T ARE,2024 5,31 %, 5 5 #] Guangxi Sciences,2024,Vol.31 No.5

*EMER ¢

THEEFRAEMEEZREEMRL

B,k &£

(BAETHEXFHANERLEZ TR, GHMK 541000

82 A0 2 8] 0 O R DL BB T 4 ZUREAS rh i A X AT X B A 5 s e 3L 2 & O L, 2 [A) I 5k 4 (Spattial
Transcriptomics ., ST) 4% ARAE Hy 30473k K Ji e e 18— Ff i 24 H2 AR L Sy il 988 440 b 1 S S 2 R 2 ) 2o A F o 4 It T
B R AT T A R S AL FR Stereo-seq T HURS A DN P B8040 L CHE T — AR XA W 80 s Y Ak EE
NEZE, I3 o Pe A 325 3 BT At A e A 25 4 45 O A Al s TB) e S 2 0 i Bk . SR B SRR W i g L B ik
Sl LR FERT BT 403 s TRER 173 s BZHRTT 1. 33 475,

KBIF 25 [ 5 S 4 5 Stereo-seq s Wy 7 B 5 A= W {5 B AL B

hE 4SS . TP399 T ERERIZAD . A
DOI:10. 13656/j. cnki. gxkx. 20241127, 007

XERS.1005-9164(2024)05-0892-08

1S

Jif e S B PE S dR M A A Kt b el 2
U 2L 58, PR T 20 A R S O R A0 i AR R
JERERII MM E L A ELEROHL .
S M R 3 BOA [F) 21 2L ) B 22 S Ak 0 S B8 IR 2R L 7E 4
M A= S P ok B v R R AR . JEARR A
R 2 NEOBIIST a2 = 3 S SN R
JoT M B BB AR AT R R RE B 43 A3 B 12 W RGO 4
BT A B BRI AR AR T R T ARt
TORHEM AR T B, Gt L 54 (Bulk RNA-
seq) 38 H A& EF X B A A8 E B AL 20N, R Y R AR AR
JIT A 200 B A B A S R 3 58 KT, I A 381 44 i (]
(Rl 3K 1) 5 B 1k . B0 40 B % 5% 41 (Single-cell tran-

scriptomics) B K W LLE 7~ 40 i A 1A B S5 5 o L {2
A A, 32 B A BRI T 3 AR A5 240 L i) 25 ) A R, BELAS T
0 2 ) o B 5 T RESC &R B HE— 2B AT 5T . D AR IBGHE
A 2 )5 B e 3 e A SR B A TR R R T
B o3 [a] %% 5% 41 (Spatial Transcriptomics, ST)FEAR”,

2% 1) 7 57 20 T A RAE 73 Sy T ) 6 PR R AR 0K
TR A 58 Fe AR SR INFEHE A SR A AR B A 4 2K
TR 791 2 PR R K R R RO T W A D R 7 vk
Tl 3R 2H 2L b R S s A 0 20 7, (E R HRE A E
RF A ST A i B 2H 2 X s ) A7 L TE A E A%
24060 1) L e s 1) o7, MG AT Kruse 450 21 1Y
Tomo-seq. Chen %" #2111 Geo-seq. Nichterwitz

Y A5 B 1 .2023-12-17 4 B H 1 .2024-01-18
x B K E & A& T RHE A (2022YFC3400400) ¥ B .
[% —1#FHN]

JEWRIE(1999—), B . EEM AR L. EENE E 4 E B L EH %K E-mail: jianhengtang@163. com,

[« @ EEHEHN]

ko £AQ982—), kL B MR A, FENEL G HEAE LW EE L EH K, E-mail: zhangzi@guet. edu. cn,

| CIR NS |

JERE KA A R R L R R [ ) W R, 2024, 31(5) :892-899.
TANG ] H,ZHANG Z. Spatial Transcriptome Mapping Algorithm and Speed Optimization []J]. Guangxi Sciences,2024,31(5) :892-899.



