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fRAFFR BB A%,
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XA MEFEAR, 3. EAXHANEXELRE. 4 ERAFHANHEFHRIE, AREMEH
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# A (Recombineering) #% ) 2 JF T A AT
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HATEFRABHENEA (BEFIHERE

(ZEN) | %% s B F 5 2000 A% L B

(TALENs) %) WL EFHHA L EEH <

BB m HAT E B E; (4 I

“CRISPR/Cas9 A" E4FE| 2 HEZ 4

RN, 2016 4 o B A K L 989 NgAgo

R = Ol
Cre Tyrosine—type site—specific Frank  [Buchholz performed postdoctoral work in
Recombinas [recombinases (T-SSRs) have opened new|Buchhol [the laboratory of J. Michael Bishop at
e and Other|avenues for the predictable z UC San Francisco before starting his own
Tyrosine |modification of genomes as they enable laboratory in 2002 at the Max Planck
Recombinas precise genome editing in heterologous Institute for Molecular Cell Biology and
es hosts. These enzymes are ubiquitous in Genetics in Dresden. In 2010, Buchholz

eubacteria, prevalent in archaea and
temperate phages, present in certain
yeast strains, but barely found in
higher eukaryotes. As tools they find
increasing use for the generation and
systematic modification of genomes in a
plethora of organisms. If applied in
host organisms, they enable precise DNA
cleavage and ligation without the gain
or loss of nucleotides. Criteria
directing the choice of the most
appropriate T-SSR system for genetic
engineering include that, whenever
possible, the recombinase should act
independent of cofactors and that the
target sequences should be long enough
to be unique in a given genome. This
review is focused on recent
advancements in our mechanistic
understanding of simple T-SSRs and
their application in developmental and
synthetic biology, as well as in

biomedical research.

was appointed full Professor at the
Medical Faculty of the TU Dresden. His
research interests are in the areas of
genome engineering and functional
genomics.

18




IR 38 4 T i
I K
Rt R

e R £ K % $hg £ R I 20 b 3 3t ACF R A
HURBNEEARRET A EMAEN . BT B
RAFEFER RN, TR ALY R E
CRBFLZERRES, GHEH, b &
B S HAEeBEBELE, £HE
it 25 1 72 1 [ A B B K £ 445, ROR T e
HlERmEE T AMIBEREERFE (K
w, ZRMLER) PRAUEWEGE. Fit,
W E I 5 B AR KIS 4 T 2 M
EREENE, FBI TR ALY,
Pe (K 20 W i 2 M B 7 A

»
&

WARAFERFRHEE, BLERT, ML
MBEABRER LR ZERALAK.

= RIS R A e T R AR AL R AR A A
FEA SRR K T

REFLER
KEEZHF
o B ARG

RN
/%\‘ _I//U\

WARAFERETFREFEZ. AFBFEL LI
%, RREEARSTRERE.

AR5 E
577 %

WA ARV, LEFNINE R LE W ENR
KERRMES IR HRE, NEFTR L
BT R RR B ERAK A F %37
HIAT A S B, VI SE R B AR B BB A BAT A
K2EXBONER, BeFEAERR. &
FREERXETRENEHAT .

ik E

WARARFRTFIREIEK. #HK, XA
SEFRER, FELALHL2EKFTHERR
heBleK, AAHEERFTF2URTI 2
HARFREFEEEFLEHEEERNS.

i E
&, BAA
R
I

RE B, XK BT mER”, aExE
AWk, ERTEZATELE W —TUK
BOE, 2 — M5 L HAHRFTANAEN
EEIJE. EE%E (modern) X F"JKE"
EfmEaEN A ERE. AL ITER
*, RERRE. 1T # (latin) W EAE
BEHZEITME, o8, BLERERE,
W% %, RAEEDNTER, NERH. R
WIRRIE, TERMI, TERRE.

R

WARRFRTFRBHEE. KAANFERTE
BHFABRATE, ST HHMFKLHF, #
WARRETERR T LAE T ERAETET

i"{%o

e L
5 B B

B AF ERFR RIS BREEEF
A AEER, ERHRTFEZYTE WL
RPEREH R, EERRER. EXEA.
e, BEREEN . KR, CEESEAF
& TR F I E x5 B B4 5 A T B R
RtR. mEXEFI —EIRIHE.

H &

WARARFRTFREIHE, LRE AR
EeREHXEFHALOHT, Bx
Wi BB, & B REVI.

PRAE: BE 5. MR ERA

p7‘1"\40

o=
=
= Zef‘
o=
=
= Zef‘

HIE L
KR, #F
L2

HERLKES. Ak, BERESE. |
AR R, R AR, (EE11AH
FRAEEAN, HEAETE: — 71 217
& — AN S AR R MR o o RS K AE
WL~ FHE, B H R R,

Rk AALE.

