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Optimization of the CEL | Endonuclease Reaction in the TILLING Screening System of the Hull-less Barley

Abstract

TILLING (Targeting Induced Local Lesions IN Genomes) is a reverse genetic method based on the
combination of “generation of the mutant population”, “preparation of genomic DNA library” and “detection
of a gene of interest”. Simultaneous screening of mutations in a huge number of plants can reduce the
breeding time, cost, and space. In addition, mutant strains obtained by TILLING are not genetically modified
organisms and therefore can be grown in the field. In this study, to establish the TILLING-based screening
system in the hull-less barley cultivar ‘Mannenboshi’, we developed a recombinant expression system in
Nicotiana benthamiana for the large-scale synthesis of a mismatch-specific endonuclease, CEL I, which is a
key component of the screening, and optimized the reaction conditions of the recombinant enzyme. As a
result, various single nucleotide polymorphisms could be detected by the recombinant CEL I, and the activity
was higher at 27.5 mM and 50 mM potassium chloride in the reaction buffer. These results demonstrate that
the recombinant CEL | and the reaction system can be used to screen the mutant population of approximately

8,000 lines that we have already generated.
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TILLING (Targeting Induced Local Lesions IN Genomes)
1%, ERERLEM O H D AL OB T O S K %
AN == T B DNA Z)—TF bR
FHIRFETH S (McCallum et al., 2000) . (F& D iEls
FIZONWTEL DREEERIFRFICA 7 Y —= 795 2
LT, WEEELME, = A MEIE, A A2 B ATREIC
5. FTBEBTHAMRZ TR Y, fERITIAL
ZFANONDEIRTH Y, B R LY
WHEHTE D721 T, BINTORBIBIE: AT
BETH 5. EBUZ TILLING O Hffi 2 AW, &7 7
VEORmYTroa AFRBBEIN TS (Moehs et
al., 2019) .
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; Kurowska et al., 2011; Wang et al., 2012). 7, 721k
F U 7. (NaNg) 72 & DR A2 FE 1 ZAP LT
REFHRT5H. TOERFUH LM% ML fi7 &
LCHMEL, BEEZBEESEL-OICAFZHIET
Bohizkitftad M2 95, M2 T LERZ LI
77 LDNAZHIH LT ADNAT A 77 U —%1E
Rg 7 LI, 1R L IC M3+ 2T D, AR
B &2 TGEICAT 9 72912 4~8 kD~ 7 4 DNA % %
L7 DNA 7 — L 2{ERL, xR OR
a7 % PCRICK VIR 5. £ PCR PEM & EL
ZE L C—ARBIC L72tk, HmaIcme L Tl AH
WCRTZETATREEZERSED. Z22~IAT Yy
FHRERH) T X7 L7 —¥ CEL | 2GS TTH
0 — A7 VEKIKETT 1 RO U O f 1 & T
N, AEB OB FOEREEOFEC T 5. K&
FHCZENENOEEK T Loy — 7 AR 21T 5 2
& T, BEAEAROHBEER FTRRIC AR 5.

TILLING (Z81F 2 Z RO 2% CEL | Z AW TIT
9T EMEU. CEL It Y (Apium graveolens) T
KR INT, HWEOI A~y FERFREMISEHRL TY)
Wz FX7 L7 —¥ThY, ~HHELM (SNP)
OBHIC B P TWS. 20 CEL | Z KEICHiH 4
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1L727322 @ TILLING DOAEEE

