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Abstract: Actinomycetes, enriched with secondary metabolites, have emerged as a resource for drug discovery.
These organisms predominantly harbor bioactive compounds such as polyketides, non-ribosomal peptides,
aminoglycosides, and terpenes, with polyketides representing the most diverse class. Polyketides are divided into three
major categories based on polyketide synthase: type I, type Il , and type Ill, in which type I polyketides are most
widely distributed and abundant, with macrocyclic lactone compounds serving as their archetypal representatives.
Macrocyclic lactone compounds, frequently utilized as antibiotics, anti-cancer agents, immunosuppressants, and
antiparasitic agents, hold immense biological significance. This review comments the biosynthetic process of
macrolides, and strategies for biosynthesizing actinomycete polyketides are proposed, which encompass genome
remodeling, regulatory pathway recombination, combinatorial metabolic engineering, and the modifications of
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polyketide structures. By knocking out competing gene clusters and superfluous genomic islands, augmenting the
supply of precursors, and enhancing precursor supply and lipid stream processing, researchers can obtain genome-
minimized and optimized industrial chassis, followed with manipulations such as promoter engineering, regulatory
factor engineering, overexpression of the rate-limiting enzyme genes, enhanced substrate transport and tolerance,
targeted modifications of the key enzymes, rational design of polyketides, efc. Furthermore, the optimized chassis and
biosynthetic gene clusters are integrated to develop robust strains for multi-omics analyses and fermentation process
optimization, which can be guided by rapidly developed synthetic biology enabling technologies and artificial
intelligence, to develop a high-quality, efficient polyketides biosynthesis system. These advancements can offer robust
technical support for the large-scale production of polyketides pharmaceuticals and their derivatives.
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Fig. 1 Structures of different polyketides, their primary producer strains and the potential use of these molecules
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Fig.2 Assembly of the gene clusters for fidaxomicin biosynthesis

(Condensations and modifications of different extender units to form fidaxomicin aglycone are illustrated, which is further processed with different

post-modifications to form fidaxomicin.)
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redD M actll-orf4 5, HIRMHE AL, +—kidk
RELAFETEIGIN T 3~51%, WELHE L= ™2
My 9~301%, XMRPFUERK T ESEERS
YA B,

B AR 1 4 B TR AT DA PR T v K R R AR
Y&, A R AR — S BT Y 1]
T & w R AR 2, X TREE BGC 1)
WAL B LR SR B A, Rl Xt T 2 4%
R G, ATaz A H g,
W4 B DR R = AL 4 X 28 1, S ECH
B P2 7 B O B BT AR . AR, R
J2 Bl AR ] AR 9 326 1 5 1) S B 1 B AR R A
() R AR J5 Bl T R A g R g 1) Ak N, i R T
(DR ~F 45 6 O 0l 1 2 2 B0, XA RE S BA
] A5 ) R 47 0 R P 2%, o DR R RT3 0 )P 1l
I 2] HE 3 B0 H bR R AR 7 A ek /D AR R P A R
BRI AE R . Pk, T KR B R & B AR R AR
VI =B, N 1% 5RO S B T TR A 4%
W4, 7E S R R At R A A & B R R I, 3BT
PLEE G <R TR SRug, Mo,
DA P 7 VR R A2 ) AR P 6 i, SIS B SRS R R
5 AW B O .

2.3 HASRETIE

23.1 B
REZMEWERBENSRET, HH7E—FR
A 45 e RE AL B[R] SR D 2% i, i FK506 £ FK520
(THRER. FEER UMMEAERB A
HREE (HS. XERIF=FE &b TR
MR VIR e 2 . HEALA SR il 2 . AR
PR ATARE N B R R S8, MET
) R DR 7 A 11 55 SCAR A AR 11 AT R R B
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FDX (Tiacumicin B) R= /k(

lu,
Tiacumicin E R= M

FK506 R=

FK520 R=

Midecamycin Al R= )’k/

(o]
* i 8 Midecamycin A2 R= )J\/\

BI5 kT R R A L R R 5
Fig. 5 Polyketide fidaxomicin, FK506, midecamycin A1 and their derivatives