SEUR I LCM-seq %, JEE 238 $ AR B AR T 48
b5 B AR sRA AT T A s, N ik B Al Ak iy H
A A AR B T o R R 28 5 A2 i SR
R A SEBFSE A Chen 255 2 A9 smFISH . Eng
AL g 1) seqFISH Ml seqFISH 4 Xia 285 #2111
MERFISH 4. J5 {7 I 5 £ A R oK 540 K 9%
DNA BRCRAR 5 7 . H i 57 AR 32 20 1l [ A 7 R
il AUAXRE X0 A BRE G 5 s A A OG5 A Gyll-
borg 25" 4 M ) HyblISS, Lee 25" # 1 () FIS-
SEQ.Alon 2" # 1 i) Exseq. Firth 21 42 1 19
INSTA-seq &5, J5 057 4ili 3 £ AR | 27 A7 25 18] 55008 14
PREIR 5| 0 oK i AR FL A 25 o) 60 B4 B9 B A A
2016 4F Stahl 25" 4 (Science) 24 & Ik ML 3C
EIREE B S B SR R, 28 A e sk A B K
23 (A B O F 91 (25 (R A0 ) (4R 51 49 45 18 T
i AR08 X80 (Spot) S #5851 2100 7 W i, 28
et A% 3B AL S5 HR AR 38 mRNA L B 285 0 4% %
A N AT 23 ) S B cDNA JF 7 38 a8 B, R )5 kAT
fo 38 T, S RSV 500 i Al A AL 4 B N
Gas BB G B A 85, BEJS . Rodriques
4 2019 AEHE Y Slide-seq. 2020 4F, B & K 2%
Liu %4k ) DBiT-seq. 2021 4F 3% [ 25 B K24 1
Cho 2515 3 1 3 F Tllumina Y5 (4 25 18] 5% 5 4l 45 R
Seq-Scope, [F] 4, F& F WY 42 K Ay Bl 2= 0F 52 B
Chen 257 #f 4 [/ 9 B £ BF & BY 25 6] % 5 41 $%
A ——Stereo-seq, % R F| H DNA 44k ¥k (DNA
Nano Ball, DNB) il £ 75 [H] 4 5 [ 51 , 38 528508 F 4l 4k
AU mRNA 38 o M — 5B A5 38 J5 25 (B
SEPLT R PR A BRI Y . S B
SR BR 1) & JR AT A5 X e SR AR BRI 2 TRE B Bk
TG 2 U ) B Ay 1T R 8K 1T R A 5 S 2 B i ok T
B AEAE T ) L, 5 il 08 1 3 B3O 291 X e 3% 2 8K
PEEAT R B . A S A L, AR T
Stereo-seq I ¥ B0 L B 58 — Ff BT X6 25 0] 6 S 41 i B
WAL, B A A AL B ] & 2 R R A
08 DL FERS AN S AR AR 5 4 B S (0] 5% T2 B 1) 358 73 Bk
FEAE R A MR o B 5 AR T 9 BB T v Ak
) FASTQ J¥ 91 fif B 55 1, DT 48 &5 53 3 19 5 £
M,

1 EX#E;E

1.1 Stereo-seq
Stereo-seq i i 2% 8] 4% JE i Ak UG S% A I 1 1)

ERIEE =HHERAEMEEREEMLKL

ARAE LR, AL RS AR B E TR
F s g A b Ak B R A SR R B IR R A
FRic SR BT 4 38 mRNA; 2K 5 B B K B mRNA
55 A 23 R SR A8 1) SE A1 R 45 A 10 7 5%l cDNA
B )i XA AT 25 1A T 5 9 cDNA #4790 2 9F A8 AR
23 ()2 St 2 B0 A 1) 2 T A ik 4 B fn 1/l 2 BT
TN o R FH R I # A S LS R ] 3 B L
Bf 1(ReadD 1% 25 bp MYZS M1 Z5JE S .10 bP Y IfE—
G FAREAF (UMD 458843 . 13 Bt 2(Read2) 2 100 bp
1) mRNA, 7 T 5 AL AL 3% 51 B85 . il 56 )7 51
W HOR A AR ) COMMEE) |G (SIS |
T O i e ) N R PR 5 T8 32 TR0 14 B 56D 7 75 1Y

