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Molecular recognition code between pathogenic bacterial
TAL-effectors and host target genes: a review
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Abstract: As the pathogenic bacterial virulence and avirulence factors, transcription activator like (TAL) effectors of
Xanthomonas can resulted in the host diseases or resistance responses. TAL effectors can specifically bind the target DNA of host
plant with a novel protein-DNA binding pattern in which two amino acids recognize one nucleotide. The complexities of
TAL-DNA binding have the feasibility in use of gene therapy through homologous recombination and site-specific mutation. By
using the molecular recognition code between TAL-effectors and host target genes, we can exploit both the susceptible and
resistance genes; broad spectrum resistance induced by multiple TAL effectors could also be manipulated. Deeper insight in the
area of protein-DNA binding mechanism will benefit the application in the biomedical engineering and agricultural engineering.
This article reviews the findings and functions of TAL effectors, the binding specificity and recognition code between
TAL-effectors and host target genes. The possible applications and future prospects of the molecular recognition code have been
discussed.
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WM AT B (Xanthomonas) Y £2 > B0 728
Fv, FEZ A EY) s ™ AR, LTS BRI R
) 200 TR B A L KRR %) 1 s N A A SR B
i TAL &% ¥ (Transcription activator Like
effector) 1Eh o BLMIAT IR Y R RN F 2 —, g
fi i = R14r W 248 (Type Il secretion system,
TTSS) #E AM Y AR, I 5% G 3+
DNA Z55, BRI T BEZAEYH R T, Bty ik
RS, DA hilAE i A= AR AL pE R o 5 I P 3
i AR A — R TAL 800 1 LA T 1635 32 B
SEFAFIAGHE , IAE P IR AL — ZR 9 BT HEm LA
T2 T T R AR F o PR X AR [ 9 2 EAE
YL R A, TAL 00 F B8R A il Ree sk 7,
AATBER TR T ARG T BB A R
KRN F TAL RO F IR AA V28 i g, JUHE
TAL 800 T 5% 3 DNA RSP 510 77 %65 1
WA, o AE AR TR AU RN AR Y H0vs & R v L
AR o A SCHEA 43 TAL BN T2 8 Y &
MITRE . TAL &0 5 3 T HEHE U i L — 1
KHAFE R EERE L, THE TR 20 A

RN

Hij 5
1 TAL B F 8 & IR % Tk

1.1 TAL HEFRIRI K INAE

B —ATALZN 7 (AvrBs3) T 1989 4F & LT
BB A5 G 40 B Xanthomonas campestris  pv.
vesicatoria (xcv) 7, HERAG AL avrBs3 §) 0 XA
17.5 LR 19 102 bp B AETE A, B4 2 b
AN IR, ARG —A~ 1 164 aa 198 1R
(122 kDa)?, )5 KPR TAL 0 T2 R
AvrBs3 Z5EE . TAL RN TR0 8 1 HAT 4514
MARLME (B 1A, B): 1) N i BELRSF, H mRNA
K- FAAAER TTSS 355 (T3S);2) C i A1 5
RAMPLEE45H (Leucine zipper, LZ). ¥ EN{ES
(Nuclear localization signals, NLSs) &5 stik
%4, (Acidic activation domain, AD); 3) N £

ARG ROCH U R E L X, B ERE T
EA 34 NEFERR , HrP A 12 A 13 L B = BE T
A5 WEFR N E R A AE X (Repeat-variable diresidue,
RVD)Pl, BFFe M NLS HATHZE ML fE, i 1 5F 1)
LZ F1 AD ZE#ER 2T i U W (Hypersensitive
reaction, HR) . FrA M) TAL RhFH#BH
AR NLS & AD, HU H 5l 28 X ) 5 52 4L
HFEZ RAUARTE, JEdoE TAL R0 75 25 251
e S

TAL R X F24F £, MLl F, X
AR T . MR TR avrBs3 3K 2] ik v b
B avrXa7. avrXalO. AvrXa27, 4 5fefdi & AN bt
WK ZTF G HR O, I 51 % £
N, R TR IR, TR T AN S A R T
g B PR AT, XS Te R A FU R N B A T
REAS T R 25 A A
12 ELREMTALYN FHREBERREFER
A

