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specific functions, is widely applied in biomanufacturing, the biodegradation of environmental pollutants, and drug
synthesis. Systematic exploration of gene functions and construction of libraries for engineered strains are driving
forces of the development of synthetic biology. These libraries serve as foundational tools for understanding complex
biological processes and engineering microorganisms for potential applications. This review focuses on the
construction methods and application prospects of various yeast libraries in synthetic biology. With the rapid
advancement of genome sequencing and high-throughput screening technologies, microbial libraries, such as those of
Saccharomyces cerevisiae and Schizosaccharomyces pombe, play a pivotal role in systematic research. Yeast libraries,
including gene knockout libraries, overexpression libraries, and transposon insertion libraries, provide valuable tools
for optimizing gene combinations and designing metabolic pathways, thus promoting applications in metabolic
engineering and synthetic biology. These libraries facilitate the development of robust industrial strains, driving
improvements in biofuel production, chemical synthesis, and other biotechnological processes. In the environmental
field, the screening of modified genes generates strains with pollutant degradation capabilities, contributing to
ecological restoration. In drug synthesis, these libraries aid in constructing strains for the efficient production of
pharmaceutical compounds, advancing the development of biopharmaceuticals. Despite these successes, there remain
challenges in library construction and application, such as the high cost of library generation, difficulty in precise
genome editing, and limitation in screening efficiency. In the future, advances in automation, digitization, and novel
screening technologies are expected to overcome these barriers, facilitating the rapid construction and efficient
screening of yeast libraries. No doubt, synthetic biology holds immense promise, with improvements in library
construction and screening processes expected to accelerate the development of sustainable solutions in industrial
production, environmental protection, and healthcare, thereby driving innovations in biotechnology.
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(d) ORF-Tag library
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Fig.1 Schematics for constructing classical libraries (created by biorender)
[(a) In the gene deletion library, the ORF (orange fragment) of target gene is replaced by the KanMX (kanamycin resistance selection marker, yellow
fragment), flanked by unique barcodes (blue fragments). Chr. DNA: chromosomal DNA. (b) Schematic diagram of the Bar-seq principle. Under
specific treatment conditions, the target strain (red) shows reduced growth (light pink), which is reflected by a lower read count of its corresponding
barcode during sequencing (fewer red lines compared to others).(c) In the gene overexpression library, the ORF (orange fragment) of target gene is
not only expressed from its endogenous locus but is also additionally expressed from a plasmid, driven by a constitutive promoter (light green
fragment). (d) In the ORF-Tag library, the C-terminus of the target gene ORF (orange fragment), with its stop codon removed, is fused to the
fluorescent protein GFP (dark green fragment) and the selection marker KanMX (yellow fragment).]
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Fig.2 Schematics for SGA and PEM methods (created by biorender)

[(a) Double mutant selection strategy. Two mating-type cells each carry different resistance markers at their respective mutation sites: KanMX (green

(c)Hiploid screening (d) Co-realization of anti-diploid and

haploid screening

hollow circle) and NatMX (pink hollow circle). These allow for the selection of double mutant progeny (outlined in black). YFG (your favorite gene):
target gene of interest.(b) Counter-diploid selection strategy. Haploid cells carrying a wild-type CANI gene (blue, a-type) and diploid cells (purple) can
uptake the toxic analog canavanine and are killed, while canlA4 mutants cannot transport canavanine and thus survive (outlined in black).(c) Haploid
selection strategy. A mating-type-specific promoter is used to drive the expression of a nutritional selection marker in the opposite mating type, allowing
selection of haploid progeny of a specific mating type. For example, when an a-type parent cell (blue), harboring a gene cassette expressing STE3pr-
LEU? (red solid circle) — which is only active in a-type cell — mates with another cell, only the a-type progeny that inherit this construct (outlined in
red with a red solid circle) will survive.(d) Combined counter-diploid and haploid selection strategy. A dominant-lethal resistance gene, cyh® (brown
solid square), is inserted near the mat! mating-type locus to link its expression with a specific haploid phenotype. For example, insertion near matP (blue

square) in h™ cells (blue) leads to the death of cyk*-containing h™haploids and diploids, enabling selection of h* haploids.]
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ek DNA]
Fig.3 Construction of conditional allele libraries (created by biorender)