TRy (R S R W R,
S 250 AN % A 0 i 1) 3 Ak DA o Ak I R R S
PE, R TR E R E R EE 5 ks did K
B0 IR 43 8 45 W 5 58 45 B A g 42 4 AT
B 8 o 3R I R PR B AR R, R I I R A G
AU, SEELH FRGA PR T = R AL

SE p MR AR T dE e LA 19 B B B
B BE AL RUCRBGERR (T RE . BN, £ FK506
A& RGBT, AT, 2 — N H E 451
B, & al PLE S AM-CoA (U 79 56 A — ik 4
i A) FIEM-CoA (ZJEN Wil A kAR H
FRP=4) FKS06 Je FL 8B FKS20. 513l F7 4548
A E SFBAR R, BB VISTK KA
DR 15 R e 1 I 9 2> Bl 7 ) FKS20 1 7~
A B Ah, S ) A AR R T B B AR AL
T FE TSR (1 o o B B8 3 375 0 5 A 0 i
FRME G, ALK B g 05 56 R dE AT 1840, LA™
AR REE R AR KRB . BN, AveC 7E 1 7B 4k
BEF W (Streptomyces avermitilis) 1 CHC-B1 (£
R ) ME Y CHC-B2 (K77 % 5 [t 4 6 B AE
FH . 795 DNA Shuffling % i1 aveC, M2 Bl —
ANRAZFE . ARG, I R I A e A A 10
NMRAERRDIRABSL ., ZREAEERS
CHC-B1 /%4, CHC-B2 : CHC-BIELBIMT I 1R
F2]0.07 0 15, ELE D FAF#E H, Grabowska
S DT RI A FE R (mycolic acids) & i F£ 11)
1 Jik % 7% B L-AT-Mas XU R A2 f&  (M624V/ST26F)
Pl JE K (1) MMal-CoA %] Mal-CoA J1F- 52 4 {3
B R S, Y Mal-CoA 5 MMal-CoA (1] Et 41
e T 605 . SAT, A fal 75 & 1n) 344 S a8 v R

A E A i AT IR AL — A R AR TR T R

AT, F— A& B 5 B & AlphaFold3
( UK AlphaFold-latest, AGHY i A D A1 AT A Sk
Wt HE KSR B Chroma 7 (fUHS ELJF 5D
A, BT JL B 2 1 2 ke s AR G
AN LR MOE ] wmfER s M e, =
TC 5 I X 26 N\ TR e BRI T T8 18 0t 25 7 it
I 2 8 E M A BRI HES) . Boiko 55 Y
BT GPT4A M N LG KRG K H “Coscientist”
RS 4 > Ar 4 (K. Python. SCAY A SE
B ckMbIsLEs, @dEaEmER. ey, o
PR A A IEAA L 7 B /] UL AR . XF 2 2 2
Wy FAT % 25 250 o T A S5 . Berquez %5 2
N 8 e 25 ) #5051 % PandaOmics i &
DR R T AR 4 i N B B0 R L S TR T R
MR, 2R ERTHEMERZBIT AR
T RURE () A B ik 25 . “ B LR i “Al
B2 &7 (Al drug discovery & design, AIDD)
() 2.0 IS AR IEZE TR AR BT Mk 3, B8 & B 7 it A
T RE AR 5T O A B T & B AH 4 e, A4
Wt v 0 E Bh Ak TR A AR B T AR 3 % Qpix R ) il
YA Y v I O e AR G AR B R B A A A
LA, LA E (gt e 1 GFP) "
SRR Chn B~ 0 T IR T 4 A ik T gus4)
BURR E AR AR IR A (Al K BA P i A% 28 MphRD
MIRAETEAR ,  7E AR SR AT LA 4 iy P fiff 5 2k o 2% i
KUWEWEY G SR ERIE, KK E [
i 128 e 1 e 0 A BB B e R R AR RN T 7
232 AEXEBERANZ

