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The connectivity of the nervous system producing forward and backward locomotion of

the nematode C. elegans has been well described. The signs or polarities of the synapses,

excitatory or inhibitory, however, are not clear. The purpose of the present paper is to

estimating the configuration of the nerve-network. The ion current model employed by

Wicks et al. can investigate the dynamic response property of a nematode to stimuli.

We have estimated the configuration of the network using the model of Wicks et al. by

additionally considering the response of normal nematodes to touch stimuli and response

time, that is, time delay of the response to a tap stimulus, and besides the characteristic

is defined for every synaptic connection.

Key Words : C. elegans, Ionic Current Model, Nervous Network System, Genetic Algo-

rithm, Dynamic Response

1. TVUXW�YZ&[
C. elegans \^]E_ Z&[�`4a�bdc6egfih(jE`:kEl=m8n=op�q(r \�sEt^@�ud> `wv 0Ex(y&z6{(|8}�~ o:���P�K�6�&��o�E� r�q �8�6�E�:c��:v 0�x(y��^\8�(.*�4���4���������4�

�I�Ez�� ` sEtw@6u&>^� � � ` s�t:@6ud>����E� p � z � rq � �K�����8  �w� �(.*�8�K�4� v 0dz6¡d¢¤£ �  &�8�K�4�¥E¦ ` ��§E¨�� o \ �:©EªE« �¬�® « z ed� z �w¯&°^` �4�
�4� v 0dz jE` �w± �^ow²   � �6\w³ � r�q � q �^Zd[�`w´µ*o8¶   �w·g¸w¹�º6»E« �w¼6½ �(o \ � Hodgkin � Huxley

z�¾Eyd�À¿wÁ�Â�ÃN>P�&Ä&Å�3(Æ&z�Ç q �X� r6q � (1)
� ¿^�

¿ �wZ&[�o \I�"ÈIÉ8Ê^Ë6Â�Ã2>wÌ�Í^Î4Æ6z � q � �Xz�³ � rÏ fÐ�
Hodgkin-Huxley Å�3(ÆN� j�`&Ñ�Ñ Ç q �K� �:\ c ¢� q ��Ñ Á � C. elegans

` ���=�4� `w»E« �^ÒE¾KÓdÔ �wÕ(Ö
\ Ñ(× �=Ø � r6q � q ��j=�8cE� Wicks

�
(2) \ C. elegans

�ÚÙÜÛÞÝ=Á ¦ »(« �¤ß � r�q � �XàEá �¤� r�q �Iâ([�`:ã�·
s�t:@du&>:� �^`4Õ�Ö 3d@6? (3) ��9 o �I�=�I��ÅE3(Æ2�^äå ¿ � �4�K�I� `wv 0 »(«çæè©�ª(«�� ¬�® «�é ��ê�¾À¿ r�q�I�K��` R6S c \�ë�ì ` �d§6¨d� `�í&îIï6ð \Eà(ñ o4ò=�ó �6j�`Iô�õ�ö �^9 o ÎK÷&È^ø�@&ù `4«dú �:û6ü�¿ rdq �4�Ñ Á � �4�K��� `:«�ú �IÎ6÷6È�ø8@6ù�ý c \ � ÛþëEì(ý owÿ
á rEq �w�E�^� \ mIa&`��(ï ëEìd� �Xc r�q � �4�K�8� v 0o \ m�a=` �E.������ ú z	��
 � r�q � � q � Dale

`���

2009 � 9 � 29 ������ 2009 � 11 � 10 �����

(4)
o 9dÓ Ûz �����dc \ m4a6` ����� ú z��8�&�8� ¥ s�t�@

ud> `����En=o&� � r ©�ª(«�o� Û"!�0À� � ¬�® «�o Û"!
0&z e6�6� ��z	#�$ Ø � r�q � (5)

�
��RES c \ � Wicks

�^` ÅE3�Æ*� � �4�K�4� v 0(ý o�%'&
¿ ��Z&[�`)(	* ¥,+ ã�·=o�- 
 �^¯d°w` �4�K�4� v 0&z ©�ª«6� ¬�® «2` �8± �:o4²   ��` �=�^ê�¾d  �8�

2. .�/,0
2.1. .�/	0KY132�465	768:9<;�=

C. elegans
`8´&µ

-
º�>2o'-?   ���ï2â)@*o)ANÑ���� s

t:@�u&>6�(¿ r Wicks
�^o&���'B8` �4à�á � æ Fig.1

é �   �

=± �DC�E sEt^@�ud>6�(¿ r ALM

�
AVM

�
PLM

�
PVD

��F
G sEtw@6ud>&�E¿ r AVA

�
PVC

�
AVD

�
AVB

cded�w�^ã�·
s�t^@�ud>8\ F G s�t^@�ud>6� ` �����4�K��� o&�=f #�HÀ¿r�q � �Xà�á �X�=� � � Å�3�Æ oA6I � q �
2.2. J,KL=�M�N6.�/�0¯K°w` s6tw@6uK> ` �6§ V \�O�P�Q�REy

C
dV

dt
=

1

R
(VLEAK − V ) +

∑

ISY N + IEXT (1)

o)S"� �=�6�Ic��
C \�ë6ì ` ¦ ~ n2` ¦�T � ��U=� R \	V��W�X&�

VLEAK \YV � �d§ � ISY N \6���=��� ò�Z�� IEXT

\[�\K� �w`]�ò �6ÄN�D^&  � V � �d§ VLEAK \ −35 mVcde�fi�I¯K°8` s�tw@dud> æ ëEì é6` C
�

R
`8ö \_�` 2

`
table 2

o�a Ø �=�Db"f¤c6e6�8� y æ
1
é�`�c�d*`�e \ jE` ë



Fig. 1 Modeled neural network producing forward and

backward locomotion of the nematode C. elegans. The cir-

cuit consists of seven sensory neurons (roundish squares),

nine interneurons (circles) and two motorneuron pools

(hexagons). All cells represent bilateral classes of cells except

AVM and DVA, which are single cells. Chemical connections

are indicated by arrows whose thickness is proportional to

the number of synaptic contacts. Gap junctions are shown

by dotted lines. FWD and REV are motorneuron pools pro-

ducing forward and backward locomotion, respectively. AVA

and AVB are connected with REV and FWD by gap junc-

tions, respectively.
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Ṽ
�

Ẽ
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C̃m R̃m

ALM 1.0 1.0

PLM 1.0 1.0

AVM 1.5 0.5494

PVD 0.7 1.7582

PVC 0.7 1.7582

AVA 0.7 1.648

AVB 0.7 1.538

AVD 0.7 1.538

DVA 0.7 1.658

Table 1 Values of C̃i and R̃i of each neuron.

Value

Ṽleak −0.729

Ẽ(EPSP) 0.0

Ẽ(IPSP) −1.0

VRange 0.72 or 0.36

VSHIF T 0.0 or 0.1

Ĩ 2 ∼ 20���������	��

4.0

Table 2 Values of parameters common to all neurons.
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αij IKJ�L�MON	PRQTS
ALM PLM AVM PVD PVC AVA AVB AVD DVA

ALM - - - - - - - - -

PLM - - - - - - - - -

AVM - - - - - - - - -

PVD - - - - - - - - -

PVC - - −111 25 - −15 - - −33

AVA - −23 - 65 74 - −137 103 -

AVB - - −45 - 43 - - - -

AVD - −109 - - 115 - - - -

DVA - 67 - - 71 - - - -

βij I U�VWMON	POQRS
ALM PLM AVM PVD PVC AVA AVB AVD DVA

ALM - - 55 - - - - 9 -

PLM - - - - 46 - - - -

AVM 55 - - - - - - 11 -

PVD - - - - - - - - -

PVC - 46 - - - 16 - - 23

AVA - - - - 16 - - - -

AVB - - - - - - - - 3

AVD 9 - 11 - - - - - -

DVA - - - - 23 - 3 - -

Table 3 Values of αij ’s and βij ’s optimized by the touch,

the tap stimulus response, and the response time (sample 1),

namely (wres = 1, wabl = 0, wrestim = 5). VRANGE = 0.35,

VSHIFT = 0.1, αmax = 150, βmax = 150, τ = 0.1 ∼ 4.0.
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Fig.2 Generation evolution of the fitness function F for the

case of table 3.
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αij I J�LWMON	POQRS
ALM PLM AVM PVD PVC AVA AVB AVD DVA

