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Abstract: Clone-selecting is a prerequisite for gene sequencing, protein expression, high-throughput screening
and so on. The operation is to select clones that meet specific requirements from medium, and then inoculate them
for culture, which is performed so far mainly by manual operation. With rapid growth in demand for cloning
selection at research institutes and pharmaceutical companies, the labor-intensive and less efficient selection can
no longer meet the market demand, and robot is expected to be a solution. At present, challenges with such a robot
include its clone-selecting efficiency and accuracy as well as the survival rate of selected clones during the
culture. In this article, the design for a new type of clone-selecting robot is reported, which employs a cylinder to

Wi HEA: 2020-04-04 {€EIHEA: 2020-11-17

HE2MEB: ERE=FRITL (2018YFA0902900)

SIFARY: &fh, =, @], HETEEWLES R SLMR[J]. BmEME, 2021, 2(1): 134-144

Citation: ZHU Wei, ZHAO Wenling, HE Kai. Design and experimental research of new robot for clone selection [J]. Synthetic Biology Journal, 2021, 2(1):
134-144




$£2% www.synbioj.com 135

drive the gripping system with disposable needles connected to the pneumatic claw for clone-gripping. Moreover,

an integrated system based on industrial computer control with the HexSight imagining technology was developed

for position and identification. The robot was tested experimentally by selecting E. coli clones, which could

position and identify the colonies, with an identification time of 130 ms and positioning accuracy of 0.03 mm for

inoculating them into 96-well plates for culture.
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Fig.1 Single clone-selecting process
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Fig. 2 Basic structure of the clone-selecting robot
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Tab. 1 Address allocation and function of the input ports
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Tab. 2 Address allocation and function of the output ports

Bl 55 ik
1 EXO 0 — 5K
2 EXO 1 TSR
3 EXO 2 =5
4 EXO 3 DY -5 =T
5 EXO 4 5 AR i
6 EXO 5 N
7 EXO 6 5 AUt
8 EXO 7 IS ST
9 EXO 8 — 5SS
10 EX09 Wik ]
11 EXO 10 SR ik ]

g fil i
Ble il RGMEfFLERE

Fig. 6 Hardware for the control system

15 35
ST AT
R Heft

Ior

2556
HUEF AL

Bl7 ARG, UM ERR RGBT
Fig. 7 Position and the operation process of the cylinder and

pneumatic gripper

K3 WHAEA TR AU EH T Thae
Tab.3 Picking function of the needles on each pneumatic

gripper in a full-load working cycle

UGS
HEER UKL
e et Pt B et
1 5 7 3 N
2 4 6 2 ;
3 3 5 ! 2
4 2 4 8 !
5 1 3 7 8
6 8 2 6 !
7 7 1 > o
8 6 8 4 >
BRI, 96
- » AL B3]
R
v
REHIGL AT NE:F: Loy
Akt Jeseas®
LR ]
£ 1A AT SRR £
HEFEIL, 9671 i | Hereas®
B E B LA
T e —
¥ B PEEETT | AR
e frien "| Heshase
.
SRS S
L
1
SEREPREUB
i

B8 #h ARG TIERAEE

Fig. 8 Working flowsheet for the control system

{8 FHl Halcon %1% AR AL 47 55 J 1) 1 v 1B 4 2k
TR IR LE (E10), ErE S HERE
T NG AR AR (B 1D, SR JE X
FABLEAT B 78 AT S BLAR 3R A b 2 3 1 57 A b 2R
e, A URREIE F /2 Hexsight 23 w42 41 1 185
REBERRAE, R AR B T VR I AR B A
EJE R bR g S Al bR W A5 B TR A T VR A
Frelky BV, mE 12 PR

R RS MR E SAREHIE R A, A
L. LRI e P RIKIKBAT, B -PRHR-
R -VEE U DRI E 13 frR . O T A IBEE AL
Fo BLBLH = A B VR D9 1 SRR 56 15 A Bk ECHE B



140 BRENE $2E

|

[

|
ot
P

i~
- BF
&
4o
§

(@) 15 5 NI R R IR S

(a) Detection for the signal input

’—GlﬂﬁifiﬁE(OXSF)
5 6 7 8
EEEN NN

HRE 1 B (0xFF)
5 6 7 8
I ll l OO0

388 Fi 4 tH (OXFFFF)
2 3 4 5 6 7 8

9 10 11 12 13 14 15 16

(b) 5 5 i i BEA KT IR S

(b) Detection for the signal output

B9 =il RgRE ERE
Fig. 9 Display of the control system

B0 1 vk BRI )