b 7oA E Rk, AR R I R —
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L 258 ) 5 R ) e i AN S R R AR B R )
RIZR, 5 FH R 72 T 20 Rk il A2 DT ons AH BV 1)
B BEAT 7€ ) BRI o e, AT IS B 5 H AR &
s HPM . B, 4% % (erythromycins,
Ers) & — K EA 151 BRI N B SR HAE
7, HPaBEREA EBr-A) REMARTZ. BAX
MIERZY . R 2 T E I KL RS, 5
P74 Br-A(Er-B&C) EEBIZIN3 1A HRIES
Yy, HAhLLEE B A C 2 AL 5 3R DA AL
HERANBUCIEAT2IHW, AHERBMCH
EYEERIR T AER A, HRIERE 2 br it &
ATVAE 21 %5 2 7 b 72 o 1 Bl A8 4 o AE 5% DL &
Chen 55 " i 3% G IR B EryK  (P450 F2 1L
M EryG (O-W I H) H¥x i EryK/EryG # U1
B3 20, bzl (Saccharopolyspora
erythraea) JLTPAT=HAHZERBNC, AFRAM
FEEEE T 25%. {E Streptomyces fungicidicus H ,
Zhang 55 " J@ i 3 S AH R K W end C B R TE B
P F A B BUR I K B BAR T R AR 9 )
HABFED, T RAE endC E 54N — M BE 22 1§
RO NI Y KRB AT EE MR F
T, EATRGEE] TR 2.3 A 0w R Rk
TES P EE B, Chen 55 " AR 40 52 20 #r
SENLE] T MMal-CoA £ p K B R i g 2k [K] PCCBI
i R A AR P IR A LR R R R T,
$ FK506 FI 7 82T T 56.6%
233 Aye AR ZHN

FAT, 2B ik R AR 1) 22 48 D19 48 SR 2 pR
R S RIRP I R H W75, AR R S R AT,
AR R SRR . HAT, SCIEERIER 28 0T
A=A EARTTIE R [FURE A T R R A e
A 18 . WEBARAT mURe eIt B ARG 3 R DR gy
4. ZouA ¥ DNA AL K% . Nah% ™ iz [
TR E A F 12 ¥ VUSRS TE Streptomyces sp. CK4412
HRSEIL T KR (tautomycetin) A=W A B (R 7% 1
ZHIL, PEREARES T 1445, Lisg ™ R
T CRGHE-2 RS A7 HEEHP TR
R 5-|ACKRK IE R BGC (72 kb) (1%
fr i RS (A0, ENOKEE R B sk
BT 5-FACK IR WU 2 i A 2.23 /L 38 21
6.37 g/L H$2FF. Murakami 2§ " i@ i ZouA /&

") DNA 20 2%, FERPIIrEfmiE, mIjt4~12
NACTHERF R NS AN T RGOS W R A,
13 ACT ()7~ B 2T T 2015
234 IR TR R ERA

BT RE & K2 HEA — & EWETE,
an SRAE A T B AR R e AR R B S AR
K5 Wi B4 23 00F He B BOS AR 38 S M, AT
PR H 7= 2. ABC (ATP-binding cassette) %%
a8 A A PO RGP R B A, i R
M B S R B, A RGR IR AR
710 Qiu g " FERT 4 7 B b R 1L ABC g
HH AVtAB, 45 8 MR 4E 18 2K [F] R0 A K-
Bk, HohBlalE ®YA S KM T 265, H
B[ 2 1R 25 (M ML 9 A L3RG B 3% N B . 7E S, rimosus
, mRBHIZE AR onrB M E I ABC ¥18 |
HOouC W REKF, £\ 7 L&HERKKEK
S SR UK YR BE B W P, Chu 55 Tl VE Al
14 FAS [ (1) 38 2 A ) I B RO, K MiltAB2
HAKL RS EZRE T HANKR ITE R A3/A4
&, FEHIN T 29.1% W& & .
235  heni kAt s