SCAH S K FE R S=ATCGATGGATCG -+,

Tissue section i

ATCGATGGATCG: -+
ATCGATGGTCGG*++*

Permeabilization | M“/CCAGTTGGAATG ------
Chip | Spatial barcode

DNB sequencer an

Spatial
transcriptome
data

B 1w AR Stereo-seq M7 i 2
Fig. 1 The sequencing process of spatial transcriptome

technology Stereo-seq

X Y
Genel| 10| 5 | 6 Spot1 | 50 | 102
Gene2 | 5 | 21| 20 Spot2 | 59 | 19
Gene3 | 7 3 9 Spot3 | 14 | 94

o
N

Gene n Spotn 45 27

Spot 1
Spotn

[ 2 23 () st 2 s s 191

Fig. 2 Example of spatial transcriptome data

25bp 10 bp 100 bp
[ Barcode Fixed sequence] umr [ Poly @T) | mRNA
Readl Read2

& 3 Stereo-seq M 7 SC 7 45 4

Fig.3 Stereoseq library structure
1.2 FASTQ &=

FETHIA L R op, Ah B BE )T A — A L K
WEAIL T EILA WAL, FASTQ & —Fh 7tk 4= 9y
AN B 0 SO AR X DA AR W 51 B R



AR ,2024 £,31 %, 5 5 #§ Guangxi Sciences,2024,Vol.31 No.5

1 Bl 5 o . AASBIE S S8 B 24 B 1 Read 1 J7
B 0 51 HoAs o i an 181 4 Fros

@E1000265271L1C001R00200860421/1
CCCTCGTGGCACAAGCCTTAGTATATGCTGACCAC

EGGGGGEGGGGGGGGGFGGGGGFGGGGGGGFGGGG
4 FASTQ #2751
Fig.4 Example of FASTQ format
FASTQ # 2 GE ¥ A& LI 417,
514775 1D, LA @I 4h )5 1 BR & Y 51 44 Bk
I A i SO 4

52 47 3BE H ALCUT.GON FAF AL

5347 LAk ZJE I A AR A5 B (AT 3R

55 4 AT BRE R R E L L ASCIL BB R R , B 47
FFRF— NI E Q. BIRMITFIREMEN P, .,
M Q WA= (D s .

Q=—10x1g(P,), (1
1.3 F5[#HER

SRk /3 AR DS R A TSRS . BT R 3 2
4 (Mapping) &5 8% Z W FH FAWAE B Xt 5 &
¥4 (Suffix Array, SA) . FM-index ( Full-text Mi-
nute index, —F T &0 R A E4 & CRIEN R
IG5 RS,

X T — A H S, SA LU ML A T % SR
T AALE . X TESCH P LD P ORI AL
BARGE S A% T X B SALm,n ], iZ X Bl 405 T BF
AR P AESCAR R S ICE A ENY . SA figig
P A % 8 2 HR Y BT A VT G A, B A )
B,

FM - index & — fl &£ & BWT"" (Burrows -
Wheeler Transform , — Fir 38 i &b 3 52035 ) F1— 2L /)N
RUB B ) & CARA RS R, 2% 7 BWT
(S) CRFEFAE A — AR 1k SA L BRI = &% b 55 1145 5K
SRR OR G B ek DAY =Wl e O ) T S (VA= R
I 70 75 (8] JH B , FM-index {XUAE &8 5015 B » B — 2
PR B AT — R AR B (checkpoint) . 24 %E 7 15 5L
P B TR T ORFEOLE P R RFE B AT
DhiE ok R B2 B AT B JE SRR B LF () W
B2 WHAT LF-mapping #AE A g1+ 8 B AR fL 5
BRE = 2 BiR, Ho CLBWT (S]] #R
TP N T BWT(S[i] Y ol % %0 H ., rank,
st TR I BWT(S)[i] % 57 B 5 76
BWT(S)[0.i — 1] KX i) B A9k 8. FM-index
T B SCRE I AR B e BRI S R 2

SR G 1L Tl S Y e & T LMY L A 9 R VA
FM-index e DL A /N 1 A7 it JF 4 35 31 R 47 i M g
AR HZ R TAER B & A3, R EECT REAL
EATAE R A5 BB SR W AEE AR SRR B I RN T
BEPAT R TS B IF BT SR TR AR R
W 5 SR E B B L 2 A A0 P A0 45 A 1 U [ A 3% S,
LB B Iz AT )R] 2% 1 2 5

LFG) =C[BWT(S)[i]]+
rankgwrcs)[i1wrs) .o o 2)