[(a) In the temperature-sensitive (TS) allele strategy, the ORF (orange fragment) of target gene is replaced with a corresponding TS mutant (dark
orange fragment) and tagged with a KanMX resistance marker (yellow fragment). Chr. DNA: chromosomal DNA.(b) In the promoter replacement
strategy, an inducible promoter (green fragment) and a KanMX resistance marker (yellow fragment) is inserted upstream of the start codon of the
target gene ORF (orange fragment). Chr. DNA: chromosomal DNA.(c) In the DAmP (Decreased Abundance by mRNA Perturbation) strategy, the

3'UTR of the target gene ORF (orange fragment) is disrupted by insertion of a Kan" resistance cassette (yellow fragment) to reduce transcript

stability and protein abundance. Chr.DNA: chromosomal DNA.]
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U} ) B %€, CRISPR/Cas & 45 CV4 B — F ik
Ao ER A wmiE TR, K NHEZHR
4i 2 — & CRISPR/Cas9 &4t ""**. CRISPR/Cas9 %
gr it TR Ak 1) 5 8E m 3 RNA (single guide
RNA, sgRNA) 5|5 Cas9 ZREGVIEIFER 4L, &
F DNA BUEE Wi 24 90, 4t fk DNA {778 5 3 R 4
DNA [FJ 7 51 I, (7] Y5 =5 25 42 S5 ML 1) 2 2 fef
R DNA 5 Wi #7) DNA KA 304, 56 ik R 20 12
ISR DNA B . K Cas9 R RUR AT
HREZBEANVIEE, RKIVEMER Cas9FRZ A
dead Cas9 (dCas9) ™. dCas9 B 4Rk 25 7 1) %I
DNA #6871, (HAIRTT LATE sgRNA 1 5] T~ 55F
SE I DNA 741 &5 & o 833K dCas9 5 e X8 A
(UG OE R 1 e d R 7D @G, ARk
WX H AR R B % 4% . HHET, CRISPR R4
BN F SIS R R B . S FESR T HRRNFE SR
BE B, JUF B AR A Hp e 2 TR R A T AT DA
i# i CRISPR/Cas9 R4t 58 ik e

N7 A ERKCE, Biiggdir
TETEmEERENRERARNEIHAS HB)
th 2 & 3 K T (multiplex automated genome
engineering, MAGE) ", 1% J5 y%F] F 76 3 [R 41 A
FEAE Z A AL (100 A LA b [ 38 5% 5% 4% Jig 1
& B, g H AR i (1) Y H1 B TE N i 44 DNA (1R
VR, 454 CRISPR/Cas9 RGLTE § JF 41 7] A XUk
Wrgd, KRRIESBEGUE. I, EEETR
M3 AR H T (yeast oligo-mediated genome
engineering, YOGE) "™ fIE £ ¥ £ B FE R4 T
#£  (eukaryotic multiplex automated genome
engineering, eMAGE) " 4 N ] T R 8 B2 B 1
LA ) TREA g P . Keasling BRE A4 57 2

H 7 —Fh 44 CasEMBLR [ /7%, WL 45 AW
DNA A3 Cas9 A L AL B RS, SCHLBRIPI %
BRI A g% . ohric Mk e 2 R4 TR .
Liu%§ ™ 5T CRISPR R4 it T — 4l & E g fe
BERRBEUBAEREMN T E—Z2FR2)E
W2 M 2% (multiplex navigation of global regulatory
networks, MINR), JF#J% T MINR (/% . MINR
SCPEREPRT 25 AN (i, R,
fill R A IO B ) Wik, s St
43 020 4™ 5 AN [\ SLEU S AR KRR E R . N TR
W MINR SCPEAE TAE R AR R P i, AR T
TN/ Bl 6 BT 2 VESR e, T ik B [ LR
/Bl AR S, H ORE R A IR R A L B
AT RS S T 2 5 R R I R A E, ROR T HAE
TR BRI 7.