TR A RIS 110 5 5 B e A 3R 2 e IR AR
WY BN ER, Bl . ZRIRE
WL BERR KR IERAT . AR AZ IR ARG S5 4 A
AR R AN AR SRR Y. BT, FEE
Tk O B g R R AR RO L S G AT I A% 1 BEL T B
IR IR NI T E R T e /(1
& 77, Michael & " EAR I ERHERE ST, Wk T
T BR JX Bl 1% 42 (pentose phosphate pathway, PPP)
e %) B - 6- B2 TR i LB ) G B TR Camf T A 2wf2)
B R 6- B TR A 0 B TR N IR O w10 2L (K (devB)
BT 7 PPP kA, AN TTIASE A 14 B 2 MR 1) 4 2 foff ik
£ (EMP), #&m T ACTH ™ & . MM &ER
(mithramycin) & —Fuifeg FLE A2 OR3P DI RE I HT
AEE, S N RAEHAZAR AT PSRRI IR TR
MEEH R, HEME-1-BR (G1P) RIHERIE K
Rk, Zabala s "™ WREEH WM (S. argillaceus)
ADP-H] G W BRI BE R0, T RIARE (0%
TR AR 1) 158 2 o 6T BB AR AL B BRI (pgm) 5 AH1 45
W GIP KSR, B — B EdE 7ot E RN AED
G BRILZ AN, HUAAR ) E R A IR N2
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T2 HENS 2 —, RS R T A N E
TR L-F R (LR 6 g/L), Aih 5o 55 =] =
HHH 410.3 mg/L 3 0 £ 603 mg/L ™.

Ak, EHHEF TR &Rk TR, Pk
VF 2 G AR oo P T R 2 S AR TR s 1)
MR B, R R B R R R O 5 SO R R
ZiEE L, MG NADPH 2, T #smk
KEER PN R AR ™, Baids M T
—FETHEERE RN JRERK oPRRER
Y B AR RS B 2 B 7, RAE T R KRB R
(1) )3 2l 7 FOAZ BB AR 45 & A S SR B2, T80 B
5 B PN AR S DR % . Wang 25 U2 1 3 BH B 1 I 4T
] H (Vitreoscilla hemoglobin, VHb, 2 —AN7E 4
W R B L8 () 76 4E 5 1 )& FR-008 9 /= 3%
ik, BCIhAR TR AR I AR R AS AR EE P R 2R T
A ZFR-008-1 CREWHERD) M= &. HAMAH
TR, BE “HAE” M “HibHlE”, WIERLRE
AT AR Y B IR AR T 55 4 A A A R A, 4
A A 5 C A I BE R ) 7o FE - (biobricks)
A i SR WS, AT A B R P H bR LA Y
H 1.

2.4 REEWESVEERITENSIEN

IR TR, R EE S (PKS) 24k
DA ENR R A R L2 lE . IE /2 BT PKS A7

Loading modules

Substrate pool LM swaps AT mutagenesis
0 0 @.. @
_CoA | : :
HO s s KS @
R? o=(
R?
” AT swaps

o] s
R‘)Ls’cm o=<R1

,_
@

cis/trans

@

0
s s
R “OH o =<
R1

Extension modules

KR mutagenesis

FEALAS1E T Re g DA 80 L 5 0 HL 5 3R Py 1t 5 Al il
A RHTRBATIE L R RTE R At R HE
HRBIFIRF=W, B Sorangium cellulosum 7= [P
BRI R . Streptomyces erythreus 7= [ 3T #
B M. Streptomyces nodosus 77 H YU H
M H R R B ™ . AL T B PKS (1 8UE N
BHEAT 4R . 1 B PKS AL 36 0] 79 o = AN -
EIRHTT ., BT AR T (6.

