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Abstract: Omics technologies have profoundly promoted development and applications of metabolic engineering by analysis of
cell metabolism at a system level. Whole genome transcription profiles have provided researchers more rigorous evaluation of cell
phenotype and an increased understanding of cellular metabolism. Furthermore, transcriptome analysis can conduce to identification
of effective gene targets for strain improvement, and consequently accelerates rational design and construction of microbial cell
factories for desired product. In this review, we briefly introduced the principle of three main platforms of transcriptome, and

reviewed the recent applications of the transcriptome to metabolic engineering, finally provided conclusions and future prospects.

Keywords: transcriptome, metabolic engineering, microarray, SAGE, MPSS, RNA-seq

AR, AR, BERdl. B4l A RS, BERERA, RO T R
AL PP U 0 2 P22 RS R AR B A MR M, S S s 4 DR 200 3
SO BF ST TR RO T (R IO, it RIALEROARES PO TP, RN R
R, LRSI AR, IR TR .

Received: April 30, 2010; Accepted: July 22,2010

Supported by: National Science Foundation of China (Nos. 20806055, 20875068), National Basic Research Program of China (973 Program) (No.
2007CB707802).

Corresponding author: Tao Chen. Tel: +86-22-27406770; E-mail: chentao@tju.edu.cn

H X HAREEESIH (Nos. 20806055, 20875068), [ 5K # ai Sl HT 70 K eI &Il (973 1H4) (No. 2007CB707802) %t ).

© FERZFRMEMARTATIKSHIEST http://journals. im. ac. en



1188 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

September 25, 2010 Vol.26 No.9

TES RS HOR T, B2~ R R R ke ok
AR P B )32 BB AR 4 Y D BE S DA TR 1
FIRTFIRNY, e S A SR e — B[] &4t L N BT A7 6 IR
FESETIOR I RNA BVFR o 3 40 o s, vl il
HbARAFEE I FR IR 1 RNA KA LA S, 7T DR/ A
&R S — e iy R Z A N 7ERR R . PRI IRAT]
AT DA e 3 9 AIE 200 B A B Sh A, A AR i
Rk, JEEm g SR T T AR AT
B SRY2E R A ARG KRR, B FEAR TR
SR AR AR TR AP A O R

Microarray SAGE

RNA RNA

l l

cDNA cDNA

Hydrization with AHZEOI‘IHE l
microarrays Zyme
c¢DNA fragment

Transcriptome
Ligated with l

linker

c¢DNA fragment
with linker

Tagging
enzyme

Tag
Ligation and
PCR

diTag
Anchoring
enzyme l
Concatemers
Sequencing l
Transcriptome

1 FERREABRATFEIERETEE

Fig. 1  Outline protocols of the main transcriptome platforms.
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F1TMFRZA (MPSS)

SAGE AR & —F A T F A . TP |
PR R A% 23 A A L R R SRR A Y O s, IR
ATACATEER P E R, REE 42 Jm P A I i A
B PRILKE, bR T BA BRI 25 R R IR IR
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Table 1 Comparison of methods used in global analysis of gene expression of organism

Advantages Disadvantages

Hybridization-based  High specificity, low cost and rapid; Constrained by gene discovery and prediction procedures;

(Microarray) ease of sample preparation; difficulties to compare data in different platforms and to obtain
flexibility in extent to be analyzed; absolute quantity of mRNA expressed in a tissue;
mature informatics and statistics; cross-hybridization and sequence dependent;
Poor reproducibility in detect minor differential expressed
transcripts;
Tag-based Identification of novel sequences; Biased sampling;

(SAGE and MPSS) quantitative, inter-laboratory
comparability;

sensitive and sequence independent;

short tag result in sequence ambiguity;
require comprehensive reference database;
expensive work and complex sample preparation;

RNA-sequencing
(RNA-seq)

Identification of novel sequences;
quantitative, inter-laboratory

Expensive work and complex sample preparation;
limited bioinformatics tools.

comparability;

sensitive and sequence independent;
avoids the need for cloning;

map RNA splice;

longer signatures, more accurate
annotation.
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T A A B 3 B2 5 S 7 Myb28 JRTE, HE6k
¥ SR Myb28 1 RIR7KV- W] BUE RS I & UK
TEFlE . X B EE R WA S 48 5 T AT e 80
S A1 B TR
2.3 IR ARFF IR BUE

