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Abstract: With the rapid development of molecular biotechnology, transcriptomics has been widely
used in the study of gene expression. In recent years, the techniques for microbial transcriptomics
research have also been rapidly developing. At the gene level, the way for obtaining sequence
information has been developed from complementary validation of RNA fragment through DNA
microarray to direct sequencing of full-length RNA. Spatially, the traditional population transcriptomics
technique has been developed into spatial, single cell and epigenetic transcriptomics studies. With the
application of transcriptomics techniques in the field of microbial research, the corresponding defects
were gradually revealed and constantly improved. In this paper, the traditional and new transcriptomics

techniques in the field of microbial research are summarized to provide reference for microbial

transcriptomics research.
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1 BERFTAFHA

SFEYERA 20 Al 90 4ECIF LR E T
KK 9T R DNA iy & I Bk
XA W) L DR 9 AT AT A A BT i, 30
T NI A S i AE Y Z R .
A ) 3 SR 2 5T 3 B R X R R A B R A B
AP RNA #E47 7087, LUK 315 58 R #e
SR OL, A FE A W) B B 22 S5 3Rk 1 IR 4R R
AR T AIESE Y, Auffray T 1996 4F4 1
THEsE4 (transcriptome) X —ARIEH, X B
MR R IR MM H AY%5 12 RNA (transfer RNA,
tRNA) ., #ZHi{A& RNA (ribosome RNA, rRNA) LA
M AESAS RNA (noncoding RNA, ncRNA) %5 ff
A STy o e S L i SR 2 i 1Y) R A A E A
FE IR T 00T AR T SR R B B T A A
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RNA (messenger RNA, mRNA)® % 5 4 ~#
(transcriptomics) 3= EE A 5% 41 i A& (A% Y 5 D9 2%
SN OL LA R PR IR, T 4 s e A e AR W
AR THLBERY — T2 Bk, e SR 2l 2 A S I 1]
L2 T NV R KB AT v 5 IR P B A E TS
AP FARAR BT R AT 52 W 9 R K e 9
SiE 36 9T ROR 1 A R (Bifidobacterium
breve)™, i Ny o W4 R ISR e A W BRI 2 )
W B A S T AR A S R 2 ) 3 A
AR A E VRS T AR T A

Bt 531 A I HOR B PR e, AH AR H B
T Z Al T i sk A B A R R . TR
GH A e L TR A ) © R0 P 31 3R R 1
RS T s, (RFE K& BT I L R 3Rk T 8
T AFAE— 22 BRI o 5 282 % e e R 1) 2 sk 4“7 DU
FFEARFEE RNA JIJFH AR (RNA sequencing,
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RNA-seq) HAMFEER . PR FIA,
ez R, =AUIFEEAR, Hf
2 N e S 2H S BOR LA B S () St~ R ORI
WGk, (H TR R R A Bk AT
Woed. I, ARSCEESRD TSR
R A e sk A A M REOR . MRSl
e Mt IRt T 2% .

2 HRMBENERIAET

1 8 0 1o A= W i ) 2 i 5 O 1 KRB
AR IR ks N T 2 DA B e S =
T RNA 5 2T 8 42 58 #0472 P = 434
FE RIS F AR (microarray). J&5 & N &
XTHEHAS BB RNA ST HTAC#E S B 317
J¥, WP 7 R B X A AR A I X
FE8 R Be AT I DA R G 4 RNA BT
.

