# ��C#�,�	)�#��
	ก�ก���!B#
�


ก�����G#ก�'E���E# *#�'�#�B�	�����,�(�)���B����ก����#�$�ก��ก	
����+#������
�
	ก 	����B�
���(E��F 


�
�ก��ก�	ก	
���$�#L')��E����ก������$%� *#�E��
	ก����+��'���CICI��ก��$%����]����%����ก 

��B��j�	)#
�
,# �ก��$%���ก�#��
	ก ��%��ก�#�E�M�����j	
�"���	�B�*+DE+	%�ก�	$'E��#����'กก�"�( �&�

*+���ก�	,�D$�#L')�&�#�#��ก
�
�+��'���CICI��ก,�B#,'��� 

4. �+��'�I�C#CI��ก (Cenozoic Era) ��G#�E����� 65 ���#�oกE�#�#J!��Z��'"�# ก�	,�D$�#L')�����C#�,�	)

�������*+��ก��ก�	ก	
���$�#L')���,�(�)���B����ก����#�#�#��#����B��#����]ก 
�
�#��*+DE ��E# ��� 

,'#�� 
�
+�� $"�����E��+�� (ape) 
�
*#	�� 5-1.8 ���#�oกE�# $""		$"'	'�����#'��) ,E�#"		$

"'	'�����#'��)�Z��'"�##�B#$"*#�E�� 1.8 ���#�o - 11,000 �oกE�# *#�+��'�I�C#CI��ก#�B$%���ก

ก�����G#$%�ก�'E���E# 
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(�	������A#�ก�	(���'����L	K������ 

 
�+��'� (Era) �'� 
�
 ,��� (Period &  Epoch) ����A#�ก�	���,���������( (Evolution of Life) 

I�C#CI��ก 
Cenozoic 

������	)#�	� 
Quaternary 

C�C�I�# Holocene �#'��)�Z��'"�# 
�$�,C(I�# Pleistocene �#'��),���+�# 

���	)�L��	� 
Tertiary 

�$�C�I�# Pliocene ,�(�)���B����ก����#��#��*+DE
�
����
$	E+��� 
��C�I�# Miocene �����ก��	�D�(]���� �	�����+��
�
,'#�� 
C���CกI�# Oligocene �	�����+��
�
��� 
��C�I�#-$���C�I�#  
Eocene-Paleocene 

(�#(	
ก����� ,�(�)ก�" 
�
���� 

��CICI��ก 
Mesozoic 

�	�������, 
Cretaceous 

�	�����$�#L')�����ก +��#B&��%�
$	E+��� ���������C#�,�	)*#
(�#�����'� ��C#�,�	)
�

��C�#���)�	���,�D$�#L') 

��
	,I�ก 
Jurassic 

�'������C#�,�	) 
�
��
��C�#���)
$	E+��� �	�����#ก 

��	
�,I�ก 
Triassic 

�'����,�(�)��%B�����#��B�"#"ก
�
*##B&� �	�������C#�,�	) 

$���C�CI��ก 
Paleozoic 

�$�	)����# 
Permian 

,�(�)��%B�����#��+���+���$�#L') ��	C��"()�	���,�D$�#L') 
�	�����
����oก
�]� 

��	)"�#��j�	�, 
Carboniferous 

���j�	)#�#����ก�)
�
�}������	�D�(]���� (*+�JE�#+�#) ��

������#����ก�) 

��C��#��# 
Devonian 

�'������� ก&��#�����X��� �	�����
���
�
,�(�),
���##B&�
,
���#"ก�%"���#���E"#$%B#��# 

�I���	��# 
Silurian 

������
��
�
,�(�)�
��+��ก+���$�#L') ��E# 
ก	�C���() 
��	C��"()�#��*+DE "#$%B#��#�	�����$�#L')����	�กH 

��	)C�������# 
Ordovician 

�	���(�#(	
ก����� 
(E�����E���	�"
�
��ก		�ก	 ����	C��"()
�#��*+DE 
ก	�C���()
�
�
ก�	��
$	E+��� ��#�������)
�#����ก�)  


���"	��# 
Cambrian 

�	�����,�(�)��������%�ก
�]�+'��(�� ��E# ��	C��"() 
ก	�C���() 
��	#���) 
�
+���#��(E��F  

$	�
���"	��# 
Precambrian 

��,���������(�#����]ก�� ��*#�
�� ��E# 
��ก
$	'#
�

ก���Z�+� 

�����: ก	��	�$��ก	L	K� (http://www.dmr.go.th/ewtadmin/ewt/dmr_web/main.php?filename=era) 
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2.3.5 ก����ก
����%i��ก�� 


"E���G# 2 	
��" �%� 

1.  Microevolution ��G#ก�	 !ก������A#�ก�	*#	
��"�	
��ก	���,���������(
(E�
,�o��,) C�� !ก��ก�	

������#
���,E�#�	
ก�"���$�#L'ก		� ����	
��ก	����ก���!B#��E��(E��#%���,
,������
��]ก#��� ��#

��G#ก��ก���
���	��*#ก	
"�#ก�	����A#�ก�	���,���������( �#�	
��ก	*+�E������
(ก(E����ก

�	
��ก	������ก (�ก����G#,���������(,�o��,)*+�E) 

2.  Macroevolution ��G#����A#�ก�	����ก���!B#*#ก�'E�,���������(	
��",�o��,)�!B#�� ��G#ก�	������#
��������

���&�*+�,���������(����ก�K
	��	E��
�
ก�	�&�	�����(+��ก+���	��
"" C��ก�	������#
���#&���,�E

,���������(+��ก+���*#�Z��'"�# 

 

2.4 W��%3����� (Virology) 

 

��	�,����� (Virology) ��G#ก�	 !ก���ก����ก�"��	�,
�
�'K,�"�(������	�, ��E# ก�	�$����&�#�# 

ก�	(����%B� 	
""M����'��ก�# ���I�#,&�+	�"��	�, ก�	
$	Eก	
���
�
ก�	��"�'� 

��	�, (Viruses) �%� ,���������(������#����]ก��ก ��ก	�#�������ก�#������� �����G# DNA +	%� RNA 

��E��*���E��+#!�� ��E�$����&�#�#��%�����E#�ก�I��)C�,() 
(E��%�����E*#�I��)C�,(),���	J�$����&�#�#���C��

�� ��ก��ก���,���������(�����	�,���������E �!������G#�	,�(M��*#�I��)��E��
���	�� (obligate intracellular 

parasite) �&��E���	�,����กM�����(�#
���E� $�� (poison) *���	��ก,���������(�#����]ก��ก���,���	J

����E�#��	%���ก	��
"����	�� 
�
�&�*+��ก��C	���� 

 

2.4.1  ��o�ก����ก
�����=��
%ก
\����W��%3 

��L�ก�	 !ก��	��	E����ก�K
�����	�, C���� ��ก�����'��		 ����]�(	�##�B# �&����+�����L� �%� 

1. �&�*+��ก���������#'M�� (shadow-casting) C��ก�	*��,�	�!"
,� ��E# ����&�+	%����	�#��� ���%�"

"#����#'M����	�, 
����&�*+��ก���������#'M��C���&��'�(E��F ก�# ��%��JE��M�$����������ก���!B# 

#&�����	��"����"ก�"
""�&�������,	����!B# �&�*+�����
�#	��	E�������	�,��� 

2. ก�	����,�����C�+
+#�ก (negative staining) C��*��j�,Cj���,�(( (phospho tungstate) 
�
 

���	#���
I��(( (uranyl acetate) I!���
I!�������(���E���E��*#�#'M�� ��%��JE��	���E�#ก�����'��		 #)

����]ก(	�# �
�+]#	���
���������#'M����� 
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3. ก�	������ก�����'��		 #)����]ก(	�#
"",E��ก	�� (Scanning electron microscope) �&�*+��+]#

	���
�����"#����#'M��
�
�	�"�����!ก ����,���������#'M����� 

4. ก�	 !ก��������L�ก�	���B���"#���	��,���กI) (X-ray diffraction) �&�*+� !ก��	���
�����M��*#
�


	��	E������#'M�� 	����B�ก�	�	
ก�"������G#+#E���E������#'M������ 

5. ก�	 !ก������ก�	(��+	%��X%�#(����E��*+�"����ก (Ultrathin section) *�� !ก��	��	E����ก�K
���

��	�,������EM��*#�I��) �&�*+��	�"J!�ก�	������#
���M��*#�I��) 
�
�������	�,�����(E��I��)���� 

 

2.4.2  ���4���W��%3 

��	�,���#��
(ก(E��ก�#(�B�
(E 20-250 #�C#��(	 C�����������#����]กก�E�����
���������ก����

�'��		 #)���*��
,�L		��� ก�	����#����	�,�&����,����L� �%� 

1. ก�	ก	���E�#
�E#��%��ก	������	�"�#��	����
�E#ก	��#�B# 

2. ก�	*����	%���+�'#�+����������	]�,�� (Ultracentrifuge) I!��,���	J�&�#�K�#����	�,�����ก��(	����

�#'M����	�,(ก(
ก�# 

3. �� ��������ก�����'��		 #)����]ก(	�# 

 

2.4.3  ���#���ก�����W��%3 

�#'M����	�,���,�"�	K)����	��ก�E���	���# (Virion) �'ก�#���	
ก�"����ก	�#�������ก (nucleic 

acid) 
�
C�	(�#+E�+'������	��ก�E�
�$I�� (capsid) I!���	
ก�"����+#E���E�� (subunit) ����+�%�#ก�#��

�	���ก�#IB&�F �&�#�#��ก +#E���E��#�B#�	��ก�E�
�$CI���	) (capsomer) #�ก��ก#�B��	�,"���#����������

��#���C�� (envelope) I!���	
ก�"����C�	(�# ��$�� ��	)C"����	( +E�+'��
�$I����ก��+#!�� 	���
�����

���#�B 

 

  2.4.3.1 ก�4����
���ก (Nucleic acid)  

  ��G#,�	$�#L'ก		� C�	�,	���,E�##�B�	��ก�E���C#� (genome) ก	�#�������ก�����	�,

����
��G#�#�� Deoxyribonucleic acid I!��#�������#�E�F �E� DNA +	%��#�� Ribonucleic acid I!��#���

����#�E�F �E� RNA �#��*��#��+#!�� �#�����ก	�#�������ก���$"*#��	�,�� 4 
"" �%� DNA ,����E DNA 

,�������� RNA ,����E 
�
 RNA ,�������� ��C#������	�,�����G#�,�#(	� ��G#�E�#+	%���G#��ก�� 
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  2.4.3.2 ��Pk�4 (Capsid)  

  ��G#,E�#���+'����C�#�����	�, �	
ก�"����C�	(�#+#E�������]ก���,'��	��ก�E� C�	C(���	) 

(Protomer)  I!�������G#�#�������ก�#+	%������G#+����#��ก]��� C�	C(���	)+���C���ก'��	
ก�"�!B#��G#

+#E���E��I!���	��ก�E�
�$CI���	) (capsomer) 
�
+���F 
�$CI���	)	��ก�#��G#
�$I�� 
�$I��
�
 

ก	�#�������ก	��ก�#�	��ก�E� #�����C�
�$I�� (nucleocapsid) +#��������
�$I�� �%� �E���ก�u����C#� 

�����	�,��กก�	J�ก�&��������,���
������M��#�ก 
�
�E��*#ก�	�ก�
(�� (attachment) ก�"���	�" 

(receptor site) ������E"#�I��)���C�,() �$%������,�E�I��)#�B# ,&�+	�"��	�,�����
�$I����G#,E�#�	
ก�"��B##�ก

,'�����#'M�� 

  ก�	�	���(�����
�$CI���	)�$%���	
ก�"��G#
�$I���
(���,��$�#L)ก�"C�	�,	������ 

��C#����� 
(E�

�$CI���	)�
�!���"ก�"ก	�#�������กC���	���(��
(ก(E����(���#�������	�, �&�*+��ก��

	��	E�������	�,�!B# 
"E���G#,��
"" �%� 

1 ก�	�	���(��
""+����+����� (icosahedral symmetry) 
�$I������ก�K
�+�%�#�ก����ก	��

,���+��������#��E� 20 	�����	
ก�"ก�# �ก����G#	��	E����ก"� ก) I!���� 12 �'�+	%���� ก�	�	���(��


""#�B
�$I��
�
��C#��
���Eก�#��E��+���F 
�$CI���	)������E"	���K+#�����	��,���+�������ก

�	
ก�"�!B#����C�	C(���	) 6 +#E�� �	��ก	��ก�#�E� ��กI����	) (hexamers) +	%���กI�# (hexons) 

,E�#
�$CI���	)������E"#�'�+	%�����	
ก�"�!B#����C�	C(���	) 5 +#E�� �	��ก�E� �$#(����	) 

(pentamers) +	%��$#(�# (pentons) 

2 ก�	�	���(��
""�	�ก	
"�ก (helical symmetry) 
(E�

�$CI���	)��ก�
�	
ก�"������C�	C(���	)

�$����#��������	���(������	�"��C#���E��*ก�������G#�ก����+�'#��������������+]#	��	E����G#
�E�

�	�ก	
"�ก 

3 ก�	�	���(��
""I�"I��# (complex structure) 
�$I�������	�,����
��	��	E���#ก�#��B�,��
""+	%�

"���#����	��	E��
��กF �����	����ก��# +	%������	��
�E#��`  

 

  2.4.3.3 �����
O
�"�E���E��"e����Pk�4 (envelope)  

  $"*#��	�,"���#�� ��	�,�����E����#���C��������	�",E�#���
�$I����ก��B#+#!���	��ก�E� 

naked virus +	%� nonenveloped virus ,E�#��	�,�������#���C������	�"
�$I��#�B#�	��ก�E� enveloped 

virus ��#���C�������G#,�	C�	(�#	��ก�"��	)C"����	( +	%�����	��ก�E� �ก�C�C�	(�# (glycoprotein) 

��#���C�������	�,"���#�������,E�#����%�#��ก��C��	�"�	��ก�E� ,���) (spike) +	%� �$"C$����	) 

(peplomer)  +#����������#���C���%� 



27 

 

1. �&�*+��ก������
(ก(E�����
�#(���#"#�����#���C�������	�, 

2. ��G#,E�#+#!������E��*#ก�	��ก+�'���ก (budding) ��� enveloped virus ��ก�I��) 

3. *����G#,E�#����E��*+�����,�E��ก�I��)+#!����� C���E��*+��ก��ก�	(����%B� (infection) C����L�+�����%��� 

(fusion) 

 

 *#�#'M�������	�, #�ก��ก�
�	
ก�"����ก	�#�������ก C�	(�#�����G#
�$I�� 
�
��#���C�� 

��	�,"���#�������C�	(�#����&�+#�������G#��#�I�) (viral enzyme) I!����#�I�)�����	�,����ก����ก��	�,

,	������+	%�C�,()�����	�,�������� �����E,	����!B#ก]��� 

 

2.4.4 ก���P���?b�������W��%3 

 ��	�,��	�D�$����&�#�#���C��ก	
"�#ก�	�&����(������X$�
��%�����EM��*#�I��)������(����+��
,�

��E�#�B# +	%��	��ก�E��I��)C�,() �#%�����ก��	�,(����� �� ��	)
ก�#��) (organelles) (E��F I!����G#C�	�,	���

�E��������#����]ก���EM��*#�I��)
�
��+#������X$�
 ,	���,���(E��F �����	�,(���ก�	�!B#��C������C#����

��	�,��G#(���&�+#�������"�'� ��%�����	�",E�#�	
ก�"(E��F ���(���ก�	�	"
��� ,E�#�	
ก�"(E��F �+�E�#�B#

�
	��(���	
ก�"ก�#������G#�#'M�����,�"�	K)	'E#��ก (progeny virion) I!����ก���&�#�#��ก�����E��#���

��G#	�����E��!B#����ก�&�#�#�#'M���������	'E#
�E (parental virion) �#'M��*+�E������#�B��,E�#�	
ก�"
�


�'K,�"�(��+�%�#�����'ก��E��
�
�
��ก��ก�I��)����+	%�+�'���ก��ก�I��) �$%������,�E�I��)*+�E���

�+��
,�
�
�$����&�#�#*+���ก�!B# �X$�
�#'M����	�,�����,E�#�	
ก�"�	",�"�	K)�'ก��E�� 
�


,���	J��	�D�$����&�#�#����	��ก�E��#'M�����,���	JกE�*+��ก��ก�	(����%B���� (infectious particle) 

 ก	
"�#ก�	�ก��C��ก�	�����	�,�
�ก�
�!�ก�"�I��)���(&�
+#E�����&��$�
 ��B��#'M�������	�,+	%�

�X$�
ก	�#�������ก��E�#�B#����

�	กI!��E�#�����I��) J��������B��#'M���
(���J�����%�กC�	(�#�$%����E��

ก	�#�������ก��ก ก�	,%"$�#L')�����	�,�ก��*#�IC�$��I!�+	%�#�������,+	%���B�,��
+E� C�	(�#�����	�,


�
ก	�#�������ก�
	��ก�#������G#�#'M����	�,
�
��E����ก��ก�I��) ก	
"�#ก�	�����#�B �%� 

 

  2.4.4.1 ก���ก��$�4 (Adsorption)  

  ��	�,�
������"ก�"����I��) C�������	�,���,E�#�ก�
(�� (attachment site) I!�����E"#,E�#

#�ก,'�����#'M�� �ก�
ก�"���	�" (receptor site) I!���&��$�
ก�#"#����I��)����I��)C�,() ��	�,"���#��

�����,E�#�	
ก�"$�� �*#ก�	�ก�
(��C���X$�
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  2.4.4.2 ก������3�=�k

#�
�ก��J�4��
E�กO��$�� (Penetration and Uncoating)  

  ��L������	�,�

�	กI!������I��)#�B#�!B#���Eก�"��ก�K
����I��)C���X$�
C�	�,	���������

�I��) ,&�+	�"��	�,,�(�)��ก��กก�	����,�E�I��)+�����L� �%� 

1. ก�	+�����%��� (fusion) ��	�,�������#���C��#�B# C�	(�#��������#���C���
��%���ก�"��%��+'���I��)���

C�,() 
�����E��#�����C�
�$I�������IC�$��I!����C�,() 
���J��
�$I����ก��ก�� C��C�,()�


��E����CI�I�)��ก���E��
�$I�� �+�%�
(Eก	�#�������ก 

2. ก�	ก�%#ก�# (engulfment) �I��)ก�%#����#'M����	�,���������E*# vacuole ����IC�$��I!� ��L�#�B

�	��ก�E���C	�$กI�, (Viropexis) (E���ก#�B#�#����� vacuole �

(ก��E���#'M�������	�,����,�E�I

C�$��I!�  

3. ก�	�E�#����C��(	� (direct penetration) ��G#ก�	�����	�,
�	ก����C��(	��E�#��%B�+'���I��) (cell 

membrane) ����,�E�IC�$��I!� 

  ,&�+	�"��	�,$%� �
��G#ก�	�E�#����C�,()�I��)C���E�#���	� (ectodesmata) �E������+	%�

"��
�� ก�	*�����(��
(E�ก������(�#�������	�,�&�*+���	�,(��*"��� ��%����(��
(E�ก����ก(�ก]�&�*+�	�"��	�,����

�� #�ก��ก#�B���(��(E����$�+
 ��E# ��	�,(����ก�"��ก������
�����%��
������#B&����B�����$%� ��%��

��	�,�����I��)$%�
����!�J�����%�กC�	(�#��ก ��	�,"���#��,���	J����,�E�I��)�����กก�E�+#!����L� 

 

  2.4.4.3 ก��3%������"#���#���ก��$=��q ���W��%3 (Biosynthesis of virus)  

  ��%����	�,�����I��)
����
(	��+���	�,��E$"*#�I��) 	
�
#�B��	�,ก&����,����	�
+)ก	�

#�������ก
�
C�	(�# I!���!B#���Eก�"�&�,���������	�"��ก��C#������	�, 
"E���G#��B#(�#������#�B 

1. ก�	J��	+�,	
�
(�# (early transcription) ��G#ก�	,	��� mRNA (messenger RNA) ��กก	�

#�������ก (DNA +	%� RNA) C���ก���#��	�,�������C#���G# RNA ,��"�ก �#%�����ก��C#��
�&�+#�����

��G# mRNA ������� 

2. ก�	
��	+�,	
�
(�# (early translation) ��G#ก�	,	���C�	(�#����&���G#*#ก�	�$����&�#�#�����	�, 

,E�#��ก��G#��#�I�)����ก��������ก�"ก�	�$����&�#�#��C#������	�, C�	(�##�B�	��ก�E�C�	(�#	
�
(�# 

(early protein) I!����ก��E*�E,E�#�	
ก�"�����G#C�	�,	��������	�, (non structural protein) 

3. ก�	�$����&�#�#��C#������	�, (replication of viral genome) ��G#ก�	�$����&�#�# RNA +	%� DNA I!��

ก��ก�

(ก(E��ก�#��(���#�������	�,�E���G# RNA +	%� DNA ,��������+	%�,����E ,���"+	%�,��

"�ก ก�	�$����&�#�#��C#�����ก��*##�������, (��ก$"*#��	�,�#������� DNA) +	%�*#�IC�$��I!� (��ก

$"*#��	�,�#������� RNA) C�������� ��	�,�
*����C#����	'E#
�E��G#(��(�#
"",	���,��ก	�#�������ก���
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���&���"�", (base) (	�����ก�#�!B#�� ,��ก	�#�������ก#�B�
�&�+#�������G#
�E$��$),	���,��ก	�

#�������ก������&���"�",�+�%�#ก�"��	�,	'E#
�E��ก��G#�&�#�#��ก I!���
�&�+#�������G#��C#�*#	'E#��ก(E��� 

4. ก�	J��	+�,
�
ก�	
��	+�,	
�
+��� (late transcription and late translation) ��ก��C#�����&����

�����G#�&�#�#��ก�
J��	+�,��G# mRNA 
�

��	+�,��,	���C�	(�#�����G#C�	�,	��������	�,�&�#�#

��ก C��������
�����	�,�
,	��� mRNA �!B#��+���F ,���$%���	E�*+�ก	
"�#ก�	��	�D�$����&�#�#�,	]�

,�B#�	]��!B# *#�K
�����ก�#ก]���,E�#�	
ก�"�E��(E��F ��ก$�����
�	
ก�"ก�#������G#�#'M����	�,	'E#

��ก���
��กF $	���ก�#��� 

 

  2.4.4.4 ก�������f�W��%3���3����\# (Assembly or Maturation)  

  ��C#�
�
C�	(�#���,	����!B#�
	����G#�#'M����	�,���,�"�	K) ,E�#*+DE��	�,�����ก	�

#�������ก�#�� DNA �
	��(����G#�#'M�����,�"�	K)*##�������, 
�
��	�,�����ก	�#�������ก�#�� RNA �


	��ก�#��G#�#'M��,�"�	K)*#�IC�$��I!� ,&�+	�"��#���C����	�,�
,��
�	กC�	(�#C�	�,	��������	�,

������*#��%��+'���I��)+	%���%��+'��#�������, ��ก#�B##�����C�
�$I���
J�ก+E�+'��������%��,E�##�B#I!���


ก�����G#,E�#��#���C�������	�, 

 

  2.4.4.5 ก����ก?�ก�k

# (Release)  

  ��G#ก�	��E����	�,��ก��กC�,()�I��)I!���

(ก(E��ก�#(���#�������	�, 
�
�!B#���Eก�"

�'K,�"�(�
�
,E�#�	
ก�"����I��)���� J���#���I��)
�]�
	�
�
��	��	E������ก��E��*#ก	K����


"����	�� ��	�,�
+�'���ก��ก�I��)���C��ก�	*����#�I�)��CI�I�) (lysozyme) �E���#���I��) �#�����&�

*+��I��)
(ก ��	�,�!���ก#�ก�I��)��� ��	�,,�(�)"���#������L�ก�	��ก��ก�I��)C��(����&�*+��I��)
(ก

กE�# 
(E"���#������L���ก��ก�I��)C��ก�	
(ก+#E��E�#��%��+'��#�������, ��	�,�������#���C��"���#��

��ก��กC�,()�I��)C��
(ก+#E��E�#��%��+'���I��) *#��	�,$%��
��ก��ก�I��)C���E�#�E�����$�� � 

 

2.4.5  ก��?%4?b���กก
e=����W��%3 (Classification of viruses) 

 *#���(��ก�	*�����#�����+����H�"�(�ก�	+�����E���$%�����'K,�"�(������	�,
�
#&���*��*#ก�	

����&�
#ก ��E# ก�	��	��	E����	�,����ก�����'��		 #)�����(	�# ก�	���������#�����	�,(E� �'K+M��� 

������G#ก	�+	%��E�� (pH) ,�	�
�������# ก�	���#�������	�,C��ก�	*����	%���ก	�������#��	�ก	��

(E��F 
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(E����ก�	����&�
#ก��	�,�!B#���Eก�"�#�����C�,()�����	�,�������� �����E ��E# ��	�,���,���	J�$���

�&�#�#���*#�#+	%�,�(�) (Animal viruses) ��	�,���,���	J�$����&�#�#���*#
"����	�� (Bacteriophages 

+	%� phages) +	%���	�,���,���	J�$����&�#�#���*#$%� (Plant viruses) #�ก��ก#�B����&�
#ก(���#��

����#%����%�������	�,��" ��E# ��	�,�����"�#%B���%���	
,�� (neurotropic virus) ��	�,�����"�#%B���%�����+#�� 

(dermatotropic virus) (E���#�ก����� �,(	)����&�#!�J!�,�"�(����ก��M�$ ���� 
�
���M�$�����	�,�$%��

*��*#ก�	����&�
#ก��	�, 

1. ��ก�K
��B#(�# (Primary characteristics) *#ก�	����&�
#ก��	�,�� ��,�"�(����#�B 

1.1 ,�"�(�����������ก	�#�������ก �����G# DNA +	%� RNA ,��������+	%�,����E +	%���G#�E�# RNA 

,�������������G#�#��,��"�ก+	%�,���" #�ก��ก#�B���$���	K���ก#B&�+#�กC���ก'����ก	�

#�������ก���� 

1.2 C�	�,	��������	���# �����G#�E�#��� +����+����� +	%�
""����I��# ����#���C��+	%���E����#

���C�� $���	K���ก�&�#�#���
�$CI���	)������	
ก�"ก�#��G#
�$I��*#��	�,�����	��	E��+���

�+����� ��ก�#���,�#�E� �#�)ก������#�����C�
�$I��*#��	�,�����	��	E����G#�E�#���  

1.3 (&�
+#E�*#ก�	�$����&�#�#�����	�, ����ก��*##�������,+	%�*#�IC�$��I!�
���
(E�#�������	�, 

+�����ก#�B�
	��(��ก�"
�$CI���	)+	%���
�$I����+E�+'���$%����G#�#'M����	�,���,�"�	K) ��#���

C���������ก��%��+'��#�������,+	%���%��+'���I��) 

2. ��ก�K
��B#	�� (Secondary characteristics)*#ก�	����&�
#ก��	�, �� ��,�"�(����#�B 

2.1 ������"C�,() ��	�,�����"��	�D*#C�,() +	%��#%B���%�����C�,()(E��ก�# ��B�#�B����#%�����ก��	�,

�������&��$�
ก�"�I��)
(E�
�#�� 

2.2 ��L�ก�	
$	Eก	
���+	%�(��(E�C	�*#L		���(� C����%B���	�,����������+#�� ��%��"' C��ก�	+��*� 

ก�	ก�# +	%����$ ,��$�#L) +	%�(��(E���ก$E�
�E�������ก ��	�,"���#����$�+
#&���%B���  

 

 #�ก��ก#�B �����ก�	*�����#��������#C���ก'� 
�
$�#L'ก		�*#ก�	����&�
#ก��	�, ,&�+	�"#�ก

��	�,�������� !ก��������#��������	
��"C���ก'��
����&�
#ก��	�,C���� ��ก�	�$����&�#�#(replication) 


�
ก�	
,����ก�����C#������	�, C��
"E���	�,��ก��G# 6 ���, (class) �!B#ก�"��L�,	��� mRNA ,E�#

#�ก���������������
���
"E���G#(	
ก�� (family) ��#�, (genus) ,�o��,) (species) �Z��'"�#������	�"	
""

ก�	�&�
#ก��	�,��ก	
""+#!��C��*����G#	+�,�	��ก�E� �	�$C(
ก	� (cryptogram) ��E���	ก](��#�ก����� 

 �,(	) 
�
�#,E�#*+DE �
����*�����E��ก�E� ��%���	��ก�%����	�,�����%������'�#��� ��E# �	��ก��	�,กE�C	�ko ��� 
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�E� pox virus �	��ก��	�,กE�C	��'���
+�#*#�
�
ก��E� papaya ring spot virus 
�
�	��ก��	�,กE�C	�*#

(�"�E� Hepatitis virus 

 