D728, BAREFR I T AN EHNTY 2
B M CEL | # RV BEOREAGHRREHMEL T
7. ZEOEMOF S ERMEICEREREZ BT 57
WIZIE CEL 1= RX 7 L7 —EDMi R Db
EATHOMENRDDH. & 2 CTARBIETIE, %% < D SNP
DREEIN TS A AL FD MLO (mildew resistance
locus O) &1 D DNA Wi ZIGHE & L THWT
% Db &1T - 7=, MLO @& {5+ 7 [al &
XXy B R a— RKLTWS (Devotoetal, 1999). %
OWRRIZRIZIH L Cn7enay, MLO #15 1Io A B
MADLZETHFLXOHEEHETHLAALFH L
A Z 9 E (Blumeria graminis f. sp. hordei) (2% L T, b
— AR B ARPIEN B IN D Z E R bh
TUW 5% (Jorgensen, 1992) . mlo (328 B & fric & - T MLO
ZUNRTEOEHBENRRY, AALXI EALTHEA
T A OBEITEVA RO 2 & ANHfsE X
T3 (Reinstadler et al, 2010) . AWFZE i, 484 &
HOF I (T) B7T=r (A) IZEELTW5D mlo-1

(T®—A) 1I2hiz, mlo-12 (C™—A), mlo-13 (T*—
A), mlo-26 (T®®—A), mlo-27 (G*™*—A), mlo-28 (C**
—T), mlo-29 (C*"—>T), mlo-41 (G**—A), mlo-42

(C—T) ZfEMTatG L Liz.
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2.1, YavEFURCELIZ N BEZRAWIER
DIRTYFDIRE

PGEM-MLO K O pGEM-mlo 77 A K (£ 1) #7
> 7L — FZ, DNA Polymerase (% 715 /34 RS
1, Prime STAR Max & L < & TaKaRa Ex Tag) % W
TPCR %#17~-7-.[X 3,4 CiX, 77 A ~—Acsl_MLO-F
MO MLO_Notl-R Ot v |, 5 6, TCIEro74~
—cacCMLO-F } 8 MLOmorex-R O+t v b Z&HH L7=

(& 2). PCR iEW % 7 /I v — A7 VEXUKE) L7214,
HROO /N> R&G)0 H L, FastGene Gel/PCR Extraction

(ARY =27 ¢ 7 Z&tt) 2 T MLO (mlo)
BETO DNA Wi AR L. —~1t a2 7 —

(Gene Touch, HAY = %7 4 7 A S A0
T, 2 DY A 7 NV TEEMKR DT =— U 7 %247\,
AT R OREHEER LT,

AT R OREHE ZNLENH A D 200 pL F =
— T~ AN, Z~10X CEL I UGNy 7 7 —2 L,
Yar e hCELI ¥ "7 8%z, dH,0 T2 &
%20 pLIZ L7210 SN 7 7 — OfL 1 200 mM
HEPES pH 7.5, 100 mM KCI, 30 MM MgCl, TH v, X
JEN Y 7 7 — OB ORRAEDBSIZIE, AR E T
LTHROFIETI A~ vy FRENT S FX 7 LT —
PiEMEZFE L. —~ VoA 27 F—ZHT 45°

F2 KRERICHNWEZTTA ~—

TIA ~— Blgl (5°—>3)

caccMLOmorex-F CACCATGTCGGACAAAAAAGGGGT

MLOmorex-R TCATCCCTGGCTGAAGGAAAAATC
Ascl_MLO-F ctaggcgcgccATGTCGGACAAAAAAGGGGT
MLO_Notl-R ctagcggccgc TCATCCCTGGCTGAAGGAAAAATC

C T 30 IS &%, 2%T7 An—AFnizu—
FLCTERKEBL, =FVvA7a~vA R (EBr) &
WERANTRGETH LTI Ay FOUM AR L
7.
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PGEM-MLO K& " pGEM-mlo-1 Z#% & LT, MLO
HDHNE mlo ZHIE L, KL TH L DNA Brh
ZHAWCHAELZ (X3). mlo-1 1% 484 FEHDOF I
(M B7F=r (A) ICEHRLEZT LV (TH-A)
ThV, ~T NI A~y FRENICEN S8
A 495 bp L 1129 bp DAV FARSNS. U=z b
¥ hCELIZ v\ E %S SH 7oA EHTIEIMLO &
f51-® DNA Wi (1624 bp) 720 RRLNTZ. —F,
~Tadic) ar e CEL | # U RV E E OGS
5 &, MLO (mlo) &1 DNA W frLighz, Gk
ENTTEE2ARKDONR RPEESHIENMNEICRSN
72 (K3). o=, VarveFr kCELI ¥ X7
BERIAYy FRRNICEE L T2 FX
J LT —BIEEAT DS Z LRI N,

