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Development of Gridding Robot System for Genome Research
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SUMMARY

A robot system for clone replication and gridding, which is a preliminary state of the genome research,
was developed and evaluated its performance. This gridding robot system consisted of 1) a gridding head that
replicated the clone, 2) a manipulator, as a part of body of robot, which transferred the gridding head along
X-, y-, z-axis, 3) a well plate arranging board, 4) a sterilization unit, and 5) a control unit. Performance of
the system was evaluated with 1) repeatability of the robot system, 2) clone replication efficiency, 3) time
requirement of the replication, and 4) sterilization efficiency. The repeatability error of the robot system
showed 0.219 mm and 0.094 mm in the direction of x- and y-axis, respectively. The success rate of the
clone replication with the gridding head was 100% on the membrane filter. The time required for the
replication was four minutes and fifty-five seconds from the four 96 well plates to a 384 well plate
meanwhile the required time with well experienced hand labor was three minutes thirty-five seconds. The
gridding operation of clone could not be done by hand labor and the required time with robot system for the
gridding on the membrane filter with the control program 5x5: 1 copy and 384 gridding pins was twenty
minutes and twenty-five seconds. The efficiency of the sterilization was considered to be satisfactory since no
growth of fungi was found around the area of replication in the membrane filter.
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Fig. 1 Schematic diagram of the robot system.
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Table 1 Specifications of each equipment

[tem Maker Model
Stepping motor SANYO DENKI 103-7501-70H2
Servo motor PANASONIC MSMO21A1A
Sonicator HH B il SW1500
Ceramic heater NORIDAKE SPP8160
NC board CONTEC STP-2M(PC)

Upper
board
\\

Tetion
board

Gridding
head pin ~a

Fig. 3 Structure of the gridding head.
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Fig. 4 Flow chart of the control program.
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Fig. 7 Schematic diagram of clone gridding
for 3x3 : 1 copy of H384.
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Fig. 8 Flow chart of the control program
for 3x3:1 copy
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Table 2 Traveling distance and the
number of travel of the gridding
head on each axis
. Traveling distance (mm) 20690.0
X-axis
No. of travel 520
. Traveling distance (mm) 43202.0
Y-axis
No. of travel 430
. Traveling distance (mm) 19120.0
Z-axis
No. of travel 760
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Fig. 9 Picture of repeatability test of x- and y-axis movement of the robot system.

A28 A4z 2001 g¥

(4) 2R Aadel J|AXe Ms M

2R Azde 7jAHA 4% A48 Wdn 9
of S8 Bolgl= 96 ¥ ZHolE 45 &M
2 oz ougdw Zolgly 384 A FHwolE 14
o] Ao} EZ W H969 | : | copy WHES o
goto] QA RE A2 B8 HAsles Al
£ v, FHA a2¢a Jd¥ez BT
89 nud2 2E Al2"Sg o]&sld AY A
HE HAsAY

X&3 Yae] g 248 Alxgle) wE Fux
B3 Aas ® 3edAet 2oy, X, Y&EE 47
20,690 mm, 43,202 mme] ZHo|grE o] EF 3}
o, X&2| olF Azt YHO ol% AgnRt
ZWJ X&Fel o7t YERE AA vhebutizdl, o

X&2] olF 3lF7F 5208, Y& olF 347}
430%2: XEo] ol ZF7F YEL ol% d4n
thowekvl wEolet AlgHch m, X&FHe| 23}
¥ 0219mm= ®/HE gulw A4 7)Ed 5§ 2
2 0.7 mmBU @A qonz o)z 7|4 #
ol FFgE MHNA F& Ao AluEgvh o
102 XS e 2% Alzgle) ukd Aan
A3 AANE veld Aotk H4E A7 v
ztol &eto g FH4% £ glojA 1wy #I e
wAE #Y e AA g ?{:—fel g 7]& o] 43
o wirzlel 1 mmo| allwElis 2709 HE 19

aB VEow bE o] EAAEL W, atte]

(b) Y-axis

396 —



FHA dTE ey 28 Ayl A

Table 3 The resuits of repeatability test of
the robot system

X-axis Y-axis
Initial trial (mm) 0.781 0.500
Last trial (mm) 0.562 0.594
Repeatability error (mm) 0.219 0.094

# Repeatability error
= Initial trial - Last trial

(b) Last position of gridding pin on X-axis

Fig. 10 Picture of gridding pins position for
the repeatability test of the robot
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Fig. 12 Result of the performance test of
sterilization system.
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Table 4 Comparison table of working time
between robot and manual

Working time ( )
Item
Robot Manual
Replication 4" 55" 3" 35”
3x3 1 copy 7137
3X3 2 copy | 10" 13”7
4X4 1 copy | 13" 507
Gridding , Impossible
4Xx4 2 copy | 20" 24”7
5X5 1 copy | 20" 257
5X5 2 copy | 30" 587
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