2.1 ETFRIZBIMETIRA

TP 5 B AR 2 BT B A 2 M A Y
DNA 5% H IR & E AP TR R L HE Y |
ekl B RIS, FHOEE € DNA /Y
[ AR SCHEE W Pk A [A], GBE 40) 9k oy B 3
(blotting) . & (membrane). it F (chip) BiHE A
(slide)o T2 E W4T 2 ) RNA 50586 sl il i
PEARIC AL Y BCAREE o B9 5 TR 57—
FESM T AT A28, AR 3 & R EU R A
B, R RS R BT B e o B 0
GIH AR F2 2R HE P 3R IR P F1 R i Rk B KA
e R AR HES 7 [
TR HEY) LY DNA JPFIARIR, SR04 R T R
FH AR FHE AIH cDNA 41 8 5 A% 1 iR HES
T B PR
211 B EZEZEE (complementary
DNA, cDNA) %5

HAMR AL TR (cDNA) 1 451 2
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KRS AT IO LR, 5 RBE T BA Y
L EFFHH cDNA #H174%58 ., Selinger 55
TR T —A BA o B A < JE D 21 15 3 I
X o0k 0 A R Y RN AR RE R K AT R EL RNA
AT, SRR, e E WA
V2 C 2 5 U S0 Y S AT LA R 8 7
9 19 7 K B B R B S R R 3k L OF LB 5
R B PR X B A KA B i R AR OK P
Tl 5 3] g A G 00 2 i 4 8 38 B AR 3 Sy B
H A 2 508 AR E R 2 R R HEA
A B SIS o T RNA fE7E AN TS E M
T SRR s R D0 R TR, R AR OB
SR AH 3 B S 36 2 2R 390 0 S - SR ke X SN
(reverse transcription-polymerase chain reaction,
RT-PCR) 3 A% Jk PR SRk 1 B0 E AT B 1) G2 0
AL FH RT-PCR R, Kim 453 i 5E &
UESE T 7R SR FEAR AR TE I 22 S IR BE DH iR
SR T8 kU . Lockyer 45 R
cDNA {51 7 i 45 T 245 11 5 Jp 2 gk e
2 [CHEBK A J5 224 h 1) 98 22 57 RIKFE A 4%
IR ] RT-PCR AR S350 T 45 R0,
212 BEHERMET

SERZ TR G 2 T LA B A 0 3 T ] 5
e s AL A U SR, Chizhikov
S T NEARIG T VPT B M R R S S A
HIRKET 5 PCR UMY il 5 A 2O LR IC B B BE %
SEEREL a3 A0 A0 i P B S R R R B R
RNA £:58, R 20 A gahddetRom 28 14 4
Bk, RIMEBH RS RSN T L5
PCR AR E I F AR 5 35 A= 7 e % JEE AR
F, AMEMAE D, BT R R Tl ik
£, TERL A2 E) T PR . Wang S5 i
P AL i SR B RS, 8t T 2 906 4
SR B SRR IRIRER, Bt 6 208 MRE, Hrp
396 NELTIR N, S5 AR, GUERR
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g% T W& 7L S AT B Zhang (Lacticaseibacillus
casei Zhang) MK BA R IMMEIER

T B 1) S LI v ad o IO 51 B R
RGN A i PR 3Rk K, (H TiZ 4R H
REAGIN 2 0 3 90 () L R ik £, ELARAR A
R e PEARAF GRS, HAERE s 2 b it i ] 52
7 BRI
22 ETFNFREFEREAFREA

BEAE DU P AR H B, X A S A 27 A G
e Fe AR 2 K R R o R 32
RNA SEATRTAL B S EAREHEAT I e 20 b, AT
T 97k T AR b AR AT B A W e 5 PR T 1Y
S FBE R, MR SR 2= P HAR I K
Jerl o3 R o — I FHoR . RNA-seq FoARFE
AR AR,
221 F—REREFNF

B — AR SR A2 I e B AR SRS PR 6 1k 7K
-1 05 2R B AR S P mRNA SR SR A
cDNA, Xf cDNA Widiih) FF bR TN o 1%

JF R = B4 R 0 R KRG8 P 91 A BT B R
(serial analysis of gene expression, SAGE), ik
FIFRZF AR (expression sequence tags technology,
EST) FIRIMUEFATIFHAR (massively parallel
signature sequencing, MPSS)%:!8],

