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Abstract: The advancement of synthetic biology depends on the breakthroughs in the "design", "build", "test", and
"learn" (DBTL) stages. With the rapid methodological innovations in genome sequencing, editing, synthesis, and
artificial intelligence, the industry has made remarkable progress in designing and building mutants and even artificial
cell factories. However, the "unmanageable complexity of large systems" remains one of the ongoing challenges for

synthetic biology. As the cell mutant libraries get larger, the process of testing becomes more tedious and even
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impossible. Hence, there is an urgent need to develop high throughput sorting platforms. SCRS (single-cell Raman
spectrum)technology can identify panoramic information at the single-cell level in a non-labeled state, distinguishing
complex functional phenotypes. It has advantages such as being fast, low-cost, and capable of being coupled with
downstream omics research, thus making it a novel technology for single-cell phenotype identification. At present,
based on the powerful ability of SCRS in phenotyping, a series of synthetic phenotypic testing and cell sorting
equipment have been developed and a wide range of application demonstrations have been carried out, which
demonstrates its enormous potential in accelerating the phenotypic testing and cell sorting in synthetic biology. In this
review, we selected the self-developed Raman-activated cell sorting coupled sequencing system (RACS-Seq), single-
cell microfluidic droplet sorting system (EasySort), and high-throughput flow cytometry Raman-activated cell sorting
(FlowRACS) as the typical equipment, by introducing their technical principles, technical iterations and characteristic
application cases. Despite the advances in SCRS-based synthetic phenotypic testing and cell sorting equipment, there
are still challenges to overcome. For example, there is a need for improving automation and standardizing protocols to
ensure reproducibility and scalability. The development of more powerful artificial intelligence algorithms for
dissecting SCRS is also required to exploit more complicated phenometypes. Finally, the throughput and sensitivity
still need to be improved significantly. In conclusion, in spite of some disadvantages, the SCRS-based equipment has

shown great promise in accelerating the phenotypic testing and cell sorting in synthetic biology.

e B
Functional single-cells
One Cell One '-'.';Id Within o tOUCh

Optical tweezers-
based sorting

FlowRACS

Metabolic function, label
-free, high-throughput

AR @
B._vé._ LaesE @

Metabolic function, what
you see is what you get

Keywords: synthetic biology; Raman spectroscopy; cell factory; single-cell phenotyping; high-throughput sorting

FRAEYEAL L T HER R BE R R
B, A REM S s et AR E B N SR T
ZRVE, WA E AN E PR A S T RES 5
AN ARV DL B e B e A e i 1P 30 PR ) MU
PERHE U RE =17 BB LD
=37 EVERCQH LR K S
EMBARIN N Ky i BAT [ B 5E 4 77 B DA
TR R P (6« R J 51 4507 i A% 5 1) U 1k

HAR” 2 —. ARAEMFNEBRAKE, kT
CUTT-H - - 2% 2] 7 (design-build-test-learn)
KPURFA T B . TR, BMAEM T REN
HEN TR PO KRB B, BN gmiE S A AR
DY YN R AU Y 33 ;B 57
AU R PERIRTT Y, 1 4 e R R R S
WEMKENZEERZ, LWL “ 48R 20
7 0] v ) R R, DR 4 i R R Kk



1022 BRENE F45E

NG BAEVFARPOER R FEEZRRZ

BN 2 R M BR b AR i A 2 AR B s A E A Y
FEA AL, DR b R A i 3 Y KR R S R A e
WA R RBL, i RE B AEY) BRI R
R . H AT R A R T, RO
XNEFHEAH. SFRE. STEENEEES
P, & B ETRH B T2 1 B A0 i 2 R A 4
ARz — 10 R AN S bR 10 w7 5 BRI TR
R o Jon i i 22 — i K i) 1 g 32 1Y 3R
TBEA B A SR B K ST PR RS T 43 3R AR
i, B XT4uf BAA A fr 8l & — Py
ek, RAEY T TR EOR B E RS R
P B TR 06 25 BT 51 762 PR N S5 ' 1 5T S A R AR
ARG " A5 5 XN T B RS,
HARFE ORI AE 551 U A4y 7 FL PR AT DX FR
ANGH M AR BRI “FR SRR T B =0l
W% (single-cell Raman spectrum, SCRS) £ ARAEW
PRALFE AU R BUE B, R DL I R A
W&, Hoa] DLEAT JE bR 1o i i A A Wl s i % i
TEERLA, DR S S B v R A M A T e R
b R = e