2,4,6  P��o�กb����4$=�Os3$#Q���4%��k

# 

 ก�	(�",#������I��)����
�ก���!B#���+�����E�� ��E# 

1. ��E��ก�	������#
���������#	��	E������I��)*+��+]#��� 
(E����
����*#���#ก�	��	�D�$����&�#�#

�����	�, 

2. ��	�,�
�&�*+��ก��ก�	������#
�������I��)+	%�M��*#�I��) ��E# 

2.1 ก�		��(������I��) (Cell fusion) ��G#ก�	����������I��)������E*ก�������ก�#��%���(��ก�#ก�����G#

�I��)�����ก�# ��G#����กก�	������#
�������������I��) �&�*+�����I��)�����+���#�������, 

2.2 �I��)���#��*+DE�!B# (Giant cell) ��E# ��	�,C	������� 

2.3 �I��),	���,�	����	��ก�E���#�����#"��� (Inclusion body) �!B#M��*#�I��)I!������
$"���"	���K

#�������,+	%��IC�$��I!�ก]��� 

2.4 �ก����ก�K
����	��ก�E� Syncytial formation �%��I��)���(����%B�
����
ก�����G#��B����#��*+DE�!B#


�
��#�������,+�����#	��ก�#���E��G#ก�'E�  

2.5 �&�*+��I��)������#
�����B��'K,�"�(�
�
	��	E�� (Cell transformation) C����ก��G#�I��)���J�ก(��

��%B�������	�,����&�*+��ก���
�	]� ��E# �&�*+���E����%��+'���I��)ก�B#	
+�E���I��)���(��ก�# 
�
��

�'K,�"�(�������#$�(�ก		�������#���%��&�*+��I��)
"E�(��ก�#���	%���F ��"J�ก�#+�����B#

ก�����G#ก��#�#%B������F ก��#�#%B���ก 

2.6 �&�*+��I��)������#	��	E����ก���� �E��F ��	��	E��ก�� ��ก#�B#�I��)�
+�'���ก��ก����ก�

���

�,%���,����� �	��ก�E� �I��)�ก��$��L�,M�$ (Cytopathogenic Effect) +	%��	��ก�E�F �E� CPE 

 

2.4.7  <
?�กก������k

#$�4��EV�W��%3 

 ��%B���	�,����,�E	E��ก�����+������ ��E# ������+#�� ���ก�	+��*� ���ก�	ก�# ���	
""�Z,,��



�
	
"",%"$�#L') �����%��"'(� �E�#���	ก C��ก�		�"��%��
�
ก�	���กJE�������
  

 C�������� +�����ก�����	�,����,�E�I��)����+��
,�
��� J%��E���ก�	(����%B���	�,�ก���!B# I!��(E���ก#�B#

����&�*+�����(E�	E��ก������#+	%�,�(�)���+���
"" �%� ก�	(����%B�
""��E����ก�	 (Asymptomatic 

infection) �ก��C	��X��"$��# (Acute clinical disease) ��ก#&�*+��ก���
�	]� (induction of cancer) +	%�
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�ก����������ก(����	
""�	
,����E���'ก���
�
�	%B�	�� (Chronic progressive neurological 

disorder)  

��(E��F ����ก����กก�	���	�"��%B���	�,#�B# ����
�!B#���Eก�"�Z����+���F ��E���	
ก�"ก�# ��E# 

�&�#�#����#'M����	�,����&�*+��ก��ก�	(����%B���� 	
��"����	'#
	�*#ก�	กE�C	������	�, +#��������	�,

*���� ���$%��������,�E�I��)�����G#��u�+��� +#���������I��) 	
�
�������*��*#ก�	�$����&�#�#��	�, ก�	
$	E

��%B�ก	
�����,�E�I��)�%�#F ก�	(�"C(����C�,() 

 ��ก�K
ก�	(����%B���	�,*#C�,()����ก���!B#���+���	��
"" �%� 

1. ก�	(����%B�
""�X��"$��# (acute infection) ��G#ก�	(����%B������	
�
jZก(��,�B# 	
�
�����&��#�#C	�


�
+����กC	���G#��C��	���	]� ��%��,�B#,'�	
�
C	�
�����%B��
�E��F +������ก	E��ก�� �����G#

ก�	(����%B��X$�
���+	%�(����%B�
""
$	Eก	
���ก]��� C	���	�,,E�#*+DE��G#ก�	(����%B�
""�X��"$��# 

��E# +�� +�����	��# ���+���*+DE 

2. ก�	(����%B�
""��E
,����ก�	 (subclinical +	%� inapparent +	%� asymptomatic infection) ก�	(��

��%B��&��#�#���+�%�#ก�"ก�	(����%B�
""�X��"$��#  ��ก�	�$����&�#�#�����	�,
�

$	E��%B���ก��ก	E�� 

ก��C�����C�,()��E
,����ก�	���C	� ����ก���!B#�#%�����ก��G#��	�,�#����E������	'#
	� +	%�	
""

M����'��ก�#���C�,()���	
,��L�M�$ +	%���	�,��E,���	J��J!������
��u�+��� ��E# ก�	(����%B���	�,�	�� 

+�����	��# (�"��ก�,"��+	%�"� C���C� 

3. ก�	(����%B�
""�%���%B� (persistent infection) ��	�,�
,���	J���E*#	E��ก�������G#����#�# ก�	(��

��%B�
""#�B
"E��E����ก��G# 4 �#�� �%� 

3.1 ก�	(����%B��	%B�	�� (chronic infection) ������(����%B���E,���	Jก&������%B���	�,*+�+������ก	E��ก��

��� M��*#	E��ก����ก�	�$����&�#�#�����	�,�ก���!B#���E(������� ���
,����ก�	+	%���Eก]��� 

�	��ก�E���G# $�+
 (carrier) 
���
��E
,����ก�	
(E,���	J
$	E��%B���� 

3.2 ก�	(����%B�
�"
k� (latent infection) ��%��,�B#,'�M��
ก�	�&��#�#C	�
��� +	%������G#ก�	(����%B�

C����E����ก�	 ��%B���	�,�
�����E+����
(E�
��
�"
k����E*#�I��)"���#��*#,M�$��� 

episome +	%�
�	ก���Eก�"C�	C�CI�����I��)C����E��ก�	�$����&�#�# M��
��E##�B�

�ก��%B���	�,

��E��� J��	E��ก���E�#
���+	%����	�",����	�� ��%B���	�,�
J�กก	
('�#*+���ก�	�$����&�#�#�!B#����ก 

3.3 M��

�	กI��#I!���ก���!B#M��+���ก�	(����%B�
""�X��"$��# (infection with complications) ��E# 

ก�	�ก��C	�,�����ก�,"�#�� Subacute sclerosing panencephalitis (SSPE) M��+�����ก���

��G#C	�+��
���#�#(�B�
(E 1-10 �o 
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3.4 ก�	(����%B������	
�
jZก(��#�#��ก (slow infection) *������+����oก�E��
�	�กH��ก�	
�
��%��

����ก�	
�����ก�	�
�E����G#�E������E�����F �#���J!�
กE����( ��E# C	����,) 

 

 (&�
+#E����ก�	(����%B� 
"E���ก��G#  

1. ก�	(����%B��X$�
��� (localized infection) ��	�,�
�$����&�#�#
�
�&�����I��)���C�,()*#"	���K

�E����������	�,����,�E	E��ก����E�#�B# ��E# ������+#�� ��%��"'������#+��*� +	%���%��"'������#��+�	 ��	�,

�

$	E��ก�I��)
	ก������I��)���������
�
�&�*+��ก��$��L�,M�$�$���"	���K����� +	%������
	
""

����� ��E# C	�+�� �'���	
	E�� 

2. ก�	(����%B�
""
$	Eก	
��� (disseminated +	%� systemic infection) ��	�,�
�$����&�#�#(	�"	���K

�����%B�����,�E	E��ก�� 
���
$	E�����(E��#B&��+�%��"	���K*ก������� (regional lymph node) I!����	�,�


�$����&�#�#��ก�	�B� 
����!�����,�E+���#B&��+�%��
�
+�����%�� ��%����%B�
$	E��J!������
(E��F ��E# (�" 

���� �&��$����&�#�#�����	�,�&�#�#��ก 
���ก��"����,�Eก	

,��%����ก�$%���
���#����������
��u�+��� 

��	�,������
$	Eก	
��������C�����
�#��	
,�� ��E# *#C	�$��,'#��"��  

 

2.4.8  ;����e��ก%� 

 ก�	(����%B�
(E�
�	�B� �
��ก�	(E�,��ก�#	
+�E��ก��ก���	
""M����'��ก�#���	E��ก��
�
����,� 

��	J�����%B�*#ก�	+��ก������ก�	�&����#�B# ก��ก���	
""M����'��ก�# 
"E���G#
""��E�&��$�
I!����G#�E�#


	ก*#ก�	�u��ก�#ก�	(����%B� 
�

""�&��$�
 ��"�"��*#ก	K����	E��ก��������	�"��%B���กE�#
��� 

1. ก��ก���	
""M����'��ก�#
""��E�&��$�
 (nonspecific immunity) �	���
	ก	E��ก���
�u��ก�#��E*+���%B�

����,�E	E��ก�� +	%��u��ก�#��E*+�����,�E�I��)��u�+��� +	%���G#ก�	ก&�����&������	�,C��(	� 

���)�	
ก�"�����"�"���+�E�#�B �%� 

1.1 ,���ก������"#$%B#���(E��F ���	E��ก�� (mechanical barriers) �	
ก�"�������+#�� 
�
��%��

��%�ก���"'	
""������#+��*� 	
""������#��+�	 
�
	
""��"JE���Z,,��
 ��G#(�# C���I��)

,���	J+�'���ก��ก�� +	%�,	�����%�ก�&�*+��
��������'���$����ก�
(��ก�"��%����%�ก��ก��กE�#���

�
����,�E	E��ก�� #�ก��ก#�B�����ก��ก�%�#F ��E# ก�	�� ���  

1.2 �I��)ก�'E�j�Cก�I() (phagocyte) ��%B�����E�#	
""�u��ก�#���$%B#��� ��ก�
J�ก�I��)ก�'E�#�B��"ก�#
���

�E��,���*+���G#��B#�E��F ก�	��"ก�#��%B�กE�*+��ก���H�ก�	���ก�	��ก�," (inflamation) *#"	���K�����

��%B����E �!���,�	#B&�
�
�I��)�%�#F ���	
""M����'��ก�#������ ��ก#&�*+��ก��ก��ก�%�#F *#ก�	�E��

�&������%B�#�B# 
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1.3 	
""���$����#() (Complement) ��G#ก�'E����C�	(�#���$"���*#��%�� ��%��J�กก	
('�#
����
�&�

*+��ก��,�	�	
ก�"����I��#���,���	J�ก�
(��"#��������%B�+	%�����I��)�����ก	
('�# �&�*+��ก��	�	���

�����������%B�+	%�����I��)#�B#
�
(����*#���,'� 

1.4 ��#�(�	)�jo�	�# (Interferon, IFN) ��G#C�	(�#���,	����!B#C���I��) 
�
J�ก��"��ก#�ก�I��) �$%����

ก	
('�#*+��I��)���������,	���C�	(�#(E��F (antiviral proteins) ���������"��B�ก�	�$����&�#�#+	%��E�

��%B���	�, 
�
���,���	J��"��B���%B���	�,*#��B#(�#����,�E�I��) 

2. ก��ก���	
""M����'��ก�#
""�&��$�
 (Specific immunity) 

2.1 	
""M����'��ก�#
"",�	#B&� (Humoral immunity) �ก���!B#C��	E��ก��,	���
�#(�"����&��$�
���

+�'#����#���E*#ก	

,��%�� +	%�����+��*#	E��ก������	��ก�E� ������C#ก��"����# 

(immunoglobulin) �$%���&����
�#(���#���
��ก����
�
�&�*+���%B�(����� 

2.2 	
""M����'��ก�#
""�I��) (Cell-mediated immunity) ��G#M����'��ก�#����� ���I��)$�ก�����Cj�I() 

(T lymphocyte) ������E*#�#%B���%��#B&��+�%�� �+�����#�E�#	
""#B&��+�%������,�E��%��
�
�#%B���%��

(E��F 
����+�����#ก��"���E�#B&��+�%����ก ��%��$"ก�"
�#(���#���
��ก���� ���Cj�I()�

"E�

�I��)��ก����$%���&������%B�#�B# 

 

 ��%B���	�,,���	J*��ก��ก+����#���$%��+��ก������ก�	J�ก�&����C��	
""M����'��ก�# ���
กE 

1. ก�	������#
���
�#(���#�����	�, (Antigenic variation) �����&�*+�	
""M����'��ก�#��E,���	Jก&����

��%B���	�,��� �$	�
	
""M����'��ก�#���	E��ก���������&��$�
*#ก�	(�",#��(E�
�#(���#(E��F 

2. ก�	�������C���ก'� MHC "#����I��)���(����%B���	�, (Down regulation of MHC expression) ��%B�

��	�,,���	J��ก#&�*+��I��)���(����%B���ก�	,	���C���ก'� MHC �&�*+����&�#�#��E��ก$�����
ก	
('�#*+�

�ก��ก�	(�",#�����M����'��ก�#  

3. ก�	�������C���ก'��%�#F "#����I��)���(����%B���	�, (Down regulation of surface antigen) ��%B���	�,

,���	J��ก#&�*+��I��),	���
�#(���#"���#�������"�"����ก�	ก	
('�#ก�	(�",#�����	
""

M����'��ก�# 

4. ก�	(����%B�
�"
k� (Latent infection) ��%B���	�,+����#��
k����EM��*#�I��)C����E��ก�	,	�����%B�(��

*+�E +	%���E,	���
�#(���#�����	�,*+��	�กH"#����I��) �&�*+�	
""M����'��ก�#��E,���	J�&�����I��)

#�B#��� 
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5. ก�	ก�	
""M����'��ก�# (Immunosuppression) +	%�ก�	(����%B�*#�I��)���	
""M����'��ก�# �&�*+���%B�

,���	J���E*#	E��ก�������G#����#�# 
�
�ก��ก�	(����%B�IB&������ก #�ก��ก#�BM��
M����'��ก�#"ก$	E��

����&�*+�(����%B��%�#����E���!B#����  

 ก�	(�",#�����M����'��ก�##�ก��ก�
���	
C��#)*#ก�	�&������%B���	�,
��� *#"���	�B�����


�&�*+��ก�����,�������E(���ก�	��� ��E# ��ก�	�&�����I��)�ก(����	E��ก�� �ก��$��L�,M�$���C	� +	%�

�������ก��ก�%�#���	
""M����'��ก�#����&������%B������ก�E���E*+��������&������%B�+	%��I��)���(����%B�  

 �#�����M����'��ก�#
"E�(����ก�K
ก�	,	�����G#,���#�� �%� 

1. M����'��ก�#,	������ (Active immunity) �%� M����'��ก�#���	E��ก��,	����!B#��%�����	�"��%B�C	� M����'��ก�#���

�ก���!B#�
���E���#�# 
"E���G# 

1.1 M����'��ก�#,	�������ก��(��L		���(� (Natural active immunity) ��%��	E��ก�����	�"��%B� �
,	���


�#(�"�����ก��(E�(��#��%B�#�B#F  

1.2 M����'��ก�#,	����������&��!B# (Artificial active immunity) �ก����กก�	#&�
�#(���#������ก	
('�#*+�

	E��ก��,	���
�#(�"��� ��E# ก�	X�����I�# I!���
(���*������*#ก�	,	���M����'��ก�# 	E��ก����E���

�u��ก�#C	����*#��#��������	�"���I�# 

2. M����'��ก�#���	�"�� (Passive immunity) �%� ก�	�&�*+�	E��ก����M����'��ก�#C	���#��C��ก�	*+�,�	�����

�'K,�"�(�*#ก�	�u��ก�#C	�������C��(	� 
(EM����'��ก�#����ก���!B#�
���E�����E#�# 
"E���G# 

2.1 M����'��ก�#	�"��(��L		���(� (Natural passive immunity) JE�����(��L		���(���ก
�E�����

��	ก C���E�#���	ก
�
#B&�#��+�%�� (colostrum) 

2.2 M����'��ก�#	�"������&��!B# (Artificial passive immunity) C��ก�	X��I�	�� (serum) ��ก,�(�)+	%��#���

��M����'��ก�#���E
��� 

 

2.4.9  �%�k��W��%3  

 ก�	*+����I�#��G#ก�	�&�*+�	E��ก�	,	���M����'��ก�#�!B#�������G# active immunization �#'M�����

��%B���	�,+	%�+#E��C�	�,	�������#'M�����#&����&���G#���I�#�
�&�+#�����ก	
('�#	
""M����'��ก�#���

	E��ก�� �&�*+�	E��ก���ก��M���(��#��#(E�ก�	(����%B���	�,(��L		���(� ���I�#��	�,�����*��*#�Z��'"�#�����E 2 

ก�'E� �%� 

1. ���I�#��%B�(�� (killed +	%� inactivated vaccine) I!��
"E��E����ก��(�����)�	
ก�"������I�# �%� 

1.1 ���I�#�(	�����ก�#'M����	�,���,�"�	K) (whole virion) ��E# ���I�#C	�$��,'#��"�� 

1.2 ���I�#�(	�����ก+#E��C�	�,	�������#'M����	�, (virus subunit) ��E# ���I�#���+���*+DE 
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1.3 ���I�#�(	�����ก��L�$�#L'�� �ก		� (recombinant vaccine) ��E# ���I�#��	�,(�"��ก�," "� 

 ���I�#ก�'E�#�B��������������������M��,�� �$	�
��E����%B����������(+���+�%����E 
(E������,�����,E�#*+DE*+�

�������ก�	X����E�#�B# 
�
��ก(���X��ก	
('�#+����	�B� M����'��ก�#����ก���!B#�
���E*#ก	

,��%����G#,E�#

*+DE ��ก��E��ก�	,	���M����'��ก�#�X$�
��� 

2. ���I�#��%B�������( (live vaccine) �	
ก�"������%B���	�,������������( ������,���	J*#ก�	(����%B� �$���

�&�#�#*#	E��ก�� ���I�##�B
"E��E����ก��G# 2 �#�� �%� 

2.1 ���I�#��%B�������(�E�#��L�� (live attenuated vaccine) ������,���	J*#ก�	กE�C	�(�&� 
(E*#

"���	�B�����&�*+��ก����ก�	���C	���E���E�#F ��� ��E# ���I�#+�� +�����	��# ������ 

2.2 ���I�#��%B�������(����L�� (live attenuated vaccine) *����%B�������������,���	J*#ก�	กE�C	��+�%�#

��%B�(��L		���(� 
(E#&���*+�*#�E�������������กL		���(��&�*+���%B���E,���	JกE�C	� 

 ���I�#��%B�������(������� �%� ,���	Jก	
('�#M����'��ก�#���*ก�������ก�"ก�	(����%B�(��L		���(� ����,�����

���I�##�B�%� ���กE�*+��ก����ก�		'#
	�+�ก*��ก�"��������	
""M����'��ก�#����ก(� 
�
��%B�*#���I�#"���#�� 

,���	J
$	E(��(E������������E*ก�����ก�"���	�"���I�# 

 

2.4.10  ก���b�
����EV�W��%3 

 ��%����	�,���EM��#�ก�I��)�
�E��F ,�D�,��,M�$ก�	(����%B� I!���
���+	%��	]��!B#ก�",M��



������ $�ก��	�,�������%��+'��
�$I�� (enveloped virus) �
,�D�,��,M�$����E��ก�E�$�ก��	�,�����E����%��

+'��
�$I�� (naked virus) ก�	�&������%B���	�,����#�����#���E*#��%�� ,�	���+���� 
�
,�����"JE��(E��F ���

����}�� (�������L�ก�	��(	`�#�$%��*+������
#E#�#
�
	���	]� ��E*+���%B�
$	Eก	
�����ก�� �Z����*#ก�	

�&������%B���	�,��+����#�� �%� 

1. �Z�������ก��M�$ ���
กE 

1.1 ����	��# ����B�����	��#
+�� ���
กE ก�	����jC��(	� *��(�����+	%��(���� 
�
����	��#�%B# 

���
กEก�	(�� ก�	#!��������#B&� (autoclave) ก�	$�,����	I) (pasteurize)  

1.2 
,����(	���C���( (UV) ��ก*���E���%B�*#��ก�  
�
�
�E�����X$�
"	���K$%B#�����E�#�B# 

2. ,�	���� C���
�������#*#��%��+'��
��I�� (envelope) +	%��&�*+�C�	(�#
�
ก	�#�������ก�����	�,

�,��,M�$�� ,�	�������#���*�� ��E# ,�	�
���CI����� ��C�����	�) +	%�#B&���ก�������� ���	�# 

��C���# j�	)��������) +	%�j�	)����# 
��ก����) ��C�	��#���	)��ก�I�) �E����"��� 
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����� 3 
ก�	
��
	������
�� 

 

 �������	
���
�ก����������������������������� ����� (Christiane Nord) +�,-�,�ก��������������

�����.����/01����2��ก��234�����0���-�ก����01�� Virolution +8��	4���8	� ����89 

 

3.1 ก�	
��
	������
��	�ก�������ก 

 

 3.1.1  ��������	 (Sender)  

�����8	������0��4:+�89�0� 2;��ก� 
���� (Frank Ryan) @A1���ก��ก���3B�2/�	��813�AกC�,�����-

��D���ก�24�� ���	���3B���ก-8����	���������E��ก�����+82����������1+,�+:F ���+��,��4�ก,�����

���	�G������������0� ก���Hก���ก24�/�E��2������ก81	�ก��
�����:�+8���+�ก81	�����ก��I���/A1�/�� ��

3��ก��ก���3B�������-�
�������	�����E��ก�� (Evolutionary virology) 24�@�+
�M�M4	8 (Symbiology) 

2;��ก�
�����3��QQ����ก��2/�	���ก+�����	�4�	�-;;R4�� ,�3S�.G. 1970 M�	
��������8	Q

�����4+�ก+�	 3S�.G. 1979 ���
�����ก��2�:���9��3B�2/�	��813�AกC��81M��/	���4YZก��������������

�������4 @A1������:�+ก���[����2/�	�+�����	�4�	�-;;R4�� M�	�3B������242��ก����������������24�

-:�	ก:���9��
���กMI-��ก���A9�+� ��ก��4�������	���3B��813�AกC����ก��2/�	��81�
���ก����H�I�/�+0��

�-;;R4���8ก���	 

2;��ก���8	������0��81�:���,��4�	�4:+ �-:� �3B����2�:��:�+��������0� The Eskimo Diet (1990) 

@A1������1+���+�
���Q���M��+ก��-3 ,��+�	�89 24�I�	�4�����
��ก4��+���8	������0�,������89�8ก��01�� The 

Brain Food Diet (2008) @A1��������+�
���Q���M��+ก��-3 [A� M��+ก��-6 �81+8�4�:�ก���
��������+�� 

�8ก�4:+�81�:���,��0������0� Tuberculosis: The Greatest Story Never Told (1992) 
�����ก��	ก	:��
+:

���	��ก��1�M4ก 24�	��
����������4�����0�2�:�3S3���I������8��ก���	���ก
�+�  ��ก��ก�89	��+8�����0�

��01�� Virus X (1996) �81�
�,������:���3481	�+H++���81+8�ก81	�ก������E��ก�����
���� �����0���01�� Darwin's 

Blind Spot (2002) �81��������+��,�,�2������-�ก�� 24��
�,�����
���������40�ก,���3B��+�-�ก���

�+��+ Linnean Society of London �����0����2;��ก�[�ก�
�+��
��3B������8��	2/�:�����	ก��

M����G��24����	H 24�
�����ก��234+�ก+�	�4�	I�C� 
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 3.1.2  �(���)����������	 (Sender*s intention) 

 �����8	�����ก������+H++��,�+:�81+8�:�����E��ก�����+�HC	� 2���
�2�����,�+:���I���/A1�/�

�81�ก81	�����ก��
���� (viral symbiosis) @A1�
�����ก��	0�	���:��3B�2���4�ก����81���/4��,�m��+-��� 24�

�m���	�:�
�����81�3B��:��3��ก�� 43% ,��8M�++�HC	�
+:
��
���:��	:���81�-01�ก�� 2�:�3B��:����A1��812������

������ 24�+8�:���:�+,�������81�
���Q,�ก������E��ก�����+�HC	���� 

 �����8	�
��GAกC���������	:��4���8	�,���01���89 24�/��:���+��[�
�
33���,-����ก��2/�	�
�� 

M�	-:�	,���ก�����+����,��81�
���Q���/��mHก��+���M���:��F 
�� �-:� M��+���p� M���ก81	�ก������

I�+��H�+ก�� M������I� ��������:�����:�����/4���/4��
3ก��ก����8	�����81+��81
3���2������89 /����+���

,�+:�81[�ก�H�3��ก�	�A9�+� 24�-:�	,������:���ก�����+����,�+�ก�A9� �+01��:�������0��4:+�89������-01��:�

����:���������01�����
3ก��/4�����	�1�,�Q:�81�����+�HC	� 24�	�����
�����	�:,����+�HC	� �D��81+�HC	�

ก
�4������E��ก���-:���8	�ก����1�+8-8����01�F 

 

 3.1.3  ���	����	 (Audience)  

 ก4H:+���������������.��� 
��2ก: ����81�	�:,�2������-�ก�� �-:� �����	� 2/�	� ��ก����	 ��กGAกC� �81

+8���+�ก81	�������0�GAกC������������E��ก�� 
���� /��mHก��+ q4q ��01����ก+8��09����81�3B�ก��/�E��

���+��� 24���+��[�
�
3GAกC��:�	��
���:�
3M�	�./��������,���01�����ก4:�� ����81�	�:,�2������-�ก��

����-8����	��01�F ��+[A������,�-8����	���1�
3กp�	�:,�ก4H:+����������-:�ก�� ��01����ก�����8	��m���	��09��� 

24�G�/���./������
��:������4���8	� ��+��[����,�
���:�	 ��+��9�+8�I�m��G�/��,��
�����	�4:+ ��+

������81��-:�	,������:���ก�����+����,�,���01���89+�ก�A9� �	:��
�กp��+���������	��������+8���+���/09�r��

����-8����	�24����	�G�������1�
3/��+��� �/������
�,������,�G�/���01�F 24��AกI�/ก�����ก��

������	�G������:��F �81�ก���A9�
���8ก�:�����������81
+:+8/09�r��+�ก:���4	 

 

 3.1.4  �3�� (Medium/channel)  

 �����0���01�� Virolution �4:+�89 ���/�+/�M�	�
���ก/�+/� HarperCollins I�	,����Q4�กCD�-01� 

Collins @A1����+�0��
���ก/�+/� William Collins, Sons ก:���9�,��ก��24��� ,����1+2�ก���/�+/��./��

�����0�3���I�G���� 24������0��/01�ก��GAกC� �:�+��A�
���	�	
3���/�+/������0�3���I��01�F �-:� 

���Dก��+ ����	�	 ��+
3[A������0��
�������pก24��	��-� ก:���81�������+ก��ก��ก���
���ก/�+/� 

Harper and Row ��ก����r��+��ก� �3B��
���ก/�+/� HarperCollins @A1�[0��3B���A1�,�����
���ก/�+/��81,�Q:

�81�H�,�����r��+��ก� 
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 3.1.5  �;����� (Place of communication)  

 �����0���01�� Virolution  
�����ก���8/�+/�24�����
���:�	,�����-��D���ก� 24�����r��+��ก� 

�	:��
�กp��+ 
��+8ก���:������0�
3�
���:�	,��4�	3����G��1�M4ก���	 ��01����ก�����0��4:+�89�3B�

�����0��-����-�ก�� �ก81	�ก��ก�����/�24������p�����������	�G����� �A�
+:+8�4���������E�m��+�81

2�ก�:��ก��,�2�:4��[���81 

 

 3.1.6  �
?� (Time of communication) 

 �����0���01�� Virolution  �8/�+/����9�2�ก,�3S �.G. 2009 [0��:��3B������0��81�	�:,�	H�3v��H��� 

I�C��81,-��3B�3v��H��� �A�
+:+83vQ���������I�C��81,-� 2�:�
�����������09��� ��01����ก+8ก��GAกC�����	

/�E�����+�������������	�G������	�:��+� 24������8	�+8ก������[A��4�������	�:��F �81�/�1����/�
+:��� 

����:���81
+:
�������+�:�����M�	�4�����
+:������01�������4:���9�
�� �
�,������GAกC������+����/�1+���+ 

 

 3.1.7  B�ก��C��DEF�ก�	�3����	 (Motive for communication) 

 �����0��4:+�89��8	��A9��/01��
��������+���,�+: �81�����8	����/���กก��GAกC�����	 �/01���	2/�:,��

�����,�����[A����+ก�������������	�G����� �81����3B�3��M	-��,������:��F �-:� ก��2/�	� 24��3B�

3��M	-��2ก:��ก����	�81GAกC�,�������-��89��0�������-��01�F �81+8���+�ก81	����� 

 

 3.1.8  �������)����
�� (Text function)  

 �H�3�������4�ก�
���Q��������0��4:+�89�0� ,�����+��������-�ก������-8����	���01���81
����+8���+

�ก81	�����ก������E��ก�������1�+8-8��� M�	���	�	4
������9����ก��GAกC��������24�����������81�����8	�
��

�
�����ก�� ��9�2�:�81+��81
3����++��r�� ก���กp������+���+�4 ก����9��
�[�+24�������
�����
�����

2�:4��
�[�+�81�ก���A9� ��
������H3���ก4:�� �����
+:
���
��������+��������-�ก��M�	��� 2�:����:����

��+0��
�����������+�����8	�
3GAกC����+����:��F ��9�2�:���1+��� 
��	����������81�����8	�
��/���H	3�AกC� 

[ก3vQ��ก���H��4�:��F 
�������+ก�����ก����������������������8	� ��[A����H����	�81ก���������

��9��H�4� ����:�����ก�����+����,��	:��[:��2��,���09����81�����8	��
����� 
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3.2 ก�	
��
	������
��	�ก�����F� 

 

 3.2.1  ��
)���	3���)����
�� (Subject matter) 

 ��������01����������0� Virolution 2�:���ก�3B����
� 24� ��09��� 15 �� ����89 

Introduction: A Wind of Change 

1: An Enigma from the World of Plagues 

2: A Crisis in Darwinism 

3: The Genetic Web of Life 

4: The AIDS Dimension 

5: The Paradox of the Human Genome 

6: How Viruses Helped Make Us Human 

7: The Implications for Medicine 

8: The Autoimmune Diseases 

9: Cancer 

10: The Wider Dimension 

11: Sex in the Evolutionary Tree 

12: Are We Polyploid? 