AN L RCR A T s, RUACSK A
AR R MR R IC B 7 /N 5 N R R G
JG, 845 PKS R H A ML 4G A 1T HE S B 4B A, 1
MARTT T 16-HE/NE 5 A ER B C13-HEA R
(RIR I SR 7 ke o B T g B kAN,
TR B TT H B B 9z M RE IR 2 MR
Rk, AF 70 N 53 ol w9 1 07 UK 45 1 BT 4
R R AL . TE R I SR R B T SR EUR I IR
FHzh ™, REH AR Z 0000 KR a6
RS T D B e, AR A Ak 5 IR O
BAERR B P TBEAENERAEY . X he
F& Ry AT G5 46 S50 IR 1R 38 #5810 B B £
SFRIEIR R, IR T ACP 45 M. T il AE A
RS — AN KS S MR AE I RE M . BRI L, 32240
IREITTI RS AR AL S5 BEAT IR N R
R, AN R AR B T AR N AT B IS A S s R
PKS [IRSHERL T

FESEAR BTG, AT B33 8 e 28 52 {1t &% Fh i

Offloading modules

TE fusion

Reductive loop swaps

Ble R G AR ELE BT
Fig. 6 Rational design for polyketide synthase
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A, MECT PKS H i HAB S I, AT S5/ 38URY)
BH A, WA R X R A WA
ZREPE N HET, EFX AT S5 W 30 AT BV B
H AR ALHE AT 45 W38 1) B 3 . rans-AT 25 #4380 5.
FNFITAT S R4 288 2 HF 5T N DRl it B 4 6- it
A %I N B A B (6-deoxyerythronolide synthase,
DEBS) AT Z5#38, 315 LM MM s R
i B b, IS K DEBS RS PR R I H
FETH TR B A A B AT 45 M B ol ok B B ik
B 7 PKS BHUR F 1t 1R £ B8 T TR . 19t 4l il A
M) AT 2589388, 152) 7 B AEYTEER 6-2% H k-6-4
FAHBHEAD . FPFUN TR I FhRE 58 45 7 18
B KR o3 A A T R B R4S B D & R
AUREAAL A, XA B2 AT 4 A 1 PKS 25 4L
AR AW N IR R, RIEKPAL. Rtz
SRR P (R S R B e AR A, RO
AN EE B G I h 5, R B IR 7 25 I8 B
J TR 45 A6 30T FLAth 25 44 380 R AN B A S M R
M 0, b Ak, AT R E PR S P 110 % B S B R
MW A, X WAE rans-AT H AN R4S PLSE
B, BU¥ trans-AT 25 1 38 8 5 i3 cis-AT g5 #3804,
KORANICIETE AT BTy 6E, 3351 45 21058 #0 ) 5 W Ak
G B AT 458 3R R T A T R S 1 R
TRk ik 0 e SIE IR A I R 1 2O, T A R AR
Yo XM AR T ABEOREE T AT 458805 & 1)
WEE, [FIR X BEANE g m . BFR AN
DU oy M S T 2 5 H A A A T ) AT S5 4 35
MFE S I 7y, B e & iR & R PKS %
I8 TR TR L TR A T AR R R DA R LT A I AT
AT Z5H 345 7 HASH £ /5 Y, 764 BUFKS506 1)
PKS H %32 075 T4 5 P TR P TG i Wi A\ 1 AT &5 1 3
£l & CPTH 2 /7 7. (HAR—1RME, KXt
PR R L7 5] N Ath AT 85 3h A — e &
TR 3 AH B SR R 0 e ia fe 1. ABATIE W 7R
W, 42874 DEBS ' AT1 ™. AT4 1 AT6 "™ H1 ik
Y4 & 7 YASH N HAFH Ji, #8077 iX 48 AT 45
PR R 2 iz Ve o A W 5T E IS X DEBS H AT6 &
T F IR, s 7 b — AN
TR K 28 4% \] DL s A 2- 79 R R TR 6 A JE A FA G,
T K e ik 5N B RFR B R Aok 7 A 2- T R TR
Tk -2-bh IR R R AT, IEM R TR T AT 45