# 1 SCRS AR B KR MBI HE 1, HA
HhCREEE T B A RN 3 55 B hr 2 O 40 i o)
TG (RACS) .. R4+ & R 42 I 20 M 132 3 IR
A, KA b5y b8 =0 m sh #8503k,
B & & E AL S 2 90 4 70 1% (Raman-activated
cell ejection, RACE) "', & i 2 K8 (static-
Static-RT) %', = J) JX 3 f &
o6 £ Wi 4> & (Raman-activated gravity-driven
RAGE) ™, J5# T ZE ALK Uz
Flow-RT) | $i
BRI 4r%E (Raman-activated microfluidic sorting,
RAMS) P\ $i 2 5 Wi ¥ 73 & (Raman-activated
droplet sorting, RADS) "\ 4 H 5 41 Jig i 3K/ %%
TCHL 2 B0IE W 53 1 (positive dielectrophoresis-
based RADS, pDEP-RADS) ¥ DL K FHi 2 0
4y i% (Coherent-RAMS) 2, iX S6~F & 45 R &
T & R A ik DAY b Bl
Fr, JEon T HB 1A A AR IR S
e B R J7 o AR Sk B 3 ) ) R ey 2
HeB kA (RACS-Seq) 41 MRS 71k R4

Raman tweezer,

encapsulation,

48 (flow-Raman tweezer,

(EasySort) Fl1 /& 8 & i X f1 B 70 & X
(FlowRACS) Nt R A8 45, 70 il Eid H AR
JEEE . BEARIEAC DL B R 8 8 24, 9 I = A A
A A A TR AL R I T %R

1 Hgifeh el (RACS-Seq)

RACS-Seq LA RAGE HAR A% 0>, AT LATE K IR
358 rp OGBS G PRI AT AR A1 I 2 AR, kAR
REAE SCRS Kt H s B 41 it FH 2 7y 5% ) vk v £, 2 1) T
AEHEEE, MR R S R
O, DU G - ANV A BT BN IR 1Y
TE 2R 5 AN M43 3% R B 20 AR A ) %, DASCHE TR
T AN Y B BN . RACS-Seq A X 4% 25 41 A #
an HEAT — b R AE PR AR R Y . PR R 2
Sy, FRAH MR 2 R AT AR A B R R . BT RR
5E [ 7 2 bnic IR A 1 SCRS #i R, RACS-Seq &
Gy TR, TE R MORS B B S E AR R
I B % Ah AR AR SC R AY (R L 40 i R) S R D
0 T B AT A A R Y B 2 3 5 A A A T A TR
PG AR, DASRE R a5 T . S5 AR 3R A DG Bk
) B 20 i L PR 4 . RACS-Seq 9 5 2% 248 o B 5 i 4K
PR A 5 YR 5 9 AN 3 AL A A
TH—R RelrREgRe s (Bl

11 IXRERE

Xu % PR T — R E RS b 2 R 4
WA, @ ERE MR R AR, FERT H AR
BT B ORGP S, S EBT I B T AR
RAGE R i) % J& y RACS-Seq FIRT 1 5 % & 42 it
THAR . RAGE 43 3% Fr R F (17K 7 2 S 4 i
EREE ol ENVN U3 G iGE T i - K K VTR 1
T A2 B TR A A (9 51N T DR B MDA 3 3 &%
R LTI RAGE 7k 5, H bs KM B 4 i
F10 4 35 R 4L 78 6 P A 1) T 4 95% P

RACS-Seq &+ # H 7 265 5 RAGE Ui % 7
e PR Ay LR, B2 B P T R A R R 8
GRS M B %, IR 4 20 3 0 T T M 2 B
ML & R IR, DL S P 5 S 1 R4 R
ERAYE . K TR TR R E S



$4%  www.synbioj.com

e

KR

1023

BANRRK T (R 33%)
& A NP, TR EERE
RBE RN K <3h
BEB K R BUE TEZ 104 /L
i e 5 R >05%( & E i /0.5 h)
== T r— P 4 e il =5EES/h
; g %=5 ¢ £ 4
- n@mwEsnE e A i)
BB AEER O B
A 1~2/min
- SEFAY 1 Fioh. LM, BB
BOEMHE R, RENEHREURARES. KA
(a) RACS-Seq{X 83 E R {2354

(a) Instrument diagram and instrument parameters of RACS-Seq

————————
il

{5

| | Single~cell encapsulation |

-

g

e PO
1
[ |

- 11
. 11
_ : )

s 1 |
|

| Downstream work in tube |

(b) RACS-Seqff] 5240 fflfi 8 43 1 T2
(b) Raman-activated cell sorting using RACS-Seq