13: The Genie that Controls the Genes 

14: The Coming Epiphany 

15: At Journey�s End 

 -01���������01���0�3����p��4�ก�����09���,�2�:4��� ��09����81
������40�ก+�����	,�ก��234�0� ��

�81 3: The Genetic Web of Life 24����81 15:  At Journey�s End 

 

 3.2.2  ��3L��� (Content) 

 ��09������������81���
�+�����������0���09���,��:���81�40�ก+�234��:���9� @A1�3��ก�����	 ���81 

3: The Genetic Web of Life 24����81 15:  At Journey�s End 

 ���81 3 +8��09���,��:��2�กก4:��[A�ก��/�ก����������8	�ก��M�-�� �4��������ก 24��
�2���
��81

�����8	�
�������ก��� ��09���,��:���81��40����ก81	�ก��ก���
��
�2���
���9�+�,-� ก���������24����������

���
������������8	� 
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 ���81 15 �3B�����H3���ก��������������������������8	���9��+� 

 

 3.2.3  ��3L�

�N���?�O
�F�P������)��F( (Presuppositions) 

 �����0��4:+�89+8��09����4�ก�ก81	�ก����01��ก������E��ก�� �����8	�
��ก4:��[A���C�8����E��ก���4�	

��C�8 M�	�./����C�8���-�4�� ������� (Charles Darwin) ��กm��+-������	�-�����ก�C ���3���������+

�-01����+F �ก81	�ก���81+������1�+8-8��� 24�������C�8@A1��3B���9���กr�������C�8����E��ก���+�	,�+: 

24��4�กก��/09�r�����ก4
กก������40�กM�	m��+-��� (natural selection) �����0�����������-01� The 

Origin of Species M�:����
3��1�M4ก24�
�����ก��234+�ก+�	�4�	I�C� ���������������+8���+���

�ก81	�ก����C�8����E��ก���:��F ��+[A��H��4�81�3B����������C�8��9� �/01�,���ก�����+����,��:������8	�

ก
�4��ก4:��[A���
��	�: ��01����ก������9������8	�กp����[A�-01���C�8 �-:� the theory of natural selection 

������9�กp����[A�-01����������C�8 �-:� Darwin�s theory 

 

 3.2.4  B
	��	���)����
�� (Text composition) 

 ��09���,�2�:4������A9�������	������+�81	ก+���ก�����0���0��
�/����ก�H��4�:��F �:��,�Q:

��+���ก�����0���0��H��4�81�ก81	�����ก�����	�G�����M�	�./������-8����	�24�����E��ก�� M�	,-����

��8	�24�2����กC��812�ก�:����ก2����กC�����:����09��� ������+���ก4:�����ก81	�����ก����09���,�2�:

4��� �3B�ก���ก��1��
�,�����������
�����[A����+�3B�������+������+�81�����8	�	ก+�24��ก�����+��,�,�

��09����81�����8	����
�����,�����9�F 

            ,�2�:4��� �����8	���2�:���09�����ก�3B��:��F M�	,-���Q4�กCD� * ��1� M�	2�:4��:����+8��09���

�-01�+M	�ก���:��ก:������ 2�:������	�:�:���[��ก��D� �:��-:����4� ��0��3B����Hก��D���0�����	:���01��81

�����8	���p��:��
���Q 2�:	�����	�:I�	,����������01����8	�ก�� ��+��9��3B�ก����1��/01�2����:��3B��:����H3��0�

2������+�����p���������8	� 

 

 3.2.5  �
�(���E�F���
�� (Non-verbal elements) 

 �����0��4:+�89+8ก��,-�I�/��0������3��ก�����	+�ก +8�/8	� 3 ����:���9��81�����8	�,-�I�/��0�

�����3��ก�� M�	+8�/8	� 1 [A� 3 I�/��0������,�2�:4�����:���9� �:��,�Q:�����8	����m���	��09���

	���:���01��
3������ +8ก��,-������8	�24�,�:���01���+�	��Q3��ก�G�/01������
� ,-������8	��/01�����

������+ 24�,-���Q4�กCD� * ��1� �/01�2�:���09����3B��:��F 
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 3.2.6  D�C�� (Lexis) 

 ��01����ก�����0��4:+�89�3B������0��-����-�ก�� �A�+8G�/���./���:������+�ก M�	�3B�G�/�������-� 

ก������-8����	� +8��9��81�3B��
�M�� �
�3���+ ก4H:+�
� ���	:� -01��./�� @A1�����
�+8,-���9��
�2342�����

G�/��24��
�234I�C�
�	 ��0�����
��81	��
+:+8�
���8	ก�./��2�:��,-��3B��
�234�-���m���	 24�����
��81

	��
+:+8,-�,�I�C�
�	@A1�,������0���-�ก��I�C�
�	����4:+กp��8	�M�	,-��
�I�C����ก�CM�	��� 

 

 3.2.7  B
	��	����	�B�
 (Sentence structure) 

�����0��4:+�893��ก�����	�:���81�3B������������:�������8	�ก���H��4�:���01�F 24��:���81�3B�

�����	�	�m���	��09��� �4:����Hก��D��:��F ��0�2���ก����������������������8	� ,��:���81�3B���

�������,-�3��M	��81
+:@��@��� +8ก��,-���33��M	��
�[�+�:������+�ก ��01����ก�3B�ก��[ก3vQ�� [�+

���+�����p�ก������:����ก��-�ก�� �:���81�3B������	�	 ��,-�3��M	��81�:������@��@��� �3B�3��M	�

���+��+ ��0�3��M	����+@��� ,-����01���+�	 , 24����01���+�	 � �	�	���+�:������+�ก 3��M	�

��A1�+8���+	���4�	������ 

 

 3.2.8  ?�กEU����3����
������ (Suprasegmental features) 

 ,������0��4:+�89+8ก��,-������8	� ,-����01���+�	��Q3��ก�G�/01������
�24�������+ 24�,-�2��

��กC��81�:��ก���/01�2����:���ก��1��
�,�2�:4��� 

 

3.3 ก�	
��
	����ก�	W�?W?�ก�	Wก�O)�XY��ก�	W�? 

 ��กก���������������3��ก��I�	��ก24�����3��ก��I�	,��������� 3vQ���4�ก�81�������	

����:���/�,�ก��234 �0� ก��234�
�G�/���./�� 24�ก��,-�M��������3��M	��81@��@����������� 

 

 3.3.1  ก�	W�?
Z�D�C���[C�� 

 �
�G�/���./���81/�,��������+��[2�:�3���I�
������89 

- �3B��
�M����0��
�3���+�
���8	� �-:� virus, microbe, antibiotic, species, microbiology, 

interdependence, symbiologist 

- �3B�ก4H:+�
� �-:� genetic machinery, bacterial symbioses 

- �3B����	:� �-:� DNA, RNA, AIDS 

- �3B�-01��./�� �-:� -01�	� neomycin -01�M�� tuberculosis -01�����0�-01��[���81 
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 ก��234�
�G�/���./���:��F ��ก+8�
�234�81��-��D���	�[��
����QQ���
��24�� �������	��234

M�	,-�G�/����QQ�����9� M�	�������	���������ก/����Hก�+G�/�����	�G����� G�/��/�กCG����� G�/��2/�	�

G����� �����-��D���	�[��  

����	:�� 
�
�G�/�� �
�234 �81+� 
Virus 
���� G�/����QQ��� (2/�	G�����) 

Microbe �H4-8/, �H4����8	� 
G�/����QQ��� (/�กCG�����) 
G�/����QQ��� (2/�	G�����) 

Antibiotic 	�3��-8���, -3��-8��� G�/����QQ��� (2/�	G�����) 
Microbiology �H4-8����	� G�/����QQ��� (2/�	G�����) 

DNA �8��p��� G�/����QQ��� (/�กCG�����) 
Tuberculosis ��DM�� G�/����QQ��� (2/�	G�����) 

 

 �	:��
�กp��+��01����ก
+:,-:/����Hก�+G�/��-8����	�M�	�./�� �
�234��ก/����Hก�+G�/��

���ก4:�����
+:[�ก������+��������.��� ��0�
+:��+���+ก���������0��[��ก��D� �/����
�G�/���
�

��8	�ก������01����+�+�	2�ก�:��ก��,�2�:4�������-� ��0�������9��
�234�01����+�+�	�./�����

�ก��
3	�ก�:�ก���
����+����,� �������	���40�ก,-��
�234�01�2�� 

����	:�� 
�
�G�/�� �
�234 �81+� 

AIDS 

ก4H:+��ก��I�+��H�+ก����01�+ G�/����QQ��� (2/�	G�����) 
M������� �4��G�/��
�	 M�	 ���-. 

M�������, M��I�+��H�+ก���ก/�:��,  
M��I�+��H�+ก����01�+ 

/����Hก�+���ก�C - 
�	 

 

- what we were observing in pandemic plagues, including AIDS, might best be interpreted as 

evolutionary phenomena. 

- ��1��81����Y������ก�,�M��������H�2���812/�:ก����	
3��1� ��+[A�M������� ������8���+
���8�81�H��:�

�3B�3��ก�ก��D�����E��ก�� 

�������	�40�ก,-��
��:� M������� ��01����ก�3B��
��81,-�2/�:�4�	�	�:24��24�����,�
���:�	ก�:�  
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��ก
+:/��
�234��+G�/����QQ��� �������	��,-��
�234�81+8,-��	�:24����0��3B��81��	+,-�,�3v��H��� 

����	:�� 
�
�G�/�� �
�234 �81+� 

interdependence ก��/A1�/���G�	ก�� LEXiTRON 
RNA ������p��� �4��G�/��
�	 M�	 ���-. 

neomycin �8M�+�	@�� �4��G�/��
�	 M�	 ���-. 

 

 �
������
��81	��
+:+8�
�234,�I�C�
�	 ��0�+8�
�2342�:
+:��+���+ก���������0��[��ก��D� 

�������	��234M�	,-�ก���m���	 ��0�,-�ก�����G�/�� ��0����������ก�
���0�ก4H:+�
��81�4��	ก�� 

����	:�� 

234M�	,-�ก���m���	 
�
�G�/�� �
�234 �81+� 

conjugation 

ก�������: G�/��2/�	G����� 
ก�������:[:�		8�, ก����+���,  

������ก-�1�, ก�����ก��������ก-�1�, 
ก��/�ก�� /ก�������: 

�4��G�/��
�	 M�	 ���-. 

 

- a process we now call "bacterial conjugation" 

- ก�����ก���81�����8	ก,�3v��H����:� "ก�������:ก���/01�24ก�3481	����/��mHก��+���2���8��8	 " 

�������	�40�ก,-��
�2342���m���	�/01�,������:������,�
���:�	 M�	���������ก���+�+�	I�C����ก�C 

conjugation = (biology) a temporary union of two bacteria in which genetic material is 

transferred by migration of a plasmid, either solitary or as part of a chromosome, from one 

bacterium, the donor, to the other, the recipient; sometimes also including the transfer of 

resistance to antibiotics. 

 

234M�	,-�ก�����G�/�� 

�
�G�/�� �
�234 �81+� 
retrovirus - - 

 

- an unknown, virus, putatively a retrovirus,  

- 
����-�����A1� �����Cr���:��3B��8M��
���� 
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�������	�40�ก,-��
�2342�����G�/�� ��01����ก�3B�-01�3���I���A1����
���� 

Retrovirus = any of a family of single-stranded RNA viruses having a helical envelope and 

containing an enzyme that allows for a reversal of genetic transcription, from RNA to DNA rather 

than the usual DNA to RNA, the newly transcribed viral DNA being incorporated into the host 

cell's DNA strand for the production of new RNA retroviruses. 

 

234M�	���������ก�
���0�ก4H:+�
��81�4��	ก�� 

�
��:� genetic machinery = ก4
ก���/��mHก��+ 
�
�G�/�� �
�234 �81+� 

genetic 
ก���0�/��mH�, /��mHก��+ G�/����QQ��� (2/�	G�����) 

�ก81	�ก��ก������M�, �ก81	�ก��ก���ก��, 
�ก81	�ก��/��mHG����� 

/����Hก�+���ก�C � 
�	 

machinery 
���01����ก�, �������01����ก� G�/����QQ��� (/4�����) 

���01����ก�ก4, ���01��	���ก4
ก, 
���01��+0�, �H3ก�D� 

/����Hก�+���ก�C - 
�	 

political machinery ก4
ก���ก���+0�� G�/����QQ��� (��rG�����) 
 

�������	��������
�234����
��:� machinery ��กG�/����QQ��������rG����� @A1�,-��
��:�ก4
ก ��01����ก��p�

�:��
��:� machinery @A1�+8���+�+�	������234�:����01����ก� 
+:
���ก81	�����M�	���,������rG����� 2�:

�
�+�,-��/01�2���[A�ก�������401���81�3B�������+0�����01����ก���0����01��	���ก4
ก �����9��A��
��
�234

+�3���,-�,�������	�G�����@A1�
+:
���ก81	�����M�	��� 2�:�01����+�+�	�4��	ก��
���-:�ก�� 

 

�
��:� symbiologist = ��ก-8����	�����I���/A1�/�� 
�
�G�/�� �
�234 �81+� 

symbiosis 

ก����09�3��M	-��@A1�ก�������1�+8-8���
���-��� 

LEXiTRON 

I���/A1�/�� G�/����QQ��� (���	�G�����) 
I���/A1�/��@A1�ก��24�ก�� G�/����QQ��� (2/�	G�����) 

�+-8/ G�/����QQ��� (/�กCG�����) 
biologist ��ก-8����	� G�/����QQ��� (2/�	G�����) 

microbiologist ��ก�H4-8����	� G�/����QQ��� (2/�	G�����) 
cell biologists ��ก-8����	������@44� �4��G�/��
�	 M�	 ���-. 
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,���������2�:�
���m���	���+�+�	����
��:� Symbiologists �0� the people who study symbiosis 

�������	����������:�+���กก��3���+�
�����:���
��:� Symbiosis 24� Biologist �A�������������+�+�	

����
���9����24��
�3���+�81+8��32���81�4��	��8	�ก�� /��
��:� Microbiologist 24� Cell biologists 

��01����ก�
��:� Symbiosis 
+:+8�
�234�./�� ��+0���
��:� Micro (�H4) �������	�A�234���+�+�	M�	

���������ก�
�234����
��:� Cell biologists  

 

 ��ก��ก�89 �
�G�/���./��24��
��81�ก81	���������
�G�/���./���
���9� �-:� �3B���3��ก/��� /��/��� 

�
���+�
��HDG�/�� �������	�������+24�234,���3B�
3,�2�������8	�ก�� ����	:���
�G�/���./��24��
�

�81�ก81	������81�������	/�,������ 
��2ก: 

gene 
�
�G�/�� �
�234 

gene (noun) 	8�, 4�กCD��81[:�	������/��mHก��+ 
genome (noun) 	8M�+, ก4H:+	8�,��@44������1�+8-8��� 

genetic (adjective) -ก���0�/��mH�, -/��mHก��+ 
genetics (noun) /��mHG����� 
geneticist (noun) ��ก/��mHG�����, ����-81	�-�Q,���01��/��mHG����� 

 

bacteria 
�
�G�/�� �
�234 

bacteria (plural noun) 2���8��8	 
bacterium (singular noun) 2���8��8	 

bacterial (adjective) -2���8��8	 

 

symbiosis 
�
�G�/�� �
�234 

symbiosis (singular noun) I���/A1�/�� 
symbioses (plural noun) I���/A1�/�� 

symbiotic (adjective) -I���/A1�/�� 
symbiont (noun) ��:/A1�/�� 

symbiologist (noun) ��ก-8����	�����I���/A1�/�� 
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 3.3.2  ก�	F\�B
	��	����	�B�
���]��]���)����
�� 

 3��M	��81,-�,������+�89�:��,�Q:�3B�3��M	����+��+ (Compound sentence) 24�3��M	�

���+@��� (Complex sentence) +8��33��M	��:������	��24�+8�:���	�	�
����+�ก 3��M	�+8���+

@��@��� ก��234��+M��������I�C����ก�C,����ก�D8������
�,����234
+:�3B�m��+-��� �������	���
�

���+����,�24�234��ก+�M�	
+:	A����ก��M��������I�C����ก�C M�	/	�	�+��กC���09����+,��
�� 

+�ก�81�H� ��+2�����ก��2342���8���+24�	A����+�+�	 �������	���,-���m8�4���
�2��:�,�3��M	� 

��0�2�:���234��ก�3B����3��M	� ��0��/�1+�
��-01�+��+���+��+���+ 

����	:�� 

- These questions troubled me as I stood in Founders' Hall, pausing in the reception area 

before a painting of its first medical director, Simon Flexner, who had earned a distinction 

that perhaps only a doctor would appreciate � of having the dysentery bacterium, Shigella 

flexneri, named after him. 

- �
�[�+��4:��89��ก��,��+ �D��81�+	0��	�:,�;���������44�  �	H�/�ก�	�:,�/09��81���������������

I�/����������
���	ก��2/�	���2�ก 
@+�� �;4ก@������ ����81
������ก8	����81�����+8�./��2/�	�

��:���9��81@��@A9� �0�ก����9�-01�2���8��8	�81ก:�,���ก��M�����-�����A1���+-01�����:� -��ก44� �;4ก@����81 

�������	,-���m8�/�1+�
��-01�+24���8	���8	�3��M	�,�+:�/01�,��;v���401�
�4+�ก�A9� 

 

- My first experience in that area was with your namesake, Francis Ryan, who was my mentor 

at Columbia University. 

- 3����ก��D�2�ก����+,�������-���9� �+�
�����:�+ก������81+8-01���+0���HD ;���@�� 
���� ����3B�

�813�AกC�����+�81+�����	�4�	M�4�+��8	 

�������	��8	���8	�M�	,-���m82�:�3��M	�,���������.�����ก�3B����3��M	�,���234 

 

- Sex is a perfectly normal, evolved, behaviour, which is found, sometimes accompanied by 

beguiling mating rituals, in virtually all animals as well as plants and simpler life forms. 

- �/G��+/��m��3B�/���ก��+�81�:�	F /�E��24�3ก���	:���81�H� @A1�/�,�������ก0����9��+���+��9�/0-

24���32��-8�����1�
3 M�	������9�+�/���+ก����m8ก�������:M�	ก��4:�4�� 

�������	,-���m8�4���
�2��:�,�3��M	�M�		ก����:���	�	
3
�����	3��M	��/01�,��;v���401�
�4+�ก�A9� 
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3.4 ก�	
��W��ก�	W�? 

 

3.4.1 (^_N^���N��)�����W�? 

 ��กก���������������3��ก��I�	��ก24�����3��ก��I�	,��������� ��+2�����ก��

���������������������� ����� ��������.����81�
�+�234+8�H�+H:��+�	�0�,�����+�424������p������:��F �81

���2�:�
�����/��ก81	�ก����01������E��ก��24����+�ก81	�����ก��
���� 4�กCD�I�C��3B�I�C�+���r���81

,-�,�3v��H��� +8G�/���./�������-�ก���:������+�ก ����������������2�:�
+:
������������������/8	�2�:ก4H:+

��ก��-�ก���/8	�ก4H:+��8	� 2�:��+[A������,���1�
3���	 ���2�:��A�+8ก���m���	��09��� 24�G�/���./������
�

�:������4���8	� ��+��[����,�
���:�	 ��+��9�+8�I�m��G�/��,��
�����	�4:+  

�������	�����H�+H:��+�	���+
�� �0��
��������+�4��ก���.���,������������	:��-����� [�ก���� 24�

����,��:�	 234M�	,-������I�C�กA1����ก�� ,-��
�234�81
+:�3B�G�/���./�����+�ก�ก��
3 24�����	�	

���+�/01�,������,��:�	�A9� ��9�,��:���81�3B��
�G�/���./��24��:�������09����+�81���2�:�4�
��,�r���81����,� 

�:���81�3B����������,-�I�C�/��2���HI�/ ��01����ก�3B�ก�����������:����ก��-�ก���81
+:
��+8���+

������+ก��  

 

3.4.2  ก	��
�ก�	W�? 

�������	��,-�ก�����ก��234��+2��������ก��2342���8���+24�	A����+�+�	������ 

���4�4 -A1�+8��9�����0� ก���
����+����,����+�+�	 ก��[:�	������+�+�	 24�ก���������

���+�+�	 ��9�,�ก��234�����3��M	�24�������
� /	�	�+,��2�:,��:���234��9��01����+�+�	
��

[�ก�����+���D���+��������.��� 

�������	���:��24��
����+����,����+�+�	�����������.����	:��4���8	� M�	�./��G�/��

�./��,�������81	��
+:+8�
�234��8	���8	�,�I�C�
�	 24���33��M	��81@��@���+8�:���	�	�
����+�ก

,������ �������	����G�	����� 24����+����:��F �81+8�	�:24��81
��GAกC��/�1+���+ ,�ก���8���+,���ก�����+

����,����+�+�	 ��ก��9���[:�	������+�+�	M�	�����ก4H:+�
�G�/���81+8���+�3B�
3
��M�	,-����H

�4�3�8	���8	� 24���40�ก,-��
��81+8���+�+�	��8	���8	�
���824���+���+�81�H�ก���������9�M�	��G�	

���+���������24����+����������I�C� �H����	�������	����������
�234�81�40�ก�8ก���9��:��01����+�+�	


�����[����+���D���0�
+: 
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����� 4 

��	���
����� ��
�� 
�����������ก��
�� 
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Virolution  


��
��� ����� ��������� 

three 

The Genetic Web of Life 

���$%&�' 

&��(�)���*ก,,'-�.&�%.'$/$0�
 

 

Sit down before fact as a little child, be prepared to 
give up every preconceived notion, follow humbly 
wherever and to whatever abysses nature leads, or 
you shall learn nothing. 

THOMAS HENRY HUXLEY 

G.H�I�HJ'K��HLMก������%.�.
,.J���-��H�MGG,�. H
,$�'),��'
�$%GN�N��O.�*ก&�%.�$%H��H-��(G �P��Q ���J�R�
�'J�0.�Sก-�.
�,,'/�
� R'P0P�GN���R�&TP&U���$%(L J,K�)�HG�ก��&�%.(L 
���0�*VGNRL�H,$��,T� 

W�'�& HX�,$% X�กYZ�$%�Z 

- or you shall learn nothing 
 ���0P� \���0�*VGNRL�H,$��,T�] H�K%�.G�กก,N/��RL�(G�0�'HJ'�N

&��J,�����W�,�
��H,K%�.'�กก0P�ก�,���
�',T��,NW��
^�_���.ก`_0P� \R'PH/P���O� �*VGNR'PRL�H,$��,T�&�%.(LH��]  

When, on a hot afternoon in September 1994, I arrived 
at the Rockefeller University, New York, with an 
appointment to interview its distinguished president, 
and Nobel Laureate, Joshua Lederberg, I considered 
myself fortunate that he had agreed to see me, since 
he was one of the busiest men I was ever likely to 
meet. 

H0���P���$%��ก�g,���(�HLK��ก�������h �.g. 1994 H'K%�i'
'�US.�$%'J�0�������,��Hj�H��,Z H'K�.��0��,Zก &��J,��ก�,
��L&�'^�_VZ���ก�,�L$WG/�0 H�HL�H��,Zก iT�'$/K%�H&$�. ��N
H�I�HG��-�.,�.0��W�H�� i'��L0P�
�0H�.W/�L$�$%H-�
ก�.GN
)�i' H),�NH-�H�I��$ก��J�S%.(��,,L����$%.���*P.'�ก�$%
i'���กGN)� 

 

The meeting with Terry Yates, two months earlier, had 
radically altered my perspective on viruses, and, on 
my return to England, I had consumed what literature I 
could lay my hands on concerning what for me was a 

ก�,�,N/*'ก��H��,Z,$% H�
&Z H'K%�&�.HLK��กP��J����$O RL�
H��$%�����.'*''�.-�.i'
P�R0,�&��P�.'�ก ��NH'K%�i'
ก���R��,NH�g��.ก`_ i'RL��P��.��H-$��YS%.���(J�i'
���)�Hก$%�0ก���,.���L��(GJ�0-��(J'P �K�'$�0�'H�I�R�RL�

- virus = R0,�& (g�)�Z��mm�
�) 
 virus (singular) / viruses (plural)  
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��
��� ����� ��������� 
new topic of inspiration p the possibility that what we 
were observing in pandemic plagues, including AIDS, 
might best be interpreted as evolutionary phenomena.  