W A 2R 5 R T 51 WS 30 228 1y 90 A e L
B3z T A R A 8 L A minimap2™ . H
HI RA DI FIE R T SALTEF 5 2 A7 Xt o
B E 2 B & FM-index MM A R 517, LA
FEH (2 3X10° bp) K], R SA FFZ ML 12 GB
B 23 [a] 74 L i 2% Fl FM-index {UF5 B4y 3 GB =5[]
. SA 5 Ay R 5| 0925 85 A H S A &R 5
HEEHBEARNER, FM-index 58 %4 R 5] 4 L,
FM-index 7E25 P84 I BA E R LH,H FM-in-
dex 5& ML FEMS » B35 A T /N7 45 52 £ i P DT e
A A R 518 A 45 AR B I 0] &2 2% Bl o B, Wa
RoURAEYE BT i AT R 51 H ARS8 A %
i 25 K AT LAAG A A 38K RS KA 7 2 f , JF HL AT DA
fEZAN TR RIT il tr, BA R 4091+ 8 IR R0%,
IR I A 58 R IR 51 4544

2 HiE

2.1 HIEAEERREMRK

Az 7 T B BT O — Bl 22 LAY I g R AR
BBz A TR AR B R, L R A T AR
BERIUNPE 5 F7s o ARy 3 i U A B e s 41 91 8
3 IF LUBE PO o3 % 3 BA B v L 4598 2 3 i IR e
RS (FTFO) ] J5 Ji U 4k BEECHE R o s o g B4 7Y
B 1 RE 32 IR T 9 R BA B RN R 2 ) A AR
P AR . BMOR UL 2 A AR R AL T B
AL BRI, 3 R AN B Ak BRAT: 55 IR 4008 i
IR A 3 5 BA B SR/ 1 O 2 BEL 28 A 7 3 31 2 AR SR e
e AT R A 3] . SR, AR R AR S TN A A
I, 22 S ECUA /NI 3 B8 8 AT AR 55 R 20 1 9%
AL T2 RS DL BRI 2% 3 4 T U RS . X
ROR KA, Tk R A E RIS
(1I/O) BAR TR P AR T 5K

Z LR TT KT A BOW A 2 48 6 i 3ok
RFHERE. SR T 1O B AYE BT A, HMhE



Consumer 1

% Consumer 2

Input | Producer > Queue || Consumer3 [ Output

Consumer N

PR 5 LY AR - Bl A 1
Fig.5 Typical producer-consumer model

LS AT -2 B AR RH i O g A b RV H R
Fi ff 5% 132 5 3k JEE A A PR L (FLUR 22 I AT AL i 9 7
Jp Ak B3R RT3 2 W A e ) 52 RO B, DA T
O AR P AT RO ST A2 1/0 st Rl 4% 25
IR ERE B AT R AT REA 2 A W] AR T
PG 75 2 R TT K v 7 B0 G T8 1/0 AR L AR
Yo BT R R PERE AW ORISR P 09 8 M RE 1S 3
A RFETE

B 13 TR) AL, AN BF 5 A 22 ML) AR 5 3 - T B
ZLRRERIY Ot T — B A W R SR B AR B Y
/O MEZE, P 6 fFron . O 1 S8 B A A2 7=
K B SO A AR S HE B ST B N AR B AR — A
HAT W5 I 2 1 BE 9 KA Tt R A 25078 LI S i e i

ERIEE =HHERAEMEEREEMLKL

FET DL g KRR B b s/ N A7 o5 R 3R 080 55 1% N A7 40
Bt o DT B8 o AR PR R . 1 2 L T HE 2R 0T 9 i BT 58
HH T %3 S8 i, A O G2 i 1 A A B SR )L T
BR T A7 3 A BRI S 4R T T AR R ROR SR Y R T
JE . SR FE AR P AT L AR v, 0B M Ay S 5 RN
FEARALA] BE £ 72 A AT R i HL e 2 S S0 fig

R o PRI, Oy o A 5B 5 4 B N A7 7 AR I AR T
B L IZHE SR S R R A BB . M BUT A B
BF A 7 2 ) B RO A S ] AR R S R
A7 U BH ZE A= 7= TR B . A7 50 B se B ) T
WHERNAEZS ] . SR B X S BE P A — A4t
LY BB I AE U7 8] B 3 AT i, LA B 1k B T ol e
i g KW IF R ER . BT G — 4 S i A B
B LA AR A R — #bE . BioHE i 5T vecto-
rA 5 vectorB WA~ 2l A B 41k S B0 N AR 3L, o
vector A it s AJ H] B9 £ 4 B, vectorB id 5% & 43 Bt 1Y
BlE e, SBCBRE I 5 malloc BRI S8 3
23 ) 5 AT A 8RB A vector A, #5 T AT
) B Bk ) 1 £ 45 1% BB vector A A BT B9 T B
B, AbHSERYR IS L 8 i free R BUREIZS ] L [7) i s
BHE M vectorB HHIMER IFAINA vectorA