1 ET RACS-Seq i B 40 i 4 8 2 B dar ) 5 128 22 45 1 53 1B AR
Fig. 1 Equipment and process for Raman-activated single-cell phenotype detection and sorting based on RACS-Seq

K BEMIT Bk fE ), MR ETENE. RN
$51 0 = IV EE s R = NI o871 i 3/ S 2 O O R A oA R )
RES, M LLSEIL pL/min 2007 (IR % % . RAGE #
R EHR A T B 3R T 2, PLRET R
(1) 7 V2K 2 R AR L 1 v G 8 i T s E AT 1)
BEREZE B, RS AR SN N ROV 2, AEREA
ERSIEIECS: 8% YN s S BRI epei = S S b e S i
i P P ) L AR . AL, AR A %
Tt — S I N TR AR, AR AR RO E N IRIE RS
HEREER S 7 AR G B ANPE F 7, S8R 2=
e FE TR Py AT i o 0 & LIRS

L G it Ay i AN [H, RAGE K 2 8 & 4
. MM IERET, AR RS A, S K
AH 5 it deh vt P ek A £ 7 A ST A5 B T e o
b, BRETEERE N 0, 41 IEE P AR R L
RE (RAWESHMARS A RE)D, WER
ME b gn B 2 e (532 nm WOLIIHD .

TH 2455 19 B 5 ORI P IR T U L
X B 532 nm BOLHATR 2 S . KR, 532 nm
WOCHEA — g WLk 71, WRGEEFHER
BRIkl /N, T HEHSHE TR AR S
W s B ) £ PR b, R) O AT SR 4 B 4 55 1 A e SR A
P25 5. ik B A RHMER 2061 M H Ax 4 i
i, 532 nm EOL VI 1064 nm EOE, FHEFIH
1064 nm G T AE OGB4 B bR 48 i 15 320 18
T8 R Ui R K A AL . BER, Th R R R AR
B i e T 7K T Ak 7R 7K ORE 5 N ekt 3 T T A
TR, b 4 B B A6, 2 g N TR B SRS R
F T BT 4 e AF 5 7K ORE ) B R R R, AR OO 2 4
BT i i IS SR D@ E O b, 2 AT
HhE I B AN B VA T U S, B 2 DL A A
JfL - BRSO - A7 BT B A B 1 2R 58 RO
L 1) ] 1240 i 48 308 ] 7 {8 5 ¢ e S 3R &
HEAT B0 R S A3k



1024

BRENE F45E

1.2 A

TAE A R Bk | RE RS on R AE I 0 F E R

i, 5 AR SR DL A ST B 2 B 5k .
DG, AP BRI BERRERIRIE, Rk«

MERE TR BRI, iR A A Rt S L I R Ak
R . SCRS HE S I 75 1 77 1 HR 1R 7] B A 4 i
AR T RE, (E2 —ELLIK, B0 GHE A .40
P 73 A P ES T I o S E S, Ao
TEF PR S R RS A€ 4 2 R AL AL X,
R ] v 7 i B I SRATRS B 3 2 ) R 2

BEXE b ), RAH I 2O B 1 X
RACE-Seq &3t /A 2l k5 5, LR AL
LAz M B AR g A 5 2 2R TR B A TR AN
A A ORGSO AL R B S T O
SR J5 R R W 7 AE TR B A H AR i
OV R R B R, TR PR GE L RS
{7 {5 1ML SEE T < B 200 6 - BN VR - B R
SOy RS, AT B G I 0 I B R O AL A
. AEIX B T HR I S 61 e 7s RACE-Seq (1)
e NI 70 (B2,

E= =

& AlD n

5 I'

Urine sample  D.0 labelling ’l 2 /A
i /|

0‘ W‘J k. IH' C-D ratio 0.11
— s .
Data analysis Emulsion MDA RAGEsorting 1000 1500 2000 2500 3000
Raman shift/cm'

(a) PRI PP A = R T B R AR & ik B P
(b) Raman-activated single-cell sorting and sequencing of
antibiotic-resistant Escherichia coli in urine

v2 vl

j1s8s i~1521.90 r
A e —
: A 0d 10}
-115| Ith 1~1512.30 e
My Ty S L ;
i~ ~1500.77 = |
il O N SN 0 : :
E .“-‘lidﬁ.ll ~—1504.62 E Y b
. -I . g ' id z AL :
= 114012 ~1506.54 S-10 : e T T
piden o NETEIT 4d oy st s
.\~n41 |2 —1503,66 1)y ke R
_"\._/I i T /: B 20 B -'_.‘:_.
: ' N B B -~ - A SRR o
1000 1200 1400 1600 0d 1d 2d 3d 4d sd
Raman shift/em™! Time point

