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Virtual staining techniques for cellular microscopic imaging

ZHANG Hao, DAI Bo, ZHANG Dawei
(School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and
Technology, Shanghai 200093, China)

Abstract: Cell microscopic imaging is an important tool for cell phenotype detection. Traditional
fluorescence imaging techniques are widely used in the cell imaging. However, the fluorescence
imaging instruments have complex structure and high cost. Besides, staining could cause damage to
cells. To address this problem, this paper proposes a virtual staining technique that performs strict
alignment of bright field and fluorescence image datasets using a multimodal alignment algorithm,
and improves network architecture, loss function, post-processing, and hardware adaptation for
training optimization. The staining conversion bias is calculated by the evaluation criteria of the
virtual staining. The method presented in this paper could simplify the fluorescence imaging
equipment and eliminates the need for various staining operations, which could reduce the burden

of research and diagnostic processes for biologists and pathologists.

Keywords: deep learning; cellular imaging; virtual staining

s BEEE . 2022-08-12

BEEWA . HFETRHL A R E (2021-cyxt1-kjo6)

F—1EE « Wk W (1996—), B, WA, BT IS . B-mail: 1028552142@gq.com
WBEESE : W (1986—), B, #UZ, WFRITIEAIE . BRI CARIE AR,

E-mail: daibo@usst.edu.cn



5513

s, SR T AR AU R Y RE AU GLEOR IS © 19 ¢

51

i1

Y11t FE IR P K e R R, 1 ek i 2 4 it
HRMES, e B, WEE . AT 2R R
7. wREIEAN. ANESE. g IA BT A
T RARDCIE R . . 9Pl E— DT R
I et it A T
YEo WFERZTRRGINET , FAZFR D S C YT 40 A%
ot )5, il AT & P OGREE, in]
DI E 4% b DNA . RNA B& =, JFr LI
2 S SO R A L A S BEDIR A T AT o T AE B
SATEE, DA R bRiC AR ST RAE R B
MH SNSRI SE A, BTG
WD ER A, W s bR i 2 157 3
O, FEHATZI IR EERT, X259 ER T
YRR T B UL N, T LA A X A I A
TREBAL T AR AR A TR

HAT, 082 MG A Yt th it AT 20
WA P T vk, SO RH AR R
SR T-Be o ARG DOEUR A GO0
BT g g A A e b
A A PG RS, TN
S B8 & 5 9 65 TR G B A T B RE B A
[ b B QS SYEN 0% i A TIE & S SN S AL )
ST, 30k S 35 AT 2 W WS 30 G T 0 S
R AR B RS9 T T8 I A 9t
ERES N L e L iU 0 = B AN £
TR R G —MEE R IR . ki
R ST R B 2 A RO D0 Ok 4
B HE, BRIOLBMARSIWESR . AR
L BN PR SEERIRTE, TR X AN
DG AU E IR . BER . AEES
B BEHCZ R BB, WA TR IO AR RS
FORE A ISR i B A M 21 2 T AR T A R
o B S R G ARBERERHS, AR TR
ZIMIETOCHRR, AR TR AL,
TOUERANANE . ANAfA . SRR, T
IR ST TR SR R, SR (L 2N AT 1 b
PN, EHR M, O R A K
AffE] SRS SR AR IR AR A 7R

R T G T A MR AASI AR A R

EE R, TESNFRA 4 1F T St M EE 40 A Y
A, WFFEA R T &R R, 15
B IR A 28 T £ 4 A e 5 0 L PR 46 5 2 A
XIS R e L R, LLILRE AR X 5 A% 4%
s, I BICF AR E 2L g e . il
4 50 e € I A 0 ) e 2 R % i i A b Y,
T LA P B R 248 75 ] — LU0 e A p
Yo pe; XHEE KR s A T ROE A 1 R
PG, MR B B2 5 T4 ST T 4
WPE R — Sk . BhAh, TR 20 IR SE B
H&E Y& 8 & {5 7 45 B o B0 2 & R 415900 26 2
W, 3 A Y (B R A L AR B R e
BMG S BN AT HEAT T — i i, OB /45 i
e (0 T B AR D, U R AE B A TR
T, PR RIS WO A B T I RAE SR 1
b, S I SRR L AT 4 TS AT
AT LR I S B 2 S L U
Y (e g A BEURAE R, T ) R ) e
SECIEGT LR IS8 b 26 0 40 i £ 2 1 )
W B TR M A %,
e HR T LR SEOAE 5 123 R AF A
S, RGP EERER R, BRI T A
FE . BT . BORISWIR AR . I ELIE
P AR AR T EAEIOURIG RGBS Yk
A A FHVCBC A8 ARk, T B 20 A
R (RS HEAS Jy Y (S, [ I B 4 T (L e
TR AR W . HRZ R YL [ ) B ]
FHTHE— 25 () S 2 UL RN 53T 5307

S 0 D % T 1) 20 L S A A5 ) 0L
AR, IR S ShRE . B O
ML AP FRIE . B9, RAERXTHBIZFI5E
SCEMG RS , i SRS O T AT PR T
Wy HUR, U RIRRE R L WE P
WL BOE RECS R B TIN5 &5,
PR L (TR IR e (56 450 I 25 HEA T 1
SR, AR b TN e 5 S

1 EBRERANERMER
TERLER 2T MOV B, 7 2 P I —

Y\ TR—TORAE R B AR R SRR L ) B
Gy, LRI B IEFT o T2 18 20 i i



° 20 o b=

5 A%

545 %

. MR R LA E Y R A T
1%, BEEE ISR, SR R — R E
AL TS . M TSI, WO
14 RGeS B RTOCIR A, HE g
J5 P B R G i W s A L R 1
TERAG R, BT AR T I b
TRFRIEE DU Ao s G 2 ] i e v
I HAE R S LB LR T
LA RIS T Y RS BRI R ) . B,
7 FH 0 B DA 3 R e P A T B BURR 2%
HREVCIE KR, SR 5 FH A IO Bk A T
FERR T, DL BN . R R A R X
TR B T AR R B IR A5k A Al
SERIBRTAMZ 22 LA Al 2 65 L A 2H 2L AR i
ek st UG AR LA 1,

By T SnEES
SFEHAIR)

F k5t &
(BFHAER)

FI k5t &
(BFHHER)

A e
REVEEG  REIEEG

E1 BEfiRERE

Fig. 1 Image registration process
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Fig. 2 Deep-learning-based virtual histology staining using

autofluorescence of unstained tissue
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