Data Data
chunk N chunk N+1
Data
Analyze \ /
[t < lree -

& Y <

Consumer 1
Producer »  Queue /
\ Consumer 2
Queue » Output
Consumer 3 7

Consumer N

6 i i L HE 48

Fig. 6 Data processing framework

TE AT 7 51 R 30 P o DA SCAPF v A 35 BB I E /)
F R B e, T N s B 169 2R s T e 17 o S DA
FRBNE — KB IIRRBALE . R R R R R
SRR G X 52T — DR, R XA
WK H AL B OE AT B S ROHE o 3X FhfigE A SR N
B AR R U AT P 510 R o 5 OB A5 R AT LA UE B
Y oK i A 5% 2 B — 2R P8I A 2 — AR RS

DY EN I 43 A0 A P A S [8] B9 500 B, 3 a] LB 1k il %
G S 45 |6 1 B0 Hle b B A5 . SR S 0 SR AR Heik
BRI K, AT BE S B AR 2 (8] 1 RS - RN A K
M9 AE 5 R TSR35 A5 R/ I AT B 2 A KRR Y
AEFE S NAEVT IR DT 3G 5z A7 if ], R, S T 3
T e 50 R R L T A S K B B R
J7 91 it A AL vE BAR S AT



T ARE,2024 5,31 %, 5 5 #] Guangxi Sciences,2024,Vol.31 No.5

B BUPEELIR £ chunkPtr, SCHF8 £T filePtr
i FASTQ % e
DAL B 5 B Z K/ chunkSize <<—0
OB WL B W) 1 B e K/ size <<—4M
@function ReadChunk(chunkPtr)
AZE i X SEORCH 2 s B
readSize <{-(size— chunkSize)
chunkPtr <<-Read({ilePtr,readSize)
chunkEnd <Z-(size—bufferSize)
B chunkEnd {37 &
chunkSize <-(size— chunkEnd)
15 T 2 78 3 A A i A 2 e X

@ end function
2.2 ZTHEIEMEERMKL

23 () g 5 2000 04 1) o A I B2 R 25 bp
(1) 25 (8] 55 T2 05 )3 51 ok A i s 0] o7 B A0 5 152 B L Bl s
1 B 2 18] S5 08 8 e 470 04T ey A W S5F K600 o 445 38 7 152
B AL ] ke B9 7 . A8 [R]E SRR AN T

A sreadl (S A 5B, UMD \read2 (mRNA)
P FASTQ #% 4 SCF , mask (75 1] 5 T2 5 . po-
sition) HDF5 # 28 3+

i t 8 AR H A 23 E R 1 FASTQ M6 2X
A

OM P mask SCH, LL2S 0] 2L S A key . posi-

tion N value, 14 2 5 Ay 51 3

@ff K FASTQ 46 31

®for read in FASTQ 14
P read H Y 25 0] ST 5 )7 )
num<— 25 [8] &8 & 47 N 0 H
if num>1 then

® 06 e

continue
endif
if num==1 then
B2 B ATE T N B g AL
T.C.G PURh i HE =z —
endif
else
MR 25 W] S R 5| WG A 9 3%
i A BN 2 AL EAF B then
W 23 ] 25 T8 55 v T A 6 AL
Bl o o = Fh 2z —
PAT RO
endif