(c) V¥ [ B ol 2 0 S AR o 2 7 3ok L P
(¢) Raman-activated singel-cell sorting and sequencing of
marine carbon sequestering microorganisms

&2

Indensity

=
8
5
El

b

121 RARFPHRAEZRBXDHA LW S 5
ik B 5

Xu % " fii F] RACS-Seq M Il PR J& B FEAS b B
FEAR JIRA 43 326 HA T 52 45 18 0 AR 2 I I R K B A
AP — AN ERERAN T, B5EE
99.5%. Hi & HEF >k (RACE) PV 78 T 4t
AT R AT, HL O B0 A 43 35 2 % 40 o i — 58
445, D5 RACE [ 5 28 i I 7 78 5 F% — A A
i1, RACS-Seq 736 40 f i B T~ H Ar 4 i 7£ 43 i i
TR AR AN TR IR, AR T H 2 5 ik
HOE I ONIE A B A, LT H O A PR
A R T TR SRR 5 Ja v A AL R R
KRS B BRAR T % G B 4 i 2 R 3 (B 4 i
MDA) HAFLERI i, AT T A — A4l i 45 21
EFRBNERNAEE. B—mEEERIET
HE R 40 b fir A T 24 6 TR R AR 35049 DA AR T A if
7N o WeAl,  FOBRURE IR B0 43 i B 7% % U AL

fif e T B AN o3 A R LTS G n) . A B R
B R v MR E— A 1 A R 2 Aot R R R
HoeBERNA, R RAG LB . Fik, RACS-
Seq HIIX —MUFFRE JT,  TRTH R 17 SR I PR JB%E 412 It Al
Caroenoids| CREGE R CRGE || CRGS |
946,73 n—.mszsa "-I_mz.ls“.’mm %g -
: ' o] oSN ‘

S N S \J-W,.,W,E":,G:'_, E200 -t lougte || onigds ||l v
2| RGs | @ 0 (oo < 1 L
P e “’*—"'. e R0 | B 201 i | N o
VAP IV RV \Y WD Y2 e | SR (P B
MM&W_I\\, CRG11 :%g : : | =

A L
(b) ST P T e B 4 R B 4355 T U R
(b) Raman-activated singel-cell sorting and sequencing of
functional single cells of soil microorganisms
COR=0.007 Control
= ; ; : 033 FSWI
= —— : o207)| —ESW4
T 1 : CEER
__fﬂ.\hA_JL E IWMMJ' &l 022 5wz
B00 1600 2400 3200 01600 2400 200 2 0.29 SSW5
Raman shift/cm ™! Raman shiflt/com ! E ~ gi; Sg&g
oz /| —~TSWe
023 i —TSW8
o _0.30 "\ TSW9
021

_,/W»\_.l,*.. L ! '0'”';_/““-*_;\_]
800 1600 2400 3200 S0 1600 2400 3200
Raman shift/cm™ Raman shift/cm™*

(d) Y5 /K BETE T T RE S A T 1 8 49 ik S 3 57
(d) Raman-activated singel-cell sorting and culture of
functional single cells of wastewater dephosphorylating bacteria

500 1000 1500 2000 2500 3000

Raman shift/cm™’