(1) FHEFRIRFHN PR (serial analysis
of gene expression, SAGE): Velculescu %5F 1995 4
LT SAGE £0K . 4 9 AN Y ¥ 51 bR 4
R — P SRR P 51, JF HoARZE ) BLAO HE
SRBEAL ST W X B mRNA B E . SAGEH AR
JIT 7 A BR85S RIS i 5L RNA Hh gy
EaifE13 ¥ mRNA, K mRNA S8R5 K
cDNA, Zid VI BEJE X132 A cDNA F Bt
HEAT YRG0y B AT A 3 A N A sk AR B
(B 1)o SAGE AR FAET AT RIXS R H P
FVFEATIN e, DT 7 4 A AL 1 S5 0[] g
ol DL E R RSB ERE A, KT
SAGE HiRWI AW, HAT, C#hN
FH 7 BE 4 56 DR 3R GA 3 1 % )

mRNA

l Reverse transcription

Enzyme digestion

Amplification l
sequence

m

Nine bases

s Sample RNA

B1 F—RNFHEAKRE
Figure 1
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+ O

(Known sequence)+microspheres

IIII Sixteen-tewnty bases l

Sample RNA

l Reverse transcription

cDNA cDNA

Building libraries

l Sequencing EST

Compare with ESTs

s Sample RNA

Principle of the first generation sequencing technique.
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(2) RIBSEITI 5 AR (massively parallel
signature sequencing, MPSS): MPSS £ AR J&H
Brenner S57E 2000 AFE#ENT, S0 B A
AIRERIBMC AT S HAA 5 pm B HEKAH
G55 IR SO, FE TR T Bt v 4 e T T
AR B, o3 B A sk b se BEAR AR 1Y A
i FP A, ot e 5 RN AR AS 3R AT 45 5 ] A5 3
16-20 /B L I AR AE )7 51 /5 B2 (B 1), MPSS
HFARFEHYE SAGE FARMARUEAAIR, Fir# W)
AT DR B K PR 2751, FERERE cDNA %
o, BN ERAEBE T AR B AR T MR RS
I HL BB R B K 1 6 R 2k P 31 22

(3) FiLFINREH AR (expression sequence
tags technology, EST): 5 /i AR 47 RAH L ,
EST HAR & e 2my d B4 & AW 1) cDNA
O, M BEEEE T cDNA F B ATy |
Wy, fea 55K RBP4 (expressed
sequence tags, ESTs) %4 e iE47 LU XF 370 #r
MO FRINF . EST FoART LIS 2|2y
200-800 bp /1Y) cDNA H-B I EA Tl !5 (& 1),
Zhang S5i# a3 X E W A B W (Chaetomium
cupreum) AT N F BT, W T
B AR A4 F OIS, HESh T T M B A
FEYIBHA M HRME, SRIMXT ESTs ¥
FETER B GTE T AN REE S A, O AL I
BAR T, AN SR AT B A TP,
222 EZRMEFHRA

it o 0 P G R AN W A R RN 2, IR
LS AR P B AR ——RNA-seq £ R . RNA-seq
FEARTT LAA AT PR B A ) 4 2 A 35 TS (] 2%
T A AR RIAF R . Hlumina 23] 187
— AR P AR 3 & BGR I H AR, i A
e K0 R 5 7R T D0 e () e LA 2 %) B s
K, IO 2l 2 A S5 AR 3 v HH -
Guo Z:F|H Illumina HiSeq 2500 X iy i &
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mRNA 7% S5 2 1 cDNA 77, #3551
{2 58 R ERIE I RE BY23-195 WK IR &
B HLET, HEAh, Roe 48Xt 4 X HA AR
[F) 2 JR M Y 2R 58 5 AH B0 B A S A T 0 b
(G S Al 0 AT AR R o BE T B AN S A I
5 PRI TEM 258101, s Wrin 7 ik gy i)
SRS BB AT NS SR 4 T A,