0P�&�%.�$%H,�Hrs�&�.Hก
(�W,�,N��L,*��,.�$%�),Pก,NG��R���%0 
,0'US.W,�H�L&Z ��GGN
$�0�'RL�L$�$%&*L0P�H�I��,�กtก�,VZ
0�0�u��ก�,  

- AIDS = W,�H�L&Z / ก�*P'��ก�, T̂'��*�'ก��H&K%�' 
 H�K�ก(/����0P� W,�H�L&Z YS%.H�I�����$%(/��),PJ�����TP���0��NH-��(G

RL�.P��ก0P� 

I had arrived early so I took a walk down York Avenue 
to 68th Street, turning towards the river by the twin-
fronted colossus of the New York Hospital, until I 
reached a low concrete parapet on which I could lean 
and gaze out over the wide East River, with its turbid, 
black-green water. 

i''�US.H,M0ก0P�H0����L L�.��O�i'GS.HL��H�P�R�
�'U��
��,ZกUS.U��&���$% 68 ���0H�$O�0R���.�'P�O��iP������,�TP
(JmPL���J���-�.W,.)�������0��,Zก G�i'R�US.ก���).
���ก,$
H
$O�Q �$%i'&�'�,UH��ก����NG��.'�.��กR���.
�'P�O���$&
Z,�H0�,Z&��ก0��.�$%'$�O��-*P�&$L��H-$�0 

 

I had been here once before, while working on my 
book on tuberculosis, and the sight of the hospital 
brought back poignant memories. Rene Dubos, a 
scientist I greatly admired, had worked at the 
Rockefeller University for most of his life. A scientist-
philosopher, and twice a Pulitzer Prize winner for his 
writing, Dubos was one of the most original thinkers 
among the scientists involved in the antibiotic story. 
He had pioneered the discovery of the soil-derived 
antibiotics, such as streptomycin and neomycin, and 
had played an important part in the discovery of the 
cure for tuberculosis. 

i'H��'��$%���0�,�O.J�S%. H'K%�
���$%i'ก����.H-$��J��.&K�
Hก$%�0ก��0�VW,� ��0��g�Z-�.W,.)��������(J�i'J0��SกUS.
�0�'�,.G���$%HGM��0L H,H�P LT��& H�I���ก0����g�&
,Z�$%i'
���UK���P�.'�ก H-�(/�/$0�
&P0�(JmP���.����TP�$%
'J�0�������,��Hj�H��,Z H/�H�I��,�/mZ��.0����g�&
,Z 
iT�'$.��H-$��/�N,�.0��)T��
HY�,ZUS.&�.�,�O. LT��&H�I�J�S%.
(���ก��L,*P��,กQ (�J'TP��ก0����g�&
,Z�$%Hก$%�0-��.ก��
H,K%�.,�0-�.���t�/$0�N H-�H�I�iT��*กH��กก�,���)���
�t�/$0�N�$%RL�'�G�ก����$H,$�(�L�� H/P� ��&H
,M�W
'��Y�� 
��N���$W�'��Y�� ��NH�I�&P0�&����m(�ก�,���)�0��$,�ก_�
0�VW,� 

- streptomycin = &H
,M�W
'��Y�� 
 neomycin = �$W�'��Y�� 
 (�$%'�: ���.g�)�ZR�� WL� &0�/.) 
 H�K%�.G�กH�I�/K%��� GS.H)�%'���0P� \��] ���J���H)K%�(J�Hก�L�0�'

/�LHG�'�ก-SO� 
- soil-derived antibiotics ���
,.
�0RL�0P� \���t�/$0�N�$%RL�'�G�ก

L��] H'K%����J�������-�.
�0��P�.��(����0�')�0P���O.&�.���'$
&P0�-�.�0�'J'���$%HJ'K��ก���K� an antibiotic produced by 
an actinomycete ��N)�0P� actinomycete �K�����$H,$�,T��P��
ก�'J,K�H�I�H&��Q /��LJ�S%. L�.��O�GS.���0P� \���t�/$0�N�$%RL�'�
G�ก����$H,$�(�L��] H)K%�(J�UTก
��./�LHG���%.-SO� 
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I knew that it was my writing about Dubos in my book 
on tuberculosis that had opened Lederberg's door to 
my inter-viewing him. But Dubos's contribution to the 
discovery of antibiotics, and the cure for tuberculosis, 
had ended abruptly, and tragically, right here, in the 
New York Hospital, where his first wife, Marie Louise, 
had died from the disease. I couldn't help reflecting 
now on Dubos, and his highly original way of thinking 
about microbes, including viruses, as I gazed upriver 
towards the looming ironwork of the Queensboro 
Bridge. 

i',T�0P�H�I�H),�N.��H-$��Hก$%�0ก��LT��&�$%i'H-$��(�
J��.&K�Hก$%�0ก��0�VW,� �$%���(J�H�HL�H��,Zก��'(J�i')TL�*�
&�'^�_VZ �
Pก�,'$&P0�,P0'(�ก�,���)����t�/$0�N��N��
,�ก_�0�VW,�-�.LT��&RL�&�O�&*L�.��P�.กN���J����N�P�
&�L(G�$%W,.)�������0��,Zก�JP.�$O '�,$ J�*�&Z ^,,����
�,ก-�.H-�H&$�/$0�
�.H),�NW,�L�.ก�P�0 /P0�R'PRL��$%i'GN
��LUS.H,K%�.-�.LT��& ��N�0�'��L
�����-�.H-�Hก$%�0ก��
G*����,$�Z YS%.,0'US.R0,�& -VN�$%i'G��.'�.
�'�'P�O��R���.
W�,.HJ�Mก�$%U�ก��ก��-�.&N)���0$�&ZW�W, 

- microbe = G*�/$), G*����,$�Z (g�)�Z��mm�
�) 
H�K�ก(/����0P� \G*����,$�Z] H�K%�.G�กH�I��$%H-��(G��%0R���N���'(/�(�
�~GG*���  

 

Viruses appeared to be omnipresent. In fact, 
whenever we bothered to probe any life form on Earth 
for the presence of viruses, we seemed to find them. It 
made little sense that at this time only some 5,000 
strains, or species equivalents, of viruses were known. 
Only recently had we discovered that viruses teemed 
in the oceans, where we had little or no knowledge of 
what they were doing p yet the vast numbers alone 
suggested that their presence was significant. 

R0,�&LTHJ'K��GN��TP��%0R��*กJ��JP. �$%G,�.���0 H'K%�R,กM
�'�$%
H,�-��.(G���ก
,0G&��ก�,'$��TP-�.R0,�&(�,T����/$0�

(LQ กM
�'��W�ก  H,�LTHJ'K��0P�GN)�'�� LTR'P
&'HJ
*&'i��$%�~GG*���H,�,T�G�กR0,�&H)$�. 5,000 &��)���*Z 
J,K�&�h/$&ZH�P���O� H'K%�H,M0Q �$O H,�H)�%.���)�0P�'$R0,�&��TPH
M'
'J�&'*�, H,�'$�0�',T�����'�กJ,K�R'P,T�H��0P�)0ก'�����
�NR,��TP �
P��PG���0����'�ก'��H)$�.��P�.HL$�0 กM��กH�I�
���RL�0P�ก�,'$��TP-�.)0ก'��'$���&����m 

- life form = ,T����/$0�
 (�$%'�: J��.&K�/$00����) 
- species = /��L / &�h/$&Z 

H�K�ก(/����0P� \&�h/$&Z] H�K%�.G�กH�I��$%H-��(G��%0R���N���'(/�(�
�~GG*���  
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We knew, by now, that most, if not all, life forms had 
viruses that invaded them, and, given that there were 
millions of different species inhabiting the Earth, it was 
clear that our knowledge of viruses, even at this very 
basic level, was inadequate. 


���$OH,�,T����00P� ,T����/$0�
&P0�(JmP U��R'P��O.J'L '$R0,�&
,*ก,����TP ���(J�'$&�h/$&Z�$%�
ก
P�.ก�����������g����TP��
W�ก H�I��$%/�LHG�0P��0�',T�H,K%�.R0,�&-�.H,��'�(�
,NL��)KO����กM��.R'PH)$�.)� 

 

Those two months of intense background reading and 
research had convinced me of this. It had also 
convinced me that, in our blinkered vision of viruses, 
we were missing something very important. These 
questions troubled me as I stood in Founders' Hall, 
pausing in the reception area before a painting of its 
first medical director, Simon Flexner, who had earned 
a distinction that perhaps only a doctor would 
appreciate p of having the dysentery bacterium, 
Shigella flexneri, named after him. I climbed into a 
battered green-and-black elevator old enough to have 
been, familiar to Flexner, and I widened my stance, a 
trifle warily, as it rattled and groaned on its way to the 
fourth floor. 

ก�,�P����NgSก_�����0���0�',T�)KO������P�.H��G,�.H��G�.

��L&�.HLK�����(J�i'H/K%�H/P��$O ��N��.���(J�i'H/K%��$ก0P� 
�0�',T��$%R'P/�LHG�Hก$%�0ก��R0,�&-�.H,� '$��.&�%.��.��P�.�$%
&����m'�ก-�LJ��R� ���U�'HJ�P��$O,�ก0�(Gi' -VN�$%
i'�K���TP(�j�0HL�,ZX���Z  J�*L)�ก��TP(�)KO��$%
���,��
L���J���^�)0�L-�.iT�����0�ก�,�)��Z���,ก RY'�� Hj
�กYZH��,Z iT��$%RL�,��Hก$�,
��$%��GGN'$H
)�N�)��ZH�P���O��$%
Y��YSO. �K�ก�,
�O./K%�����$H,$��$%กP�(J�Hก�LW,���L/��LJ�S%.

�'/K%�H-�0P� /�Hก��� Hj�กYZH�,$% i'H-��R�(���j
Z&$H-$�0L��
'$,���*� HกP�'�ก)��$%GN�*��H��ก��Hj�กYZH��,Z i'-����K�
(J�'�%��. H�I�ก�,,N'�L,N0�.H�MกQ ����Q -VN�$%��j
ZH-�P�
��N&P.H&$�.�,�.
�'��.-SO�R��$%/�O�&$% 

- dysentery bacterium = ����$H,$�W,���L 
 H)K%'���-���H�I� \����$H,$��$%กP�(J�Hก�LW,���L] H)K%�(J�/�LHG���N

H-��(G.P��-SO� 
 

I shook hands with Lederberg in a room cluttered with i'G��'K�ก��H�HL�H��,Zก(�J��.�$%,NHกN,NกNR�L�0�ก�P�. -  lantern slide �K�ก�,0�L^�)�.��j��Z'J,K�ก,NGก(&��N���R�
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boxes of scientific papers and lantern slides, its walls 
bedecked with a proliferation of certificates and 
diplomas. He sat down opposite me, bald-headed and 
stolid as a Buddha. 'Well,' he remarked, his eyes 
following my gaze with a slight twinkle, 'they are rather 
an idiosyncratic collection ... I got to microbiology 
through genetics p through biochemical genetics in 
particular. My first experience in that area was with 
your namesake, Francis Ryan, who was my mentor at 
Columbia University. You don't have Joseph after your 
first name?' 

H�ก&�,��.0����g�&
,Z��N^�)&R�LZ i��.J��.H
M'R�L�0�
(�,��,�.��N�,Nก�g�$���
,G���0�'�ก H-���%.�.
,.-��'
i' g,$_N������N&.�H�K�กH�M�HJ'K��),N)*��,T� \H���PN] 
H-�(J��0�'HJM� H-�'�.
�'&��
�-�.i'��P�.'$�,Nก��
H�Mก���� \)0ก'���P��-��.H�I�ก�*P'�$%'$��ก_VNH
)�N ...i'
gSก_�R�US.G*�/$00����L�0�0��$��.)���*g�&
,Z J,K�L�0�0��$
��.)���*g�&
,Z/$0H�'$U��(J�HG�NG. �,N&�ก�,VZ�,ก-�.
i'(�&�-�0�/���O� i'���.��,P0'ก��iT��$%'$/K%�HJ'K���*V 
j,��Y�& R,��� H-�H�I��$%�,Sก_�-�.i'�$%'J�0�������
W���'H�$� �*VR'PRL�'$/K%�WGHYj 
P�����/K%��,ก(/PRJ'?] 


��iP����.H�,K%�.
��(J�^�)�,�กt��G� (�
�0��J'��US.
^�)&R�LZ�$%���R�
�� 

-  idiosyncrasy = ��ก_VNH
)�N
�0 (g�)�Z��mm�
�)   
 idiosyncratic (adj.) = pertaining to the nature of idiosyncrasy, 

or something peculiar to an individual   
 ���0P� '$��ก_VNH
)�N   
-  My first experience in that area was with your namesake   

H)�%'���-����0�'0P� \i'���.��,P0'ก��] H)K%�(J�H-��(G/�LHG�-SO�
��N&�N&�0�ก0P����
,.
�00P� \�,N&�ก�,VZ�,ก-�.i'(�
&�-�0�/���O� '$ก��iT��$%'$/K%�HJ'K���*V] 

I shook my head. i'&P��g$,_N  

'A wonderful man. He was the first post-doc to join 
Beadle and Tatum in their laboratory at Stanford at the 
very beginnings of biochemical genetics. He was 
working on mutations leading to nutritional deficiency 
in Neurospora. I entered Columbia College in 1941. 
Francis was away that year, but Beadle and Tatum's 
paper had just been published and I knew he was 
there. I just waited for him to come back and pounced 
on him in his laboratory.' 

\�*����$%��LH�$%�' H-�H�I���ก0�G��J��.G��,�mm�H�ก��
�,ก�$%H-��,P0'ก���$LHL����N����%'���.��(�J��.�t���
�ก�,
-�.)0กH-��$%&�
�j�,ZL (�/P0.�,กQ -�.ก�,gSก_�)���*
g�&
,Z/$0H�'$ H-�ก����.���.��Hก$%�0ก��ก�,ก���)���*Z�$%
���R�&TPก�,-�L&�,��J�,(���0W,&��,� J,K�,�-�'�~. i'
H-��0�������W���'H�$�(��h �.g. 1941 j,��Y�&��กR�(��h
��O� �
P.��0�G��-�.�$LHL����N����'H)�%.RL�,��ก�,
$)�')Z
��Ni',T�0P�H-���TP�$%��%� i'��P,�(J�H-�ก���'���N
N�,*�
H-�R0��$%J��.�t���
�ก�,-�.H-�] 

-  post-doc = a scholar or researcher who is involved in 
academic study beyond the level of a doctoral degree   

 (�$%'�: Dictionary.com)  
 R'P'$������^�_�R�� GS.���WL�(/�ก�,������0P� \��ก0�G��J��.G�

�,�mm�H�ก] 
- Neurospora = ��0W,&��,�, G$��&J�S%.-�.HJML,�YS%.'�กGNHก�L-SO��$%

-�'�~.  GS.H,$�ก�$ก/K%�J�S%.0P� ,�-�'�~. 
 (�$%'�: ���.g�)�ZR�� WL� &0�/.) 
 -����0�'0P�H�I�,�-�'�~. H)K%�(J�H-��(G.P��-SO� 
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We had already taken our seats, among the piles of 
journals and papers as I inched the line of 
conversation along. 'But there must have been 
something even before that that made you go to 
college with this interest?' 

H,�RL��$%��%.-�.H,����0 �P�'ก��.ก�.0�,&�,��NH�ก&�, 
-VN�$%i'L��H�����&����
P� \�
P
��.'$�NR,��.��P�.กP��
J�����O��$%���(J��*V&�(GR�gSก_�L����$O�$%0������� (/PRJ'
�,��?] 

-  H�K%�.G�ก�,NW�����U�'(�^�_�R��GN
��.'$����$%�&L.���U�' GS.
H)�%'0�$ \(/PRJ'�,��] H)K%�(J���&����LTH�I��,,'/�
� 

'Well, that's a somewhat broader canvas. I can't give 
you the ultimate answers to that question. But from the 
very beginnings of my recollection, from when I was 
about five years old, I recall that I was devoted to 
science. I had no doubt I was going into science, 
probably medical science, so I prepared myself for it.' 

\�K� ��%���กGNH�I�^�)�$%ก0��.'�ก i'R'P&�'�,U(J����
��
�$%
,.�$%&*L&��J,�����U�'��O��กP�*VRL� �
PG�ก�0�'�,.G��(�
/P0.�,กQ -�.i' 
���$%i'���*RL��,N'�VJ���h i'G��RL�0P�
i'g,����(�0����g�&
,Z i'R'P&.&��H��0P�i'GNH-��'���TP
(��0L0.0����g�&
,Z ��NH�I�R�RL�0P�GNH�I�0����g�&
,Z
ก�,�)��Z L�.��O�i'GS.H
,$�'
�0H��R0�] 

 

'Was there a history of science in your family?' 

 

\'$(�,(��,���,�0-�.�*VHก$%�0-��.ก��0����g�&
,Z���.J,K�
H��P��,��?] 

-  H,$��H,$�.�����(J'PH)K%�(J���&����LTH�I��,,'/�
� 

'Not at all. My father was an Orthodox rabbi. I don't 
think there was a total disconnection between his 
vocation and mine, but there was a generational 
polarity.' 

\R'PH�� )P�-�.i'H�I�iT�&��g�&����ก����W�L�กYZ i'R'P
��L0P���/$)-�.H-�ก��i'GN
�L-�Lก��WL�&�O�H/�. �
P'��H�I�
-�O0
,.-��'ก��-�.�*�&'��] 

-  a generational polarity   
 polarity = �*V&'��
�-�.ก�,'$-�O0J,K�'$i�
,.-��'�$%������O.&�. / 

��ก_VN-�O0 / �0�'
,.ก��-��'   
 generation = �*� / ,*P� / ก�,กP�ก��H��L / /�%0�� / /�%0,*P�  
 
$�0�'RL�0P� �0�'H/K%�(�g�&����N�0�'H/K%�(�0����g�&
,ZUK�

H�I�&�%.�$%��TP
,.-��'ก��(��*�&'��J�S%. 
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I paused to consider this curious phrase. 'Perhaps 
what you had in common was a certain preparedness 
to discuss life, and perhaps a philosophical attitude of 
mind might have contributed?' 

i'J�*L)�G�,V�U�������$%�P�&�(G�$O \��.�$&�%.�$%�*V'$
HJ'K��ก���K�ก�,H
,$�'�0�'),��'��.��P�.H)K%�
��กH��$%���0�'HJM�Hก$%�0ก��/$0�
 ��N��.�$��GGN'$&P0�
G�ก��g��
���.�,�/m�?] 

 

'Oh, I think so. Issues of learning, of enquiring ... A life 
in discovery was compatible with my secularism.' 

\W� i'กM��L��P�.��O� �~mJ�-�.ก�,H,$��,T� ก�,&��U�' ... 
ก�,���)�Hก$%�0ก��/$0�
��O�
,.ก���0�'H/K%�-�.i'�$%'�.W�ก
���R'P�*P.Hก$%�0ก��g�&��] 

-  secularism = the belief that religion should not be involved in 
the organization of society, education, etc.  

 (�$%'�: Oxford dictionary) 
 secularism = the view that public education and other 

matters of civil policy should be conducted without the 
introduction of a religious element. 
(�$%'�: Dictionary.com) 

 R'P'$������^�_�R�� GS.���WL�(/�ก�,������0P� \�0�'H/K%�-�.
i'�$%'�.W�ก���R'P�*P.Hก$%�0ก��g�&��] 

'Can I ask another question? How old were you when 
you were awarded the Nobel Prize?' 

\i'-�U�'�$ก���U�' �*V���*H�P�RJ,P�,��
���$%�*VRL�,��
,�.0��W�H��?] 

 

'I was 33. They took their time about the award. I was 
21 when I did the work.' 

\
����O�i'���* 33 )0กH-�
��.(/�H0��(�ก�,)�G�,V�
,�.0�� i'���* 21 
���$%i'���.��/�O���O�] 

 

Of course, I already knew that the youthful Lederberg 
began medical studies at Columbia's College of 
Physicians and Surgeons, but even then he was 

��P��� i',T����00P�H�HL�,ZH��,Zก(�0��J�*P' H,�%'
��gSก_�0�/�
�)��Z�$%0��������)��Z��Ng����)��ZW���'H�$� �
PH-�RL�
�,.���L��(GG�กi�.��-�.��&0��LZ H�H0,$ �$%

-   DNA (/����g�)�Z0P� \L$H�M�H�] YS%.H�I�����$%(/��),PJ�����TP���0 
-  gold dust (n) '$ 2 �0�'J'�� �K� 

1.  i.��. - gold in the form of small particles or powder, as 
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inspired by Oswald Avery's work at the Rockefeller 
University, which had led Avery to propose that DNA, 
and not the widely assumed protein, was the gold dust 
of heredity. This had been critical to Watson and 
Crick's later discovery of the chemical structure of 
DNA, which transformed genetics and our 
understanding of evolutionary biology. And Joshua 
Lederberg had played his part in this fabulous story. 

'J�0�������,��Hj�H��,Z H�H0�,$%H&��0P�L$H�M�H� R'P(/P�$%
H-��(G��%0R�0P�H�I�W�,
$� H�I�&�%.&����m-�.ก�,UP����L��.
)���*ก,,' �`_�$�$OH�I�&P0�&����m&��J,��0�
&����N�,�ก(�
ก�,���)�^��J��.Hก$%�0ก��W�,.&,��.��.H�'$-�.L$H�M�H� 
YS%.H��$%�����.)���*ก,,'��N�0�'H-��(G-�.H,�Hก$%�0ก��
/$00����0�0�u��ก�, ��NWG/�0 H�HL�,ZH��,Zก RL�H�I�&P0�J�S%.
-�.H,K%�.�$%��LH�$%�'�$O 

found in placer-mining  
2.  -�.'$�P� - a valuable or rare thing  
(�$%'�: Dictionary.com) 
���0P� \&�%.&����m] H)K%�(J�H-��(G.P��ก0P�(J�iT��P��
$�0�'G�กก�,
���
,.
�00P� i.��. YS%.iT�H-$��(/�(�H/�.H�,$��H�$�� 

-  heredity (n) '$ 2 �0�'J'�� �K� 
1.  ก�,UP����L��.)���*ก,,' - the transmission of genetic 

characters from parents to offspring  
2.  )���*ก,,' / ก,,')���*Z - the genetic characters so 

transmitted. 
(�$%'�: Dictionary.com) 
���0P� \ก�,UP����L��.)���*ก,,'] H�K%�.G�กiT�H-$��ก����.
ก�P�0US.ก,N�0�ก�,H��$%�����. (transform, evolution)  

Even as a student, he had refused to believe the 
widely held opinion that bacteria only made identical 
genetic copies of themselves. It was why he had 
written to Edward Tatum, Ryan's postdoctoral mentor 
at Yale University, asking if he could come and work 
with them. 

�'�GNH�I���กH,$�� H-��t�H&��$%GNH/K%��0�'��LHJM��$%�SLUK�
ก����P�.ก0��.-0�.0P� ����$H,$�GNG����.���)���*ก,,'�$%
HJ'K��ก��-�.
�0H�.H�P���O� ��%��K�HJ
*i��$%H-�H-$��US.H�ML
H0�,ZL ����' �$%�,Sก_�.��0�G��J��.G��,�mm�H�ก-�.R,����$%
'J�0�������H�� -�'����.��,P0'ก��)0กH-� 

- postdoctoral = of or pertaining to study or professional work 
undertaken after the receipt of a doctorate  
(�$%'�: Dictionary.com) 
R'P'$������^�_�R�� GS.���WL�(/�ก�,������0P� [Hก$%�0ก��]
.��0�G��J��.G��,�mm�H�ก 

- bacteria = ����$H,$� J,K� ���H
,$ 
H�K�ก(/����0P� \����$H,$�] H�K%�.G�ก���'(/�(��~GG*���  
bacterium (singular) / bacteria (plural) 
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The first publication to come out of this collaboration 
was in the names of Lederberg and Tatum and 
covered less than half a page in the letters columns of 
the journal Nature, on 19 October 1946. It carried the 
title "Gene Recombination in Escherichia coli" p E. coli 
being a common bowel bacterium p and it proved, for 
the first time, that bacteria can pass on genetic 
information from one strain to another, a process we 
now call "bacterial conjugation".  

���0�'�,ก�$%RL�
$)�')ZG�ก�0�',P0''K��$O��TP(�/K%�-�.H�
HL�,ZH��,Zก ��N ����' '$-��L����ก0P��,S%.J���(�����'�Z
GLJ'��-�.0�,&�,H�H/�,Z (Nature) 
���0���$% 19 
*���' 
�.g. 1946 /K%�H,K%�.�K� "ก�,,0'
�0ก���$ก�,�O.-�.�$�(�H/KO� 
H�&H/�,�H/$� W�R�" H/KO��$W�R�H�I�����$H,$����R&��$%)�RL�
�P�� ���0�'�$OH�I��,�O.�,ก�$%)�&TG�Z0P�����$H,$�&�'�,U
&P.iP��-��'T���.)���*ก,,'G�ก&��)���*ZJ�S%.R���.�$ก&��
)���*ZJ�S%. H�I�ก,N�0�ก�,�$%H,�H,$�ก(��~GG*���0P� "ก�,G���TP
ก��H)K%���กH��$%��&�,)���*ก,,'-�.����$H,$�" 

- Escherichia coli = H�&H/�,�H/$� W�R� 
(�$%'�: ��m/$G����กW,�,NJ0P�.�,NH�g 
����,NH�gR�� (��.ก`_-
R��) 
����h 2009. &����ก�W������N�*��g�&
,Z &����ก.��
���Lก,N�,0.&���,V&*-, 2552.) 

- E. coli (/����g�)�Z0P� \�$W�R�] YS%.H�I�����$%(/��),PJ�����TP���0 
- bacterial conjugation ���J�������RL�L�.�$O 

1.  ก�,���GTHก/��-�.����$H,$� (�$%'�: 0������)��Z,NL���,�mm�
H�ก 'J�0�������'J�L�) 

2.  ก�,G���TPก��H)K%���กH��$%��&�,)���*ก,,'-�.����$H,$� (���
WL�������
,.
�0)  

Conjugation = (biology) a temporary union of two bacteria in 
which genetic material is transferred by migration of a 
plasmid, either solitary or as part of a chromosome, from one 
bacterium, the donor, to the other, the recipient; sometimes 
also including the transfer of resistance to antibiotics. 
(�$%'�: Dictionary.com) 
H�K�ก(/����������������
,.
�0H)K%�(J�iT��P��H-��(GRL�.P�� 

In this sense the word "conjugation" is from the same 
stem as our human term for the "conjugal" rights of 
marriage. Indeed, at the close of the paper, Tatum and 
Lederberg had made it perfectly explicit that "These 

(��$%�$O ���0P� "ก�,G���TPก��" (conjugation) H�I�����$%'$,�ก
g�)�ZHL$�0ก��ก�� "ก�,&',&" (conjugal) �$%(/�ก���� �$%G,�.��O� 

��G�-�.���0�' ����' ��N H�HL�,ZH��,Zก RL��&L.R0�
&'�T,VZ/�LHG�0P� "ก�,�L��.HJ�P��$O�P.��กUS.ก�,Hก�L-SO�

- human = '�*_�Z / �� 
H�K�ก(/����0P� \��] H�K%�.G�ก�,����$Oก�P�0US.H,K%�.��.&�.�' ��N 
��&',&ก�� j~.LTR)H,�Nก0P� '�*_�Z&',&ก�� 
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experiments imply the occurrence of a sexual process 
in the bacterium." 

-�.ก,N�0�ก�,��.H)g(�����$H,$�" 

The piquant truth is that Joshua Lederberg was 
awarded the Nobel Prize for the discovery of sexual 
relationships between bacteria. 

�0�'G,�.�$%�P�&�(G �K� WG/�0 H�HL�,ZH��,Zก RL�,��,�.0��
W�H��&��J,��ก�,���)��0�'&�')���Z��.H)g,NJ0P�.
����$H,$� 

 

Sex is a perfectly normal, evolved, behaviour, which is 
found, sometimes accompanied by beguiling mating 
rituals, in virtually all animals as well as plants and 
simpler life forms. The fact that bacteria use a sexual 
process to swap genetic information is important to 
medicine, explaining some instances of bacterial 
resistance to antibiotics. And this topic afforded a 
perfect springboard for the deeper explorations of our 
conversation, which lasted most of the afternoon. I was 
fascinated, in particular, by his long-held view that 
'terrestrial life is a dense web of genetic inter-
reactions'. I was keen to hear more of what he meant 
by the expression. 

H)g&�')���ZH�I�)`
�ก,,'�$%�P��Q )�u����N�ก
���P�.
�$%&*L YS%.)�(�&�
0ZHกK����O.J'L,0'��O.)K/��N,T����/$0�

��%0R� WL���.�,�O.'�),��'ก��0��$ก�,G���TPWL�ก�,�P��0. 
�0�'G,�.�$%0P�����$H,$�(/�ก,N�0�ก�,��.H)gH)K%�
��กH��$%��-��'T���.)���*ก,,'��O�'$�0�'&����m
P�
ก�,�)��Z ��������.
�0��P�.-�.�0�'
������
P���
�t�/$0�N-�.����$H,$� ��NJ�0-���$OH�I�G*LH,�%'
���$%��LH�$%�'
&��J,��ก�,HG�N�Sก�.R�(�ก�,&����-�.H,�YS%.ก��H0��
HกK����O.�P�� i'J�.(J�WL�H
)�N��P�.��%. '*''�.�$%H-�
�SLUK�'����0P� \/$0�
��)KO�W�กH�I�&��(���P�J��-�.
�t�ก�,���,NJ0P�.ก����.)���*ก,,'] i'ก,N
K�,K�,���$%GNRL�
���'�ก-SO�Hก$%�0ก���0�'J'��(�ก�,�&L.�0�'��LHJM��$O
-�.H-� 

- medicine = ��,�ก_�W,� / �)��g�&
,Z / ก�,�)��Z 
 H�K�ก(/����0P� \ก�,�)��Z] H�K%�.G�กHJ'�N&'ก���,���'�กก0P� 
 

Perhaps, he suggested, we should look at living 
organisms as metabolic nets, capable of reaching out 

H-���N���0P���.�$H,��0,'�.&�%.'$/$0�
H�I�HJ'K��,P�.�J
ก,N�0�ก�,&,��.��N&��� &�'�,U��กR�J���N��',��

- metabolism = ก,N�0�ก�,&,��.��N&���, H'������YS' (g�)�Z
��mm�
�) ก,N�0�ก�,Hi�i��m��J�, ()G���*ก,'��.ก`_-R��) 
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and accepting help, at chemical or even genetic level, 
from other life forms. 'On the one hand, each life form 
is coded by its own genetic make-up, but there is an 
interdependence there. We can't survive without 
taking advantage of the genetic machinery of plants.' 
Of course, he was referring to photosynthesis, which 
enables plants to make sugars and amino acids that 
animals, such as we humans, rely on for life. 'So, in 
this sense,' he insisted, 'we are symbiotic with plant 
genes.' 

�0�'/P0�HJ�K�G�ก,T����/$0�
�K%� �$%,NL����.H�'$J,K�
�'�ก,N��%.,NL��)���*ก,,' \(�L���J�S%. �
P�N,T����/$0�
UTก
&,��.-SO�WL�)���*ก,,'-�.
�0H�. �
PกM'$ก�,)S%.)�YS%.ก����N
ก�� H,�R'P&�'�,U��TP,�LRL�WL�R'P'$ก�,(/��,NW�/�ZG�ก
ก�Rก��.)���*ก,,'-�.)K/] ��P���0P�H-�J'��US.ก�,
&�.H�,�NJZ�&. �$%���(J�)K/&,��.�O��
����Nก,L�N'�W��$%&�
0Z 
H/P�'�*_�Z��P�.H,� )S%.)�H)K%�ก�,'$/$0�
 \L�.��O�(��.P�$O] H-�
�K���� \H,���TP(�^�0N)S%.)�.ก���$�-�.)K/] 

 metabolism = (biology, Physiology) the sum of the physical 
and chemical processes in an organism by which its 
material substance is produced, maintained, and destroyed, 
and by which energy is made available. 

 metabolic (adj.) ���0P� [Hก$%�0ก��] ก,N�0�ก�,&,��.��N&��� 
H�K%�.G�กH�I�ก�,��������ก_VN-�.ก,N�0�ก�, ���(J�H-��(GRL�
/�LHG�ก0P� 

- amino acids = ก,L�N'�W�, &�,�,Nก���$%H�I�J�P0��P��H�Mก�$%&*L 
�$%�,Nก��-SO�H�I�W�,
$� (�$%'�: ���.g�)�ZR�� WL� &0�/.) 