3T RACS-Seq I H4H g 43z 2 7 3% M H

Fig.2 Applications of Raman-activated single-cell sorting based on RACS-Seq



%£4% www.synbioj.com 1025

ME. T2 s SlH . A SEES
BEUR 24 S AU — R AR (K 2@ ],
122 RERAEMA LM T 5k BN 5
IR MK LR E RS BB R
Mz —, o REWEY A LS %, TR
2 RS 52 B0 25 23 W - e - DU e SR 2 1 b 345
B R B 2 AL ) 2 B Jing &5 UV RAE
RACS-Seq, M FGE [AI AL 2 1) 1] M Fr) - 398 G A L
Ko TR B B2 3R B A0 B PR ARG 4y 1
5B BT G b, 2 AR AN I 3 R AL R .
SGERRH . (O3 v B b 40 B A T B AR 2
YFh Cn Corynebacterium spp.~  Clostridium spp. -
Moraxella spp.~ Pantoea spp. H Pseudomonas spp.
&) fE KRS RIS, oA H RACS-Seq ¥ 1HE
MR AN o3 30k, KL PR it TR A 7 o R T e ik I
93% ; @% T RACS-Seq, & K#AH b&E ML
LAY 4 L (W Pantoea spp.~  Legionella spp.-
Massilia spp.~ Pseudomonas spp.~ H Pedobacter spp.
56D BESEIL SRS HE > HE R Ak R AL R R
R EE, AIMTEE. WA LR b xR
BREE: @KL “JFA HREEIHE MR
WA AT, BEAAUTEERK, A
Iy NG TR, WL T Al B IR 1 SRS ol A R IX
SEACEETERIZhRERAEYD, BRI “ IR S ks
FERI DD RE ML VR A 73 1, 0T Ai . B E A
DhReHIMT MR IEIZ M A A EZEE L (K2 ].
RACE-Seq 1] PA M\ 338 ok At h DL SR 21 By 7 3 2
SCARHE-JE R L BE 3L, LA A B RS
R2girh “UHEEMA A7
123 HFBBMEY Eminis g 5k 5% 5
N T VIR P A B SR AL 7 CO, B
RERIAANE, Jing % " {KFERACS-Seq, A FEE A
KL ZR PCHRAC I TC LB JEE A7) el MR B g KA i, 3
1L SCRS K% M RGO RFFILIER “a8” I
R, FESL T AESRIEIRATHE T AL E CO, 2 FAm
FER B AT B AR . TR RETEILAREE S
U5 1L 7 B 2 MK, U R gy ik B — R A AT
W TR AL [ 5 AT 1 Pelagibacter J& L 4100, kK H
T SARIIAE R, KT IX L SARIT F40 g 4 FE A
a6 R omik 3 100%) Wkt s, 5
HDhae i 5 RuhemE®, £9. OeilAf

SEREMISEEHE MR G HOSE, XEDE T FIR SCRS
BT 0 3R 28 SR R ) A R AE CO, ] 58 ¥ 14 1) 5
By QRILT —ANF T LR OGO i R
Ao, HAPBFEXUNMER (dioxygenase) . L4 R
KUK E A (proteorhodopsin) . F-%#! ATP & % fiff
(F-type ATPase) %5 CHEE H; @BATNA K
HEAT CO, [ % i) Calvin-Benson 7 ¥ 1& 12 [ & [A] .
XL R L R X e SAR T 41 Jfd 7T B8 o 3 T JE 4%
205 6 BOTE TR T R R GOR IK 3 & T Calvin-
Benson i ¥ (1) i 7K B2 AL B ik o 280 {5 152 56 WE 1S %0
BATRE S MM ER, HHEPHWAERES
GenBank ) JE R34 00 6 2% [RUE 1%, & T — 284008
AL FOLBURE H . R, RERELLTN T
PCBOE = R 40, 1R Al gt SARLL 7E# K
JRAL AT A E k) e & 9 % (B ]. & T
RACS-Seq #4t, Jing % " #3714 X) CO, [ 7€ i
P S5 AU 2 B 1 T i [ P B s 2 3k S
¥ 77
124 FRMBA e At & 5k RIS

T BEJE 4EFRE PRI . FR 3G A BRON T 1 o0 B
BIRIUER, Wl UK G EE R . KK
Jo B i B UL A TS R AN AT R (B FE
PUAS AT ¥ I AN G HLAS P B, Horh A m
AR U WE AR o B A AR 8 AN T I B
AL NPT R AR, I, PR AE KA, i
BT CRAL” ATHBBETIRRMHAEY, BE
BB AR R XA B . T oo by B A B
FIRACS-Seq, Jing %5 ™ B T B 4 HH Th fig B4t g
“OeliifE 7% [ scRACS-Culture 7 5 lg . Ky 1 1R 71
15K A i IR AL R B, N SRR A
Ca, (PO, , M — Jo AL Y5 55 L O 835 JIig S it — A5 AL
BEUR G K FEAR (TS ZRRvTIE MR, 45
DO &, M@t SCRS H C—D K HE I ) 52 55 ,
TE 41 RS 8 B3R AE TS 7K A B A A 1 o ol 0 1
BET R L T LA A T AT 1 B 2 Rl - 2 - 1 R
2]

18 X — scRACS-Culture & &, #F 58 A\ GA1ETT
By sRAHRIIK S5 A PR A 7 ()75 K Ab B, JRAL R
ik FKE 3% B T Comamonas spp..  Acinetobacter
spp.~ Enterobacter spp. Fl Citrobacter spp. =5 f=1 % i