RNA-seq HARM 715 S E AR A 2
WA W s, ¥ 2i4b/5 1) mRNA R Befk
J5 B SRIE B cDNA, X HIEE Y cDNA SCEEHET
PCR ¥4 M7 (& 2), SIS E AR —C
A He %, RN A-seq B AR TE % 4 A 5%
Hr g AR IC N )z o FIHTZ AR AT UK B
KIS R B EELE (Saccharomyces cerevisiae)
FIHE WWFFFE (Lactobacillus sanfranciscense)
TELEE: F7 MR A 35 7R 4500 T B9 ARG AE A 5f
ARG HEA TR, (HARYE Deng 55X 2 J& DG4 11
JOE T ) AR 2 S LR A3 Ay A B, 2 T A 28 vh
FROAZ LA 5 S 56 = % 5 v O R M A ) B A 3 ik
TH LA FERTR P SR P RIS 1 2 R S
N H AR B — AT ELRFAE , T DA S5 2 B i
A W AE ST RE A o 5 N A

RNA-seq I 73 /a1 3 5 19 7 02 Tk 1 91
S — A7 B AR TR B o R AR
TETAER 5, i BT At A%
4 Sanger MFH A . H4b, RNA-seq M ¥ 3 AR
b BA X E ST RA S PR, WKL E
BEHBA = RBE R A, PR SO FLIRFL
BRHE (Lactococcus lactis) #F47225% RNA il ¢
(differential RNA-seq, dRNA-seq), ZFL T 375 i
Hr7 RNA, 45 /)y RNA (small regulatory RNAs,
sRNAs). Jx ¥ RNA (antisense RNA, asRNA),
B (V) FFEIEEZHE (open reading frames,
ORFs) ., ¥4 3lt thi7 55 (transcription start site,
TSS) FIHEEY\F25F9 %71, RNA-seq £ R AL
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RE 8 A 1 2 S 56 DA 3 AT DAAG I H AH DG JE A
1y ik EREPY ) Sethiya 25 A TOLIE S ERE
(Candida glabrata) #= %% T i E AL &5 A [6] B
(B 5 SR 2, A BRAE BB B o i fR), SR 3R
K R AR EB IR A8 Ak . (EL R A5 A ) 2 i
N AAARIREE R SR 2H CH T R I8 B D IOk K
ROCHRApIIae . AR, mKIEYw
YA R,
223 FZRMFEHEAK

AR R R AR S AR (G R 100~
300 bp), HEEMHEITFH A B, SAmEE = AQWF
RIS LBy 1 D7 Ry By, T RIS 424K RNA
HEATHAEN Y, O RNA #5-47 F Befb b3,
H i = A 7 5 R 3 24045 Pacific Biosciences
(PacBio) M7 F1 Oxford Nanopore Technologies
(ONT) G4KALI P BRI 1507, BRR ik B AR
#AT AT DNA 3% RNA By, {H
JP R BN . PacBio M FFASUZARIE RNA 3%
AR B WAL IR ™ AR SRR AR 5 R AR 1 i Ak
FFAIPE 2); T ONT g kfLi 23 F 44
TAREGUKLA I F, 3K g K Lk ATE
it i EL P P R BELBE A o 2 BLBE DNA 8 RNA
Bo@ ey, LR A AR, T
B2 M4 (recursive neural network, RNN)
SRR S A R A IR IT 51 . T
JF 238 R AR 5 A L R T S R A
f, BT LK LI PP o & B cDNA Al PCR 4
HEHE AT LLEL T RNA #EATI0 T, JF H ™ A
KARWER (32 Mb)PY,