 (/����0P� \ก,L�N'�W�] H�K%�.G�กH�I��$%H-��(G��N(/��),PJ��� 
- symbiosis = &'/$), ^�0N)S%.)�. (g�)�Z��mm�
�) 
 Symbiotic (adj.) GS.���0P� [Hก$%�0ก��] ^�0N)S%.)�.  

I was interested in his evocation of the concept of 
symbiosis. It reminded me of the fact that he had 
referred to symbiosis again and again, in the headings 
and subject matter of his book chapters and scientific 
publications. This suggested that he had given careful 
thought to its role in life. 

i',T�&Sก&�(G�$%H-��ก�0�'��LH,K%�.^�0N)S%.)�.-SO�'� '�����
(J�i'�SกUS.�0�'G,�.�$%0P�H-�H�����.US.^�0N)S%.)�.�,�O.���0
�,�O.H�P�(�J�0-����NH�KO�J�(�J��.&K���N&�%.)�')Z��.
0����g�&
,Z-�.H-� ���(J�HJM�0P�H-�(/��0�'��L��P�.
�NH�$�L,�����Hก$%�0ก�������-�.'���$%'$
P�/$0�
 

- symbiosis = &'/$), ^�0N)S%.)�. (g�)�Z��mm�
�) 
H�K�ก(/����0P� \^�0N)S%.)�.] H�K%�.G�กH-��(GRL�.P��ก0P� 

'There are,' he explained, 'marine invertebrate animals 
that have carried this further, so that instead of 
bothering to eat plants they embrace algae living 

H-�������0P� \'$&�
0Z�NH�R'P'$ก,NLTก&��J��.�$%��.L��H���
&^�0N����$O
P�R� �K�����$%GN
��.ก��)K/(J��*P.��ก )0ก
'��,��H��&�J,P��'���g����TP(�i�0J��.��� ^�0N)S%.)�.-�.

- symbionts = one of the partners in a symbiotic relationship. 
 (�$%'�: glossary of terms G�กJ��.&K�
��
���) 

R'P'$������^�_�R�� iT��
P.RL�(J����������0P�J'��US. &�%.'$/$0�
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inside their skin. Many of the well-known bacterial 
symbioses with insects are not so fundamentally 
different from that. In these cases there is an 
integration of genetic machinery, even though the 
interacting genomes are still distinct. The symbionts 
are in different cells, and they could be parted 
asunder. 

����$H,$�ก���'�.�$%,T�G�กก��L$J���ก,V$'$)KO����R'P
P�.G�ก
�$%ก�P�0'�'�ก��ก (�ก,V$HJ�P��$O '$ก�,i&'i&��ก��-�.
ก�Rก��.)���*ก,,' US.�'�0P��$W�'�$%'$�t�&�')���Z��.�.
�
ก
P�.ก��/�LHG� �TP)S%.)�.��TP(�HY��Z
P�.ก����N&�'�,U
��ก��กG�กก��RL� 

J�S%.(�ก�*P'&�%.'$/$0�
�$%'$�0�'&�')���Z��TP(�^�0N)S%.)�. GS.���0P� 
\�TP)S%.)�.] WL���.G�ก���0P� partner �$%���0P� �TP&',&, �TPH
��,�� YS%.
J'��US.��(L��J�S%.(��TP  

But I see a continuum between that phenomenon and 
the kinds of symbiosis where the two organisms 
occupy the same cell, such as we see in plants with 
their chloroplasts. It's not so difficult to extrapolate 
from that to the evolution of invertebrates, where you 
have algae living in the epidermal cells. But what we 
find in the chloroplast has taken the concept further. 
The primordial chloroplast has itself exchanged 
considerable numbers of genes with the nucleus. 
Meanwhile, some genes that were undoubtedly 
nuclear have found their way into the chloroplasts. So 
these have not been pure genomes for many aeons.' 

�
Pi'HJM��0�'
P�H�K%�.,NJ0P�.�,�กtก�,VZ��O�ก��^�0N
)S%.)�.YS%.ก����Nก���,NH^��$%&�%.'$/$0�
&�./��L��g����TP(�
HY��ZHL$�0ก�� ��P�.H/P��$%H,�HJM�(����W,)��&
Z-�.)K/ '��
R'P��กHก��R��$%GN��LHL�0�0�u��ก�,-�.&�
0ZR'P'$ก,NLTก
&��J��.�$%'$&�J,P����g����TP(�HY��Zi�0G�ก&�%.�$O �
P&�%.�$%H,�
)�(����W,)��&
ZRL�
P���L�0�'��L��กR� ���W,)
��&
Z(�/P0.�,ก'$ก�,��กH��$%���$�G���0��P��-��.'�กก��
��0H��$�& (�-VN�$%�$���./��L�$%R'P
��.&.&��H��0P�
Hก$%�0-��.ก����0H��$�&กM'$0��$H-��&TP���W,)��&
ZH/P�ก�� 
L�.��O�)0ก�$OGS.R'P(/P�$W�'�$%���G,�.&��J,��&�%.'$/$0�
J���Q 
��P�.] 

- nucleus = ��0H��$�&, &P0��,Nก���$%&����m-�.HY��Z-�.&�%.'$/$0�
  
'$��ก_VN�P��-��.ก�' ���J����$%�0��*'ก�,���.��-�.HY��Z��N
ก�,UP����L��ก_VN��.ก,,')���*ZG�ก)P��'P R���.�TกJ��� 
(�$%'�: ���.g�)�ZR�� WL� &0�/.) 

 nucleus (singular) / nuclei, nucleuses (plural) 
 (/����0P� \��0H��$�&] H�K%�.G�กH�I��$%H-��(G��N(/��),PJ��� 
- nuclear (adj.) =  (biology) of, relating to, or contained within 

the nucleus of a cell  
 GS.���0P� [Hก$%�0ก��] ��0H��$�& 
- aeon = The origin is from the Greek root aion for age or life 

force. (�$%'�: www.pballew.net) 
 aeon = (also spelled eon) originally means "life" or "being", 

though it then tended to mean "age", "forever" or "for 
eternity". (�$%'�: wikipedia) 
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 ���0P� \&�%.'$/$0�
] YS%.&�L����.ก���,��� 

I suggested that these ideas would surprise many 
biologists, and geneticists, who were fixated on the 
idea of genes being handed down in a simple, 
vertical, way from parents to offspring. 

i'��N���0P��0�'��LHJ�P��$OGN&,��.�0�'���ก(G(J��กP��ก
/$00������N��ก)���*g�&
,ZG���0�'�ก �$%GLG��.��TPก��
�0�'��L�$%0P��$�UTก&P.
P���P�.R'PY��Y���(���0L�%.G�ก,*P�
)P��'PR���.,*P��Tก 

 

'You just need some scaffold to begin your thinking. 
Then the more you learn the more you realise that the 
exceptions are almost the rule.' 

\�*VH)$�.��P
��.ก�,W�,.,P�.H)K%�H,�%'
���0�'��L-�.�*V 
G�ก��O���%.�*VH,$��,T�'�ก-SO��*VกMGNH-��(G'�ก-SO�0P�
-���กH0����O.J������GNH�I�ก�]  

 

I was eager to extrapolate this line of reasoning to 
what really interested me at this stage. 'The popular 
conception of a virus is something necessarily nasty, 
something that infects people and makes them ill -- 
sometimes kills them. But can you conceive that 
viruses in nature might also have a symbiotic role with 
animals?' 

i'ก,N
K�,K�,���$%GN��L��L
�'HJ
*i��$O0P��NR,�$%���(J�i'
&�(G(�-VN�$O \�0�'��L�$%��',��ก����%0R�Hก$%�0ก��R0,�&H�I�
&�%.�$%��กGN�ก�G,�.Q �NR,��.��P�.�$%���(J�iT���
�LH/KO���N
���(J�)0กH-���0� ��.�,�O.กM�P�)0กH-� �
P�*V��LRJ'0P�
R0,�&(��,,'/�
���GGN'$�����-�.^�0N)S%.)�.YS%.ก��ก��
&�
0ZRL�L�0�] 

- nasty = �P���K%�R&�, �P�&N��L&NH�$��, R'P�P����L$, R'P�P�)�(G 
���
,��, �P�0�
ก, ��ก�$%GN�ก�, ��ก�����ก, ,����,. 

 H�K�ก(/����0P� \��ก�$%GN�ก�] H�K%�.G�กHJ'�N&'ก���,���'�กก0P� 
 

I was well aware in asking this question that, as early 
as 1952, Lederberg had published a landmark paper 
under the title, "Cell genetics and hereditary 
symbiosis". In this paper he had proposed a new 
scientific term, the "plasmid", to cover all sorts of 

i'
,NJ��กL$(�ก�,U�'���U�'�$O (��h �.g.1952 H�HL
�H��,ZกRL�
$)�')Z���0�'&����m(�J�0-�� \)���*g�&
,Z-�.
HY��Z��N^�0N)S%.)�.��.)���*ก,,'] (����0�'�$OH-�RL�
H&��g�)�Z��.0����g�&
,Z���(J'P�K� \)��&'�L] H)K%�(J�
�,����*'/*L)���*ก,,'�*ก��� �$%��กH��$%��)���*ก,,'�$%

-  Plasmid '$ก�,(/����g�)�Z0P� \)��&'�L] 
 (�$%'�: ���.g�)�ZR�� WL� &0�/.) 
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hereditary packages that crossed the genetic divide 
between different life forms. In this same paper, he 
stated outright that plasmids were symbiotic 
organisms that formed part of the genetic inheritance 
of the life form to which they contributed this new 
genetic information. 

��P.��ก,NJ0P�.,T����/$0�
�$%�
ก
P�.ก�� (����0�'
HL$�0ก���$O H-�ก�P�0��ก'���P�./�LHG�0P� )��&'�L�K�
&�%.'$/$0�
(�^�0N)S%.)�.�$%&,��.&P0�J�S%.-�.ก�,UP����L
)���*ก,,'-�.,T����/$0�
 G�ก-��'T���.)���*ก,,'(J'P-�.
)0ก'�� 

From my perspective, this transfer of pre-evolved 
genetic information was quite different, from an 
evolutionary perspective, to the Darwinian concept of 
random changes in the coding sequences of genes 
arising through errors in copying DNA when cells 
divided. 

G�ก'*''�.-�.i' ก�,UP��W��-��'T���.)���*ก,,'กP��
ก�,)�u���$O�P��-��.�
ก
P�.G�ก'*''�.0�0�u��ก�,
�'
��0��L-�.L�,Z0�� �$%0P�ก�,H��$%�����.��P�.R'P'$����i�
(����L��,J�&-�.�$� Hก�L-SO�G�ก�0�'i�L)��L(�ก�,
��L��กL$H�M�H�H'K%�HY��Z��P.
�0 

 

He said: 'It's a very interesting question.' H-�ก�P�00P� \H�I����U�'�$%�P�&�(G'�ก]  

We talked about how viruses could change the 
behaviour and internal chemistry of bacteria, for 
example by making them resistant to antibiotics. The 
diphtheria bacterium produced a poison, known as a 
toxin, which was entirely dependent on the presence 
of a virus within the bacterium. 

H,�)TL�*�Hก$%�0ก��0��$�$%R0,�&&�'�,UH��$%��)`
�ก,,'��N
�*V&'��
���.H�'$^��(�-�.����$H,$� H/P�WL�ก�,���(J�
)0ก'����
P����t�/$0�N ����$H,$��$%กP�(J�Hก�LW,���
$�
i��
&�,)�_�$%H,$�ก0P�/$0)�_H/KO���
$� YS%.��O.J'L-SO���TPก��
ก�,�,�กt-�.R0,�&(�����$H,$� 

 

- toxin = ��กY�� / )�_ / /$0)�_ 
 diphtheria toxin = /$0)�_H/KO���
$� (g�)�Z��mm�
�) 
 H�K�ก(/����0P� \/$0)�_] YS%.���.��.G�กg�)�Z��mm�
� WL�H)�%'���0P� 

\H/KO���
$�] H)K%�(J�/�LHG���%.-SO� 
 
 

So it was that our conversation moved round a topic ��&����-�.H,�0���TP(�J�0-���$%H,���O.&�.HJM�0P�H�I�&�%.  
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that we both recognised as extremely important, if 
potentially very controversial. 

&����m��P�.��%.�0L ��NGNกP�(J�Hก�Lก�,W
����.��P�.'�กU��
H�I�R�RL� 

I explained what I had learnt from the scientists 
investigating the hantavirus epidemic, for example the 
fact that baby deer mice are born without the virus. 
They acquired it as weanlings, from copious 
secretions of the virus in the urine and other excreta of 
the mother. Yet when they acquired this virus, which 
was so horribly lethal to people, they showed no sign 
of illness. It was as if, in first meeting the virus when 
their immune systems were just coming to recognise 
self from alien, they came to regard the virus as self. 

i'������&�%.�$%i'RL�H,$��,T�G�ก��ก0����g�&
,Z�$%
,0G&��
ก�,�),P,N��L-�.R0,�&X��
� 
�0��P�.H/P� �0�'G,�.�$%0P�
�Tก�P��-�.J�T���.-�0Hก�L'�WL�R'P'$H/KO�R0,�& )0ก'��
RL�,��H/KO�/P0.�$%J�P��' G�กR0,�&�$%J��%.RJ�G���0�'�ก(�
�~&&�0N ��N&�%.-��UP���K%�Q -�.�'P �
PH'K%�)0ก'��RL�,��H/KO�
R0,�& YS%.H�I����
,��,����,.US.-�O�H&$�/$0�

P��� )0ก'��
ก���R'P�&L.��ก�,HGM���0�(LQ '��HJ'K��ก��0P� (�ก�,)�
ก��H/KO�R0,�&�,�O.�,ก-VN�$%,N�� T̂'��*�'ก��-�.)0ก'��H,�%'GN
G����ก
�0H�.��กG�ก&�%.���ก���' )0ก'��UK�0P�H/KO�R0,�&
�K�
�0'��H�. 

- Hantavirus = R0,�&X��
�  
 (�$%'�: &����กW,�
�L
P��*��
�(J'P ก,'�0��*'W,� ก,N�,0.

&���,V&*-) 
- deer mice = J�T���.-�0 
 (�$%'�: &����กW,�
�L
P��*��
�(J'P ก,'�0��*'W,� ก,N�,0.

&���,V&*-) 
- alien = ��
P�.L��0, �0�'�
ก
P�.ก��
�, �����กJ���,  


P�.L��0, 
P�.�,NH�g, �
ก
P�.ก��
�0H�.  
 (�$%'�: )G���*ก,'��.ก`_-R��) 
 ���0P� &�%.���ก���' H)K%�(J�HJ'�N&'ก���,��� 
 

In fact, some of the biologists working on the virus-
mouse interaction had the feeling that the baby mice 
grew bigger, stronger, as a result of the presence of 
the virus. I took a breath and asked the question that 
had preoccupied my thoughts for the last two months. 

����$%G,�. ��ก/$00������.&P0��$%���.��Hก$%�0ก���t�&�')���Z
,NJ0P�.H/KO�R0,�&ก��J�T'$�0�',T�&Sก0P��TกJ�TW
'�
�0(JmP-SO�
�-M.�,.-SO� H�I�i�G�กก�,�,�กt-�.H/KO�R0,�& i'&TLJ��(G
��NU�'���U�'�$%0�H0$����TP(��0�'��L-�.i'
��L&�.
HLK���$%iP��'� 

 

'I know that viruses don't think. They don't have a 
concept of good or bad p they're not just immoral but 

\i',T�0P�R0,�&R'P'$�0�'��L )0ก'��R'P,T�G�ก�0�'L$J,K��0�'
H�0 � )0ก'��R'PH)$�.��PR'P,T�i�L/���
P��.R,�ก�HกV�Z �
P

-  anthropomorphism = '��*_�,T����' (g�)�Z��mm�
�)  
 �K� ก�,H����ก_VN-�.'�*_�ZR�(/�ก��&�%.�$%R'P(/P'�*_�Z  
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amoral. But is it possible a virus could have a 
beneficial effect on an animal species?' I should have 
known better than to use the word "beneficial", since it 
is loaded with anthropomorphic overtones. What I 
meant, and should have asked, was if the presence of 
a virus might help the host survive. 

H�I�R�RL�J,K�R'P�$%R0,�&��GกP�(J�Hก�L�,NW�/�Z
P�&��)���*Z
&�
0Z? i'�0,GN,T�L$0P�R'P�0,(/����0P� \�,NW�/�Z] H),�N'��'$
�0�'J'��(�H/�.'�*_�Z'�กR� &�%.�$%i'J'��US.��N���ก
U�'�K� ก�,�,�กt-�.R0,�&��G/P0�(J�WX&
Z��TP,�L(/P
J,K�R'P] 

 anthropomorphic (adj.) GS.���0P� \H/�.'�*_�Z] 
- host = WX&
Z / HG������ / &�
0ZJ,K�)K/�$%H�I��$%��g��-�.�,&�
 / 
�0

UTกH�$�� / 
�0(J���g�� 
 H�K�ก(/����0P� \WX&
Z] H�K%�.G�กH�I��$%H-��(G��N(/��),PJ��� 
   

'Well, that would be interesting ... I don't know of a 
clear example of any such mutualistic advantage, but 
it's on the cards. And if nothing else, cross-immunity to 
other infecting agents is certainly going to come into 
the picture. But I just don't happen to have it at my 
fingertips for animals.' 

\L$ �P�&�(G ... i'R'P�,��
�0��P�.�$%/�LHG�-�.�0�'
RL�H�,$���$%Hก$%�0-��.(LQ �
P'��กM'$��0W��'�$%GNHก�L-SO� ��N
U��R'P(/P�NR,�K%� ��P���0P�'�����(J��SกUS. T̂'��*�'ก��-��'&��
)���*Z�$%
������W,��$%Hก�LG�กH/KO��K%�Q L�0� �
Pi'��.�SกR'P
��ก&��J,��ก,V$�$%Hก$%�0ก��&�
0Z] 

- it's on the cards = to be likely to happen  
 H�I�&���0����0P� \'$��0W��'�$%GNHก�L-SO�] 
- cross-immunity = T̂'��*�'ก��
������W,��$%-��'&��)���*Z  
 (�$%'�: www.haamor.com) 
 ���0P� \ T̂'��*�'ก��-��'&��)���*Z] H)K%�(J�ก,N/�� 

I pushed it a little further. 'I find myself asking the 
question, could a viral infection in a species change 
that species -- could it go so far as to create a new 
species?' 

i',*ก
P��$กH�Mก���� \i''$���U�' ก�,
�LH/KO�R0,�&(�&�h/$&Z
J�S%.&�'�,UH��$%��&�h/$&Z��O�RL�J,K�R'P ��N'��&�'�,UR�
Rก�US.ก�,&,��.&�h/$&Z(J'PRL�J,K�R'P?] 

 

It was probably the most challenging question I put to 
him, and it resulted in another of those telling pauses. 

'����GGNH�I����U�'�$%�������$%&*L�$%i'U�'H-� ��N��%����
(J�H-�J�*L��L�$ก�,�O.J�S%. 

 

'I can commend a book to you that has just come out. 
It answers the somewhat larger questions. It is by Jan 

\i'&�'�,U��N���J��.&K��$%H)�%.
$)�')Z��ก'�(J��*VRL� '��

�����U�'�$%�P��-��.ก0��.ก0P��$O J��.&K�H-$��WL� �G� 

- visiting scholar  
 scholar = ��ก0�/�ก�,, ��กก�,gSก_�, ��กH,$��, iT�RL�,��
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Sapp and it covers symbiosis - the history of the 
concept. Jan is a historian of science from York 
University, in Canada. He was a visiting scholar here 
in my laboratory when he wrote the book. He's been 
following the thinking of Lynn Margulis, who is 
probably the most articulate person on this line of 
thinking. 

�Y��� ��N'���,����*'US.�,N0�
�-�.��0��LH,K%�.^�0N
)S%.)�.  �G�H�I���ก�,N0�
�g�&
,ZL���0����g�&
,ZG�ก
'J�0���������,Z�(�����L� H-�'�gSก_��$%�$%/�%0�,�0�$%
J��.�t���
�ก�,-�.i'
���$%H-�H-$��J��.&K� H-�&�(G

�L
�'�0�'��L-�. ����Z '�,ZกT��& YS%.�P�GNH�I����$%'$&P0�
/�LHG�'�ก�$%&*L(��0�'��L�$O 

�*�ก�,gSก_� 
 ���WL�0��$
$�0�' ��NH,$��H,$�.�,NW�/�Z(J�H�I��,,'/�
� 

HJ'�N&'ก0P�ก�,���
,.
�00P� H-�H�I���กgSก_��$%'�H�$%�'
/�%0�,�0 

You might have seen something of her writings. Where 
symbiosis leads to the convergence of two genomes 
from disparate sources, making, if you like, a very wide 
hybrid, it becomes the source of evolutionary change 
of the most major implications. There is a fair 
consensus now that this is how the eukaryotic cell 
evolved.' 

�*V��GGNRL�HJM��NR,��.��P�.(�.��H-$��-�.H�� ^�0N
)S%.)�.���R�&TPก�,�,,G�ก��-�.&�.�$W�'G�ก�J�P.�$%
�
ก
P�.ก��WL�&�O�H/�. ���(J�Hก�L�Tกi&'�$%JP�.Rก���กR�
'�ก ก���H�I�
��ก��H��L-�.ก�,H��$%�����.��.
0�0�u��ก�,�$%&����m�$%&*L�$%Hก�L-SO� 
���$O'$'
��$%&'HJ
*&'i�
0P��$%H�I�0��$ก�,�$%HY��Z�T��,�W�
)�u��] 

- eukaryotic cell '$ก�,(/����g�)�Z0P� \HY��Z�T��,�W�
] 
 (�$%'�: ���.g�)�ZR�� WL� &0�/.) 
 
 

The eukaryotic cell is a cell with a nucleus. The 
evolution of such a cell from humble bacterial 
forebears gave rise to all of the animals, plants, fungi, 
algae and smaller creatures, such as the amoebae of 
my school biology days. That same evolutionary step 
had been extolled by the eminent Darwinian, Ernst 
Mayr, as the single most important step in the 

HY��Z�T��,�W�
H�I�HY��Z�$%'$��0H��$�& 0�0�u��ก�,-�.HY��Z
L�.ก�P�0G�ก�,,)�*,*_����$H,$��$%
%��
��� (J�ก��H��L�,,L�
&�
0Z )K/ H/KO�,� &�J,P�� ��N&�%.'$/$0�
-��LH�MกH/P� �N'$�� 
�$%i'H��H,$��(�0�/�/$00���� -�O�
��0�0�u��ก�,���
HL$�0ก��RL�,��ก�,�ก�P�.H/�L/TG�กiT����UK��`_�$L�,Z0���$%'$
/K%�H&$�. H��,Z�&Z '��,Z 0P�H�I�-�O�
���$%&����m�$%&*LH)$�.��P�.
HL$�0(�ก�,0�0�u��ก�,-�.&�%.'$/$0�
  

- amoeba, ameba = �N'$�� (g�)�Z��mm�
�) 
 amoeba, ameba (singular) / amoebae, amoebas (plural) 
- Darwinian = a follower of Charles Darwin; a person who 

accepts or advocates Darwinism. 
 ���WL�(/�ก�,������0P� \iT����UK��`_�$L�,Z0��] 
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evolution of life.  

If my interview with Terry Yates had first opened my 
eyes to the possibility of a new vision of viruses and 
their role in evolution, this interview with Joshua 
Lederberg had further encouraged that vision. I left 
New York more determined than ever to examine it 
further. 

U��ก�,)TL�*�&�'^�_VZ-�.i'ก��H��,Z,$% H�
&Z RL����(J�i'
HJM�H�I��,�O.�,กUS.�0�'H�I�R�RL�-�.0�&����g�Z(J'P-�.R0,�&
��N�����-�.'��(�ก�,0�0�u��ก�, ก�,)TL�*�&�'^�_VZ
ก��WG/�0 H�HL�H��,Zก(��,�O.�$ORL�&���&�*�0�&����g�Z��O�'�ก-SO� 
i'��กG�ก��0��,ZกL�0��0�''*P.'�%�'�ก-SO�ก0P�HL�'H)K%�
&��,0G���J�
P�R� 

 

In the opening chapter I outlined a three-way 
symbiotic relationship between the sea slug Elysia 
chlorotica, its host alga, and an unknown, virus, 
putatively a retrovirus, that has entered into a 
persistent relationship with the slug. 

(�
��H,�%'
��-�.���$% 1 i'&,*��0�'&�')���Z-�.^�0N
)S%.)�.&�'��.,NJ0P�.��ก�NH� ����H/$� ���W,
�ก� &�J,P��
YS%.H�I�WX&
Z ��NR0,�&/��LJ�S%. &����_���0P�H�I�,$W�,R0,�& 
�$%H-��&TP�0�'&�')���ZU�0,ก����ก 

- Elysia chlorotica H�I���ก/��LJ�S%.R'P'$/K%�H,$�ก(�^�_�R�� 
H�K%�.G�กH�I�/K%�H
)�NGS.(/����g�)�Z0P� \����H/$� ���W,
�ก�] 

- retrovirus '$ก�,(/����g�)�Z0P� \,$W�,R0,�&] 
 

But back in 1994 I knew nothing about Elysia, and its 
relationship with the virus was poorly understood. The 
truth is that I was in the dark as far as symbiosis was 
concerned, I had no idea how this biological condition 
called symbiosis was defined. Did symbiosis imply a 
different evolutionary mechanism from the highly 
respected modern Darwinism?  

�
P����R�(��h �.g. 1994 i'R'P,T��NR,Hก$%�0ก����ก����H/$� 
��NR'PH-��(G�0�'&�')���Z-�.'��ก��R0,�&H��H&$�H�� �0�'
G,�.กM�K�i'��TP(��$%'KLG�ก,N��%.^�0N)S%.)�.H�I��$%&�(G i'
�SกR'P��กH��0P�&^�)��./$0^�)�$%H,$�ก0P�^�0N)S%.)�.�$OUTก
����'R0���P�.R, ^�0N)S%.)�.�P.��กUS.ก�Rกก�,0�0�u��ก�,
�$%�
ก
P�.G�ก�`_�$L�,Z0��&'��(J'P�$%RL�,���0�'���UK�
��P�.'�กJ,K�R'P?  

- Elysia = ��ก����H/$�  
 H)�%'���0P� \��ก] H)K%�(J�H-��(G/�LHG�-SO� 

My conversation with Lederberg suggested that there ก�,&����-�.i'ก��H�HL�H��,Zก/$O(J�HJM�0P�'$�0�'�
ก
P�. - symbiologists = ��ก/$00����L���^�0N)S%.)�. 
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were important differences between the two 
evolutionary disciplines, yet there was no hint that he 
felt these differences negated the conventional 
viewpoint. I was mindful of his words of advice: 'You 
just need some scaffold to begin your thinking.' My 
scaffold would be the biological discipline of 
symbiosis, and its many examples and operative 
mechanisms, focusing in particular on how 
symbiologists -- the people who study symbiosis p 
figured that symbiosis operated as an evolutionary 
force. 