2.3 XEHIBRIHE SRS

PR, XSSO AR R AR A R A
FE — 2y 3 R AL 0 5 0% AR g SR A SR PR A
flinFE A EAFAER UK W2 R E T RE
FALL, S EOCE A TUAR TR, IX ARG A I ik
AN M7 3 e v sl DU 7 R R 2 LR RO SR D g
5 TO AT e i RE o, 3 PR A 1) 5B % R T e 3 3R
B O DL B B, R S D 4L 5 21 1) HE 1
Peo H TR AL AT B, R R AR SRR R I 2
PRI AFAE S5 K 8 5, AT RE 3 B0 o AR 58 2 2 [
BROR B, M a RO E AN, BAR
W B DA C e U B TR AT, (HR AR
2 ANHE DHRE MR IR, 52 2% (0 22 [AL A1 45 R AR 7
RN 1 heeiE R MM, A AT FE N R
BN 2 I [0 B3 AT 5 PX D e 23 A T

1 6 5 T ) AR R D ) S P R
IR BARAE & H br 2L R R IA BT g, A 21
i 386 0 73 M RCRKe S2 BIRE I o B [ 3k B A 2R
BB IR T e A H AR IR, 36 A O HLAE
i 20 B R AR E I A R RE 7. BRI i R A
R PR LB R W B S (R FEE AN D REE . A b
AR ) 2R 3K 28 40 0 R E JE TR B 3R E U % 7 1Y
KL, ERFERERGN, TEEGHIEHIRE
DR KU . ThREAN 5 S8 o B A 4 AT g 2 2
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BN TEA RARIBER K TRE, 2R S S
ALY o B T A R FRD 075 29 SR th A2 Rl Th 1) 3 SC /%
(B = L SRS 7 EE AT SO I B AR H B,
WG IE TR S Y BRR R Ay . B, X
i BT Z RS AN AL, DURA DR 07 8 i R 1 =
ROVEANER R o G R0 328 2% A AN 8 7 i BAN i R
B, e T EUR RURIE R B -

B e s R SR JE R B KB I TA] R B
BN, BREEGR WERMAA, XTN
SE B AT 1) 2 F R AT RE R AN EOR PR .
AR 1 4857 S R S ) S 2R MR M SRR A AT I, DA
TRSEI AT AT VRN 25k, e — Bkl iR
XL P b R A S Wit S BOR ATy
%, UAKCE B FEARE, SR e A DS 2 ST P 1 R
HEL

3 WERESOELEMIGEH R H]

3.1 EEIhEEHR

3.1 A EAREARR 6 AT

PR R RER, IR IX L ICHR P
Wyt BE R-PR A BRER G & X T BRAR = 2 PR IR K 20
THUR B OCEH B 2 fE R G S A T
20 IR I8 A% 2 T 0 A LA S TR R 4y A e
(genetic footprinting) 1 ffi #l % 4 (random
mutagenesis) o 4= K] /& 725 73 # A2 3 o 3% o 1 B AL A
N RV SRAT RAZA T BEAL R AR W 2 ik 5
PCR (error-prone PCR) B4/ # Fl b 22 75 48 55 7 v
NI S R PP B AR o 3K e A 455 PR a4 7 328 7 VA
FEJR IR, 8 B RRNRMY., MLz
T, E A HEE R R R SCER I e R R
B, MM R TE, RAESRY Xt
87, A DR F oA 0 T L T e S Ik 38 5 ) 3R
M. BFRN RIS E NI RBRUMEER,
1T 2 fiE 6 L 36 308 0 WL 45 3 SR W7 122 8 R Y T e
HR, AR T iZFEEDRER B EER, X
ARG st G 1 PR D BE A SR AN 58 AT S B B M
WA o B AR R R A . AN, S BENLR A A
o, SCEEHRRER AR AR & “HR” 1), X ERE
BEASHE DR 0 D RE AR T LAAE SCIE vh B R Gtk Lt 7