ERF

WRAFIEEFREIRK. i, 1994
ERJBAHNELARHTELLFETER
SREREFHFL, REZFTHHEFFRA
FHERFHEIZRSZ R, WRLIER
WHE LW EREFE RSB F,

19




WAKREF Z+TFERRNFTFSLARERET —#BEY [EHK (LEAFRERX XHEHFITEIIRK. &
HEREF ERNFAMER, Wi —% . BEK. ®. BEARF, ARFHRFARFOEML
XM BERSE, YEEARFTARSESET LAK FRLAEURXFRA LB 2K, LWEE
H”; A+HFRELNG. fF. &. FEK A aFHalEE R 2B E1HE,
#HZ, HU T EFFARNK. FEHAL FTENFRLURXFHFFFEFHRT ;.
ARRE, HIAT “=W” F4E, ATERT
B R 13 2 JE T A RF A R E R IR
R ERK LA LR EFHEE. iy
A F A& XA
XFEE |UXFEFERBITRAEM, —PMFHE MDA AEAFXFEBERTERFHIT, BF
T, AW |2 10712 A X E R HE, BT A .2 A HEERA. ZLER. IRFHFMFER
X BIR=ZARFE, "L AR Z BT (W3 2% 4 (KB #HT.
AEH) . B2 (EgEE) . BZH R XS5
(X FMA), B K —#FHENLAETR:" |[EE£6
P "R RS R AL A S E AR, XA ER T
FEH, "BR"RFEELARRAXE |BESE
IR, RHF IR
F 10 B
AE 11
Futig
12 3pz
i
KEEE |(NEBFEXAEXRNERA LA wETE | B |LAEAFEREFRAFIEREME, HL+4
B eV SR EEHTEENEE, & T,
TEMEMAXLRESE ARG RAELEA FENELERNE, LEF RSB &S
MTELEY 5 & B A BR TG ik 4 R A oo 5 RAE, tEERMBEERF T ENHR.
ERHEFRNEY, RAFENHFEE R,
R F &AL B L RE A, A F A
R XA R IRIT T &AL,
HBE AR | AR R S A, N B R B AT R LWARAFEREFRAK, FHallik.
FiefRENHERE. SARURKRREL., WA KN E R R BT ES e, 5k
AIEEBEAFARNEZ R FEEBAA e B E T E AR TR, AE S TE
HITERfr A K B A A Y R UL A B 52 Fu L R SRR AR o
BHA. MERKA. KFRERE U KEFHA
B R
BABALG |HENBHABRKNERRA, T HANE B (LAAFEEFRAFIERAEM, #LF
Rz il HEAETLN, Rl FeEZFEAEA, ¥ Ui
ABEFAT AR E, =& ¥ 5E, FENEAERNE, LB RSB E S
RAE, AEERMBEERASE T EHNHR.
ABEHR (P EALERREL, R, F. MENEIT (LEAAFERFRRK. #K, KIL¥H,
5 BB AR |\A . B R T At X #8#H%.
Rz A




AHFEL FHFLEEREM, FEEFAKNAR |FEE LWAAFELEFREIRK. #, FELF
K, BAE FOAFHRFELZREZR, LRERT
BNE ERAFHRZR2Z R,

IRGEEA BT EIABEREATENRTARE, UEXE | LRAFEREFREIRK. 2K, FAZR

BHA

BEHENFELEET, BLHEEEARA
BRAENEHEAZ — RIFEFHNH 5
F-HMoRNABEITRENEXE, £ &
NBEAFTETNENERERER I
REFETANENERF &, FaEAR
BHRRLZR; F_HolkEeREERA
HEEEIAE AGEEITAEMLRKE
RABETHNRARERREETAER
ot B A b A

LB EME, WEAF—EHEMNNELAFHK
FREEABIREFME;, PEETFFLM
IEEE B2 0; (EFEFEEFRY £%
ZENIZ AN RE. BHEH FHLM
FANT XFTR” K GEE, FFETME A
HINAEAY, BEHFLERBEAERE
BB EREHE,

MRFTHE: TEEEFSHESAERK,
EETAEERENA, 2HEKEESNE
BREAE,

BiE GREGNARMEMARBEHNHTEA, ERAREL LWAAFELFREAR, ARECH
fEfE” NBLEANERBERA, FEERIMERE O o B ]
b B 5 A 2 F A A B A T B AR FRE” “HEREAITHNNE” LR “H
" FRE, ARFEALLEE. W
BRI A
HEEfs MNE—RENBEHBERABAENLIE REL |(\LWARFEEFREHK, ARBEHRRA
W R R TAR | R G A ROR R B9 B5G BB TR, & W B o E A
B % G BN An BT BE 1R B Eb ML £ 66 77 A K ERE” “HF/RGEIUTEANNE” UR“H
¥, HEE” FRE, AR T HALLERE. W
BR A
ETHRASBXHELTHEAGE 20 L0 FREEH) | BAE (WAARFEEFREHKK.
HBARE L \ZF T AR £ FGUR T R AT EERR W, REEL, HEER, XK
RE SR N\T . BT £ 88 T B B ko fo 8 X C8
& X & &R KA BT R ER A EER, B

U, F 5T X AT & ARG ] LI TE R — 4 =
BRG. FER, MERBEWNHY, KL
B P RKENERMLE, £T XHEHN
EYRERAFET#H—FLE, Pl
micro—CT #7 nano—CT, X 5F %4 CDI &, ¥ &
KR EHMARUR IR RO E =&
-3 R AR Z ARG T A o R
B R, T DA RS B K.