YA R HATC &%) 2 H TERA RS
RRTTi PN 42 Vil e LD EESIE7 ) (S ri s S BER
HETHTEARESRITS . 45907 IRE
B4, B RS AR AR AT LI REDY . e Stdl gy
LR A UR AW R dE N o 1 R o E
it A A T A T A B A R

Khoo 45"V i —bk HA7 4L 7= RE 1 i B
BRI ZH M (GS-NSO 6A1-100) 5 A4H W #7441 (NSO
WT) B KA R, JF 7 L T PR 40 i R 3%
K2R, HMEN X S L P Rk 22 R GS-NSO
6A1-100 4 M ] =5 R Y, #M2 T LG bt
TR AR U, (AR A1 R 2E K2R BL, Beer
AU BN BUNTH 3T3 407 32°C i FRe i A 7= XL g
PEE T 4070A, 17 45 I B2 4 v ) 37 C IR 25 7
AR, AT AT T SR AL T R I 37°C B SR IR A
B B 3 A DG IR ) R 36 2 2R, S AE IR
{55 (Sonic hedgehog signalling pathway) #H5&
SEP B RRRAR o KBRS T 0 22 R R R I N 4
S 4 AR AR R LA B R, RS R R4
Mo T AOEREREE N, Jaluria 2512058 i B2
I3 T AR G BEAR M 5 M BEAR M HeLa 40/ 520
25, KEH siat7e F lama4 VA 40 MENE BEPEAH 5
S, BRAK siat7e HEP )RR SRR lamad FEH T
FIRH L HeLa 40 RAYNGEEM: . Jaluria 4516
FEA ARG B ARG BEAR i1 HeLa 20 3R 197 %
Hrh R EIFRIEEEA (cdkl3 1 cox15) 540
T g B VIR 5, FEr edki3 35 DR 4 40 P 5040 5t
MEEE UG, cox15 SEPH 4 it 200 i €0 3% S0 Fh il W1 B
fii . 7€ HelLa #Jfd . AM'E 293 41l (Human
embryonic kidney-293, HEK-293). 1[4 ELON 4140

© HEIRHE B M S T TIR S Al Ohine S TE G

http://journals. im. ac. cn



1194 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

September 25, 2010 Vol.26 No.9

i (Chinese hamster ovary, CHO). R 4
(Madin-darby canine kidney, MDCK) ', 5] AFf-u
TR I A 5 DR T B R 0 I 3 4 R 3 [ s 4 i T
e TS PR A % B . Wong Y3 i b= BT
PRy 0 B BT SR A0 A [ ) BB ) e S 2 22 5

KON F MM T AF 5 H N (FasL. Fadd.

Bim. Bak. Faim. Bad. Bax. Alg-2. Requiem),
Fadd. Faim. Alg-2 1 Requiem %R 7E bl 5 HOWF 58
H o3 N AE L BT 5 40 B iR B R IR 3R A K
651, 3% 4 AN 3 R Rk 7K S ek A% s R 1 T 41 i
P TPUE TG PRI A T, AR — bR A A0 &R
HANTIHE R w2 = 2.5 f5.

*2 ZMEAFHESESERGIEGRNER

3 RXUAFHEEMAFEANGZEER

HT T 0 I P A5 JZ O] B9 3 AR SC K,
o B — @ JRBRE, I3 5N SR e B F AN g
¢ AR L SO A M P B R BRI O, X TR A
RAR AL TR, FEIH 81 1 58742 T RE XS HLA% 5%
VS SPEEE A LI RTE 3 N U IESE v e S e i
LUAREE 5 SR AL 7 it 22 8 T T 2L P 22 S R A MR R
DA e R 20 5 A 2H 2 BOR B 5 0 AT A 57 T
B, A AEEOR N ZR A s A H T H 2 B A A
FEREES, RIS R M R G RIR | i
BB R AR (3 2).

Table 2 Examples of combined omics guided metabolic engineering

Omics Host Description References
Transcriptome and Escherichia coli Identifying gene targets and understanding phenotypic behavior of wild [66]
proteome type strain under high cell densityculture