AN 22 PRI Bl AL 5 A% 1 7 75 A 4 T 15

bR 7 EEFRAEKAM R IREEE R gk, FRAE A
R R ST FE ) SR TR RS M P B2 R (Bar-seq) ¢/ 32 ¥
T A e A [R1 40 53 (R s 97 4k 20 70 AR TR R
B E O GRBEE. . &R AFE
FWFE T (BUAER. BR. AWIEEIEIRD &
— RAKM TR IE N, B e AR BT
B RB R PRAED RO . SR
/I35 DR 2 1 6 0 PG R A% ik DR 2 %85 DDA 5K (1) 4
T A2k DR R A9, 38 0 abe S PR O a0k HE ORI . BIE AT AT
TR 18.7% V14 J5 DRI 0k PR PG 1 B 75 ] %) B & 55 95 L
(AR R 0 5 R, 17 A A 3 11 A A B R TR
BOCEME, AAE15% KRMEAEKEE, A
8 A% B A B 10 R 2R A ) R ) R R TR B TR
FEEEBE, £ YES & 8597 4k b AR P 75 1 0 75 2
IRl 4 B A 26.1% (1260/4836) ', Du @4l “ j@
T B A Sy M R4 T I BE 1 B A DR R 2k SC R AE YES
EMM FIVS I 2012 1) EMM 85 77 35 v (1) A K AR O
RILT 2 PhAE S /N 35 57 JE v R I R S AR KR
8 IR R R AR . £ 48 2 K% 1) Boone UR &
21 AP 82 A [R] 1 Ak A ) Ak 38R 9 34 R VY 1 R
BIERI GRS, R4 T — 5K IE R -2 A
HAREE, IR 4R UCRRIHAT I . 1%
Pl 3% A7 By T 48 s 6E AR A S P R AR B
B I 5 DR A A () b 3 2% R 11 B SR Tl L R
ThEE, XA RAEY) S A RS Bl AL A s
PR, BB E RRTT) AR S A E
HEREH.

Bar-seq 11 It 5 R AR IR & £E 7] — 55 IR IR ¢
AR, X ] g T BUAS [R] T PR T IR 5 4 S B
TR, 5% M of 4 6 5 [R] Ty R 1) VP Al . k4, Bar-
seq 77 VA M LR, J0 MR AR R MUMIC T FE R AR AR
B, HRBUZEAR, 55 FBOXEREMENES
MDA AR AR Y T MR, R IR
SRR AR AT € SR A T IR I AR TAE
RO, (IR 20 B 0 A R DLRE S oK 2 KL
U IS 1 A B A Tl N 2 I/ Vi = e S A = N
Al S ah, — e DLd i B R A KRS SR =
IR (s B, SRR B 25D
BN HAEKRBEMAE A B0k E, ERES
DNA #i17 x . (DNA damage response, DDR) #f
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FHFERI IS, Hartsuiker B RRZL ™ {5 FAS [ 3R FE
DNA 45 5 71 % 2 5 e B 5 56 (K] 8 2R SC A i
2662 M IRAEAR B RE — A FEAIEE,  JL I 229 4
XX R UK ) R AR A, e 415 DNA & il fil iz
5. DNA#I A . Jeta i g5t B A . (A
I, Du iR A L SR = 705500 — A B
56 B 1) PR R DR 2R SC R 3k 4T Bar-seq AT R A,
XA FE R AR AT T 2 AR R, A —
AN 53 4> 1] /) DDR M 2% fit 5 1 5T #R . Boone R
T DR LT — BRI R RE A R R B 4%
Bt , mTAAL T 4 Jm 28 DR EAE T ) AR AU DX 4%
It R H T 6E & £ 7% 18] 73 #r (spatial analysis of
functional enrichment , SAFE) R %5 %F & Dy R
PHERH G 1) 55 £R I 286 X 330 . 4 Jr ik R A A AL 4 D)
IR T — AN RN T e A T A 20 B D RE AL I
GO & 52k H B et 21 17 AN MR (1) 7 W 25 (X Ik, 78
LA R 1300 2 AN ERE . & T AL A
T 1 25 DR ) T St A R A B ROAE AR, g
fEF—@ A E A L E RN E O R
FE DR 23 27 HH ARG ) ik DR AR ECAE .l oK
HE DRFE FHABL A X 2 1] 3 v D e s A XS0 e AL,
BFF 70 5 R A% Tl 2 DR D e
3.1.2 FZORELLFRkeIR &