TAL S0 FREH ) ZAA1E T AT R
Xanthomonas FI/C i A+ /K [WIEJE Ralstonia
solanacearum H ™ 7K A B8R LAT B 11 IR G B0 AR
fl (Xanthomonas oryzae pv. oryzae) 5l|E YK FE
M (Bacterial blight, BB) J&—fdilfy “KL[
XFHEDR 55, AR B 4 B ) JoEESE R (Avirulence
gene, avr) I FHYPUHEE (Resistance gene,
R) 1y WM EARPUE A SRR 2274 2004 4
i B B B PN R g A T R, R
2% 5T 2007 A X6 7K A o B A TR P A i DI T Ak
IR 50 8 DA R AN B 1 2 BES%G  (Bacterial leaf streak,
BLS) HYJi5JRE (Xanthomonas oryzae pv. oryzicola)
TG S N BF 5T R kAT T 2R, ERER
FI 0 4 22 A B N 0 P B2 5 0 — S g, %40
kR AR 5. Bii, CAEZM TAL 8T
Yty I M By FL A7 RSP v e, il FRATTE
Fyidt PXO99 Y Tnb 5% T4l AR SR, i i
T %3 R CBB23 BUR MM, I sk 1k

Journals.im.ac.cn



1134 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

August 25, 2011  Vol.27 No.8

A T3S <«——  Repeats —+| NLS AD
& I _lil_

B 0 LDTGQLLKIAKRGGVTAVEAVHAWRNALTGAPLN T
1 L TPEQVVAAAS HD GGKQALETVQRLLPVLCQAHG A
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3 LT P VVAAAS NS GGKQALETVQRLLPVLCQAHG A
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11 [ TPEQVVAAASNS GGKQALETVQALLPVLCQAHG N
12 L TPEQVVAAASNS GGKQALETVQRLLPVLCQAHG N
13 [ TPEQVVAAASHD GGKQALETVQRLLPVLCQAHG C
14 L TPEQVVAAASHD GGKQALETVQRLLPVLCQAHG C
15 L TPEQVVAAAS HD GGKQALETVQOQRLLPVLCQAHG C
16 d"’g VVAAASNG GGKQALETVORLLPVLCQAHG T
17 LTP VVAAASHD GGKQALETVQRLLPVLCQAHG C
18 LTPQOQVVAAAS NG GGKQALE T

TTSS
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Fig. 1 Structure and function of the TAL effector AvrBs3. (A) The TAL effector AvrBs3 contains central tandem repeats (Repeat
domain), the type Ill signal at N-terminal in mRNA level; the nuclear localization signals (NLSs) and an acidic transcriptional
activation domain (AD) at C-terminal. (B) The amino acid sequences of the repeat domain of AvrBs3. The amino acids 12 and 13 are
hypervariable, the repeats are numbered in the right and the left is the corresponding nucleotide. Because the all known UPT box has
an invariable 5' T, so the 0-position is the nucleotide T. (C) Using the nuclear localization signals, the TAL effectors translocate into
the plant cell through type Il secretion system, bind the UPT Box of target genes: the R genes or S genes, respectively result in the
resistance such as HR response and disease symptom like hypertrophy.
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Table 1 List of identified TAL effectors