Escherichia coli Identifying the traits leading to L-threonine overproducing [69]
Murine NSO Discovery the factors regulating cholesterol biosynthesis, useful for [71-72]
myeloma cell line engineering these cells
Transcriptome and Aspergillus terreus Improved understanding of the metabolic pathways and fluxes was [67]
metabolome conducted to enhance the yields of lovastatin and (+)-geodin
Nipponbare Revealing the limited pathway for producing tryptophan [70]
Transcriptome and Bacillus subtilis Identifying gene targets and understanding the mechanism leading to [68]
fluxome high riboflavin productivity
Transcriptome and Zygaena filipendulae  Identifying gene candidates for biosynthesis of cyanogenic glucosides (73]

genome

Yoon % CSRFF 5 T Ak F e AR VR RS R 1Y
E. coli WGk H 5HE A A B, L RVITE4H
0 BN I SR AR 5 U S R 2 B, R
SR HAREAE AR, W SRR
(clpB. dnaJK. hsiSG. groEL. groES) Wj3ik b
RGN, FH R RAL T E IR ZRAS . Askenazi F 0
FHZ W EZE (Hierarchical clustering) F17E 4347
#r (Principle component analysis) 5777k #1 1 H
HARIEARMTT 7= 0 Aspergillus terreus W&REFS
A AR G, S E R A ) R B A
FEXF AT BTk . Askenazi SEBFSE GG TAE
Je— L5 i T4 2 B 32 v Gl W A e Y
AL, Zamboni 55 NVR B AL R TR A
B. subtilis RB50::pRF69 A [a] A K [ BE = 4% 85 R

Journals.im.ac.cn

ANTR, 8 S AR I B B 1) e S 2H AV 3 Tk 20 2K
W, s TRE R B B A oA, B bR
TR IR AR WA IR IS kA AR U B 3 T A
Y, $5 T O BR A R A 7 ARSI ST, Lee
FOUR A SR MR AR AR LG T T E. coli
W3110 e Hod i IR R 92 vk TF5015, K IAT
SANERRBKTF R BE, CHERIEH . —RR
PEI LA e 8 HE TR A W) OB AR B0 o i 5 6 PR
., RBMBAMRE MIEH thrd AL KF-$2 510
HEPHE K T 5878, MAMER IR R BUE B 5%
IR AN ilva thl L TRE, KENREHR
Bl T At IR ) o 208 G LIS A8 ) S A A i), DA el 2
IR A . B A SR IR AR A R A
E. coli W3110 7] 42 & H IR & 2 7~ i . Dubouzet %"
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PO T IR H A 5 77 (0 g TR ik IA H AR I ) sx
G, KIFEFN H AN 5 g il
FERTRIBE MR N ZR I 2R 1 Tk B R 32 52,
HA BB W e stk AR A 2 ek, B AR
Kt Z kA5 0 E R G AT AE ST P 0 2 SR
o BEOMNEIE] HAHE b, Bk (OB IR Y (0 S R
TR S A, AR T BRI R, BRI A
JfL (NSO) TE AR i o 75 B AMIR VS I [ w5, Sy 1
R R R AR AAS , Seth 2RV A T T Us i H
[T B 1) LB RS A (NISO) 5 AN 75 8 o JIH T /e )
AR FUH BB Y (NSO revertant) 4% 5p4H 58 H
A2 5, HRERWIRIKEIRN Hsd17h7 HEN 5L
JIEL 1 8 SR e g Y, I3 5 S8 96 1E ), Zagrobelny
ZEP0 13 Roche 23] 454 BB ER N ¥ L0 2 T 75
Bk Zygaena filipendulae W55 41, BlJG 45 G4
e SRAS T B (A BE R DUEC BT, DL RO B I
BN . KA RS Heliconius WRGKE R
RS T E T A WIS ) T N TE S R
PR, % B9 3R Y 5 T FE W R D B R 1) 3 Sie 2 4
T BT AR B PR P R AR AR W3 M) o 1) 5 T AR A
SEAROCAE By B AR R EE AR

4 EZ

I SEARSR AU TR T B G I AR T R
ABFTE R, JFIBUS A RS RIBOR, Rl LRSS o
AR I A 2 BRI L3 5t 1 AU TR A 1 S
SR, A TR B E ORI, A D)
T AR LT, BT, e S AR
RAYHF PSR T T AU TR IE H 45 A OH TRy
Bof, ENSRE T A ORI b A Wl 43 43
AL, BhE TAREE AT T 25 i R & 5 S AR i i 3
MRl . S UCR I, Gndy S Gy BIRE | as X e
i {5 B A BN AR AR AT T Hi A — D EER PR, A
A 2 B o3 A 2 0l O L B 2 B 2 S S8
M, P RRERGEAZ I, TG Eak
WS BRI R R, E T BN TR Lk S R AR
FENEE, FEARTENE B B R BT R
FIBEH 5 BB A A= ) R e, BN AR B g 27 AR
PRI, AT B o AT AR R B
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