ATH TR T AE A PRGOS B R A T
P EATR DI Re A EAEH B0 E B, X725
BT 40 B N 458 8 R . A e A R AR 0 1 3 R P
VI DI Re & T iR e AAE J5 AR S I T fig 1) B B
— 2, Iy T S P g 4 ek R Rk 4 B
fith, AR TR PR G AT . B
BIF 58 N 53OGT RS 1 B 25 1 7 7 1R DR R ASE 43 A 44 it
T - 5 10 B AT 2 AL s 10 R T R 1 R AL
PRI & R RIE U, BRI, 4 T 0 1 HE
(ORF) WA ARiCr] fe b b s e 5 5, 1M
HE I kT RE A 40 s L s A, S
V40 B 58 AL 70 . ORF A iy b 12 BE 8 11 47 1 A 8%
XU AER ). 7E 2003 4, ERIPIE% BE C it ORF-
GFP Rl & X E C & W @ e i, % X ERE
4156 e T GFP Al Rl K1 fR 1 b, 7 o 1 R
B REEE E A1) 75% . RFANE bR H BRR E il A R
A 7E R A AL S bR i ARk, i AR E R A R
FIE KA Z BT /D e B i

6 H 5T 53 O 22 AN TR ) S 40 s A 2K 0], A
FE XM T IX—m P, &8 w0 E A
Fte. BEEIE 200 N TR BIKE, &ARENM
TINS5 1) AN W T R AARALHE Bl 1 R R P 4 5
I 4 8 B A AT R D Y TS g v DA e A
i E B RRBUES HE B, 8E 7 890K
B R 5 O AT R . BRSO
THE AR AT DORE 5> 20 i A0 2 (1 Jo B 5 O &
MR SRR R, BLZ R J7 370 Hr 40 1 B0 =5 1) 41
41, fltn, Andrews BREZH Y Gl&E T — M HIIMN
Sk Ak 13k ORF-GFP 3L P b 8 (1 i) = 2 e
B, JE#EAT 7 ATAML . ARATA T — MR A R
WA AR SR AL F R E AL
(abundance localization map, ALM), B I[EE
ALRFAE A R A R B B SR 2K . LA, ARATIE AR R
T 55— A W 2% SR W ARAK AN [ IV 240 it o 1] 2 ] 3 52
EMEAR R, LRI EEARFYFEE. X
Bl o AR A R e I, RO 2 R T
PERCAE FT . A A B . AR T B e 1 A

1E 2L A 1 BF 5 5 1) ORF-Tag SC A LLIE 3
%2009 4°, Hayashi % " #J% | —4> ORF-YFP X
e, Hrp A kR T RE S H R R EZ A,
BAME — AN AL A (eul) EHE S S 31
nmtl KRG G EHEA, KADCEE T T IL90%
(18 E 4. Matsuyama 55 75 3 [5] Ji7 A A7 R
BT ANASEEEN) ORF-GFP 3L, SCHEE I K )
1630 ™ J [R] = 22 4 RS A% 25 K40 1T 248 it Jo) 90342 o) A G
HE, FhrsR gt 7O T g0 A e A A E B S
B, (R R R RE A AL B A bRl SO 2 2 E

3.2 TAEHRRIER P

B B A R R A R PR 0 kA B
AR K2 H N FAE R s RA, RN
R Lo AR A BEAT S R B HE, IR1G B AL
AL BRSNS IN B IR R A bR, 0 S R A
JR A 32 A o S R TR S A Y R A
TN ) IR SR e B R, R B B R 32
PERIEAL R . TNV TR BARA R HENARE
FEI, PR S EE SR AR Y L B AN LAY, T LR
W RA K Z B RA FE RS EN . BE A
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A ot A0 DR A g B B R R R R, 2 e
WITIER T R, LAy aUFE B R K B
MNP A BRI RE R A T, AW RAEKM
AR R B SR, AR S ) AR
FEVERR PO BT A R A R ) TR A
AT EVR 2 R R A R, DR A 2 R 21 R0 A
AR A 2 AR 2 R R R AR
WE,