�$%&����m,NJ0P�.��0��L0�0�u��ก�,��O.&�. �
PR'P'$H��N�&
(LQ �$%H-�,T�&Sก0P��0�'�
ก
P�.HJ�P��$O��L����'*''�.�$%
H�I���TP i'&�(G�����N���-�.H-� \�*VH)$�.��P
��.ก�,
W�,.,P�.H)K%�H,�%'
���0�'��L-�.�*V] W�,.,P�.-�.i'�.H�I�
ก�HกV�Z��./$0^�)-�.^�0N)S%.)�. 
�0��P�.��Nก�Rกก�,
���.�����'�ก'��-�.'�� '*P.H���WL�H
)�N�$%0��$ก�,�$%��ก
/$00����L���^�0N)S%.)�. J,K����$%gSก_�H,K%�.^�0N)S%.)�. ��L
����0V0P�^�0N)S%.)�.H�I������)����(J�Hก�L0�0�u��ก�, 

 0�H�,�NJZ0P�'�G�กก�,�,N&'���,NJ0P�.���0P� symbiosis ��N 
biologist GS.����0��J��0�'J'��-�.�����O.&�.��N����,N&'�$%'$
,T�����$%�����H�$�.ก�� )����0P� microbiologist (��กG*�/$00����) 
��N cell biologists (��ก/$00����L���HY��Z) H�K%�.G�ก���0P� 
symbiosis R'P'$������H
)�N HJ'K�����0P� micro (G*�) iT�0�G��GS.
����0�'J'��WL����.��.G�ก������-�.���0P� cell biologists 

Readers of Jan Sapp's landmark history of symbiosis 
will discover how, in 1868, some nine years after 
Darwin had published The Origin of Species, a Swiss 
botanist, Simon Schwendener, made a curious 
discovery about the biological nature of lichens. We 
are familiar with lichens as the flat, pastel-shaded 
growths that decorate tombstones or the historic 
boulders of Stonehenge, but they are far more varied 
and ubiquitous than the cursory familiarity would 
suggest.  

iT��P��H,K%�.^�0N)S%.)�.���WLLHLP�-�.�G� �Y��� GN)�0P�
(��h �.g. 1868 J,K��,N'�VHก���hJ��.G�ก�$%L�,Z0��
$)�')Z
H,K%�.ก��H��L&�h/$&Z ��ก)`ก_g�&
,Z/�0&0�&/K%�RY'�� /H0�
HLH��,Z ���)�&�%.�$%�P�&�(GHก$%�0ก����ก_VN��./$0^�)
-�.R�H��RL���P�.R, H,��*��H��ก��R�H��(�,T����-�.
&�%.'$/$0�
�$%H
��W
�),Pก,NG��(���0,��'$&$G�.Q �ก��*'
�iP�J��G�,SกJ���J�*'r~.g)J,K�J��ก�''�ก���(JmP-�.&
W
�HX�GZ �
P0P�'��'$�0�'J��กJ�����N)�RL���%0R�
'�กก0P���P�0�'�*��H��H)$�.H�P���O�  

- lichen = R�H�� (g�)�Z��mm�
�), HJML,��$%-SO�
�'
��R'�J,K�ก���J�� 
 (/����0P� \R�H��] H�K%�.G�กiT��
P.RL��������0�'J'����N

��ก_VN(J�H�I��$%H-��(G(�
�0�����0 
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They play an important role in the world's ecology as 
pioneer organisms, thriving in inclement environments, 
such as sand- dunes or the windswept valleys of 
Antarctica, where they eke out a living on the exposed 
surfaces, breaking stone down into soil, or soaking up 
useful reservoirs of water from ambient dew or fog in 
forest ecologies. In this way, lichens create 
specialised ecosystems from which other life forms 
can benefit, for example the hardy growths that 
endure beneath the Arctic snow providing the main 
food source for the Sami's reindeer. 

)0ก'��'$�����&����m(�,N����H0g0����-�.W�ก(����N
&�%.'$/$0�
iT��*กH��ก HG,�mH
��W
RL�(�&^�)�0L���'�$%R'P
H�KO�����0� H/P� H����,�� J,K�J*�H-��$%'$�')�L�,.-�.�0$�
���
�,Zก
�ก� )0ก'��H)�%'-���R���TP��g����)KO�i�0 ���(J�
J���
ก&���ก���H�I�L�� J,K�LTLY���O���$%H�I��,NW�/�Z'�
ก�กHกM�G�ก�O�����.,��Q J,K�J'�ก(�,N����H0g-�.���R'� 
L�0�0��$�$OR�H��&,��.,N����H0gH
)�N�$%H�I��,NW�/�Z
P�
,T����/$0�
�K%�Q 
�0��P�.H/P� )0ก�$%��
P��0�'J��0H�M�
H
��W
�),Pก,NG��^��(
�J�'N-�O0W�กHJ�K�H�I��J�P.��J�,
J��ก(J�ก0�.H,�HL$�,Z-�./�0Y�'� 

 

At the time of Schwendener�s discovery, lichens had 
only recently been slotted into place on the biological 
tree of life as a branch, in the jargon a "class", of their 
own coming off the main trunk, or "kingdom", of the 
plants, with naturalists devoting their time and 
energies to defining more than a thousand species 
that formed the twigs and leaves of that branch. Now, 
all of a sudden, such endeavour and certainty was 
thrown to the four winds when Schwendener 
demonstrated that lichens were not individual 

(�/P0.H0��ก�,���)�-�./H0�HLH��,Z R�H��H)�%.UTกG�LH�I�
ก�%.J�S%. J,K�g�)�ZH
)�NH,$�ก0P� \/�O�]  YS%.��ก'�G�ก���
��
J��ก J,K�H,$�ก0P� \��V�G�ก,] (��i� T̂'�
��R'��&L.
0�0�u��ก�,-�.)K/ WL�'$��ก�,,'/�
�0�����*��gH0����N
�,.ก��ก��J�L&�h/$&Z'�กก0P�J�S%.)��&�h/$&Z&,��.H�I��-�.
��N(�-�.ก�%.��O� �
P(����(L �0�')����'��N�0�'
H/K%�'�%�L�.ก�P�0กMUTกW����O.ก,NG�Lก,NG�� H'K%�/H0�HLH��,Z
�&L.(J�HJM�0P�R�H��R'P(/P&�%.'$/$0�
�$%H�I�H�กH�g �
P'$�0�'
H/K%�'W�.��P�.(ก��/�Lก��,T����/$0�
�$%�
ก
P�.ก����P�.
&�O�H/�.&�.,T�����K�&�J,P����N,� 

- biological tree of life (or evolutionary tree) = a branching 
diagram or "tree" showing the inferred evolutionary 
relationships among various biological species or other 
entitiesptheir phylogenypbased upon similarities and 
differences in their physical and/or genetic characteristics. 

 ���J��������$%Hก$%�0-��.RL�L�.�$O 
 evolutionary tree / phylogenetic tree = &��&�')���Z��.

0�0�u��ก�,, �i� T̂'�
��R'�, ��*ก,'
��R'� 
 (�$%'�: �TP'K�ก�,H,$��G*�/$00����, 0�,&�,0�G��) 
 ���WL�(/�ก�,������0P� \�i� T̂'�
��R'��&L.0�0�u��ก�,] H)K%�(J�
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organisms at all but intimate associations of two 
radically different life forms, an alga and a fungus. 

H-��(G.P�� 

Since the time of Swedish naturalist, Carl Linnaeus, in 
the eighteenth century, biologists had assumed that all 
living organisms were discrete individuals, which 
existed as members of a species, which could be 
accurately assigned to its precise twig and leaf on the 
tree of life. We humans, for example, belong to the 
species sapiens, within the genus Homo, which is 
attached to the branchlet, or "order", of primates, 
within the branch, or "class", of mammals. But now it 
would appear that, rather than constituting any 
branch, or twig, or leaf, on the tree of life, lichens 
comprised an intimate intertwining of two of the main 
trunks p the kingdoms of the protists and fungi. For 
the orderly world of Victorian naturalists, the 
implications were devastating. Many lichenists refused 
to believe it and they roundly dismissed any such 
dualistic notions as an "abomination" that sowed 
confusion in place of order. 


�O.�
P&'��-�.��ก�,,'/�
�0����/�0&0$HL� ��,Z� ���H���& 
(�g
0,,_�$%&����L ��ก/$00����RL�&����_���0P�&�%.'$/$0�

�*ก/��L��กG�กก��H�I��~GHGกWL�/�LHG� WL���TPH�I�&'�/�ก
-�.&�h/$&Z YS%.&�'�,Uก��J�LH�I��-�.��N(����i� T̂'�

��R'��&L.0�0�u��ก�,RL���P�.UTก
��.�'P���� 
�0��P�.H/P� 
'�*_�ZH,���TP(�&�h/$�ZHYH�h��&Z (�&ก*�WXW' (� \���L��] 
J,K�ก���-�.R),H'
 YS%.��TP(� \/�O�] J,K�ก�%.-�.&�
0ZH�$O�.�Tก
L�0��' �
P
���$Oก����,�กt0P� ����$%R�H��GNUTก
�O.H�I�
ก�%. �-�. J,K�(� ���i� T̂'�
��R'��&L.0�0�u��ก�, 
��ก_VN-�.'��ก���H�I�ก�,U�ก&��H-��L�0�ก����P�.(ก��/�L
-�.���
��&�.���
�� �K� ��V�G�ก,W),��&
Z ��N��V�G�ก,
j~.RGJ,K�HJML,� �0�'Hก$%�0)��H/P��$OUK�H�I�ก�,������W�ก�$%
'$,NH�$������i�-�.��ก�,,'/�
�0����&'��0�ก
�H,$� 
��ก0�G��H,K%�.R�H��J������t�H&��$%GNH/K%�H,K%�.�$O ��NR'P
&�(G�0�'��LH,K%�.R�H��'$&�.��ก_VN(LQ H�� HJ'K��H�I�
&�%.�P�,�.Hก$�G�$%กP�(J�Hก�L�0�'&��&�(�ก�,G�L���L�� 

- ���0P� Sapiens ��N Homo (/����g�)�Z0P� \HYH�h��&Z] ��N \WXW'] 
H�K%�.G�กR'P'$������^�_�R����N'$ก�,(/��),PJ�����TP���0 

- Primate �K� &�
0ZH�$O�.�TกL�0��O���')0ก�$%'$0�0�u��ก�,&T.&*L '$
,T�,P�.�������. 

 )�0P�'$ก�,(/�������0P� &�
0ZH�$O�.�TกL�0��', 0��, ��N������
g�)�Z0P� R),H'
 

 (�$%'�: Wikipedia, )G���*ก,'��.ก`_-R��) 
 H�K�ก(/�������g�)�Z0P� \R),H'
] H�K%�.G�ก������^�_�R���$%'$(/�

�,����*'�0�'J'��R'P�,�U�0� 
- protist = W),��&
Z, &�%.'$/$0�
�$%'$W�,.&,��..P�� Q ��G�,Nก��L�0�

HY��ZHL$�0J,K�J���HY��Z �
PR'PRL�,0'ก��H�I�H�KO�H�K%� R'PG�L0P�H�I�
)K/J,K�&�
0Z H/P� &�J,P�� 

 fungi = ,�, H/KO�,�, HJML,�, j~.RG 
 H�K�ก(/�������g�)�Z0P� \W),��&
Z] ��N \j~.RG] H�K%�.G�กH�I�/K%�

H
)�NH,$�ก,0'��O.ก�*P' WL�H)�%'���0P�  \J,K�HJML,�] &��J,��
��V�G�ก,j~.RG H)K%�-����0�'��N���(J�H-��(GH'K%�ก�P�0US.(�
&P0��K%�Q -�.����� 

- lichenist R'P'$������ 
$�0�'0P�J'��US.��ก0�G��H,K%�.R�H�� 

But despite the resistance, which endured in some �
P�'�GN'$ก�,
P�
���(���.�JP.��TPH�I�H0��HกK���,S%.  
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quarters for almost half a century, study of the dual 
nature of lichens grew and spread, with some 
biologists, and botanists in particular, realising that 
lichens might not be the only example of an important 
association, or partnership, between very different 
living beings. This brought into sharp focus the 
concept of parasitism. 

g
0,,_ ก�,gSก_�H,K%�.�,,'/�
�-�.R�H���$%'$&�.��ก_VN
RL�)�u����Nก,NG����กR� ��ก/$00������.&P0� 
WL�H
)�N��ก)`ก_g�&
,Z 
,NJ��ก0P�R�H����GGNR'PRL�
H�I�H)$�.
�0��P�.HL$�0-�.ก�,H/K%�'W�.�$%&����mJ,K�ก�,
,0'ก��,NJ0P�.&�%.'$/$0�
�$%�
ก
P�.ก��'�ก �0�'��L�$O/$O
,.
R��$%��0��LH,K%�.�,&�
��P�./�LHG� 

It was clear, from lichens, that the traditional idea of 
parasitism was inadequate to explain the real 
complexity of what studies were now revealing of the 
very close interdependency of the fungi and algae that 
made up the diverse group. Other examples of 
intimate interdependency of different life forms were 
duly recognised, from the coral reefs to forest oaks. In 
time the German botanist, Albert Bernhard Frank, 
would discover that virtually every plant was in 
partnership with a variety of fungi that fed into it, often 
physically invading the roots, so much so that the 
familiar root ball we shake out of its pot from the 
garden centre is largely fungus. The plant above 
ground supplies carbon compounds and energy to the 

HJM�RL�/�LG�กR�H��0P��0�'��LL�O.HL�'Hก$%�0ก���,&�
R'PH)$�.
)��$%GN�������0�'Y��Y����$%���G,�. �$%ก�,gSก_�(�-VN�$O
�&L.(J�HJM����00P�ก�,)$%.)�YS%.ก����Nก����P�.(ก��/�L-�.
,���N&�J,P��YS%.H�I�W),��&
Z/��LJ�S%. &,��.ก�*P'�$%�
ก
P�.
��กR�-SO�'� 
�0��P�.�K%�Q -�.ก�,)$%.)�YS%.ก����Nก����P�.
(ก��/�L-�.,T����/$0�
�$%�
ก
P�.ก��RL�,��ก�,��',����P�.L$ 

�O.�
P(���0�Nก�,�.R�G�US.(����W��ก (�H0����O���ก
)`ก_g�&
,Z/�0H��,'�� ���H��,Z
 H��,Z�X�,ZL �j,.กZ )�0P�
)K/HกK���*ก/��L��TP,P0'ก��,�/��L
P�.Q YS%.(J���J�,�กP)0ก
'�� WL�'�กGN�iPก,NG��(J�HJM�R���%0,�กH�I�G���0�'�กG�

*�'L��),��',�ก
��R'��$%H,�LS.��ก'�G�กG�กก,NU�.(�
&0�H�I�,�H&$�&P0�(JmP &P0�-�.)K/�$%��TPHJ�K�)KO�L��GN(J�
&�,�,Nก����,Z�����N)��..���กP,� (�-VN�$%,�(J��O��
��N�,P��
*H-��&TP,�ก (�ก��0�R'�ก0P� 17,000 &�h/$&Z 

- fungi (�&P0��$O(/�������0P� \,�] H�K%�.G�กก����.ก�P�0
H
)�NHG�NG.US.,�J,K�H/KO�,��$%��TP(���V�G�ก,HJML,� 

- algae = &�J,P�� 
 -����0�'0P� \H�I�W),��&
Z/��LJ�S%.] H)K%��������0�'H/K%�'W�.

ก��H�KO�J�กP��J��� 
- root ball = a roughly spherical aggregate of roots and soil 

that is transplanted with a plant, especially a tree or shrub.  
 = the ball of soil and roots of a plant growing in a pot or 

other container. 
 )�0P�'$ก�,(/����0P� 
*�'L��, 
*�',�ก 
 H�K�ก(/����0P� \
*�'L��] H�K%�.G�ก)�G�,V����0'$��ก_VNH�I�ก���

-�.L�� ���0������H)�%'H
�'0P� \),��',�ก
��R'�] H)K%�(J�/�LHG�-SO� 
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fungus, while the fungus feeds water and minerals into 
the root. In the 17,000 or so species of orchids the 
relationship was so intimate that the fungus was found 
to supply the sprouting seed with carbon as well as 
water and electrolytes.  

�0�'&�')���Z�$%Hก�L-SO�(ก��/�L'�กG�)�0P���กG�ก,�GN(J�
�O����N�,P��
*���0 ��.(J���,Z����กPH'�ML�$%ก����..�กL�0�  

The growing biological field demanded a formal name 
and definition and these were duly provided by 
another German botanist, Anton de Bary, who, in 
1878, coined the term "symbiosis", which he defined 
as "the living together of different organisms": The 
definition was designed to embrace the many different 
associations already known to Lake place in nature, 
including parasitism, in which one of the partners 
gained at the expense of another, commensalism, 
where a partner gained without harming another, and 
mutualism, where more than one partner was seen to 
benefit from the relationship. The interacting partners 
became known as "symbionts" and the partnership, 
holistically, became known as the "holobiont". 

ก�,)�u��-�.0.ก�,/$00�������(J�Hก�L�0�'
��.ก�,/K%�
H,$�ก��P�.H�I���.ก�,,0'US.�������' YS%.(��h �.g. 1878 
��ก)`ก_g�&
,Z/�0H��,'���$ก�P��J�S%. ������ HL� ��,$% 
RL�&,��.���0P� \Y�'R�W�Y�&] (symbiosis) J,K� \^�0N)S%.)�.] 
-SO�'���P�.HJ'�N&' WL�(J�����'0P� \ก�,��TP,P0'ก��-�.
&�%.'$/$0�
�$%�
ก
P�.ก��] �������'�$O'$G*L'*P.J'��H)K%�(J�
�,����*',T�����0�'&�')���Z
P�.Q �$%�,�����00P�Hก�L-SO�
(��,,'/�
� ,0'US.^�0N�,&�
 YS%.r���J�S%.RL��,NW�/�Z�
P
�$กr���J�S%.H&$��,NW�/�Z ^�0N��.��g�� YS%.r���J�S%.RL�
�,NW�/�Z-VN�$%�$กr���J�S%.R'PRL�R'PH&$��,NW�/�Z ��N^�0N
)S%.)�ก�� YS%.�*กr���RL��,NW�/�ZG�ก�0�'&�')���Z &�%.'$/$0�

�$%��TP(�ก�*P'�0�'&�')���ZUTกH,$�ก0P�0P� \Y�'R����
Z] 
(symbiont) J,K� \�TP)S%.)�.] ��Nก�*P'�0�'&�')���Z��O�UTก
H,$�ก0P� \WXW�R����
Z] (holobiont) J,K� \ก�*P')S%.)�.] 

- ���0P� symbiosis, symbiont ��N holobiont (�&P0��$O�&L.H�I����
���g�)�Z���0ก��ก�����^�_���.ก`_R0� H�K%�.G�ก
�0��ก����.
ก�P�0US.����$%UTก&,��.-SO�'�YS%.H�I����^�_���.ก`_ WL�H)�%'&P0�
-���0P� J,K�^�0N)S%.)�. �TP)S%.)�. ก�*P')S%.)�. H)K%�(J�Hก�L�0�'H-��(G
H'K%�ก�P�0US.���HJ�P��$O(�&P0��K%�Q -�.�����L�0�^�_�R�� 

Over the years that followed, a dazzling variety of 
symbioses has been discovered in every ecological 

(�/P0.J����hJ��.G�ก��O� '$ก�,���)�^�0N)S%.)�.����P�
��gG,,�Z'�ก'��(��*กY�ก-�.,N����H0g(��,,'/�
� YS%.'$

- ���0P� symbiogenesis (�&P0��$O�&L.H�I�������g�)�Z���0ก��ก�����
^�_���.ก`_R0� H�K%�.G�ก
�0��ก����.ก�P�0US.����$%UTก&,��.-SO�'�YS%.
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niche in nature, being particularly abundant in the flora 
and fauna of the oceans, including the very corals that 
manufacture the reefs, and the rainforests, with their 
fabulous diversity of life forms. It was assumed from 
the very beginning that such symbiotic relationships 
would have evolutionary implications for the 
participating partners, and in 1910 the term 
"symbiogenesis" was coined by the Russian biologist, 
Constantin Merezhkowskii, to define symbiosis acting 
as an evolutionary force.' 

'�ก'��WL�H
)�N��P�.��%.(�)K/��N&�
0Z(
�'J�&'*�, 
,0'US.�Nก�,�.�$%กP�
�0H�I���0��0 ��N���r��$%'$�0�'
J��กJ���-�.,T����/$0�
�$%HJ�K�H/K%� '$ก�,&����_���

�O.�
P�,กQ ���00P��0�'&�')���Z-�.^�0N)S%.)�.L�.ก�P�0'$
i�Hก$%�0-��.ก��0�0�u��ก�,-�.�TP)S%.)�. ��N(��h �.g. 1910 
���0P� \Y�'R�W�HGH�Y�&] (symbiogenesis) J,K� \ก��H��L
0�0�u��ก�,-�.^�0N)S%.)�.] กMUTก&,��.WL���ก/$00����/�0
,�&HY$� ���&�
�
�� H'H,YW�0&ก$O H)K%�����'�����-�.
^�0N)S%.)�.�$%H�I������)����(J�Hก�L0�0�u��ก�, 

H�I����^�_���.ก`_ WL�H)�%'&P0�-���0P� J,K�ก��H��L0�0�u��ก�,
-�.^�0N)S%.)�. H)K%�(J�Hก�L�0�'H-��(GH'K%�ก�P�0US.���HJ�P��$O(�
&P0��K%�Q -�.�����L�0�^�_�R�� 

- symbiogenesis 0�H�,�NJZ0P�'�G�ก���0P� symbiosis + genesis 
 genesis = ก��H��L, ก�,���(J�Hก�L, �J�P.ก��H��L, ก�,H,�%' 
 GS.���0P� \ก��H��L0�0�u��ก�,-�.^�0N)S%.)�.] 

Today we recognise that symbiogenesis operates at 
several different levels. Most people are familiar with 
the cleaner station symbioses, where fierce predators, 
such as sharks and groupers, will patiently queue up 
at key sites on the ocean bottom and allow their skins, 
and even the interior of their mouths, to be cleaned of 
parasites and debris by smaller fish and shrimps. For 
obvious reasons this is known as a behavioural 
symbiosis.  

�~GG*����$OH,�,T�0P�Y�'R�W�HGH�Y�&Hก�L-SO�(�,NL���$%�
ก
P�.
ก��J���,NL�� ��&P0�(JmPGN�*��H��ก��^�0N)S%.)�.(�
,T����&U��$����0�'&N��L YS%.iT��P��$%L*,��� H/P� ���
��'
��N���-��L(JmP GN
P��U0��P�.&.��$%&U���$%H
)�N(
�
���.'J�&'*�, ��'(J������Nก*�.�$%
�0H�Mกก0P�����0�'
&N��LWL�ก�,ก���,&�
��NHg_��J�,�$%��TP��i�0J��.��N
^��(�/P�.��ก-�.)0ก'�� L�0�HJ
*��Ni��$%/�LHG�GS.H,$�ก
RL�0P�H�I�^�0N)S%.)�.,NL��)`
�ก,,'  

- symbiogenesis (/����0P� \Y�'R�W�HGH�Y�&] H�K%�.G�ก&�O�ก,N/��
ก0P���N
�0��RL��������0�'J'��/�LHG����0(��P�J���กP�� 

Metabolic symbioses involve the sharing of useful 
chemical products between the symbionts, as seen, 

^�0N)S%.)�.,NL��ก,N�0�ก�,��.H�'$Hก$%�0-��.ก��ก�,
��P.�~�i��
i���.H�'$�$%H�I��,NW�/�Z,NJ0P�.�TP)S%.)�. 

- Metabolism = ก�,&��L��, ก�,Hi�i��m, ก�,H��$%�����.-�.
H�KO�H�K%�, ก�,H��$%�����.��.H�'$YS%.'$i�
P�W^/��ก�, 
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for example, in the plant-fungal associations, or in the 
giant tube- worms, which inhabit the deep sea 
fissures, under the oceans. Here, along the volcanic 
summits, where tectonic plates are forming, the 
mouthless worms depend for their nutrition on 
symbiotic bacteria within their living tissues, and the 
bacteria, in turn, get their energy from the hydrogen 
sulphide that bubbles out of the "black smokers".  


�0��P�.H/P��$%HJM�(��0�'&�')���Z,NJ0P�.)K/��NH/KO�,� J,K�
(�J���J��L��ก_ZYS%.��g����TP�,�H0V,P�.�NH��Sก(
�
'J�&'*�, 
��L��0��L T̂H-�Rj(
�'J�&'*�,�$%�iP�H��K�ก
W�ก�,,G�ก�� J���J��L��ก_ZR,���ก)0ก�$O)S%.)�
&�,��J�,G�ก����$H,$��$%��g����TP(�H�KO�H�K%�-�.'�� ��N
����$H,$�กMRL�)��..��G�กRXWL,HG�Y��RjLZ�$%i*L��ก'�G�ก
��P�.(
��NH��$%H,$�ก0P� \���ก &W'กHก�,Z ] (black 
smokers)  

 (�&P0��$O(/����0P� ,NL��ก,N�0�ก�,��.H�'$ 
- mouthless worms (�
�0��(/�H,$�ก��� J���J��L��ก_ZYS%.H�I�

J����$%R'P'$��ก GS.-����0�'0P� \J���J��L��ก_ZR,���ก)0ก
�$O] H)K%�R'P(J�&��&�0P�H�I�J����$ก/��LJ�S%. 

- black smokers H�I�/K%�H,$�กH
)�N ��NiT��
P.(&PH�,K%�.J'�� \]
H������GS.,N�*���g�)�Z^�_���.ก`_R0�(������L�0� ���0������
H)�%'0P�H�I���P�.(
��NH� 

Many symbioses involve both behavioural and 
metabolic exchanges, for example the wide variety of 
pollination partnerships involving plants and insects, 
or hummingbirds, where the plant supplies the insects 
or birds with nectar, while the mobile partner carries 
pollen to other sedentary plants. 

^�0N)S%.)�.J���,T����Hก$%�0-��.ก��ก�,��กH��$%����O.
,NL��)`
�ก,,'��N,NL��ก,N�0�ก�,��.H�'$ ��P�.H/P�
�0�'&�')���Z-�.)K/ก���'�.J,K��กX�''�.H��,ZL(�ก�,i&'
Hก&,J��กJ���/��L �$%)K/(J��O��J0���กP�'�.J,K��ก 
(�-VN�$%�'�.J,K��ก����N��.Hก&,L�กR'�R���.)K/
��
�K%�Q 

 

Symbiosis also works at a third, more powerful, level, 
where it is known as genetic symbiosis. This book 
started with a delightful enigma -- the virally enabled 
transfer of genes necessary for photosynthesis across 
two kingdoms of life, as seen in the emerald-green sea 
slug, Elysia chlorotica. It would be surprising if 
biologists had not considered viruses as potential 

^�0N)S%.)�.��.Hก�L-SO�(�,NL���$%&�'�$%'$�,N&����^�)'�ก-SO� 
YS%.H,$�กก��0P�^�0N)S%.)�.,NL��)���*ก,,' J��.&K�H�P'�$O 
H,�%'
��L�0��,�g���$%�P�
K%�
�
K%�(G ��%��K�ก�,UP��W��R0,�&
-�.�$�G��H�I�&��J,��ก�,&�.H�,�NJZ�&.(�&�%.'$/$0�
&�.
��V�G�ก, HJ'K���$%HJM�(���ก�NH�����H/$� ���W,
�ก�&$
H-$�0',ก
 '���.H�I��$%�,NJ��L(GU����ก/$00����R'PRL�
)�G�,V�0P�R0,�&&�'�,UH�I��TP)S%.)�.RL�(�
��Lg
0,,_
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symbionts throughout the century or more that 
symbiology had grown and developed as a discipline. 
But readers will discover few references to viruses in 
Sapp's book.  

J,K�'�กก0P��$%ก�,gSก_�H,K%�.^�0N)S%.)�.'$ก�,H
��W
��N
)�u��H�I�&�-�0�/� �
PiT��P��GN)�ก�,���.��.US.R0,�&R'P
'�ก(�J��.&K�-�.�Y���  

In the decade after the Second World War, an 
American geneticist, Edgar Altenberg, had proposed a 
symbiotic "viroid" theory, based on the prevailing 
notions of the similarities of viruses to invisible "naked 
genes", or plasmagenes, hidden in living cells. He 
conceived that viroids might have played a part in 
cellular evolution, and that cancer-causing viruses 
might arise de novo in every affected patient from 
viroids that had previously existed in the affected 
individual. Altenberg had conceived some startlingly 
original, even prophetic, insights -- but he had been 
mistaken about the basic nature of viruses. Viruses are 
not naked genes. And his "viroid" concept was never 
embraced by the world of biology. 