Fig. 10 Colony image recognition and screening

Pho BEALECRE 77 b = A H Ax i v 04T BREG, $k

e RF4 LB 14w, 48 ER PP EGRZE
40.03 mm, /T E %Y ES 2 mm, 32K
IR,

4 Bt

A SCAE L5 8 77 B v B 1 v Pk IO 28 N 1R 9 4b
WFARIRIG, Wit T —KZE . B 0w &k
WAL N, RS T7ik, Rt ke
R G IR YN P SELN e S PO ¥
B AT BAR GE R v, 3T 0T B Ve Bk AL i
SR G AT W, BE il a6 RS ot Ak
BT A R T B S PR AL BRI, ZEREHLIR
Bl b3 FHOK W AF R AT AH DG SRS, B E T I BE
BRI V& PR HCHL A8 N D e L i vl A7 M . B VR BRELA
D AL SR AT M S R M . 38 I S0 O 4
M, a4

(1) AR SCHE H (0 56 1 U - P -2 b - 9% 41 DU
5 TAE AR (0 — Pk T v B B 7 AN 75 PR N
AU HhE AT — IR E W R, R TSR & T
PErR 0 & R BRERG e . THE P IUH (R AT Can 9
BEFTR) . KHAZE . HR LM% e 7
Bt - P-4 -V BT DU AL R S AT, RK$EE T
IO EE

(2) WK AET PCI R LR “ T
LB sz Hl R +CCD M HL” [ ik =iz sh i i
ZHITE, RN TG R BAASSAESE, XF
Pl & G0 1) & NPT R T SIS UE SRR AL AT
S 2 MBS S s s, B B E S RS
feik, BERBBFAETSEHRZEESHHEL
&3 .

(3) 3£ F Halcon. HexSight & 1% &b Bf # 1f ~F
SRR VA T I Tl = R =R DA DL
W EE R . B B B 8 AL B U A b g
ST LAB RN AL B R AL R R BL oK R R

L B T F AL b R 8] B B Ok AR, DR HE R I
S H bR VR R AR AR, P8 E LR LN

0.03 mm.. PAAT HLAE AT LUK B Bk X35 5 T v O 1%
F 2] 96 FLAR . AER] T Bk AT BB
AT

BEE B FLRIR N, KBLEA 24y
W Ja Bt T AR R LA J7 1

SO L T



%2%  www.synbioj.com 141

Column

g Jiid
Width 1280
Height 968

WindowID H261F5691520 (window)

Hmber 195
Area [9, 20, 22, 17, 16, 14, 17, 16, 16, 21, 18, 13, 20, 18, 20, 20,
How [201.667, 204.15, 209.773, 212.941, 217.375, 219.871, 222.941, -
Colusn [655.0, 696.05, 480.8, 846.176, 703.625, 601.871, 930.118, 553.-
i 196
k-ﬁE_J N—Eﬂ)‘ N.EEJ Lﬁa J
Row
(a) % B T T AR AT LA oo A4 A 23 A7 1] (b BpF S it
[In order to show clearly, every five colonies in this figure are displayed once [The image size, number of colonies, resolution (pixels) of each colony]

they are screened (red circles indicate colonies that display information, and

blue circles indicate colonies that do not display information)]

Bl % H bR AR S L i Al AR

Fig. 11 Target colony area and geometric center coordinates

* Automated Calibration Demonstration > = a7 Calibration - Distortion Model _ & |—8 I

Averags Fizal Q a Q _:] O\ ﬂ * Dot Filch
] Fomm ik [ T T e || L | T
Average Fizel r J Edge Senalivity =
D isa o —_—
Dot Corfoemnity

k] '
Minioum Dot Radivs |5 _J?

>

Avarags Vorld

0. C00100 inch Iz-
Paxinwm Yerld

P.00S0  iac

8- MaimumDotRadus 15 4
Average Tnsge & Display
0. (25000 pizal + % & Dots ™ Contowss
g Paxinm Inage 5. I H  Image Enoes 7
= | b  World Enors
08X pixal 0.000 0.000
" v - Werld Cecedinate System Type
- ; 3 - RoabTime | Detect | Sove | | [RigrtHanded >
0.000 0.000 Aversge DotDetscionfiom [T =] Imagsls) | Resubs
Te clibrate the comers, Eullon the Calibration Aes Oign £aou FE AR NG D s
Carars ealibration desenstration nring o File Esulation databaze sz the inpul sowrse » Distertion =l Wedd 100:0 iommo WoddY |0.000 =i n deresns FrmiH Ik o Dws
Average Image Emor: No Data
1= Click Acquire uatil the target iz properly ddigeed Acquire
2= Target aligesnt 13 corvest vhan & calibration dot in spgremisataly costersd in og Werld v Image Masémum Image Enor: No Data
{3 Wse the green wxes as guidelines for orienting the target ¥ Coatinawus Werd Image
A= Click Calilrate te compute the culibration pureeters Average Word Emor. No Data
5= The detected eulibration and vilidation dsts we respactivaly shovn vith yellow wr Calibrate K O|234205 Fmm | | K (N9 L picels
Aetual camers calibeation uaing & frune grabbear wd coners a3 the irgut sewrce . r o ot Eioe Nobote
Propurtios v [834% 2 mm JJ v [238997 2 pucels
- = - o L 0K [ Cancel
(a) AHHLbF E (b) A bri 4
(a) Camera calibration (b) Coordinate conversion