Fs ok, B RAERIR . KT RE R 45 Rk,
il 5 SR B KR« i 7K B DH A 538 JR 6 ER . 7
SERRAE GG, KRS IS BT B 31T iE IR, it
A8 SR ) o 2 A B, T 22 T8 1 72 1) S A 44
Tt /& X DEBS A1 ) KR #EAT 28 e 1, 38 2 %t 5 57
AR 3 5 1 R O 1) B R ke i AT ML R AR 1, B
SEEWIM SRR R AR . h4h, DEBS itk
6 H KR 45 #4455 1) pd 2R A8 A 45 L 1y R 2 3 o 17 = A=
Frte A . DH 45 K3k 51 53 75 B-F 5858 TR N
I, EATK, R LR R S R B N
I 3 2R AR I K FR-008 1 f¥) DH18 #E 47 205 ,
19 F C-O FR B =4 = A 1 R RE 1) S s 0
3 7 4% H & PKS ', B 7 DH 2k i 5%,
A B P M o I8 IR BT 4E B R A R AR R 2
DH 45 #4318, # . & DEBS ' [f) DH &5 #38, 72T
C22-23 A FIRAT 4 1 22 117 BR &5 A4 38500 Bk Bk XL
Bt HEAT NADPH K #i (038 JR, 25 a2 A3 BUAR, A0
KR 5 # 3k — #F 2> R B 22 1) 55 4 g R % 1 D0
Lt 4n ¥ DEBS A1 ER &5 #4488 = FE £R < 1) 1% 20 R R A%
NEERR G, =AY H 2 ST B
RAGAY . K G A WA 25 3 PKS 1Y ER 25 84 35 £r
NP AR R N A, AR e
SRR AR, e o G R v S 2 20 R A B A YA
AR AR — DN RS BR R BL 4 ) . B T A4
P 1 3 40, WIF E N BRI 3 3 4 0 A 75 % PKS 1Y
B 11 o A 45 4 45 DH-KR # & 7 #8512 o () DH-
KR, BEHRTERAP RGN ME RATE
Py o, TEDRE ) SR B AN FH B TP 4 BRI AR
Rt AR, BFFC N BB X DEBS H
(1) G5 K6 SR AT B A0 2R, L ARAS 2 50 i 6- it A
PR P TR B 2581 T

TE R A W52 R B S s, W
BB TR TG R BRI ACP 45 #3845 & I SR B AL & 1)
rh R AR o IR RN R I TE 45 44 38k 5
Wi R S5 i3 T o TE 25 M 330RE T8I 7= W 38 5 A TR
WS WG A A BE ARG RS =9, T R 4544
Sl RE T P ) W B B P . JE K DEBS
rH TE 456 455 5 397 1 60 31 ACP Z5 W 3 (1) K o, {845
R A YRR D, IR TE 45 M3k i & 5
A AT DLSE 1) SRR 2 B 1 R B A

R 2304, AATEE R e, MBI
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NI &5 R o0 PKS 1HEAT BEVE S0, — 7 1 BRAR SR
i fb &= A T AENLE, 53— 7 TR A S 1 2 7%
P2 A AEYEYE R RIS, NSRRI
AP 5 PEAE HDTER o SR IX B8 SR IR SR AT I kA
PKSHE M2, AEERFIRE Rk, Ri, B
FNUTER T — Pl i 5 MR B 1 AR A B 2 R i e
SeoE B B AR B A PR K I AT 45 18 3808 6 5 1Y
PKS " I X 5 2 5 6 1 VA AR FE Al A
AP 1 AT AlphaFold2 T 1) 45 14 Sk A 3l A 6 2.
Ja I PKS,  F1 & A5 1 vy H A A 7% PR 1) 2R B 46 -
BEE BN g dE . N TR BeSERREeRI KRR, FIH
GRAYE . HEEWE RS, PLPKS BB
Wit R REA G e Z R, IR H DL& U
A MR G ORI &, K AN
3K, A AR 2 U R o