(��g0,,_J��.&.�,�'W�ก�,�O.�$%&�. ��ก)���*g�&
,Z/�0
�H',�ก�� H�MLก�,Z ���H��H��,Zก RL�H&���`_�$ \R0,��LZ] (�
^�0N)S%.)�. WL�'$)KO����G�ก�0�'��L�$%�),PJ���0P�R0,�&'$
�0�'HJ'K��ก��ก���$�R'P'$H��H0�W�� (naked genes) �$%R'P
&�'�,U'�.HJM�RL� J,K��$�)��&'��$%YP����TP(�HY��Z H-�
��L0P�R0,��LZ��GH�I�&P0�J�S%.(�ก�,0�0�u��ก�,-�.HY��Z 
��N)0กR0,�&�$%กP�(J�Hก�L'NH,M.��GHก�L-SO�'�RL��$ก�,�O.(�
iT���0��$%
�LH/KO��*ก�� G�กR0,��LZ�$%'$��TP(�iT�
�LH/KO� ���H�
�H��,Zก'$�0�'��L
������$%�SกYSO.US.-��L������RL��$%�P�(G
J�� �
PH-�H-��(Gi�LHก$%�0ก����ก_VN)KO����-�.R0,�& R0,�&
R'P(/P�$�R'P'$H��H0�W�� ��N��0��LH,K%�. \R0,��LZ] -�.H-�
กMR'PH��RL�,��ก�,��',��(�W�ก-�./$00���� 

- viroid '$ก�,(/����g�)�Z0P� \R0,��LZ] 
- naked gene  �K��$��$%R'P'$H��H0�W��'����',��&P0�-�.��)Y�L 

(G�กก�,gSก_�H,K%�.R0,�&(����$% 2) 

 R'P'$������^�_�R�� GS.���WL�(/�ก�,������0P� \�$�R'P'$H��H0�
W��] ��N,N�*���g�)�Z^�_���.ก`_R0�(������L�0�H)K%��0�'
/�LHG� 

Ever the iconoclast, in the 1960s Rene Dubos also 
tried to persuade his virological colleagues to put 
aside their blinkered vision of viruses as nothing more 
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H�P LT��& ��.RL�)����'/�ก/0�H)K%��,P0'.��L���R0,�&0����
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than genetic parasites to consider that, in certain 
ecological conditions, they might sometimes enhance 
the host's ability to survive. But back in the '60s even 
the prescient Dubos had lacked the molecular 
technology necessary to prove his ideas to the world 
of science and so, once again, his colleagues had not 
been persuaded. 

H�I�&�%.�$%R'P'�กR�ก0P��,&�
��.)���*ก,,' H)K%�)�G�,V�0P�
(�&^�)��H0g0������.��P�. ��G'$��.�,�O.�$%)0ก'��H)�%'
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,NL��W'H�ก*��$%G��H�I�(�ก�,)�&TG�Z�0�'��L-�.H-�(J�W�ก
0����g�&
,ZRL�,��,T� L�.��O�GS.H�I��$ก�,�O.�$%H-�/�ก/0�H)K%��
,P0'.��R'PRL� 

From a wider reading of virological papers, I came 
across the occasional use of the term "symbiosis" in 
relation to viruses, sometimes with respect to the 
behavior of whole viruses, whether infectious or 
incorporated into host genomes, and sometimes in 
relation to isolated genetic sequences derived from 
viruses. But none of the papers developed the term 
symbiosis in a way that would be accepted by the 
discipline of symbiology, which demanded a definition 
involving the interaction of living organisms, or life 
forms. The use of the term in relation to genetic 
sequences was clearly erroneous. And before we 
could even begin to make progress, from a definitional 
and developmental perspective, it would be essential 

G�กก�,�P��H�ก&�,.��0�G��Hก$%�0ก��R0,�&0�����$%
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R'P0P�GNH�I�ก�,
�LH/KO�J,K�ก�,,0'
�0H-��ก���$W�'-�.WX&
Z 
��N��.�,�O.Hก$%�0-��.ก��ก�,��ก���L��)���*ก,,'�$%RL�'�G�ก
R0,�& �
PR'P'$H�ก&�,.��0�G��(L�$%)�u�����0P�Y�'R�W�Y�&R�
(���.�$%GNRL�,��ก�,��',��G�ก&�-�0�/�ก�,gSก_�H,K%�.
^�0N)S%.)�. YS%.
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- symbiosis (�&P0��$O(/�������g�)�Z0P� \Y�'R�W�Y�&] H�K%�.G�ก
�0��
ก����.ก�P�0US.
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to look very hard at the application of "organism" or 
"life form" to viruses. 

Having taken Lederberg's advice, I took pains over the 
years that followed to acquaint myself with how 
symbiosis was defined as a biological interaction, and 
in particular to how it worked as an evolutionary force. 
I read, and was enlightened by, the series of books 
and scientific papers of Lynn Margulis, distinguished 
Professor at Amherst, Massachusetts, who had played 
a central role in pioneering our understanding of 
symbiosis. I amassed a small library of other books, 
and papers, by symbiological colleagues throughout 
the century or so of the discipline's history. I came to 
realise that many symbiologists misunderstood the 
essential nature of viruses, and this had given rise to 
erroneous assumptions, which in turn had delayed 
appreciation of their potential symbiotic role within the 
discipline.  
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I thought I could see a way of accommodating the 
"organismal" or "life form" requirement. Even the most 
ardent of sceptics saw viruses as "coming alive" 
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during their interaction with their hosts, and nobody 
denied that viruses were subject to the proven 
mechanics of Darwinian evolution. All biologists had to 
accept was that viruses should be defined in relation 
to their life cycles in their normal living ecology, and 
that such a definition allowed us to treat them as 
organisms or life forms from the evolutionary 
perspective p that small and seemingly reasonable 
step took me further towards a working definition that 
might be acceptable to both virology and symbiology. 
Through such research, and through a growing series 
of interviews with leading scientists within the two 
disciplines, I was in a stronger position to extrapolate 
a proven conceptual framework of symbiogenesis to 
viruses, and in particular to the potential contribution 
of viruses to symbiogenesis at genetic level. 
Meanwhile, it occurred to me that it might be useful to 
look at symbiosis from a Darwinian perspective. 
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Where Darwinian theory proposes an essentially linear 
pattern of evolution, with new species arising through 
branching divergence from ancestral stock, symbiosis 
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involves a reticulate pattern of evolution through the 
partnership of different life forms, from species to 
whole kingdoms. On the face of it this would appear to 
suggest that symbiogenesis and Modern Darwinism 
have little in common. But this is not the case. In spite 
of the clear and important differences between the 
evolutionary mechanics that underlie the two 
evolutionary paradigms, symbiosis does not contradict 
evolutionary theory and it does not contradict Darwin's 
concept of natural selection in particular.  

ก�,,0'ก�*P'ก��-�.,T����/$0�
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The crucial question we need to ask ourselves is not 
whether natural selection applies to the evolution of 
symbiotic relationships but rather how exactly it 
operates in circumstances where different life forms 
interact at a biologically meaningful level. To put it 
bluntly p is there something different about the way in 
which natural selection works in symbiogenesis as 
opposed to mutation-plus-selection? Let us examine 
two familiar examples of symbiotic partnerships, and 
see if we can determine the answer. 
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- mutation-plus-selection �K� �`_�$L�,Z0��L�O.HL�'�$%ก�P�00P�
�,,'/�
�GN��LH�K�ก&�%.'$/$0�
�$%�-M.�ก,P.ก0P�J,K�'$ก�,
H��$%�����.
�0H�.(J�L$-SO�(J���TP,�L
P�R� 

 )�0P�'$ก�,ก�P�0US.(�
�0��&P0�U�LR�0P� \mutations  will be 
established by selection] GS.���0P� \ก�,ก���)���*ZG�กก�,
��LH�K�ก] 



 

80 

 


��
��� ����� ��������� 

Hummingbirds are native to the warmer parts of the 
Americas, where more than three hundred species 
depend on the nectar of flowers for their daily 
sustenance. The birds' wings have been highly 
adapted by natural selection to allow them to hover, 
with pinpoint accuracy, over the flower, and their 
beaks have also become exceptionally long and 
shaped to fit the flower head, while their elongated 
tongues reach down into the well of nectar at the very 
bottom of the flower. Meanwhile, the flower has also 
been adapted to fit the bill of the hummingbird.  
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One of the most striking examples of these birds is the 
violet sabrewing, which has a curved bill that fits the 
floral tube of its partner, the columnia flower, as 
accurately as a scimitar fits its streamlined scabbard. 
The precise match of bill and flower is important, since 
it deepens and strengthens the partnership, making it 
more likely that only the sabrewing will feed from the 
columnia, while the columnia's stamens are positioned 
to dab pollen on exactly the right point of the bird's 
forehead, so that it fertilises the next flower it visits. 
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- violet sabrewing ��N columnia flower 
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From this mutualistic symbiosis it is clear that selection 
is operating to a significant degree at the level of the 
partnership, stabilising and making permanent the 
living interaction. 
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If we turn our attentions to the behavioural symbioses 
of the cleaner stations, once again we see that these 
involve important changes in behaviour for both 
predators and cleaners: the predators put aside 
hunger and aggression, while the cleaner fish and tiny 
shrimps put aside fear and the instinct to flee. Such 
dramatic changes of behaviour in predator and 
potential prey would have to be hardwired into the 
genomes of the interacting partners and, just as we 
have seen with the hummingbirds and their floral 
partners, this involves each of the partners changing 
its behaviour in relation to the other.  
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H��$%�����.)`
�ก,,'-�.
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J�S%.  

 

Once again we see selection operating at the level of 
the partnership in a mutualistic symbiosis. This also 
raises important questions about the real nature of 
viruses and their hosts. Could it be that selection might 
also be operating at the level of the virus-host 

H�I��$ก�,�O.�$%H,�HJM�ก�,��LH�K�ก���.���$%,NL��-�.
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interaction? If so, at what stage in the interaction did 
selection switch from operating at selfish, individual, 
even selfish gene, level, to recognise and begin to 
operate at this profoundly important level? This very 
question was addressed by the eminent evolutionary 
biologist, John Maynard Smith, late professor at the 
University of Sussex, and widely acclaimed as a 
pioneering Modern Darwinian. 

RJ�-�.ก�,�t�&�')���Z�$%ก�,��LH�K�กH��$%�����.G�กก�,
���.��(�,NL���$%HJM��กP
�0 H�I��~GHGก J,K��'��
PH�I��$��$%
HJM��กP
�0 H�I�ก�,,��,T���NH,�%'���.��(�,NL���$%&����m��P�.
�SกYSO.H/P��$O ���U�'�$OUTก
�O.-SO�WL���ก/$00����L���
0�0�u��ก�,iT�'$/K%�H&$�. G�JZ� H'�Z��,ZL &'��  �L$

g�&
,�G�,�ZG�ก'J�0�������Y�&HYกYZ ��NRL�,��ก�,�ก
�P�.��P�.ก0��.-0�.0P�H�I�iT��*กH��ก�`_�$L�,Z0��&'��(J'P 

In a chapter in the multi-authored book, Symbiosis as 
a Source of Evolutionary Innovation, which was edited 
by Lynn Margulis and Rene Fester, Maynard Smith 
developed a very interesting extrapolation of the 
Darwinian view of symbiosis. Believing that symbiosis 
played an important part in three of the five major 
transitions of life, he nevertheless insisted that there 
was no reason for symbiosis to challenge the neo-
Darwinian view of evolution. But he also believed that, 
in order to accommodate the partnership aspects of 
symbiosis, there were circumstances in which natural 
selection must operate at a different level in symbiosis 
when compared with how it operates in the many 

J��.&K�WL�iT��
P.J����P��H,K%�. ^�0N)S%.)�.(����N
��
ก��H��L-�.�0�
ก,,'0�0�u��ก�, YS%.'$ ����Z '�,ZกT��& ��N H,
H�P Hj&H
�,Z H�I��,,V���ก�, '$��J�S%.�$%H'�Z��,ZL &'�� 
)�u��R�&TP-��&,*��$%�P�&�(G'�ก-�.'*''�.���L�,Z0���$%'$

P�^�0N)S%.)�. �'�0P�H-�GNH/K%�0P�^�0N)S%.)�.'$�����H�I�
&P0�&����mUS.&�'(�J��-�.ก�,H��$%��iP���$%&����m-�.
&�%.'$/$0�
 H-��K����0P�R'P'$HJ
*i�(L�$%^�0N)S%.)�.GN��L����
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WL��,,'/�
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P�.ก��(�^�0N)S%.)�. H'K%�
H�$��ก��0��$ก�,�$%ก�,��LH�K�กWL��,,'/�
����.��(�-��&,*�
���L�,Z0��J���Q ��P�. 

 



 

83 

 


��
��� ����� ��������� 
Darwinian extrapolations. 

It was even more helpful when, in exploring this 
further, he examined symbioses involving a microbial 
symbiont and a more complex host, and these he 
divided into various subcategories. Where the 
symbiont could survive and reproduce independently 
of the host, this would suggest an evolution along 
conventional "selfish" Darwinian lines. But where the 
symbiont cannot survive without the host, and most 
particularly where the symbiont is dependent on the 
host for reproduction a condition Maynard Smith 
termed "direct transmission" p the role of natural 
selection would inevitably change. Viruses can never 
survive, or reproduce, without their hosts. In this 
respect, viruses are said to be obligate parasites, so 
we should not be too surprised to discover that 
Maynard Smith included viruses in his discussion of 
symbionts that were only capable of reproduction 
through direct transmission. 

(�ก�,gSก_�H,K%�.�$OH)�%'H
�' '����%.H�I��,NW�/�Z'�ก-SO�H'K%�
H-�
,0G&��^�0N)S%.)�.�$%Hก$%�0-��.ก���TP)S%.)�.�$%H�I�
G*����,$�Z��NWX&
Z�$%Y��Y���'�ก-SO� YS%.H-�RL���P.)0ก'��
��กH�I�J'0L�P��J���Q J'0L �TP)S%.)�.�$%&�'�,U��TP,�L
��N&K�)���*ZRL�WL�R'P
��.)S%.WX&
Z ���(J��SกUS.0�0�u��ก�,

�'��0��.-�.L�,Z0�����L�O.HL�'H,K%�. \�0�'HJM��กP
�0] 
&P0��TP)S%.)�.R'P&�'�,U��TP,�LRL�WL�R'P'$WX&
Z WL�H
)�N
��P�.��%.�TP)S%.)�.�$%)S%.)�WX&
Z(�ก�,&K�)���*Z J,K�&^�0N�$%
H'�Z��,ZL &'�� H,$�ก0P� \ก�,UP����LWL�
,.] �����-�.
ก�,��LH�K�กWL��,,'/�
��P�'H��$%�����.��P�.J�$กH�$%�.
R'PRL� R0,�&R'P&�'�,U��TP,�LJ,K�&K�)���*ZRL�WL�R'P'$WX&
Z 
(��.P�$Oก�P�0RL�0P�R0,�&H�I��,&�
�$%
��.ก�,WX&
Z L�.��O�H,�GS.
R'P�0,GN���ก(GHก��R��$%)�0P�H'�Z��,ZL &'�� ก�P�0US.
R0,�&(�ก�,0�H�,�NJZHก$%�0ก���TP)S%.)�. 0P�&�'�,U&K�)���*ZRL�
H)$�.0��$ก�,UP����LWL�
,.H�P���O� 

- obligate parasite = 
�0H�$���,��R'PRL� (g�)�Z��mm�
�) 
 obligate parasite �K��,&�
�$%
��.��TP��g����NRL�,����J�,G�ก

WX&
ZH�P���O� R'P&�'�,UH
��W
J,K��),P)���*Z��กWX&
ZRL� 
 ���WL�(/�ก�,������0P� \�,&�
�$%
��.ก�,WX&
Z] H�K%�.G�ก������

g�)�Z��mm�
�H�I����H
)�N��.Hก��R� H-��(G��ก 

In his words: H-�ก�P�00P�  
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With direct transmission, the genes of the symbiont will 
leave descendants only to the extent that the host 
survives and reproduces. In general, therefore, 
mutations in the genes of the symbiont will he 
established by selection only if they increase the 
fitness of the host. 

L�0�ก�,UP����LWL�
,. �$�-�.�TP)S%.)�.GNHJ�K������R0�
WL�(J���TP(�-��H-
�$%WX&
ZGN��.'$/$0�
��TP��N&K�)���*ZRL�
H�P���O� L�.��O�WL���%0R�ก�,ก���)���*Z(��$�-�.�TP)S%.)�.GN
Hก�L-SO�G�กก�,��LH�K�ก กM
P�H'K%�)0ก'��H)�%'&',,U^�)-�.
WX&
Z 

When he writes that "mutations ... will be established 
by selection", he is referring to evolution taking place 
in the conventional Darwinian sense. Or to put it 
simply, the symbiont p the virus in virus-host 
interactions p will only be honed by mutation-plus-
selection in a manner that increases the fitness of the 
host. In other words, the virus is now responding to the 
presence, and needs, of its symbiotic partner. 

�$%H-�H-$��0P� \...ก�,ก���)���*ZGNHก�L-SO�G�กก�,��LH�K�ก] 
H-�ก����.���.US.0�0�u��ก�,�$%Hก�L-SO�
�'�`_�$L�,Z0�����
L�O.HL�' J,K�ก�P�0(J�.P��-SO� �TP)S%.)�.J,K�R0,�&(����&�')���Z
,NJ0P�.R0,�&ก��WX&
Z GNRL�,��ก�,-�LHก��WL�ก�,ก���
)���*Z G�กก�,��LH�K�กกM
P�H'K%�'$��ก_VN�$%GNH)�%'
&',,U^�)-�.WX&
ZH�P���O� ก�P�0�K� R0,�&
��&��.
P�
ก�,'$��TP��N�0�'
��.ก�,-�.�TP)S%.)�.-�.'�� 

 

This interpretation of symbiosis, as seen from a 
Darwinian perspective, provides an important measure 
of common ground between the two disciplines. As we 
have seen in the examples of the hummingbirds and 
the cleaner stations, a symbiologist might adopt a 
slightly different perspective, regarding both host and 

ก�,
$�0�'J'��-�.^�0N)S%.)�.WL�'�.G�ก'*''�.-�.
�`_�$L�,Z0��H/P��$O &,��.'�
,0�L�$%&����m-�.)KO����&�'�m
,NJ0P�.&�.&�-�0�/� 
�'�$%H,�RL�HJM�(�
�0��P�.-�.�กX�'
'�.H��,ZL��N&U��$����0�'&N��L ��ก/$00����L���^�0N
)S%.)�.��G���'*''�.�$%�
ก
P�.ก��H�Mก����Hก$%�0ก����O.WX&
Z
��N�,&�
(����NH�I��TP)S%.)�.'�(/� YS%.���(J�����$%GN'�.

- symbiogenesis  
 (�&P0��$O���0P� \���(J�Hก�L0�0�u��ก�,G�ก^�0N)S%.)�.] H)K%�
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parasite as symbionts, so that, rather than merely 
looking at the relationship from a single perspective, 
the symbiologist would examine how this might apply 
to the partnership. And all the evidence from what is 
now a weighty world of symbiology, with its study of a 
vast array of such partnerships, would imply that in 
microbe-host partnerships each of the partners 
responds to the presence of the other p or to put it 
from an evolutionary perspective, selection will be 
seen to operate, to a significant degree, at the level of 
the partnership. This perspective is seen to operate 
throughout all the levels of symbiosis, and, in the 
evolutionary sense, to symbiogenesis, whether at 
behavioural, metabolic or genetic level. 

�0�'&�')���ZG�กH)$�.'*''�.HL$�0 ��ก/$00����L���^�0N
)S%.)�.GN)�G�,V�0P�GN���&�%.�$OR�(/�ก���0�'&�')���ZRL�
��P�.R, ��NJ��ก�����O.J'LG�กW�ก-�.ก�,gSก_�H,K%�.
^�0N)S%.)�.�$%�~GG*���'$�0�'&����m YS%.RL�G�กก�,gSก_�
�0�'&�')���ZL�.ก�P�0'�ก'��J��กJ���ก�*P' GN��กRL�
0P�(��0�'&�')���Z,NJ0P�.G*����,$�Zก��WX&
Z �TP)S%.)�.GN

��&��.
P�ก�,'$��TP-�.�$กr���  J,K�U��'�.G�ก'*''�.
-�.ก�,0�0�u��ก�, ก�,��LH�K�กLTHJ'K��GN���.��(�,NL��
�$%'$���&����m�$%,NL���0�'&�')���Z '*''�.�$OLTHJ'K��GN
���.��(��*ก,NL��-�.^�0N)S%.)�.��N���(J�Hก�L0�0�u��ก�,
-�.^�0N)S%.)�.(���0��LH,K%�.0�0�u��ก�, R'P0P�GNH�I��$%
,NL��)`
�ก,,' ,NL��ก,N�0�ก�,��.H�'$ J,K�,NL��
)���*ก,,' 

Within the genetic symbioses, there are examples of 
sudden and major change, where the genomes of 
radically different life forms unite to form a single 
novel, holobiontic, genome.' In this very dramatic 
situation, which has the potential to give rise to very 
rapid evolutionary change, it is inevitable that selection 
will operate, to significant degree, at the level of the 
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W�'(J'P���H�I�ก�*P'ก��� (�&U��ก�,VZ�$%�P��S%.'�ก�$O YS%.'$
g�ก�^�)�$%GNกP�(J�Hก�Lก�,H��$%�����.��.0�0�u��ก�,
��P�.,0LH,M0'�ก '��H�$%�.R'PRL��$%ก�,��LH�K�กGN���.��(�
,NL���$%'$���&����m�$%,NL��-�.ก�*P'ก����$W�'(J'P '����GGN

- The term holobiont was first introduced by Mindell 
(Biosystems 27:53� 62, 1992) to describe a host and its 
primary symbiont; the defınition was subsequently 
expanded to the host plus all of its symbiotic 
microorganisms, including viruses (Rohwer et al., Mar. Ecol. 
Prog. Ser. 243:1�10, 2002). 

 (�$%'�: http://www.microbemagazine.org) 
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new holobiontic genome. It is perhaps not altogether 
surprising that some biologists see an irrevocable 
chasm in the evolutionary dynamics of this most 
powerful of genetic symbiosis and the gradualism that 
is assumed to be central to Darwinian evolution. But 
Maynard Smith does not agree. He goes on to 
emphasise that there is no contradiction between 
Darwin's belief that complex adaptations arise by the 
natural selection of numerous intermediates, and the 
possibility that new evolutionary potentialities may 
arise suddenly if genetic material that has been 
programmed by selection in different ancestral 
lineages is brought together by symbiosis. 
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HJM�/P�.0P�.�$%R'P&�'�,UH��$%�����.RL�(�ก�,H
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ก
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 holobiontic = ���H�I�ก�*P'ก��� 
 R'P'$������^�_�R��GS.���WL�(/�ก�,������ 

This is important not only in offering the potential of 
reconciling the dynamics of Darwinian and symbiotic 
evolution, but also in interpreting the role of symbiotic 
viruses in our human evolution. 
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fifteen 

At Journey's End 

���$%&��'�� 
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Verily for mine own part, the more I look into Nature's 
works, the sooner am I induced to believe of her even 
those things that seem incredible. 

PLINY 

�@�AB-�+���&��'-��*��C.B���D� ��%+*��C.B��A�+.'E�ก�-
���+��*�+�--AF�
�A�ก.�G�H- *��C.B��กE��%+IJกF�กBJ+K'�.FD%�
.-E@*LM�.�G���M� �A�@G�&�%+.'�G���M�BN)J�G�.'�D�.FD%� 

C���$% 

 

In the introduction to this book I invited you to 
accompany me on rather an unusual journey - I hope 
that by now the journey has lived up to the billing in 
terms of excitement, with a sprinkling of the exotic, 
and even a few scary parts involving plague viruses, 
so that by now you have a different perspective on the 
powerful forces that went into the evolutionary 
construction of our remarkable genome. You may have 
reservations, or harbour some scepticism - such is 
your right. I am not in the business of proselytising, but 
rather that of logical, scientific explanation, supported 
by experiment. You may well have arrived at some 
additional conclusions of your own. It will have been 

K������*�+'��+&D�.�GA�$M RAH)�.F�S�(T-G@A
�)
�ARAH�
K�ก�-.)����+�$%HAG�--A)� RA'@�+@G�
���$Mก�-.)����+H)�
���H�&JG��&-(�K��+G*�+�@�A
D%�.
��C-��A)�@�.-D%�+-�@
���กK'AG��N��BBN�G�ก��@K���+&G@��$%.ก$%�@*��+ก��H@-�&
�$%���K'�.ก�)U-�-N��)-(��-+ ���K'�
���$M�(TA$A(AA�+�$%
�
ก
G�+��กH�.ก$%�@ก��C��+�$%A$�����B�$%.*��H���JGK�ก�-
&-��+@�@�V��ก�-*�+�$U�A���U)).)G�*�+.-� �(T��BBN.-�%A
'-D�A$�@�A&+&����+��G�+WL%+.�X�&����Y*�+�(T RAHAGH)�
F�กF@�K'�.��$%���@�A.FD%� RA.C$�+�
GK'������������+
@����Z�&
-[��G�+A$
--กNWL%+A$ก�-�)��+&���&�(� WL%+�(T
��BBNH)�*��&-(���+��G�+*�+�(T.�+.C�%A.
�AH)��$ก)�@� .'E�
H)�F�).B�@G�RAHAGH)�.�X�RJ������+��.)$�@*�+�(T �$%B-�+���@
�(TH)�C�RJ������+'��ก'����G���$%A$FD%�.&$�+��NA$�@�A-J�

- I am not in the business of proselytising 
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clear that I am not your solitary guide - indeed, you 
have met a range of guides, many more distinguished 
and knowledgeable than I am in their various fields. 

K�&�*�@�F�
G�+^ A�กก@G�RAA�ก 

The most memorable journeys are those you never 
want to end ` and this is a journey that, in reality, has 
not, and never will, end. As pioneered by the 
redoubtable Marilyn Roossinck, the two great 
disciplines of symbiosis and virology are only just 
beginning a useful cooperation. I believe this will 
inevitably expand, for the extrapolation to zoological 
viruses is likely to prove fascinating and revelatory. 
Mysteries remain, such as the role of horizontal gene 
transfers in microbial life forms, and the Cambrian 
Explosion, when all but one of the great animal phyla 
arrived on the scene in what, in evolutionary terms, 
appears to have been the blink of an eye. A very great 
mystery that intrigues me is the dramatic shape- 
shifting we call metamorphosis, more familiar in 
insects but a good deal less so in marine creatures, 
where it is far more extensive and exotic. There are 
continuing mysteries also in the evolutionary origins of 
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- Cambrian Explosion, when all but one of the great animal 
phyla arrived on the scene 
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viruses, which are likely to be intricately enmeshed 
with the evolutionary origins of all of life. 

W��W���ก��
��ก��.��)@�@�V��ก�-*�+&�%+A$F$@�
�(กF��) 

Even while writing this book, scientific colleagues in 
various disciplines have been in communication with 
me, discussing or exchanging new ideas. Several 
lines of communication arose from a presentation I 
made to a virological meeting at the Noble Foundation 
in Ardmore, Oklahoma, organised by Roossinck, and 
where one of the sessions was devoted to viral 
symbiosis. One of these was with Claudiu Bandea, at 
the National Center for Infectious Diseases at CDC in 
Atlanta. 
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Twenty-five years ago, Bandea formulated a highly 
original theory about the essential nature of viruses. 
New theories about viruses are rare and I confess I 
had not heard about Dr Bandea's theory until we made 
contact -- but when I read the several papers she sent 
to me, I was intrigued by it. Readers will recall that, 
early in this book, I suggested that only in the 
interactive circumstances of its life cycle, when it 
invades the cells of its natural host, do we witness the 

�$%&��'���qกG��'����$M ���.)$�&-��+�res$)�M+.)�A��G�+��%+
.ก$%�@ก����กeTN�$%&����S*�+H@-�& �res$K'AG.ก$%�@ก��H@-�&A$
���� RA&�-f�C@G�HAG.��H)����.ก$%�@ก���res$*�+ )-. 
���.)$�B�ก-N��%+.-�H)�
�)
G�ก�� �
G.AD%�RA�G��.�ก&�-
���@�A
G�+^ �$%.��&G+A�K'� RAกE-J�&Lก�L%+ก��A�� RJ��G��BNB��
H)�@G�K�
��
��*�+'��+&D�.�GA�$MRA��N���@G�A$.C$�+K�
&I��ก�-T[�$%.ก�)ก�-�s�&�AC���[*�+@+B-F$@�
H@-�& .AD%�A��
-(ก-��.W��[*�+Up&
[
�A�--AF�
�*�+A�� .-�BL+BN.'E�
��กeTN��+F$@f�C�$%���B-�+*�+H@-�& ���.)$�H)�C�V��

 



 

 

90 

 


��
��� ����� ��������� 
real biological nature of viruses. Bandea has 
developed this aspect into a full-blown theory. Where, 
historically, viruses have been defined on the basis of 
their infectious particles, she argues that this 
misrepresents the true viral nature, and it has been 
this misrepresentation that has set viruses, and 
virology itself, outside the mainstream of biology. What 
interests her in the viral life cycle is the phase, within 
the cells of their host, when the viral particle breaks 
down and releases its genome to fuse with the host 
genome, and the viral genes, their proteins, and 
control pathways are fully expressed at molecular level 
in the living struggle to form new viral offspring. Here 
the virus metamorphoses to a molecular being within 
the amphitheatre of the host cell ` in Bandea's 
definition, the virus becomes a "molecular organism". 
In support of her theory, she proposes an evolutionary 
model for the origin of ancestral viruses from parasitic 
cellular species that lost their cellular membrane and 
cellular structures to permit this new existence within, 
and dependent on, the host cell. 
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I like people bold enough to put forward new lines of 
thinking, since without new ideas science stagnates. I 
particularly like her idea about the importance of the 
intracellular phase of the viral life cycle. While I think 
the particle phase is also an important aspect of the 
viral life cycle, I agree that viruses can only be 
understood as life forms when we consider them 
during the phase when they are interacting with their 
hosts.  
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When I wrote to Professor Eckard Wimmer, the 
virologist who reconstructed the polio virus from mail-
order components, and wrote out its atomic formula, 
he supported the thought that viruses go through two 
phases of their life cycle, the "inert phase", when they 
leave the host as a particle, and the "living phase", 
when they enter the host and interact, genome for 
genome, within its cells. This explains his ambiguity 
about the true nature of viruses. 'When asked whether 
I believe that viruses are dead or alive,' he writes, 'I 
answer, "Yes." ' One has to think about this for a 
moment to get his drift. 
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The French biologist, Jean-Michel Claverie, takes a 
similar view, while peering deeper at the fascinating 
mystery of where viruses originally came from. I agree 
with Claverie that the weary old dismissal of viruses as 
non-life, and, worse still, their relegation to being mere 
instruments for molecular biologists to investigate 
genetics, contributes little to understanding viruses ` 
and their role in biology. In Claverie's words, 'After 
being considered non-living and relegated to the 
wings by most biologists, viruses are now centre 
stage: they might have played a central role in the 
eukaryotic cell [life forms with nucleated cells, such 
protists, fungi, plants and animals], and might even 
have been the cause of the partitioning of biological 
organisms into the three domains of life. 
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It seems that viruses are provoking some profound 
questions these days, and another deep thinker is 
Patrick Forterre, Director of the Department of 
Microbiology at the Pasteur Institute in Paris, who, in 
an illuminating series of papers, argues that viral 
abundance and diversity, especially in marine 
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environments, suggests that they are essential 
components in the balances of the biosphere. One of 
the few authorities capable of taking us back in time to 
the "RNA world" that is widely perceived to have 
preceded the DNA world of cellular life forms, he 
traces, through structural studies and genomics, the 
evolutionary transition from one world to another, 
through the powerful interactions of competing cells 
and viruses, including the putative key stage of the 
Last Universal Common Ancestor, or "LUCA".  
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In other papers he discusses the fascinating new 
forms of viruses that have only recently been 
discovered, including the giant Mimi virus, which 
infects amoebae, and which, with almost a thousand 
genes, has a larger genome, with very many proteins 
of its own, than some of the smaller bacteria. Other 
viruses, including those that colonise the strange 
microbial life forms called Archaea, are every bit as 
strange in appearance and properties as their hosts. 
As Forterre reveals, sequencing of the genomes of 
these Archaeal viruses has revealed that most of their 
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genes, and sometimes all of them, are unknown in any 
other life form. 