Keasling SR 7 @ 3L 045 5 A5 7] gRNA
JFCRLFIAH B [ (R DNA BB, PR T T BRI %
B3[R4 % 5L 4 @ B3 1) CRISPR/Cas9 R 48, %
A AR I R B 5 N AS A ) SE DR 24T o it 2 J
DKl 2H 2 46 11 2H 6 R 2R 1R 20 B T R 12 B o I R
IR, W T —BRAERA ) NATAT Fh 5 A
(s LT B2 R R 7 B b B A T B R AR T T 41 1%
) TREE FR. 454 CRISPR/Cas9 &4, Zhao i3l
HE BT —ANENM RGRE A AR A
i A 2 AR . I — AN A B R4 ¢cDNA ST
PR M B AR — AN sk oo, M T R
R IE BB BRSO . B SRR NS T
RNA T &2 B R4l i, H i F BRI R 0 %
SR TK R EEEE T s A EERA
H . fE4 K cDNA 2> TR IE U G sif, JER T
Fik; FEAK cDNA TR LT sy, 4K
X CRNA GBI RNA T30 F 8RBk thsh, &
By CRISPR/Cas9 5 4t & 3 58 & 803 o 1% SR W& B 18
F T R v i 52 M B AR 1) ke, DDA B T T
AEATT S BT K P IS BR P, H R Kb 1 i 1) A
NTTAERE., 2ERANTFHRIERY, ZEkE
DREL T 26 AN HER 1) I RIKBLPTER, R LR NS
FE 0 2 HL DR 2 PR R T T R A N .
M, T RNA TPLIE 142 1 25 R U ER AR b T R R
JF 570 M) 53k o T AN 5E A ), S5 AS R R AN [ X
BRUTBA T BE 23R RIS M AR, E 21T Re S 2
MR REE . xR —fRemRi, &
AN 35 IR 3 i 1 34 2K B o 0 A AT R g R A BV
AT 1Hb B ok 110 5 1) 3 A0 A AN 75 B 22 67 R R I P AR R
A, WEREE LR T IR, ] W3k R A
) A2 B 1 93 58 B i R0k BYL CDS X 3k i A T 5%
A 52 UTR X & D &%,

4 AokE

4.1 RN EEEERAR

4.1.1 AT ashtbeyZBEHEHE K

e 8 B 0 326 5 A 1R g A A R A S R D R
M7 e AR A B0 v RORIRS o A% G 1) i ik U7 I
WAER 7% R, T sl E R R @ 3 3
FATH R J7 20, KR FE R w17 0 10 B A AR
185 i K R R AT R ATk O 0o AR
T B O 3 T 5 A 0 7 SIS 1) Py Ak B T b R
K, WEREESCEMEMAY. HrEHERZS
B 7T BN R SRR BRI B i, SR
HFEAM S LD RS R, $ET s 1%
JEFAT B . HeAh, TR AR R ) S A A5 AR
WOK RBEE E# 6 R R S E MR E, AT
PO G B B AR, T KESLR . &5
H bR A B R 40, W 70 N 52 RENS SE B iyl &=
Pscse wit, WORAEARLE —HHEMES
PR ZEMBEARMGIN, W a, iR
CRLZH N 7, Bef% [A) BRI 22 A H A, 32 s 0 0 1
REEMF . AT EEARNKE, 85
Mgt B as de ik, (AT 5T N G2 R % 1L Ab 3 R0
F AT OK B R 0 HRHE L Do ST R A S B R AL A
51/ AR v <k 5 NI 1 . e S ok P B 3PS R e
AR AW R JE, BN RIGHF
#E, ONFERLAEY AN ARG T IR TR
IS
412 SRAEMFH TR %

L — AN ST PE A 5T A AR AR R R ) AR
TSP R TR A S E D) e i v BE . Schuldiner BR
A U B T — Al ORF-Tag SCJE HI S, #RFRA
SWAT (SWAp-Tag) . % J5 23k T — ARk i £
AR, Hh A AR A E R — AL
BEA A2 A, i SGA Tr kK %
PSR 5 55 A bR 25 ) R A TR PR A A8 JE IR R, A
T R TE A R SR — AN 408 1 SR . IR Rl T VR I
— AR AR, B EAETE S B3 T
IEPEAR RS T A SZ AR # AT DL A AT A
AR B A AR R AR A, Be
WA RN R A, BRI brid. fEN
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TR, AN HE T N ESARAS
A DG IR N % ORF-GFP SCPE, B IRAT#AL T
600 NN R G E H, JFAMFRAMBIE T C S,
[F 3 A B 17 N g T C S o 12 X6 8 1 A7 AR 2 1
Do HIETT UL, A G % Al LA A SC 2 R AR L EIE
AEITIRAT L 2L