SNCNCECNCNGNC

& ®e 66

e &

® if FoA B = A AL AR B8R 20
B EVCES then

© continue

@ endif

2D return & L i T A ME — 25 [6) {37 B

@ endif

@ KAL) Y A ] SRR 81 5 A ] A

B B FASTQ SefF

@ end for

SR » X4 T8 X A RHL AR A 53 A B0 BT, 3 ol L 32 05
25 0] 5 T A AR Ry s 7 Bk L A b 87 B A O W Ao (1 1) A
XoF SR WA A TR AN L A 7 R g, HLR R 7E T
v 25 i BOHE Z5 4 30 R T — JE R R A LH L A
Af 2 B T A0 T — 1 e 1 2 B PR A A 25 4 B 1 BN
P P A 25 e 7% 3 B O K B P A 25 4 SRS R I Se Y
7. Nk — BT E A A4S & 2. 1 W ik
B Ak FEE 2T 2R T 2030 2 R AT 0 AL o e A 2
ar AT AR 43 DT80 A7 D AR, T EL 3 Rl 3 43 38 A
FIT I A AL, [R] B, 3 U2 6] S5 2 S 15 S R 8 o7 Bl
HEIHHEHR“A-00,C-01.G-10. T-11" % % 97 = 4 15, A
MATA T 1/4 028 [ 58 8 25 18] 55 08 05 5% 46 B 16
PEBUE n T n mod 8 X} mask XM FASTQ 3¢
AT 25, i 7 pron. BIRMIRZ ST
C+ +ArUEERY std: s hash BRIAVA 7 B R %L FNV-
Tao i FH 6 1 #8035 A pe ob 28 . D9 A7 06 I 0

Size

O(mx (sizeof(value_type) +1), /H\:EF'a

value_type Z/REEIEAY , sizeof (value_type) NIZEL
i BB RN size s M Ay 25 v tHE B9 8 R IH

| ATCGATGGATCG:** == |

lA—OO, C-01,G-10, T-11

| n=0X363A |

Submap0

v idx=nmod 8 Submapl

e ——

Submap2

Submap3

Submap4

Submap5

Submap6

| Submap7
K7 &5l

Fig. 7 Index optimization




size

¥ load_factor= (bucket_count 7~ il

bucket_count
BB, R/NE 0. 437 5(JH# R /NG & 0.875 0
(PRI Z [ A8 4k, I8 3 K /NI 21 A7

size

IS -
% 0 srs

0. 0625) , &AM A7 FH B X T 1H B9 AR 5 BN %5
JAHTREALY 1/2, O A B S)0 A S50 i 8
A FBeEFRT 0. 062 5 2 F 0.5 BRLL 8,

3 HEXREER

3.1 XWHEEHRE

SRy 0 E S 9 R L AS I T ER A B D AR AR O 2 B
M)k 21 21 SS200000135TL _ D1 Chttps://github.
com/STOmics/SAW/tree/main/Test _ Data), H:
o E AL B TR R A ) SRS Y 54 B AR S
il B — A W mask” 9 3C M, mask C 4N
SS200000135TL_D1. barcodeToPos. h5, K/NR 4. 42
GB. FASTQ #& U8 4ls 4 4r & JH 17 KR/NHh 738
MB f) E100026571 _L01_20M _extract_read 1. fq.
gz . K/NK 1.71 GB 1§ E100026571 101 _20M _ex-
tract_read_2. fq. gz, ¥ AL & T 21 497 957 &K )¥ 5.
SEESE ubuntu22. 04. 2L TS 64 V3 /E R G355 T i
17, W 5 4 Intel Ice Lake (2.7 GHz/3.3 GH2),
64 RZALBRAR . NAT O 470 GB.
3.2 MIRER

BT A 5% HE R 32 22 5 X FASTQ #% =X 4 41
T 5 DR O G Ak B AR A — o R B b A2 i R RE Y 5
Ml G JHE 2 7E A 3R R A= ) T 37 e 4 SC A I i e
AR AT RE AR AR . BT LR R, ASHIE ST S
RTEMEZE 5L A zlib B ok S HF FASTQ #% %
45 SCHF A T 5 2lib B0 A T L RE 0% LI AR A9 1R RE AR
M KA 38 1 1O P L T KRR 3 37 i o L sk
REIMRAEACT . ik — 2D 5 R 51 T
5 ST Ak R ASCRR FEAE ZR TP A I B AR R 4
isa-l AR zlib, 52 50 W 12 75 2 76 A 22 b (Y PR BE 22
ZERNIE 8 PR, zlib B B4 A IR 4 R (HARANY 2
PERBERAC . T isa-1 W) 6B 4% LA G 4 355 4 1 40 26 1) AR b
BRI Ak PR RE

WAk T SEIIEAT I A E AL B R RE T IR
J£ Parallel-hashmap B 5 WL §F 3% . 75 £ 4L FE 3R 55 rp ok
PUSE R PR RE . B R R R S S 2 A L TR
AN LT S ) AR AT ERAE NI R 2 AR