ALM - - - - - - - - -

PLM - - - - - - - - -

AVM - - - - - - - - -

PVD - - - - - - - - -

PVC - - −116 103 - −72 - - −33

AVA - −112 - 139 132 - −82 71 -

AVB - - −52 - 125 - - - -

AVD - −115 - - 69 - - - -

DVA - −62 - - −37 - - - -

αij IKU VWMTN	PRQRS
ALM PLM AVM PVD PVC AVA AVB AVD DVA

ALM - - 99 - - - - 45 -

PLM - - - - 45 - - - -

AVM 99 - - - - - - 8 -

PVD - - - - - - - - -

PVC - 45 - - - 27 - - 49

AVA - - - - 27 - - - -

AVB - - - - - - - - 71

AVD 45 - 8 - - - - - -

DVA - - - - 49 - 71 - -

Table 4 Values of αij ’s and βij ’s optimized by the touch,

the tap stimulus response, and the response time (sample 2),

namely (wres = 1, wabl = 0, wrestim = 5). VRANGE = 0.35,

VSHIFT = 0.1, αmax = 150, βmax = 150, τ = 0.1 ∼ 4.0.
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� PLM ? -/. * �A@CB" =�	# AVA
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AVB o�¦�§/? � OA¨ p9q9m $ 
��=�g�P2 � m o �3X � # Wicks j���¦�§no�© 
����g�P2

αij ª¬«®°¯²±´³¶µ¸·
ALM PLM AVM PVD PVC AVA AVB AVD DVA

ALM - - - - - - - - -

PLM - - - - - - - - -

AVM - - - - - - - - -

PVD - - - - - - - - -

PVC - - −117 90 - -125 - - 45

AVA - −111 - −39 19 - −133 116 -

AVB - - −143 - 111 - - - -

AVD - 1 - - -1 - - - -

DVA - 23 - - 7 - - - -

αij ª¬¹®º´¯²±´³¶µ¶·
ALM PLM AVM PVD PVC AVA AVB AVD DVA

ALM - - 77 - - - - 123 -

PLM - - - - 19 - - - -

AVM 77 - - - - - - 102 -

PVD - - - - - - - - -

PVC - 19 - - - 5 - - 54

AVA - - - - 5 - - - -

AVB - - - - - - - - 121

AVD 123 - 102 - - - - - -

DVA - - - - 54 - 121 - -

Table 5 Values of αij ’s and βij ’s optimized by the touch,

the tap stimulus response, and the response time (Example

3), namely (wres = 1, wabl = 0, wrestim = 1). VRANGE =

0.72, VSHIFT = 0.0, αmax = 150, βmax = 150, τ = 0.1 ∼

4.0.
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Fig. 3 Time evolution of the potentials of AVA and AVB in

the network of Table 5. AVA(TAP) and AVB(TAP) are for

a tap stimulus, and AVA, AVB for a head touch stimulus.
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Fig. 4 Time evolution of the potentials of AVA and AVB

in the network optimized with wrestim = 0. AVA(TAP) and

AVB(TAP) are for a tap stimulus, and AVA, AVB for a head

touch stimulus.
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�0�1�2 ��#354���6 O j87�9 2 ��4�:�; ��< ��=>�? = 6A@�BDC5E�F�G�H ��I8S KKJ�L �)4 � ^'y'r�M�NOMPRQSRT �=7"�Z5�U5V �XW�Y�O j 2 �+4 -Z. # 7�9�? £�¤

« °¯²±´³¶µ
ALM PLM AVM PVD PVC AVA AVB AVD DVA

ALM - - - - - - - - -

PLM - - - - - - - - -

AVM - - - - - - - - -

PVD - - - - - - - - -

PVC - - []\ ^]_ - []\ - - ^]_
AVA - []\ - ^]_ `]a - []\ `]a -

AVB - - []\ - `]a - - - -

AVD - []\ - - `]a - - - -

DVA - `]a - - ^]_ - - - -

Table 6 Characteristics of synaptic connections predicted

by the optimization by the touch, the tap stimulus response

and the response time to a tap stimulus.
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