4.2 IREINERIE

B 1 I ] 2 21 B0 DR Sk Ok ST, BN AR 2
2 qe Rl 3% (G DR ERR 88D B AR SCFE 1 & f 4k
T8 o =k DR R O B AR 0 028 BRO0UIE DA d5h 2k AR A 7
AN R0 5% 2 AF T B 0 32 e 08 3F — 0 %h 78 48 7 JE 1A
(B o e Dot B — /N BH SR, Charles
TR D R =R A BAE A sk B T4
F R H) ) R YR LK (paralog gene) FTHEE T
RIE RS AT TR BT — A=
FE PR A AR FH 43 B0oR S i [ Y5 38 RS 1 T e L B
FREE. FRA b, & BE 0 A I 25 IR0 B 12 2 30 HE AH
XL 2 )RR R ORI BAE . M, ThRE
B PR R R0 B % Te) T B 2 B =R RA BLAE A
JE IO R R A BAE R . AN, KRR =
5 DRI AH B AR FH e s 381 4 JR) XURE AR AR ARLE X 2%
B AT RAXT PR R i 78 R E ) [R5 R R 3 AT D g
TERE . X I T A AN 1 )R TU AR A AL SR B O
HR A, A AR (] 5 S R ) T e A
HAERA T HEERANNE R, 35 e 820 5 5K 1
REBIF 0 A0 AR 400 TR S FH S 43t 17387 B0 4 A A LB

4.3 XEMEESHRENZEFRINARR

431 AT AGEME

M B L R SR AE N T A by 2 v R 5 5
FAER, BRI 2 DA BRI AT S Rk
HRINFETE o XL SO, B FTN 5 RE NS U L
H5RU . 551 MR IR AR,
RN T i 2E A B FE AL o N A BRI 1 B 3
PRI RIS AR AR — A e N A R
B BF R 20 0T, e H bR B SE PR B AN AT
LMAZ b 2D 5032 DR 1) DA Sk v v AN ) 2 3 2 [ 4
W SE A — AN IEN N O ) BLRR AR . B2k G R R I
W B (09 N A AN WF 78 0% AR 1) e 0 AR 45

AT RE AL SR AL 1 — P AR ik, T L T o
R LR AN A REA DL L
UM T e 2 18] 5% 2 10 AW S0 B A = K
{8 ™o BRI DR 20 SC PR D IR L RE AN AR o
Seft v E B SCRE, 0TI G RE e BEAT S R 4
G R 5 BSOBIT ) PR 28, O N A o (R A S 3R
Pt IR SRR . XL R AN AUIIR TR A Th
RER R TERIELMR, N RAEM RN R4 T
s pett .
432 NAESLRBEG Y@

e 5 2 D) 20 S R A 2R A5 5 PR BRI 7T i
B H 2 2 B, HAR A EZARAE LT LA T
Mo B, REXENTAMEMELES RS
MThResRft 74 IR N BT IR, A2 K RE I IR
AN S SEE R B SR IR AL YA AR
ORI R I A, XA B T 45 7n E e 4 Fr A
SRR EREM O HK, BRI H S
WEEMEE T A EENME. B, ik
Xk B 45 3 RE USRI R A TR DA T E AR
AR Rk, T A B A% R E B AR RE T 1Y
PR, BTN AT DOJT R B B i AR W i R SR
PAA 20 B MUK A P TS 3. Ak, BBt
S DR AL S 2 1) 82 B e 3t T 5 B AR W 2 AE A S
TR JE o B X 8 TR A B BT H B A R
EEBINREM LAY, Wkilide . R E A #
Y I A g R DR X A AR A AN A 2 AR A 5 4 B
Ve RO 7RI T R e, BERRIEDI 4]
SCE PR IT T e 5 B A} S KB A S B A 2R ) 2 A
YEMAES RS ThRe . Wi LB A e Bk A 256 ]
HAMEM, WEFEN 5T LR R A ) 2 R PR TR
JRALH R H X AT RGN, MR E SN
ANYERF £ W) 2 FEPE SR HERE A R4
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