X (sizeof (value _ type)+ 1) X

ERIEE =HHERAEMEEREEMLKL

[F] B6F D7 1) RV S R0 720D 1 B 5 5 Y [l B 48 15 IF:
KAMERE M H AR T T L R BT 9 Ca) FL (D) 53 S
i TR AT Z LA T H] Parallel-hashmap 7
O 1 7R B T

3001 i

& z|ib
2501

2001

W
(=]
1

1004

wn
o
1

-\._.\_\"\-\-

0 T T T T T T
20X 22X 24X 26X 28X 30X 32X
Compression ratio

Compression performance/(MB/s)

“X” means “multiple”.
Bl 8 AL AL MR R4 P isa-l HEMEEE 2lib TR P BE LX)
Fig. 8 Performance comparison of algorithms under de-
compression library isa-l and software library zlib
50.04 (a) Single-threading

—o- Hashmap
40 04 " Parallel-hashmap

30.01

20.01

10.0'4././.’./‘/./.
0.0

Time/s

00 200 400 600 800 100.0
Size/M
20.09 (b) Multi-threading

17.54 ~® Parallel-hashmap gthread 8;
' thread 1

-&- Parallel-hashmap
15.04

< 12.54

£

= 10.04
7.5
5.0
2.5

0.0 T T T T J
0.0 20.0 40.0 60.0 80.0 100.0

Size/M
B9 PEREIHK
Fig.9 Performance test

e X A5 T H 19 25 8] o 550 3% 2R A 7k )
L 45 R R WA S 5 R e 0838 i 25 8] S5 08 9 15 91 B
TR AL o 7F A 20k B0 Ak B A A B0 L Bk as 17 A )
H 403 s, Gk ABIESE BT $2 5 R AUAL S A8 7 55 1 6 I
i 403 s FREF 173 s sl BEEHRTE 1. 33 1%,

4 it

20 i 22 ) B S AR DA B ATTAE A SRR AR o B A X
A7 T SRR 9 g B~ 2 O EE B, ] 5 B S ] e o




T ARE,2024 5,31 %, 5 5 #] Guangxi Sciences,2024,Vol.31 No.5

LR PR SE X R 2 T T B AT R X, SRR
W ASBIT 9T 07 58 0 35 B T 1 A ) e s 2L Y E O
P00 P B AR BR A e 90 e 5 AR W 2 MESG . B R
P 25 i SRS S 4 25 () 2R T A% e 91 Tl i 08 47 R 4 3 o
SR I 8] 52 A BE A HNAE T B R . FEAS T
Fehifh B ARRBI TAER UL 3 AT OF B
P BT 25 77 3 LA AR 18] 52 2% 1 5 @itk — 25 X
PEEAT AL 4R T 7 2 2 4R 80R, DL T 46 i A 35
W A s T 5 O A 48 i PR BT A R 51 R 4
Ha) 52 B R LA B s 4 5 ) PRk 7 oz e M RE AR AL

S &k

(1] RIESE . B, b 25 ) 52 BT 1 52 18 2 1 O itk e
(0. o A0St R 27 2 5, 2017, 26 (12) : 1451-1456.

(2] HFMW. KT, EEBR, S NS RAN IR
Y27 H2.2023,58(2) :214-232.

[3] KRUSE F,JUNKER J P,VAN OUDENAARDEN A, et
al. Tomo-seq: a method to obtain genome-wide expres-
sion data with spatial resolution [ J]. Methods in Cell Bi-
ology,2016,135:299-307.

[4] CHENJ],SUO S, TAM P P,et al. Spatial transcriptomic
analysis of cryosectioned tissue samples with Geo-seq
[J]. Nature Protocols,2017.,12(3) :566-580.

[5] NICHTERWITZ S,BENITEZ J] A,HOOGSTRAATEN
R,et al. LCM-seq: a method for spatial transcriptomic
profiling using laser capture microdissection coupled
with PolyA - based RNA Sequencing [ ] ]. Methods in
Molecular Biology.2018.,1649:95-110.

[6] CHEN J X,MCSWIGGEN D,UNAL E. Single molecule
fluorescence in situ hybridization (smFISH) analysis in
budding yeast vegetative growth and meiosis [ J]. Jour-
nal of Visualized Experiments,2018(135) :e57774.