Effector GenBank Accession No. Repeats Original species Host target genes (host species)
Apll BAA37119 17.5 Xac, NA-1 Unkown (citrus)
Apl2 BAA37120 15.5 Xac, NA-1 Unkown (citrus)
Apl3 AB021365 235 Xac, NA-1 Unkown(citrus)
AvrBs3 P14727 17.5 Xev, 71-21 Bs3 (pepper), upa20 (pepper)
AvrBs4 CAA48680 175 Xcv, 82-8 Bs4 (tomoto)
AvrHahl ABP97430 13.5 Xg XV444 Bs3 (pepper)
AvrXa3 AY 129298 8.5 Xoo, PX0O86 Xa3 (rice)
Avrxab AY377126 19.5 Xoo, JXOlII xab (rice)
AvrXa7 AAF98343 25.5 Xoo, PX086 Xa7 (rice), Os11N3 (rice)
AvrXalO AAA92974 15.5 Xoo, PX0O86 Xal0 (rice)
AvrXa23 unpublished 26.5 Xo00, PXO99A Xa23 (rice)
AvrXa27 AAY54168 16.5 Xo00, PXO99A Xa27 (rice)
PthXo1(tal2b) ACD58243 235 Xoo, PXO99A Os8N3 (rice)=Xal3 (rice)
PthXo02 AAS46026 215 Xoo, PXO71 Unkown (rice)
PthXo03 AAS46027 28.5 Xoo, PX061 Os11N3 (rice)
PthXo06 ACD58920 235 Xoo, PXO99A OsTFX1 (rice)
PthXo7(tall) ABB70129 215 Xoo, PXO99A Unkown (rice)
PthXo8 ACD60557 19.5 Xo00, PXO99A Unkown (rice)
PthA AAC43587 17.5 Xac, Xc270 Unkown (rice)
PthA* ABQO77780 17.5 Xac, Xc270 Unkown (rice)
PthAW ABO77779 175 Xac, X0053 Unkown (rice)
PthB NP_942641 175 Xcau, B96 Unkown (rice)
PthC ABO77782 17.5 Xcau, C340 Unkown (rice)
PthN AABG69865 135 Xcem, XemN Unkown (rice)
Avr/Pth3 AAW59492 17.5 Xoc, RS105 Unkown (rice)
Avr/Pth13 AAW59491 5.5 Xoc, RS105 Unkown (rice)
Avr/Pth14 AAW59493 19.5 Xoc, RS105 Unkown (rice)
Tal2a YP_001912778 145 Xoo, PXO99A Unkown (rice)
Tal4 YP_001913182 225 Xoo, PXO99A Unkown (rice)
Tal5a YP_001913457 15.5 Xo0, PXO99A Unkown (rice)
Tal6a YP_001913480 19.5 Xo00, PXO99A Unkown (rice)
Tal7a YP_001913755 17.5 Xoo, PXO99A Unkown (rice)
Tal7b YP_001913759 19.5 Xoo0, PXO99A Unkown (rice)
Tal8a YP_001913948 17.5 Duplicateof Tal7a ~ Xo0o0, PXO99A Unkown (rice)
Tal8b YP_001913952 19.5 Duplicate of Tal7b ~ Xoo, PXO99A Unkown (rice)
Tal9a YP_001915089 19.5 Xo00, PXO99A OsHENT1 (rice)
Tal9b YP_001915093 26.5 Xoo, PXO99A Unkown (rice)
Tal9d YP_001915101 125 Xo0, PXO99A Unkown (rice)
Tal9e YP_001915105 235 Xo00, PXO99A Unkown (rice)
PthC8a ABY60855 20.5 Xoo, C8 Unkown (rice)
PthC8b ACD11364 17.5 Xoo, C8 Unkown (rice)
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avrXa23/Xa23 . avrXa27/Xa27 . pthXol/Os8N3 .

pthX03/0s11N3. pthX06/0sTFX1. Tal9a/OsHEN1 5%
(#F 1) FrEMHIREL Xa27 B L — Mz & 0
BEEE I avrXa27? WA, LR PUR,
NI xa27 B TR 3h T IX B TSRS, RRERZ
avrXa27 WyiE S, dhim & BRI, PthXol & —4
BRI, BREBE TS K e b B B AL Os8N3 1Y 3k
ik, SUEMYEYE , Xz B P BT IO T L
JKFEXS % PthXol AYRIFR ™ A= itk , Os8N3 J& MIN3
FIGE ) — 0, MOKFEREHR KT A RH#EEN, M
J2: Os8N3 AL AL T A i B PR 1 A
A xal3 J& Os8N3 JEK J5 sl + X & A T 2Bk i AN Tig
22 PthXol MiFF#iAP%, HATLE M TAL 240
TREALRZE N1, DA ICREH T,
1T A A B KR53 75 RO A PO AN, WA
DR R B FE AN . Os1IN3, Os8N3. OsTFX1 K&
OsHEN1 45, HHiHFF LLEE R R TAL 20 1748 5
PO IR 1R 3l RO 10 5 | 0 R S vz, AT
SRAVEZ TAL 00+ 5 8 5L B 1 R AL A7) AS B
B, @i — L REIEIE L