LA NLEREE . AR, R AL B TR B



1026 BRENE F45E

FR7OREEXT AR CIRAL” THREIA S VR ) B
B X [FEF, BN 51is H scRACS-Seqs 18 &I
T — AR VT K R A v RO RS AT A BB DA
TE 9200 % 2 0 T o e DL 4l 8% 9% () R 1 T T 2R B
Cutibacterium spp.. A& i 2| — > 40 B8 40 f 1 =0 78 o5
FERE A E @R, eAE W4 8 B R s i
(MPP) . ZH o BER € 5- 1% TR EE (ushA ZwiL) F1
J5 5 5E 6 1) PstSCAB-PhoU # 12 245, K 2 R
AE BRI B R AR & . BT seRACS-Culture
(1) Th fie i 3 AN T an e 2l 5 7%, Rk Rg 2 T
“TRAL” ThRE. EFRTBEEE T BT AR 2 A AT
ZHE, FEREHE SR AT H AR ) Ae 40 M3k AT B 9% A
Pl X ECREA TR 7 YRR IR . DhREVE
MroREME., EHREREEERX = MMeg kG
7 SRS T TE R

S EAE IR T 1~2, T LR

1.3 IME

WA, WRRE B, RMAEWEBRRIW
FEAAERA, AR EEES CERMmMAME
TR, X —HBA T AR R S A Ak
% 5 2 B (0 SRR W 4, BROR RS @ 1 T
RESfk, 4edm ARSI R E N, L,
. RAREESRGMRE. Wik, MAEMH
MR FREARIA, KR AR R
BEBRE”, Al kA A Rh S B R R I SR R, T PH
153 b 25 R P 5 AR 2 — 3 2 “ FEARF 8 M B 2%
PETR TR B b R /R A 20 AR T R R 2 N
4?7,

RACS-Seq ] DA S JL 5 24 fif % 24 5 sy Jo & 2 1A
R, A THE RS FEF, RACS-
Seq AT LA A AR 6 5 4 £ 15 B 81 1 A3 40
T, A7 R R - PR SR AR B FH R T B ) A B T 45
MIBLE] o SR E T 43 32 38 5 R o 6 1 BR 1
TR B R BE AL B> Hr<100 A4S B O BEAS . 177 A
Ve (A B ZH B A B 2%, AR, 4 b
REZ, DERAMAS B A TG R S B B
M ESE L, UL EEIE BAR & ik — 25
R T B A v e A R R A s R, I
HTRmEsERgpnry-rasmsa. Mk, %

N TR REHORII A, F 40 i 73 7% 2 1 AR R
B EES PROKNFTRE. TR, A
ED SN Rl AL UNIb ik i

2 WdniasBirrikzsE (EasySort)

EasySort Lego/Compact il ixt St 85 78 # #4 ill B4
M sh s, FFamak oA i E ) IREh & R,
ALK B AT 0.5~30 pm FY 7 200 i T T 60, 2 8 PR TR
FEXTHE RS . EasySort Lego/Compact 1 |32 M.
TSR gl i 0 3. ik . 8598 KT sE 56
b, AT DSBS R i rh A RS 2 1 R E
5 ORI AR, AR AIF 4 B VS 74 I DNA/RNA Ji
. 7H4h, fF EasySort Lego LA -, #F5¢ A
JER T8 — AN LR e 4 B I B ) S i i B 30
k43 3% % 45 EasySort AUTO, 7] 44 5 #H S 1485 T+ 2%
R AR R BEAE . BB in R E, I
M FH % BERD R Sl AT 81 40 B 7R 38 1 S 40 i 20 gk - 00 7/
Fi IR 2 UifE . EasySort 5 414X 2% J9 48 i 52 U5 (14K
WAzt 7 A TR LEI3 ],

21 NHRRE

2.1.1 EasySort Lego/Compact £ 3 & #2

EasySort Lego/Compact 7E RAGE 4 i% 1) % fitt
b AR R by S 52U Bl SRR R
HEF A M, GRS B T — MOG S B
B AG LB AR (OPSD, SEEL T 4 ik i 2 (1)
FIRTE B M E SRR i B, BIFER
PRSPy o IR 9 0 AR E B A T, WREA
AT BRI, IR W BT I . R
D6 AR BRL = T N T B H PR A . 2 e i
IR 40 45475 ) 1064 nm 68K H b 540 J 8 i s
Widy, FEREAT B MR B AN T e R i
HEE RAGE,  H1 T 245 41 Jig it 55 73 16 SC % B AH Mt
S, AU SCH TR R AT I B, JF HLAH it
5y e 3@ T8 1) [A) PR 45 /N 229 150 pm, 4 L TG
B PR R, R AP R 1~2 40 )/min 42 = 2
2110 4l fig/min, FF H o3& R R0 BT 9, itk
A BT T Ui A SR