Bl12  FIBUbRE S AR bR 4

Fig. 12 Camera calibration and coordinate conversion

(D FELRERSH LM L LZMELT, 7 MERZ, BERESBEAEL, a8 WEmE
CARE I B AL, SNBSS RILT 7 AR &, IsAT E IR
FUSE S AT sk /0 e B 9k BDUATL 5 N\ 3% i 14 56 3 A (2) X FEARMEFRQOEEFLIN S, H



142 BRENE $2E

(b) Bk
(b) Picking up the clones

(a) L&
(a) Taking the needle

(o) HEFH

(c) Innoculation

(d 4
(d) Needle discharge

E13 EiroREmiE

Fig. 13 Process operation

(a) BEHLILSE H AR 7%
(a) Randomly selecting the target colony

(b) PRELRCR

(b) Screening result

Bl14 e H bRk L R

Fig. 14 Target colonies selected and their analysis

I 47 i) A A5 R ) 2 4 R RE B ERE 6 R ) 21 1)
Fi A W, ok AE Rl A BN T AR € H AR
Y RSP, ok P B H B B I OR b
) BE . B K AR S R AL BE AT B 25 BEE Y
SEZYE

Q) XN TEELMBEENEIFRIT S, HAb
2 1) A0 AR A B AR 4834 TG v 0 o AR ) TR VS B

KN TBGHCARERFAE RS 45 € 550 Bl 2 Mt A7 ik
FEVEDEE

(4) X857 ML AP 3 o AR R B Ak B s, T4%
MLR 3] — RPN B ALAR, HHBIIF 5 )
ITHUZ B 1 EAT R, BET 2 R RO, i
i BB — B RIA M R U 5 A I U IR
LA I A B % 0 I ) i R B IR A2



%2%  www.synbioj.com 143

®4 SLREER
Tab.4 Experimental results

A SZBR AR bR (mm) SE S AL BR(mm) (4X,4Y) R ZE
1 (-10.000,10.000) (-10.031,10.005) (-0.031,0.005) 0.031
2 (=20.000,20.000) (=20.034,20.006) (=0.034,0.006) 0.035
3 (-30.000,30.000) (-30.013,30.006) (=0.013,0.006) 0.014
4 (=30.000,10.000) (=30.008,10.027) (-0.008,0.027) 0.028
5 (-10.000,30.000) (-10.021,29.985) (-0.021,-0.015) 0.026
6 (10.000,10.000) (9.994,10.009) (-0.006,0.009) 0.011
7 (20.000,20.000) (20.008,20.003) (0.008,0.003) 0.009
8 (30.000,30.000) (30.057,30.001) (0.057,0.001) 0.057
9 (30.000,10.000) (29.980,10.015) (-0.020,0.015) 0.025
10 (10.000,30.000) (10.044,29.996) (0.044,-0.004) 0.044
11 (10.000,-10.000) (9.998,-10.001) (-0.002,-0.001) 0.002
12 (20.000,-20.000) (20.005,-20.037) (0.005,-0.037) 0.037
13 (30.000,-30.000) (30.035,-30.065) (0.035,-0.065) 0.074
14 (30.000,-10.000) (29.994,-10.009) (=0.006,-0.009) 0.011
15 (10.000,-30.000) (10.027,-30.037) (0.027,-0.037) 0.046
16 (-10.000,-10.000) (-10.018,-10.001) (-0.018,-0.001) 0.018
17 (=20.000,-20.000) (=20.002,-20.004) (=0.002,-0.004) 0.004
18 (=30.000,-30.000) (-29.988,-30.017) (0.012,-0.017) 0.021
19 (-10.000,-30.000) (-10.007,-30.023) (-0.007,-0.023) 0.024
20 (=30.000,-10.000) (-29.994,-9.992) (0.006,0.008) 0.010

(1]

(2]

(3]

(4]

(3]

(6]

(7]
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