2 TALB N FEFERARFINNE -

A AvrBs3 1Y B L IAT IR RE A T [ S 7 Bs3
J IR A BUBLA AP ECW-30R BTG SN, B F=A: HR
(B 1C), *f avrBs3 (W E XiATHRRE )G, K
B 285 14 avrBs34rep ANHES | ECW-30R 7=t
o5 P, (H P i — BE 28 AR 1A B avrBs3Arepl6 (Gt
K11~14 Z M ER) BRI 51 I — 4 BT Fh
ECW 7”4 HR i . J5 R BF5E & 3 AvrBs3Arepl6
REAL AR S ML Bs3 457 B X Bs3-E AYJ 31,
AvrXa7 Fl AvrXal0 4354 25.5 F1 15.5 4~ H & 5
JC, HEMMEEXEE, FrRMMbuRIEH Xa7
1 Xal0 W& AN A2, BIEA AvrXalo X
X [ AvrXa7 m] LIRS Xal0, &4 AvrXa7 EE X1
AvrXal0 a] LR G Xa7P sk R R s 3 A
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Xa27 & —PEH3Z P A I T O EE R ) AvrXa27
5S8R R Os8N3 (Xal3d) 57 TAL 4%
I F PthXol (i S, 124 Os8N3 J 3T IX &7k
Ze7r, AILAEkIEE PthXol AYIRAI, xald PumEEfE
I ARAR X A B 0

EAIBTE KB, TAL 800 527 F#3E 1)
Fe s v RO & AR TE R 3 1 I, AvrBs3 Al
AvrBs3Arepl6 435l FE 5 5 Bs3 J Bs3-E 1) 3+
X B4 R A AR Romer 4544 i3 2631 515 51
4 UPT((UP regulated by TAL effectors)Box. sk
AR M AR SR ) EMSA S KA . AvrBs3 FlI
AvrBs3Arep16 4355 UPT ayrgss 00X Fl UPT ayrasaarepis
box & — PRI KRBT AR LA Xa27 %6
BRI AvrXa27 (iSRS, P &L, Xa27
HHAFN N xa27 Mg XEAH BN ES, HE
TE it B F XA AR B 3 A i 2 s 5 180 %t Xa27 4
SIFIEATAT, IR TATA box [X A% 2828 A3 15 )
MR B AR xa27 WiashFd, KIMaGJEm
xa27 JH 3 TREMS 2 AvrXa27 MBS, I Bk 5e
2 Je EMSA SEBi ZH0E T i UPTyxaz7b0X
JP 8128, TAL 5508 F AR R 51400 26 8 14 ) 3h
T, e Y I R R AT RE R B A DG R SR R L 32
AvrBs3 i 511 Upa20 & K A2 5 | e i 4 28 RS 1
A4k, AN 2 o 24 LA S A Kk, AR TR R
BRTERT e s AR (| 20)™, Z L ® N i
1Y I3 A — 2L LAY Y 8 JE R 4 OsBN3 . (Xal3) .
OSTFX1 LA K Os1IN3 %4353 PthXol. PthXo6 &
AvrXa7 BRSPS 02420 a5
A5 f EMSA SRS T, AHRLEY UPT Box:
UPTpinxo1BOX . UPTpinxosBOX LK UPT ayrxa7BOX 755
Bk, R4 UPT box BAANGRIL 848 TR W, 4¢
SEH) TAL 00, & —1EE SRR UPT Box1,
ARSI FH , BEE ) TAL RN IR BIAR R i UPT
box, X2 MIFAFL RIEEH (Bs3, Xa27, Xa7.
Xal0) {NAZ45E 1) AvrBs3 JE 08 2 1 TR,
XA FK LRAIE T “SEHEXTIEH” 2E U,
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3 TALME T 5% T RARRA M 2T