% 2 G A IR 5 W0 2E S RAGE 26 48h, [



% 4% www.synbioj.com 1027

=

> %o

(a) EasySort R 51 {3 E L8 28

EasySort Lego/
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Compact 5
B S B 10" CFU/mL 10° CFU/mL
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(a) Instrument diagram and instrument parameters of EasySort
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(b) EasySortFl T & B B} ik 38 & B R i 2

(b) The procedure of EasySort for screening and coupling cultures of pigmented yeast
B3 JET EasySort [ 540 f i & 2 BRI 3 16 e 28 B2 3 16 R A2

Fig.3 Equipment and process for Raman-activated single-cell phenotype detection and sorting based on EasySort

D D EREE o T A 2R 5O R R )
W 22, EAT WO A R A . SR 2 AE
V0 1B A RS E I, AT RAIE Yl K B T AR E A AE TR
FLE, SH0 T SERe 2R R 2= 5 s, KR 4 5%
NVt fih 800 A2 S o

EasySort Lego/Compact %) 5. 2 il 73~ 176 #Ef 2 K
T99.7%, RAE 10~20 40/ /min F 7> 58 &, JF
FEORTE T A E M. Ik4h, EasySort Lego/Compact
k7K 7 RAGE /N R 75 B8 S R R i, I 35 PR AIK
AL G A B R DR B AR AE B BB R . il
1 1% 2 4843 3% N A& MCF-7 ¥.41 i 3£ 1T RNA-seq ,
AR A5 v o AN v AT E A ) B i s 2L .
EasySort Lego/Compact [FJ38 FH 1% A {EHE . R
M R AR S5 10 343 Oy HAE R4 i 22 41 2 A 9 o 19
AL T T R AT 5t . B4R EasySort Lego/Compact
£ RAGE F. 48 Jif 43 308+ A J5t B 1 B il - gk — 20 4
i 1 IR R, (L R T 43 3k A
TR E RN THAE.
2.1.2 EasySort AUTO AL 25 /R 32

EasySort AUTO fE EasySort Lego/Compact [ J

fih Bt — it m T B SR, SE T A
LB Bk 1) oy 3 T Y RGUIEEIT AL S
B B U BT LU RE AL . B Ak IR E AR
SHML: R G0N 1 BB R AT DA £ R %
HARANM ;s Ao, FIR T 2E T 5 T 2 il (0 B v
oy BB REAR, Hbs g i AE 85 DL s A
(one-cell-one-tube) MIE H B EE T PCRE .

ZRBHAN FEBRA SR HTE 5
FE SN A R T GO0 %% 4 i )
RARGAET: TR s, H
T @ B 0T BN B A U SR . BF AN B
KRS B A, BRI, HER
R, FERMBMMEG, TLURE S %
ot = T b o BRI S O O RO B Bl Ak g
Jf 43 356 UL £E ) EasySort AUTO. 1% £ 481 Al K14
T PR HE 5 3 0A 80%, 43 i il B 494 120 41 fi/h,
B LT )R R T 93%,  [RIINE 43 3% 1) H s B
YA DA E BT A . B RS AR, B
0 M0 R Th R T 84.2%; R REH M AN K AT B
BRI G TR IR R 26 43 0l 40 8 85% A 80%



1028 BRENE F45E

EasySort AUTO [ % 1F H % = A~ & 3 5F £l
O W& A, TR BE AT DU A | RS i) 48
ML, ARG ZEH T SRR B, ik
B IR RO Fp sk Bers @ RIENE, 1% RGK AT
Msctt, mhEld R T F JEEE A P 5
AR, KA S e = 5 WL IR B R T
RABAM kR E . @mIGIEREE, HIEER
b 200 L 6 55 v ) 0 4 F DNIA/RNA JF &

2.2 MNH

EasySort 5 #1J4X %5 0 4 4 41 ffg J&2 45 A1 SCRS 43
RN (K3 ]. mTF ok, o
DA 41 it P BT A 40 A 32 AT R4 RS B TR 2
B, HoAr 2 AR AN 52 PR, DRk R A 4
Mt FAAEAE 1A H R4l A, 0T % EasySort i1 1)
For RS, UM 7 AR TE B H bR A AR R 1
&