b & A& AR K E, FIHCHM
R4, @dgl NEBihk, ZEuRlng. w
FALEE . AL EE S HEATAT AR, P FE R
G S5 0 2 FEE R A DI M . SR TR (R B
77 XA 2 R F Bl A 0 BE 2 e, S IS [R] 3 (41 (1)
5l N. it Dactylosporangium aurantiacum H) B
FRAEFMANTHLE, 8] A 5 IR BRI JR 1L 2
= ", W] Streptomyces cinnamonensis ¥ 7% 3 H %
IS ZERAT AR P 3RS SRR R R KA Y. X D.
aurantiacum J5 B VRGO RL R, W] 50 85 B 2 F kil
BRI ", 14 Streptomyces sp. CS149 5] A\
PR BRI B, BRAS T 6 M BB Ak 1
sipanmycin fiT A4 . AN, AR £
P53 B MG AR ) TR SR, S 45 5 A SR AL &
VIR R IR IE . B 50N D3R DU 3 2 2k A AL
FR) B0 P 5 TR R B B R R R B L, 2 40 2]
T HBETC R B 5 2 A S B R B DY 2R 5
% hainancycline ™" o 1X 6 i 5% W G B #1642 7
B ANAT R ZIHIGR . Bk, B KA
TR BE A BCEYD 503 ok 3R BOHT B B E 1
I E I R AL &4

3 & #

TR PRI AR R B W) S S
MG EMRA M FETEE” ™, £ XKLt

R, 2 RGN B I T R R
WP . Lk, BEE T —RWTFHER, £
H2J5ik. BARERSE. RREmERA. LM
9> T W28 03 BT 55 & BUAR W) 5 0 R G A ) 5
B B RN, ke R 22 T80 2k A R IR I SR I 2
B A G BOSEWIZ M EN . BARTZ R
B K25 O ) iz A, (H 2 AR EORL 2 7=k K
WIAE A 2 7 Nk Ja B AR AR . R BT e
HAE G, g Y 2R BRI R
KR % FEHAERP RS R EHDY
JRoBHAE = R . AP RS Bk, JERZ
AP RR R R AR

JEERE AR, Zfukmia, £E T 202249 H
LE (EXREWHARMAEDHIETRD, HA2012
X6, HEES30JLFEITY, mRES R
VIER I 4 i 5 B SR 4, e B S 36
7E R} 24 8003800) A [ g fo . FRE =7
[ RN 27T AL AL T B AR S L T, 6B
JRRZGE R B F &, mRE AR KRE.
LR R A E A, RE KA
RHPLHEENRA=WZ —. B, £XE
TE 456 AR T ek O 1 R 2K A & W W& R
WREMEAR, ZARTETEFMAEY, WizE
PRE M. AR TR DL KRB RS S I
TS ZHA 4TI, 1K 2 R0 A P 1k
e HE B

HAr, #FaiRIMmMEESHC, k@ E
%, DAE—AF A AIH PR 1045 #E27 1012
Fot. HiE, ZEHMAMHME (SUBRAME) b
GRAE S R, ANRMEZ &5 A ST T
Bro IR, A BAEMEANAEYE RS HE AR
RIE, BEINE T HE R BRI TR 245 K B0 )
R, Bl E s EdEEREF S (Auto-HTP L.
PESE) B 73w 2= ot A2 00 S m A it &
Gy FEE I Hi-C J7 R AT AS [R) A I 3 1) % 25 T %
O =Yg b T TR A B R A el
BIFEBAR ", miER. SRE. B3t
EF &5 K80 BEENAEDE RIS 0
Bt R RAGYIR I 3Bt S T s e

WA, X B A A R R E R
BRI DNA ST T B AL 590, BEE & UEY
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5 IA R AN 22 SR AT, IR R SR I
WA S R Reth . 24 mRE. B, B
EHLZHFH AR K E, DNA/RNA HIEth. HEH
Bifi. AEgS RNA (40 miRNA) R f e i =
Y 25 o B AL S RIS AR B IR TR IR N s BE R
BRI PR R 2 A A, B O O B Rk R E 1
W% 7 O & A R i 2 E — 2D 32 T+ B 7% A4 =
HIFER, RN DB H G 2 REE
AW E BB A, ST OB IR 7 R Sk HE R A
MAEEPE T R ARG, TgmiEt
by E AL AT 0 R O [ i, SEEION) 2R B 2R
B A0 B W AP0 IRGRAE IORG e 5 25 5% . B It
KM Z YR TV, RS C. IR RO
R SR, T DL B AT 0 AT A A 3 B8 2k B
REABWEWI AT, AR R AY I A A=
FEALHT AT RE 1 .
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