21




KL R
&

KT ERE AR EH LR E LT HAN
ABA T Z AT KR AR — N KR R
G, BT AAEREAREF B TH].
REYE". ETHoARXAAER N E.
TREETRR MARE S TELZRHE
o AR R, BN B R ER B A
R R — M ERERERA . Hik, X
SEREAFERR BB A AV E
EFENARGE R EARTERR GM B
e TRIP, T ERBALERE S
B TR E .

~

oEE

A

WARAFEREFRHEE.
TEMRABEE: 2RELFEFTALE,
R R, RTHAH. EAIBEFEEKR
FHE L S RA ST & AT RBRFH
KAERBIT L. WHHEMALZ . E
ATFF. FRERPOLBEFRA . KFEFRKE
BEINE, AEENATAFFE.,

REHE£
I ok

HANARFN LR, AR EZE,
DHMHEERRE, BNFEAFEM L LRR
KR TH, ERNALRTFHEMF
FanfE ERF . MRRF R T EFHR
XAugha, WA tRFFATY ML, FF
MEESTE. BT OB 567, FRENE
BEAZREFEEGBONA, HERE
HEFHARK., P FaiR hEa, BREE
I b3k BR R Z A S R AR R R S A
FEMAFINRNERR, R FENF
KA

7k

N
2t

WA R LFFRBHR, LRBAF2E
K, LREBMABARELAERAEREE
F. GEAERZLEAEMARIE TX
HER, BRERFLTXTFEF LR,
KN EHAMBEEEAR ., AR TFHTHEN
BFEEGHFA T AR QAOLE. BRI R
WLH . AHZAFEAFTHMEERER
i o

& R AJUH
E RN
A

AV EWMNE BT A7 | R : &
BB A B H R BRA A K
KR EBEAEG R TR TR
HERAGEFPEGRAEAN LR &
JR LB ARG B R G R R
BAREGEMEFNE R EREKEAREH
MR RF A R R AR T B R
SR BB Tz BRI R

R T 4

LR AFEREFIEI#HZ, IEEE 2 7. AR
WA W R BIT A 58 a7 B ; 980nm Fu
808nm & F M 3 T (R B N B K K AR A
%5 SLC A P AR B9 ASIC #F 4% 5 I3 5 & 5 4
W ASIC HHR G &5 MEMS M7 R & R #
K 2 BB B ASIC &1t 5l .

22




KL R
A

AP EETEN BT ERNERRER A
G B e TREA, PR EREAR
TR % JIIE T TA MR L.

i~

A

oEE

WRKFRBEFRAK.
TEMRABEE: 2RELFEFTALE,
R R, RTHAH. EAIBEFEEKR
FHE L S RA ST & AT RBRFH
KAERBIT L. WHHEMALZ . E
ATFF. FRERPOLBEFRA . KFEFRKE
BEINE, AEENATAFFE.,

RETHOES

A UE B TE A B 25 B 2 AR T 1R JR 2 fu Al
BRVR, FERR T HOLE R HM &
A TAERE, 1 R AR EXZTEA A2
T HY I # AR .

“~

HiEE

2

LR A% EFRAR.
TERRAMAL: LAEEFBEIRE,
R RERAE . £ BAEE B
R SRR BT & T 5
FAERBT L. COALRMAI, BHE
KT CLREMABHL, RFELRY
RESAE, FEREAFLETE.

RFENE
AR R

AVEMA—FEHQEEEB L, 2T A
FHEE, ¥ XK REFNHRR, A
BT A¥FHAERNRED, RIKFHIE D
HaEtEmAETE, I RAFHELR
B Z o BB, RFHBEABYRME
REE B B, AR E AT i #
HEFEL, G RAFEENEZBRA
AR, EENAFHERM L, REWME
FEE A

WARAF QI K\ B EME, HIE, 2B
BIARSAFECEEHNENLERSE
$BE, WAEBROCERELFARER
¥ FEleK, LRECEBET L2 ¥ 52
F. PEEHEMCE LI,

(T 1E)
5%

AYEE M T AR AR (TR
EHFRRBETERREN AR, WL
KA EIEEMUYIEE, IEZ LT
EXRF LB HES X, F%,

LS

WARRFTHFRAR, FRFHHAEE
£, BEEFH. LRAFHAH AT OE
£ EFRNE
. FRFESFELTFNHAR.

23




FiE: KBS
hif: FRAEEHMMERATA, FHRXETIEHAAK,
H X AR BHFALA 5 5 A

BRZHGE: (0531) 88366714 HLT{E4H: yxb512@sdu.edu.cn

(0532) 58630715

AW i BN T XA

24


mailto:yxb512@sdu.edu.cn