Uemura 553 28 12 FH 25 =400 P B0AR & 31
T & IR PR B B DY, PacBio
FIONT M FF9) 2 J T HAZ =YW HIR T RNA
BT, R B A 1 e i A B S 3
HARREAX 8>, Hit, Griinberger %5 M40
WA E YR AR H) ONT RNA-seq il
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B TSI I A AR BB B TAE AR,
HZ i RS AR A R0, BARES =Rl
JFFHRARFRVF 2, (AP RR R . ik
5 7 ) [B) R, — B A 2 5 — AR P B R FE %
SR AT RN . M, 24 PacBio 2\ X
REIAWIEAL, 75 2016 4F & A Y Sequel R4
BT R G, % R G v I 3 A [R] As e
AT AR R, JF HIL/A R Sequel
System 6.0 HER R4 R H it K K ik 300 kbP7,

3 FAERAFEA

3.1 BRIAMEEERAF

ARG R AARRL SR BT AR L, B AN e
SRATOR FE R ke E B T B4R I A FE A
FRKT-, HNEE AT (single-cell RNA
sequencing, scRNA-seq) #iZH P HRZ—,
e Z T oAy i, A
1992 4F B4 i i S 20 2 TAE L E 24l , (5
BEX B A0 i B S 2H S I A A G HOR L F)
2009 4FA B E R AFFEIE 3), ShTIT, HANE
e SR AL BOR HRTBEA Tz B T A W R
o 3 B DR R A X B A AT N P AT 2R A I
VEXERE R, s/ ZRIRTFIRERYT mRNA 7
F, T AR W AN [ BRI A AR A AT i
RARIRWAT 25 5 o BEAEH B 40 e SR A BOR
TEZ0 K F F AT AR Dy A R W e LT, Ak 22
ek R A G HR RAR B B # = HHTE
LIV R T — R E Wy oy 540 2 e i S 21 2 7 vk
(microbial split-Pool ligation transcriptomics,
MicroSPLiT)", 5 i i it scRNA-seq J5 1
FHEE, FollR 1 A0 R A 1R mRNA & & . 400
KNHY ZAEE DL S 20 i BE 2540 S5 R Bk R o 2007
i TR 22 TR RPN A =2 [RBH PR 4R R, IR
AL s, fE— RS P AU A B B A
SR AT BT A A A T A AT

B<: cjb@im.ac.cn



3612 ISSN 1000-3061 CN 11-1998/Q =4 T #2*43 Chin J Biotech

mRNA
ﬂ Fragmentation

ﬂ Reverse transcription
cDNA

ﬂ Repair

ﬂ Connect sequencing linker

PCR amplification
Building libraries

Sequence

B2 F-K (B ME=K (B) NFHEARE

mRNA

ﬂ Reverse transcription

c¢DNA

ﬂ Choose

= ploy A

PCR amplification
ﬂ Building libraries
ploy A

ploy A

g

Sequence

Figure 2 Principle of the second (left) and the third (right) generation sequencing technique.

II \—>\\H Yy —
I —or = X >§R U—>

Single cell isolated RNA cDNA

B3 BRI RAHAKRE

cDNA
amplification

] |

rd L_IJ

| O
Sequence

Building
libraries

Figure 3 Principle of single cell transcriptome technique.

BT A SR A A O T AR G A IR AR R
Gii oK ROBFST, SR 1) B A A ik
VAT s A K R T F S . JF HiZ
FARX A RBEE B A AN E, A
I B Rh o2k 2R, W H X AR K &
BNOL . A BRI AR S A BAE FRRE A9
TR AL T 5B 0 LA O A X R A Ak ki
AR, iz R A0 e S B R A T A=
S 5T ) Bt 25 B BTG N
32 ZTEFEFRAF