Once again we witness that viruses are not evolving 
by "pick-pocketing" genes from their hosts. Like 
Villarreal, Forterre has confirmed that most viral genes, 
wherever they are found in nature, are peculiar to 
viruses, although there is growing evidence that 
viruses, even from distant evolutionary line-ages, have 
extensively exchanged genes with each other during 
their lengthy evolution. 

.�X��$ก�-�M+�$%.-�.'E�@G�H@-�&HAGH)�C�V��)�@�ก�-'����DA�$�
B�กUp&
[ .'AD��ก���$%@����.-$�� g�-[.��-[�D����@G��$�*�+
H@-�&&G@�K'SGHAG@G�BNC��$%K)กE
�AK��--AF�
�A$�@�A
C�.Ze
G�H@-�& IL+�A�BNA$'��กh��A�ก*LM�@G�H@-�& �A��
GC@ก
�$%A�B�ก&��@�@�V��ก�-�$%'G�+Hก� A$ก�-��ก.��$%���$�
-N'@G�+ก��A����K�-N'@G�+ก�-@�@�V��ก�-�����@���
*�+C@กA�� 

 

Forterre also agrees with Villarreal that viruses have 
extensively co-evolved with their hosts. And he has 
produced tantalising information regarding the 
influence of viruses on the evolution of all cellular life 
forms, from bacteria to humans, approaching the 
deeper questions from a very different perspective, yet 
by and large finding common ground with Villarreal's 
wide-ranging studies. One of the most challenging 
extrapolations of his theories suggests that the step 
from an RNA to a DNA world occurred during the age 
of viruses, and that the DNA replication processes, 
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which are different for each of the three basic domains 
of life ` the Archaea, the bacteria, and nucleated 
cells ` were established by founder viral lineages. 
That the tiniest evolutionary entities, the smallest living 
organisms as I see them, might have played such a 
creative role in the origins and diversity of life has a 
marvellous and very illuminating dimension. So we 
glimpse, even at journey's end, future possibilities for 
research and enlightenment ` the lure of new and 
equally enthralling odysseys. 

B�ก.FDM�&��H@-�&�-ก.-�%A ก�-�$%&�%+@�@�V��ก�-�$%.�Eก�$%&()�$%RA
.'E�@G�.�X�&�%+A$F$@�
�$%.�Eก�$%&()��B�&)+������$%&-��+&--�[
K�ก�-ก��.��)��N.ก�)�@�A'��ก'���*�+&�%+A$F$@�
��M� A$
-J�����$%�G���ZB--�[��N�G�&�KBA�ก )�+��M��A�K������$%&()
*�+ก�-.)����+ .-�BL+.'E��@�A.�X�H�H)�&��'-��ก�-@�B��
��NC����
��
G�H�K�����
 .�X�.&�G'[�$%���K'�.ก�)ก�-
.)����+K'AG�$%�G�'�+K'�.FG�ก�� 

But journey's end is where we now find ourselves, and 
reflecting on the various forays and explorations we 
have made, we are in a position to sit back and 
consider what we have learnt. It is rare in science that 
a single idea changes an entire discipline to become 
what the philosopher, Thomas Kuhn, called a 
paradigm shift. Newton's concept of gravity was an 
example, as was Einstein's theories of relativity. The 
DNA revolution, ushered in by the discovery of its 
three-dimensional chemical structure by Watson and 
Crick, was another, as was Darwin's concept of natural 
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-[�$%�@�A��)'�L%+
BN.��$%�����+��M+&�*�@�F�H)�.'AD���$%��ก�-�FS�U�A�& 
�('[� .-$�ก@G�ก�-.��$%��ก-���@�A��) 
�@��G�+.FG� ��@��)
.-D%�+�-+U��AIG@+*�+��@
�� ��N�res$&�AC���f�C*�+
H�&H
�[ ก�-�w�@�
�)$.�E�.�WL%+.-�%A
��B�กก�-���C�
U�-+&-��+&�AA�
���+.�A$U)�@�
&����N�-�ก �D��$ก&�%+'�L%+
.'AD��ก����@��)*�+)�-[@��.-D%�+ก�-��).�D�กU)��--AF�
�
K�Z
@--eกG��'��� �
GB��.�X�
��+C�V��K�-N�N'��+ �$%

 



 

 

96 

 


��
��� ����� ��������� 
selection a century earlier ` but the latter had to 
evolve, out of necessity, to become the synthesis of 
three forces, Darwinian natural selection, Mendelian 
genetics, and mutation as the supplier of hereditary 
change, in the late 1920s and early 1930s.  

.�X�ก�-&�+.�-�N'[*�+�����C�&�A��G�+ �D� ก�-��).�D�ก
U)��--AF�
�*�+)�-[@�� C���(ก--A*�+.A�.)� ��Nก�-
ก���C���([ K�h��N.�X��$%A�*�+ก�-.��$%�����+��+
C���(ก--A K�FG@+�����Z@--e 1920 ��N
���Z@--e 
1930  

As readers will be aware, I take the view that the 
original synthesis, of mutation-plus-selection, needs 
modernisation ` today evolutionary biology 
recognises the importance of additional mechanisms 
for hereditary change, the various forces I have 
included, for convenience, under the generic umbrella 
of "genomic creativity", which are capable of 
generating hereditary genetic and epigenetic change, 
large and small. Other than mutation, which remains a 
powerful and mechanistically valid force in its original 
definition of copying errors during cell division, various 
additional forces, such as symbiogenesis, 
hybridogenesis and epigenetic inheritance systems, 
are acknowledged to play important roles. 

.'AD��.FG��$%RJ��G��
-N'��กIL+ RAA�+@G�ก�-&�+.�-�N'[���
)�M+.)�A*�+ก�-ก���C���([B�กก�-��).�D�กB��.�X�
��+���K'�
���&A�� ��BB(����$MF$@@����@�@�V��ก�-
-N'��กIL+
�@�A&����S*�+ก�Hก.C�%A.
�A&��'-��ก�-.��$%�����+��+
C���(ก--A '-D������C�
G�+^ �$%RAH)�ก�G�@IL+.CD%��@�A
&N)@กf��K
�ก-����%@H�*�+ \ก�-&-��+&--�[*�+�$U�A] WL%+
&�A�-I&-��+ก�-.��$%�����+��+C���(ก--A��N.'�D�
C���(ก--A��M+*��)K'SG��N*��).�Eก ��กB�กก�-ก���
C���([�$%��+�+.�X������C��$%A$�-N&����f�C��Nก�Hก�$%&A�J-T[

�A���B��ก�)�@�A.)�A�$%@G�.�X��@�AR�)C��)*�+ก�-
��)��กK�-N'@G�+ก�-��G+.W��[ �����C�.C�%A.
�A
G�+^ .FG� 
W�AH�U�.B.�W�& Hp�-�)U).B.�W�& ��N-N��ก�-IG����)
.'�D�C���(ก--A ��@�.�X��$%��A-��@G�A$�����&����S 

- hybridogenesis = Half the genome is passed intact to the 
next generation, while the other half is discarded. It occurs 
in some animals that are themselves hybrids between two 
different species 

 HAGA$������f�e�H�� BL+���U)�KF�ก�-���Z�C�[@G� \Hp�-�)U).B.�
W�&] 

- epigenetic HAGA$������f�e�H�� 
 epi = a prefix occurring in loanwords from Greek, where it 

meant \upon,] \on,] \over,] \near,] \at,] \before,] \after] 
 BL+���@G� \.'�D�C���(ก--A] 
  

As an aid to understanding, I have created this rough 
chart in summary of the various forces of genomic 

.CD%�FG@�K�ก�-����@�A.*��KB RAH)�&-��+
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G�+^ *�+ก�-&-��+&--�[*�+�$U�A 
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creativity, from which the differences between the 
various forces can be readily understood. It is merely 
stating the obvious that, without the various 
mechanisms, or forces, of genomic creativity, 
selection could achieve nothing. But it also works the 
other way round, so that without the stabilising effects 
of natural selection, the threes of genomic creativity 
would end in chaos. Neither is more important than the 
other since neither can operate effectively in the 
absence of the other. 

WL%+�@�A�
ก
G�+-N'@G�+�����C�
G�+^ &�A�-I.*��KBH)�
��G�++G��)�� A��.�X�.C$�+ก�--N�(K'�F�)@G� I��HAGA$ก�Hก
'-D������C�
G�+^ '-D�ก�-&-��+&--�[*�+�$U�A ก�-��).�D�ก
กEHAG&�A�-I�--�(R� �
GA��กE���+��K���+
-+ก��*��A)�@� 
.C-�NI��HAGA$R��$%.&I$�-*�+ก�-��).�D�กU)��--AF�
� ก�-
&-��+&--�[*�+�$U�A��M+&�A�+B��+)�@��@�A@(G�@�� HAGA$
�NH-�$%&����SA�กก@G�ก�� .C-�NHAGA$&�%+H'�&�A�-I���+��
H)���G�+A$�-N&����f�CU)��$%HAGA$�$ก&�%+H)� 

How, then, does this new thinking affect Darwin's 
famous tree of life? 

I��.FG���M� �@�A��)K'AG�$M&G+R�ก-N��
G��R�fJA�
��HA�
�&)+@�@�V��ก�-�$%A$FD%�.&$�+*�+)�-[@����G�+H-? 

 

In July 1837, Charles Darwin opened a secret 
notebook, small and brown-covered, into which he 
scribbled his preliminary thoughts about what he 
termed "transmutation", which in the modern context 
translates to "evolution". The musings and short 
sketches of ideas he poured into the secret notebook 
would, in time, become the foundations of our modern 
concept of evolution, offering the first convincing 
exploration of the origins of life, and its subsequent 

K�.)D��ก-กs��A�q �.Z. 1837 F�-[�&[ )�-[@�� .��)&A()
����Lก���.�GA.�Eก�ก&$�M��
�� �$%.*�*$).*$���@�A��)
.�DM�+
��.ก$%�@ก��&�%+�$%.*�.-$�ก@G� \ก�-ก���RG��] WL%+K�
�-���&A��K'AG���@G� \@�@�V��ก�-] f�C-G�+�-G�@^ B�ก
ก�-K�-G�-@S*�+�@�A��)�$%.*��G��^ ����Lก�+K�&A()
����Lก��� K�.@��HAG���ก���.�X�-�กh��*�+��@��)�$%
���&A��*�+ก�-@�@�V��ก�- �$%.&��ก�-&��-@B�$%�G�.FD%�ID�
�-ก*�+
��ก��.��)*�+&�%+A$F$@�
 ��Nก�-.��$%�����+��N
�C-Gก-NB���$%
�AA��$%กG�K'�.ก�)�@�A+�A��N�@�A

- transmutation = ก�-@�@�V��ก�-.�X��$ก&�qF$&['�L%+, ก�-.��$%��
-J����, ก�-.��$%��&f�C,ก�-.��$%��f�@N, ก�-ก���RG�� 

 (�$%A�: CB���(ก-A��+กre-H��, '��+&D�&�-�)$) 
 .�D�ก���@G� \ก�-ก���RG��] .�D%�+B�กK'��@�A'A��
�A���Z�C�[

f�e���+กreH)�)$��NA$�@�Aก-NF�� 
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change and spread to give rise to the beauty and 
diversity of life we see today.  

'��ก'���*�+&�%+A$F$@�
�$%.-�.'E�K�@���$M  

In that same notebook, he made a rough drawing of 
the genealogical history of animals and plants, as if life 
could be represented as a sturdy oak tree, with fossils 
the dying terminal twigs, and the trunk symbolising his 
presumed last universal common ancestor, the 
primeval source of all of life today. That same tree has 
been extended and reproduced a myriad times over, 
in books and papers, in classrooms and university 
lecture halls ` we call it "the tree of life". And perhaps 
it is in observing the effects of the forces we have 
witnessed on this tree that we come to terms, in the 
broadest possible fashion, with the implications of 
genomic creativity. 
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] ��N��+�$B�กก�-&�+.ก
R�*�+�����C��$%.-�H)�
.'E���
��HA�
���$M �$%���K'�.-�H)�*��&-(�K�-J�����$%ก@��+
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With the arrival of genetic sequencing, which was first 
applied to microbial forms, evolutionary geneticists 
discovered that bacteria and Archaea have not split 
along simple branching divisions: rather, in the words 
of Graham Lawton, who wrote a summary in New 
Scientist, they routinely swapped genetic material, so 
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'that neatly branching pattern [quickly degenerated] 
into an impenetrable thicket of interrelatedness, with 
species being closely related in some respects but not 
in others.' Hybridisation is an important evolutionary 
force in plants, and it is increasingly being recognised 
to be the same in animals, so this same tendency for 
closely related branches to form a thicket, as opposed 
to the plain branching of the metaphorical oak tree, 
remains the case. And if we add to this the impact of 
symbiogenesis, we discover branches coming 
together from much more widely spaced trunks, 
branches and twigs. It should by now be obvious that 
biologists, and particularly evolutionary biologists, 
cannot afford to ignore viruses. And so finally, we must 
somehow fit the omnipresent symbiotic viruses into the 
picture, perhaps as diffuse swarms, clouding the 
outlines of the very roots, trunk, branches, and minor 
divisions, to the very leaves. 
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Perhaps we should view Darwin's tree not as the 
familiar stout and sturdy oak, but more as the oldest 
living tree on Earth, the oldest, most venerable bristle-
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- bristle-cone pine = 
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cone pine, rising up as if through immense struggle 
from the lifeless bedrock. It is an immense and august 
tree, certainly, its roots a gnarled battle of intertwining 
shapes, interwoven with the mycelia of fungi. And from 
that complex skein, the trunk and branches rise 
grotesquely twisted, their ends repeatedly broken and 
rejoined, through the storms of countless bitter winters, 
until the golden heartwood has been exposed, 
whorled and twisted like the eddies of whirlpools, and 
buffeted by a vortex of viruses, more brutally intimate 
than anyone had ever imagined, spiralling into and 
becoming subsumed within the very heart and 
substance of the wood yet a great tree still, enduring, 
defiant and upstanding. 
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As a physician, I am fundamentally practical, and my 
main proposal is that in order to understand any 
evolutionary situation in nature, we need first to 
encompass, conceptually and in detail, all the 
possibilities for change. Only then can we possibly 
find ourselves in a position to judge which mechanism, 
and possibly this may mean more than one at once, is 
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operating in any specific instance. This perspective 
does not contradict the work and achievements of the 
past. Rather, it cherishes and builds on them, while 
offering a broader understanding of the rich panorama 
of forces, and potentialities for change, that modern 
evolutionary biology has to offer. To paraphrase Jacob 
Bronowski, it would appear that nature (like man) is 
also distinguished by its imaginative gifts. It makes 
plans, inventions, new discoveries, by putting different 
talents together, and our understanding becomes 
more subtle and penetrating as we learn how it 
combines talents in more complex and intimate ways. 
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Readers will make up their own minds whether or not 
this odyssey is a reasonable interpretation of the 
information that is now available to us. And a core 
truth, which I have made clear from the very 
beginning, is that the driving forces for hereditary 
change in evolution are the same driving forces that 
underpin the genetic, and epigenetic, basis of 
disease. I have attempted to explain how each of 
these distinct mechanisms of "genomic creativity" has 
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��� ����� ��������� 
its own theoretical and practical application to 
medicine, helping to explain the genetic and 
epigenetic causes of a vast array of human diseases, 
as with diseases of animals and plants. 

��+C���(ก--A��N��ก.'�D�C���(ก--A*�+U-����A�กA���$%
.ก�)ก��A�(e�[.FG�.)$�@ก��U-�*�+&�
@[��NCDF 

What hope, then, for the new perspective ` an 
approach based on the construction of our human 
genome along the evolutionary principles set out here, 
with the genetics enhanced by the understanding of 
the intrinsic role of the vast viral components, and 
complemented by the growing understanding of the 
genie of epigenetics? 

�@�AA(G+'@�+&��'-��A(AA�+K'AG �D�@��$ก�-�$%A$CDM�h��B�ก
U�-+&-��+*�+�$U�AA�(e�[.-� C-��Aก��'��กก�-@�@�V��ก�-
�$%ก��'�)H@��$%�$% �$%C���(ก--AH)�-��ก�-�-���-(+K'�)$*LM�)�@�
�@�A.*��KBIL+������$%���B-�+*�+�+�[�-Nก��*�+H@-�&�$%
A�กA�� ��N��BBN���K'�.ก�)�@�A.*��KB.C�%A*LM�.ก$%�@ก��
�����.'�D�C���(ก--A? 

 

I believe the potential is exciting. Indeed, I have taken 
pains to focus on those very same diseases that afflict 
the majority of us, such as the autoimmune diseases, 
mental illness, multiple sclerosis and cancer. And we 
have seen how important it is that science looks more 
deeply into the evolutionary, embryological and 
physiological roles of HERVs, without which we cannot 
hope for the necessary understanding. We have seen 
how all of the various mechanisms, brought together 
under the non-prejudicial umbrella designation of 

RA.FD%�@G��@�A.�X�H�H)���M��G�
D%�.
�� �$%B-�+RAC��@�A
��ก�����กK�ก�-A(G+.���H��$%U-��$%.'AD��ก��A�ก.'�G���M� 
WL%+กG��@�A.BE���@�K'�C@ก.-�&G@�K'SG .FG� U-�fJA�

������
�.�+ �@�A.BE���@���+B�
 U-����ก�-N&��
.&D%�A�*E+ ��NAN.-E+ ��N.-�H)�.'E�@G�@����Z�&
-[�$%A�+�Lก
�+H�K������)���@�@�V��ก�- ��Cf@���� ��N&-$-@���� 
*�+ HERVs (human endogenous retrovirus) '-D�H@-�&�$%
��JGK��$U�A*�+A�(e�[ WL%+���K'�.ก�)�@�A.*��KB�$%B��.�X� A$
�@�A&����S��G�+H- .-�H)�.'E�@��$�$%ก�Hก
G�+^ ��M+'A)WL%+IJก
���A�-@AH@�f��K
�ก�-ก��'�)�$%�-����(AU)�HAGA$��
�*�+

- HERVs = human endogenous retrovirus 
 Human endogenous retroviruses (HERVs) are a family of 

viruses within our genome. Human endogenous retroviruses 
(HERVs) make up part of our genome and represent 
footprints of previous retroviral infection. 

 .�X�
�@�G�.
C�NHAG&�A�-I���H)� K������BL+.C�%AFD%�.
EA*�+ 
HERVs ��N���������@G�.�X� \H@-�&�$%��JGK��$U�A*�+A�(e�[] 
.CD%�K'�.*��KBA�ก*LM� 
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genomic creativity, offer a broad, and easily 
comprehended, level of understanding. Thanks to 
such understanding, the medical profession, together 
with our colleagues in veterinary medicine and 
agriculture, is now in a position to examine these 
mechanisms, in isolation and in their interactions with 
one another, and to use this knowledge to develop 
new ways of putting right these diseases at their most 
fundamental level. In practice, of course, this 
examination has been developing and extending for at 
least two decades, with a recent acceleration brought 
about by new molecular techniques. But I would 
introduce a word of caution. 

ก�-&-��+&--�[*�+�$U�A .&���@�A.*��KBK�-N)���$%ก@��+
��NB��KB�@�AH)�+G�� 
��+*���(T�@�A.*��KB)�+ก�G�@ ���
K'�RJ�A$@�F�F$C�C��[ -@A��M+RJ�-G@A+��*�+.-�K�&�*�&�
@
�C��Z�&
-[��Nก�-.กe
- *TN�$M��JGK�&I��N�$%BN

-@B&��ก�Hก.'�G��$M��M+K����U)).)$%�@��NK�����$%
�w�&�AC���[ก��ก�Hก�D%� ��NKF��@�A-J��$MC�V��@��$ก�-K'AG
*�+ก�-@�+U-�.'�G��$MK'�IJก
��+K�-N)��CDM�h���$%&() K���+
�w���
� ��G���@G�ก�-
-@B&���$MH)�-��ก�-C�V����N*���
��กH�
��).@����G�+����&�+�Z@--e�$%RG��A� U)�A$
.�����)���UA.�ก(�.�X�
�@.-G+ �
GRABN*���N���K'�A$�@�A
-NA�)-N@�+H@� 

Modern medical, veterinarian and agricultural practice 
has developed a formidable and highly efficient 
armamentarium of management of diseases, including 
preventive measures such as vaccination and 
elimination of environmental hazards, drug therapy 
such as insulin and antibiotics, complex and highly 
effective surgical measures, and of course good 
nursing and the support of many other health-

ก�-�C��[&A��K'AG @��$�w���
�*�+&�
@�C��[ ��N@��$�w���
�
��+ก�-.กe
-A$ก�-C�V���(�ก-T[.�-D%�+AD��$%A$ก����+A�ก
��NA$�-N&����f�C&J+K�ก�-B�)ก�-U-� ��M+A�
-ก�-���+ก�� 
.FG� ก�-
$)@��W$���Nก�-ก��B�)&�%+�$%.�X����
-��
G�
&�%+�@)���A ก�-�����)-�กe�)�@��� .FG� ���WJ�����N��
�w�F$@�N A�
-ก�-ก�-RG�
�)�$%W��W�����NA$�-N&����f�C&J+ 
��N��G�����M+ก�-C������$%)$ ��Nก�-&���&�(�B�ก
RJ�.F$%�@F�S)���&(*f�C�$%.ก$%�@*��+�D%�^ �$กA�กA�� ��N
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associated professionals. The new medicine will 
augment, and certainly not replace, this hard-won 
tradition. 

HAGKFGU)�ก�-����$% ก�-�C��[K'AGBN
G�*�������R��$%
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Figure 5: Genomic Creativity — Operative Mechanisms 

operative 

mechanism 

genetic 

change 

nature of 

genomic 

change 

leveI at which 

selection 

works** 

pattern of 

phylogeny 

amenable to 

environmental 

influences 

mutation* yes 
random 

cumulative 

mainly 

individual 

gene, 

organism 

linear, 

branching 
no 

Genetic 

symbiogenesis 
yes 

non-random, 

rapid 

mainly 

holobiont 
reticulate no 

hybridogenesis yes 
non-random, 

rapid 

mainly hybrid 

genome 
reticulate no 

epigenetic no 

non-genetic 

change in 

gene 

expression 

Epigenetic 

inheritance 

system 

linear, 

branching 
yes 

 

*Mutation in this table is defined as random change during cell division, or through external trauma such as radiation, chemical, etc. 

**It is understood that in certain circumstances selection may work at other levels, such as group level, and in specific circumstances it almost certainly works at 

more than one level, but this is the most important level at first incorporation of genomic change. 
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-J��$% 5: ก�-&-��+&--�[*�+�$U�A � ก�Hกก�-���+�� 
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 ��ก����	
���
����������ก�������� Virolution ����� �!"#�$�%�
&&$�'��"���(� )���ก�����*��)
+$��,-

.��*��
$����� ���+# (Christiane Nord) ���-��ก����	�,,$8*��&�	)!9#*��&
&�!.��:�� �#�

	�	 (Jean Delisle) ก��=9ก>�����������?��ก��.��
���&8�8��$ �	)ก��=9ก>�������"���
��-!� ��ก�����*��)
+

�	)������ก����	 
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��	 �����,
�� �	)�)#�,C�>�-8���� �D�����E����-����ก���	��ก���*@���	��,-��	 A#!�FD�)ก����	

*@�=�D-+�FD�)-8�D,��$��,- ����� �!"#�������-��ก����	�,,$8*��&�	)!9#*��&
&�!��ก����	�D����
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4.2 ��������ก������� 

  ��ก����	$��,-
(��-8��	��ก&������ก���� �! ,--8� 3 The Genetic Web of Life �	),--8� 15 At 

JourneyXs End ����� �!D,�JK
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 1. *@�=�D-+-8�&8���-���"��!�(�	�� ����� �!��	A#!���=�D-+,�KK�$� *@���	-8�&8����!�(�	��
�����E�-8���!&
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&#"#� ����� �! 9� @���E�$������*@�-�,=�D-+ 

��(� *@��(� ]primate` &8ก�����*@���	�(� 
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���,��*��%�*@���	C�>�"-!"&(�
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&ก�,,��,- ����� �!ก\

 @���E�$������*@�-�,=�D-+#��!��(�ก�� ��(� *@��(� ]host` ��	�(� � ��,��� $��G�ก�,8!� $���
���=�! ����� �!���
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 2. *@�=�D-+�FD�)-��I9��!��"&(&8�����C�>�"-! ����� �!$���=9ก>�*��*����D��&�$�&�D����
��.��� 

*��&
&�!-8��-� ���.��*@�=�D-+*@���%� �	�� 9�*�#
�*@���	 *@���	-8������ �!�	��ก���
�&��G�,(�"#�#���8% 

-  ��	A#!�����������,,*@���	-8�*	��!ก�� ��(� *@��(� ]Symbionts` 
&�!G9� 
���&8�8��$
�9����ก	B(&


���&8�8��$-8�&8*��&
�&D��e+�!�(��C��)D9��D��  9���	�(� ]*�(D9��D��` A#!��� �ก*@��(� partner -8���	�(� *�(
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, *�(�$���@� I9��
�&��G
&�!G9�*��#*�
�9����*�("#� 

-  ��	A#!���ก���e�,�! ��(� *@��(� ]Symbiology` ���*��)
+�(�&� �ก*@��(� Symbiosis + -logy(=�
$�+, 

��-!�)  9���	A#!���ก���e�,�!�(� ]ก��=9ก>�������C��)D9��D��` *@��(� ]Darwinian` 
&�!G9� a 

follower of Charles Darwin; a person who accepts or advocates Darwinism. ��	A#!���

ก���e�,�!�(� ]�����,G��-l>m8#��+���` *@��(� ]biological tree of life` 
&�!G9� a branching diagram 

or "tree" showing the inferred evolutionary relationships among various biological species or 

other entitiesotheir phylogenyobased upon similarities and differences in their physical 

and/or genetic characteristics. ��	A#!���ก���e�,�!�(� ]���C�&�$��"&��
#�����?��ก��` �D����
�

�.��� �(�! 

-  ��	A#!���ก��-�,=�D-+ 
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��,�����FD�) ��(� *@��(� ]Mimi virus` ��	�(� ]"���
&8&8�` *@��(� ]Elysia 

chlorotica` ��	�(� ][-�ก] ��	���8! *	�A�$�ก�` 
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��� ��(� ��)A!*-8��(� ]t and the Cambrian Explosion, when all but one of the 

great animal phyla arrived on the scene t` ����� �!$���*��*����D��&�$�&�(��)"�*�� ]Cambrian 
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