[7] ENG C L,LAWSON M,ZHU Q,et al. Transcriptome-
scale super - resolved imaging in tissues by RNA se-
qFISH [J]. Nature,2019,568(7751) :235-239.

[8] XIA CL,FAN J,EMANUEL G,et al. Spatial transcrip-
tome profiling by MERFISH reveals subcellular RNA
compartmentalization and cell cycle-dependent gene ex-
pression [ J]. Proceedings of the National Academy of
Sciences of the United States of America, 2019,
116(39) :19490-19499.

[9] GYLLBORG D.LANGSETH C M.QIAN X Y,et al.
Hybridization- based in situ sequencing ( HybISS) for

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

spatially resolved transcriptomics in human and mouse
brain tissue [J]. Nucleic Acids Research,2020,48(19);
ell2.
LEE J H,DAUGHARTHY E R,SCHEIMAN J,et al.
Fluorescent in situ sequencing (FISSEQ) of RNA for
gene expression profiling in intact cells and tissues [J].
Nature Protocols,2015,10(3) :442-458.
ALON S,GOODWIN D R,SINHA A,et al. Expansion
sequencing: spatially precise in situ transcriptomics in
intact  biological [ J 1] Science, 2021,
371(6528) :eaax2656.
FURTH D,HATINI V,LEE ] H. In situ transcrip-
tome accessibility sequencing (INSTA-seq) [Z/OL].
(2019-08-06)[2023-11-10]. https://doi. org/10. 1101/
722819.

STAHL P L.SALMEN F,VICKOVIC S.et al. Visual-

systems

ization and analysis of gene expression in tissue sec-
tions by spatial transcriptomics [ J]. Science, 2016,
353(6294) :78-82.

RODRIQUES S G,STICKELS R R,GOEVA A,et al.
Slide-seq: a scalable technology for measuring genome-
wide expression at high spatial resolution [J]. Science,
2019,363(6434):1463-1467.

LIU Y,YANG M,DENG Y,et al. High-spatial-resolu-
tion multi-omics sequencing via deterministic barcoding
in tissue [J]. Cell,2020,183(6) :1665-1681. el8.

CHO C S.XIJ Y.SI Y P.et al. Microscopic examina-
tion of spatial transcriptome using Seq-Scope [J]. Cell,
2021,184(13):3559-3572. e22.

CHEN A,LIAO S,CHENG M, et al. Spatiotemporal
transcriptomic atlas of mouse organogenesis using
DNA nanoball - patterned arrays [J]. Cell, 2022,
185(10) :1777-1792. e21.

ST T ) R AR B 4R Y T B R B B Y
[D]. &0 . b ER 2 FOR R, 2019,

BURROWS M, WHEELER D J. A block-sorting loss-
less data compression algorithm [R/OL]. (1994-05-
10)[2023-11-21]. https://www. cs. jhu. edu/~ lang-
mea/resources/burrows_wheeler. pdf.

LI H. Minimap2: pairwise alignment for nucleotide se-
quences [ J]. Bioinformatics,2018,34(18) :3094-3100.
ALSER M,ROTMAN J,DESHPANDE D,et al. Tech-
nology dictates algorithms:recent developments in read

alignment [J]. Genome Biology,2021,22(1) :249.



ERIEE =HHERAEMEEREEMLKL

Spatial Transcriptome Mapping Algorithm and Speed Optimiza-
tion

TANG Jianheng,ZHANG Zi" "
(School of Computer Science and Information Security,Guilin University of Electronic Technology,Guilin, Guangxi,541000,
China)

Abstract: The interaction between cells and their relative positions in tissue samples are crucial for under-
standing the pathology of diseases. Spatial transcriptomics (ST),as a technology emerged in recent years,
provides new ideas for studying the heterogeneity and spatial distribution of tumor cells. Based on the spatial
transcriptome sequencing data obtained by Stereo-seq,a data processing framework for biological sequence
data is improved,and the spatial transcriptome mapping algorithm is optimized by optimizing the read/write
speed and partitioning the optimized Hash containers. The experimental results show that the elapsed time of
the mapping algorithm is reduced from 403 s to 173 s after optimization, which indicates that the speed is in-
creased by 1. 33 times.

Key words: spatial transcriptomics;Stereo-seq; Hashmap;biological information processing
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