T Ak b3 A B A A SR 2 2 AT DGR A B
B8N BN RUA WA 25 S Rk R R TR AR
{EAE [R]— 3358 A A W 20 i A 35k TR R 18 /K F-
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T NTE 5 L I ¥ e N G/ e B
IR AT RS I TE AR SN AN R B 22 7 o AR
K, X TEESEHAMIEE AR T A ]
(spatial transcriptome) IR EL . 5 Z A fE:
A FWISEAR L, JE47 23 [A) e AR R F A A a]
PAARAG R 5 PR T BTl A oy A i ik PR 3 kK
FAF R AT LT RS [0S ERAE Az
()3 PR 1k 1 22 S 7K, D itk — D AR AR IR ) AT
23 [B) A 8 25 8T GRS B DR 3 3 )
PRt T E ST T B, Dar Sk T —Fhid
TR EE b 52 2= AR MR EVE SR A W
#4 RFAT PN DEEIRAL A AL (parallel sequential

fluorescence in situ hybridization, par-seqFISH)
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(0% S A AR T b AT TR s R R B
FAF B B 2R R SR B, 3B 1 R N A
e Bt M A BEAAE R Y 60 T AMA 23l
TR EAH DG R R A (8] 5, B AGIE s R R
HEF AL, FHE) 2 F w2 8] 4 B A 5
itk 535h, mRNA FRicHE AR RT S 9ESR A4
A2 (sequential fluorescence in situ hybridization,
seqFISH) F AL A Al H T4 Al — A i DT
KPR TEAE 2T AR, 2 TN
1k, seqFISH AR B AU FH T 5 i ZL s
Y A H A A FRA AL R G, s T X R I
AR A W e PR 3K 5 T ) 3 AT 40 o

Bl 20 LT | SR AN B R B A T
KRR LR, 25 B A ARW ™ TE
KIHE X s Az 0 48 s ) A 8
HERf . X T HCEY R R B FE C & H
W, BESE N B BT R B e A B R
e S A 5 THI AT
3.3 RYHFRAF

HR G R WU sl 2= F 9 B, KZ % RNA
BAS AT B R TE tRNA . rRNA FI/MZ
RNA (small nuclear RNA, snRNA) %524 rh#3]]
Kouvela SFF5E T 76 N2 32 B 240 e S e i 72
L OCHEME Y (RNA FMEE A R,
F mRNA [ 4 L RNA 78 19 43 K
K H AR 52 BR AR, mRNA B4 21 (1) £k 2
WD BRI, I A T A 6 R W73t 2
mRNA {7 A FAE M 7E B i L AR AR W 4 42
i, IFTRL T 6T R M S T 55 2 RHT
mRNA | HATC 297 %@ 2 ik 181 3 24
$5 7-H FL S 12E0S (7-methylguanosine, m7G) ., N6,
2'-O- " H FEARIZEM (N6, 2'-O-dimethyladenosine,
m6Am), 2-E AL (2'-O-methylation, Nm) LA
K EBIY N6-H L IR ZES  (N6-methyladenosine,
m6A) FEW B E R A F R R R,
BFXF RNA &6 B985 B335 Wi 58 A gt

&B: 010-64807509

Kok, HRETLAEE (mass spectrometry, MS)
R LA B 7 A AN W] RNA B4 1Y) o — 38
5 . Wang S8l MS 700 T HREZLAT
(Lactobacillus agilis) B3 20 , I %€
T L. agilis R RARGSEH T HHKIE Y
75 A2 O R G A BRI AR RO

&2

TEAYIE B Hr, 8 e S 4o TS
s I 25T 9 A B IR SR K SF AT 78
WAENLEL, O 2% G A IR A BT 5T 32 43 1 7 18
Bo BEER A RRES, FETZMHT
FLAZ AT, B X AR ) B I AR AT
HEVFZ TR AR . B, RNA X5
AR E M s AP B A B RS AR
B AN SRR e S A A T R R
Vi 240% s LR RNA MBI AR A
WFIEHOR BB = 55 o Bl A O A W BOR 9 ik
P, AR SR A A R H £ 5E . Bl
e R A BRI AW G, B I R E Y
TE AN TR AR 358 09 5 S 338 R As L T il B &
A5 R R S Sl A ) U A
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