N
5% 7

4=

AvrBs3 BRSPS i FE L RS 2hF X 1Y
UPT Box[#281 5% AvrBs3 ¥ i1 £ 5 4 4
UPA1-111°1 UPA14-25B% % 3 ik, 5 BUBUM H bk
AR K (B 1C). Kay Z:43473% AvrBs3
S 1%L Bs3. UPAL0. UPA12, UPA14, UPA19,
UPA20. UPA21, UPA23 K UPA25 Ji 8l 154 s i
ML 100 bp ¥4, KRIIXLEZ AvrBs3 i Tk
A A AH R Y UPA motif 347, A 19 MZ T R4
() box EA R AR, 5 LIRTEEE 1) AvrBs3 1)
UPT Box — £ i1 T UPT Box[18 bp!®!F1 19 bpt®]
FIR RS AvrBs3 OB BB (17.5) FAR—F,
Boch Z54E AvrBs3 [ % —EE R FAIT IR I — R
S DNA B FEXFEY ) Y454 AvrBs3 fit) 852 25
(BAEEXRHE 12 % 13 ZHEMR) M UPT
Box 1 LR}, kIR I EE KT HER DNA LY
RS OREEAROCHE (18] 1B). fil4n HD F1 NI 43 5%} C
A GIRSRA IR, 1 AvrBs3Arepl6 (% 11~14
Z IR E ), BRI SIE s (DNA Box (1 3'
Ui AR TF 9 H A% DNA TR, 5558, #8 UPT Box Iy
5/ A Sty , XoF IO 57— T ) R A2 ) i — A7 A
EEA AR TR, JERAIBE S Z BT T
BRI X T S0 1 = 6 P Boch 453 i 4 i &2
MHFHFHEAEE R L ZHFESNERN G 3T
IX [ UPT Box XTI 56 &, i@ T AR 2 AU AE
SPEPUN H AR DNA B8 JE 5 2 T 2 g A B 5
[d] i, Moscou 1 Bogdanove I 3T LIl L xF
TAL S FH s Z KM 5 HARE 3 7
DNA J¥4, St #8172l o 1 % i A
(& 1B)B,

T RN R O R R 1 SRR DNA KRR
PR 4> T M8, Boch 2800 #7152 AvrXa27.,
PthXol. PthX06 K PthXo7 i7 S hl 3k R J H 45 f Ak
W R ahF X, KIWZFEF 0 EE R iy &4 AT

[ UPT Box, TiiAS3Z 155 14 45 (0 JE R 4R AS B AH 1 1
UPT BoxPU, ffiTi Ay UPT Box A4 % E /]
Bs4(-55~+25) Jii ol Ty i, IKzh GUS [, 5
A AR R 35S i BT IK Bl 1 TAL &8+ 2k iy 4k
FFA S ARZ A, UEB B A UPT Box A2 AH N 1Y
TAL BN TS A TEARYE O A & iR R, i
DI T Hax2 Ay %L PAPL(At1G56650). L4k,
Boch I T 7 S A TAL U T (ArtX), K
EATHHE N SGala T GFP 5 3 K i1 A 38 250
¥, IR A S A B A UPT box /Y Bs4 Ji 5l
FIRB A SR FRIBRIRE ST o X 7 A AERO TR
ok SR UPT Box B 8 751 GUS ik
e, HAGER ArtX FI GFP R4 2 1 REMS TEALY)
20 Hh kY