B RS RBES (101000, B
@%@l%%ﬁﬁﬁ%%ﬁﬁﬁ%%\ﬁ FIH
EasySort X #0L%F 11 1) v A 1% BF 240 i i3k 47 Hr 2 400
g L IR AL T 20 80 A4 i BLAFAE 1 A K B
g L3 o)A Bl g i (R B R ], 1%
S SR KB R B R,
FHHOHANHFRES, BAEEAERE. KXk
SHBELE T, MAREFRIEL30 CHMFTHE
Bi7e48h, EOAEAyiE, SV RAREG, /I
KA MRBUE, 5EGBRA AR UUEFE R
FIX A, UEBH T EasySort A XK 3= FEAE A 34T HL 40
Mbr &0, S E g FEIREE IR, piegE R A
A e e L . 25 3 4 i b n] R8N T
10 000 M4, R ER S b Bt i Bal ik =
KTF0.01% 1) H brdif .

2.3 g

B BR . FOGEME . hr 8ot il ] e k4
MFEERRMEEE, 2L LREEIFAES B
MRS FEZ S1 . P L ED AT 45 45 s B4R i A I B R,
e A TAER BB Z & H M. EasySort
Lego/Compact fff 4 i G2 % DL A% i 28 51 14 77 gk 47
G, R DLBRRRAR”,  SOGHdE K B LR A0 i 2

KTF99.7%, IEFHFZE, FmEREE T 40
P B9, EasySort AUTO 7E EasySort Lego/Compact
B2 (i b s -2 S S I R 11 Y oINS R
MR BArd RS B DIEe, 5 FimdEE
LA o B ARG, SEEL T A B B 4
e R AR T Y SIS B SR P LA R R A
93% LA b, WUt 7 Atk rgic s T Xk 17—
€ HER %6 . EasySort 5 51 A #% 48 B E B AR B
T T R A M RS fE R, A BasySort ]2
& T B R B B A AN R R SE R
FI Yl . 541, EasySort F 414 &% 431k 1) B4 g
AT DAE 2 4% v o 2 1) B4 B R R 4H 2 s A Y
% FR HIAXAS AE BT i 22 4H 2 0t 5 1R R S it
TR AT

3 mdERARI 2R (FlowRACS)

SCRS EAEFRIE Jodit RIg I & 4 fu A i
RAMA ., v 5 B il e o B2 . A SCRS
Bt — M BFEE R A RS g, 54 i
AR UDIRAS, Db ] DU T i 2 ) & 4k
(1) 20 A A AT SR AT AT AN R A e B . 2
BRE VAL N I A 2O I A B o
FlowRACS, oAl BH57%. (£ PR RS
SE AN, TIIRATINE R AR P A R
U EHAE P4 . BREE R . P a) AR <5 AR ¢
T Je FLAm L IA) 57 i . FlowRACS S2E 1 G 44
LA i R O R R 2 R I R Bk, D B
e J2 T ) AU e B PR L ol o B VR 2 40 A T R AL
B et 1R — AR R R T R (B4 ],

3.1 U=HEFE

RACS-Seq 7] PASZE BT il 2% 1 5 v o o 3L [A]
R, H @ SRR AT A%, MECLSEILE B)
AR, XK PR H] T RACS-Seq £ K& RR
AR RN T2, A2 R a0
RACS $7 A7 B4 i 2 ZUAS W 5 253 v )3z N Y
KRz —, SfFKEESEERACSE AR, i
xﬁ%%@%ﬂﬁﬁ%ﬁﬁ\ﬁ&*ﬁﬁmii
f 08 B RACS B 1) s 2L L, BP At =04 2 43 ik



%£4% www.synbioj.com 1029

f&?ﬂlﬁﬁ BAMAK T (S FR)

id& A T N, 3%, B, HIEEBFMS
MR 1~20 pm
B RGE 102~ 10*4*/mL
. SHTRE >720 events/min
E=1% i A =600 events/min
oS \ B 10~40 pL/min
U Py s
S R el 10%/50%/60x 7K 2 4185/100%
\ TR 50077 (& % B #CCD
SR <8 cm!
25 A 43 <1.5 um
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(a) Instrument diagram and instrument parameters of FlowRACS
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(b) FlowRACS T 7= ihBE B} Jsk 1 i #2

(b) The procedure of FlowRACS for oil-producing yeasts creening

B4 T FlowRACS [ 540 1 2 R RUAS I 93 3648 46 S oy e i At
Fig. 4 Equipment and process for Raman-activated single-cell phenotype detection and sorting based on FlowRACS
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