4 TAL B T 5 % 330 R R B 5 A 6
FR &
4.1 TALN 975 & K Al &=

TAL 0 5 2 0L G BLAE e — R AL Y
H-DNA 4549730, B 2 RS A S IR R 4 A X 1
1AM AOBIE . AR TAL 800 11527 403 A
HRBI 5T, BeER O TAL 80N F 508
DIV Fok T fl #4221 20 0 157 A R S Mk 1R 1)
T HJ# TALNSs (TAL effector nucleases), Jf-ifi iz {4 4h
SR, KRB AR ST TR IERT, L e
T AvrXa7 #il PthXol 544 N VI Fok 1 il m e ,
T ARAMY DNA Y SE G DK B P Y 8 20 S5
PJUER , TALN BEAS RS M o 5 L H bR DNA 751,
Il Fok T e M A7 5 e AT EGYIRY, Christian %
Je A AvrBs3 K PthXol FIR%ER N VIHEE Fok I
ARG, KB T NIRRT DDA I
ZRBINL R BEES B sE e, AABEUEIIE T 2 A
IF) 4 il 5 BB R 0 3 S0l T3 R S 0 67 et O e ] 58 1l il
Yo [, S8 TRAEZS o, Ai1aks] 7 RN
AT, R R RIS (NI XL A,
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HD XFh. C, NN X G LI & NG X T) A T3t
TAHXT L TAL B0 -, 38 3k B 9 1 S 56 Kk R
Z N T B Rl LA RSB A TG T (8] 2A)BY,

XL ST R W] TR 4 - 9 S T AR N Y
TALN 5¢ B B A% A ) 56 PR 41 1% B 20 2 28 1A Tl i
BN AT LA HRE 54 E DNA JFEHI45 4 1 A& 800
T, DASERUE LN Y sS RAR R A . S Ak, XA
i SR R A AT DA H 0 i R e oK OF B R
ik, QR AR SRS B 19 & TAL B8 F1E
BRI RIR M3 FIF K, TERE SRR b EAT R R 1 3R
IR 4R, EAHLRISOUH T, alBe
o FH NS B L AN S 1 SERR T . FRATT
FiTt, TALN BEE Ak B BIG T iz 21 BT &
HEEZEAER

42 FRADFEBELEEZHRKEREMNRR
ZEHE

RS> TR B0, w1 LAA ] TAL 208% 159 ]
AR X P 37 T - SR 3 P sl B 2 A (& 2B).
Fe K A SE A 5 E 22 58 1, T AR TAL 200
TR X A, HEREEA TS, REZ AW
BT, HEMTRFS AR SE R TR, X AT AR T4k
PUi LR RE— 2B & 2 . 11 Boch SEAR#E TAL
RN F HAX2 (P41, X S )7 P31,
IR T IE AU PR B TR MYB % s A7
251 PAPL (At1G56650)BY, 7EE R B L ATEME
T TAL 01, XFEAT LIRS KT A2 X (RVD) 1)
R4k, eI SRR S A LR, 5 R A S 1Y
O FHLED, A RNAT B F5 340 8o 2 P i
IR BN PR H

A Construct the hybrid TAL nucleases with designed endonuclease site

PthXol

Fok1

5 '—TGCATCTCDCCCTACTGTACACCACcaaaagl;@catgcTT.-\GCACCTGGTTGG.‘\GGGGGITTAT:‘&TA
ACGTAGAGGGGGATGACATGTGGTthI@Itaaﬁcgtac%ATCGTGGACC.-\ACCTCCCCCAAATATAT

B Identify the resistance related genes

Fokl AvrXa7

TAL RVDS

Conclude th UP Tbox of the promoter

Pattern search in the host plan’s genome information resource

\

S genes

R genes
HC—Create-broader spectrum resistanee-gene
TAL A TAL B TAL
Ty

‘ Multiple UP T-Boxes engineered promoter

2 TAL effector 5 EF IR 51895 FHERBHI K A A=

R gene

Fig. 2 Applications and future prospects of molecular recognition code between TAL effectors and host genes. (A) Construction of
hybrid TAL nucleases (TALN). This chimeric protein can bind the target nucleotides and cut at the relative position using the Fok |
digestion function. This diagram takes the AvrXa7 and PthXo1l used in Li's paper® as an example. (B) Identify the resistance related
genes. The known effectors can be used to identify their target genes through pattern search in the host plant's information resource.
In this way, more and more resistance or susceptible genes can be identified in the future. (C) Create broader spectrum resistance
gene. Multiple UPT-Boxes can be combined in one promoter to drive a R gene like Rxol or Xa27. This new engineered R gene
complex can be recognized and induced by different TAL effectors, resulted in resistance to more pathogenic bacteriums.
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