WIZ T=A DA ORI ER, KO T A DS OE
FICo ToA HILEBOKH S ATRED & 5 M A RRGEE L
72 (X 4) . 5L L 72 pGEM-MLO } UF pGEM-mlo (3 1)
ZEERIZ MLO & 2\ i3 mlo Wi v 2 HailE L, /8l L <
LIV DNAW R W=, U=z e h CELI #
NI T, mlo-12 (C—A) (X 4A), mlo-26
(T8-A) (4 4B), mlo-27 (G*™*—A) (I 4B), mlo-28
(C*—T) (12 4C), mlo-42 (C*—T) (|¥ 4D) D~
7 1 5 DU A W RE I RERR T & 7223, mlo-29 (C1'—T)
(4 4C), mlo-41 (G**—A) (X 4D) TiXOIkrAsE =
STWNDHEICARLNDE NN ROBHIEL <,
mlo-13 (T¥—A) (X 4A) TIXUIN AR T 5 2 &8
T& o Tz.
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mlo—-1 (T*4—A)

ctagzcee gecATGTCGGACAAAAAA GGGGTGCCGGCGCAGGAGCTGCCAGAGACGCCATCATRRGOGGT GACAGTGRTCTTCGCCGCCATGRTGCTCGTGTCCGTCCTCATGGAGCACGGCCTC
CACAAGCTCGGCCATTGGT TCCAGCACCGGCACAAGAAGGCCCTGT GRGAGGCGCTGGAGAAGATGAAGGCGGAGCTCATGCTGGTGGGCT TCATATCCCTGCTCCTCATCGTCA CGCA GGACCC

CATCATCGCCAAGATATGCATCTCCGAGGAT GCCGCCGACGTCATGTGGCCCTGCAAGCGCGRCACCGAGGGCCACAAGCCCAGCAAGTACGTTGACTACTGCCCGGAGGGCAAGGTGGCACTCA
TGTCCACGGGCAGCT TGCACCA GCT GCACGTCTTCATCT TCGTGCT CGCGGTCTTCCATGTCACCT ACAGCGT CATCACCATAGCTCTAAGCCGTCT CARAATGAGAACAT GGAAGAAAT

mlo—-1 (T44—Ap)
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M3 VarbeF o hCELI U0 BEDI Ay FRRAT RX 7 LT —PiEH
A, REBRICHWZ MLO B 1-Wr i o AR, IXEEEWROET, KEAIOXOT VT 7 Xy MIBREOE L

=Y

B, pGEM-MLO & O} pGEM-mlo-1 % #8127 F A =~ —Acs|_MLO-F % T MLO_Not I-R T PCR L 7= Ck5H L /-

MLO (mlo-1) Wil (1624 bp) % 7z, 2E20uL %R TY = 2 h CELI # > /X7 B % 45°CT 30 G &

-,

CEL | =2 FX 7 L7 —BIZOWTORGITHEEF
T DA, CEL | 2GS EDBICHWD RGNy 7
7 —DOFRITE X TH D . & 2 TARIMIE T, HBEH,
KCI B8, &)@ A 42O\ T CEL | &M E £ 5 i
WG OME 21T -7, Bo U S Lz
CEL | ZHW556, UGNy 7 7 —HOREEA L L
C HEPES AW 541 T 5 (Colbert et al., 2001; Till et
al., 2004; Till et al., 2006; Zolala et al., 2009; Jiang et al.,
2013). —J, S-SR LI CELIRY 2 v F
N CEL | # /X7 TIX, UGNy 7 7 —OfgfEfkl &
LT Tris BAHWGND Z LB D (Oleykowski et al.,
1998). Fex ALEIER LY =2 b CELI #
NRIBEDORIGIZBNT, MEOMIZENAR 6D
Lz Lz (K5, 6, 7). L LT, WTho
BERZH N THL Y ar ek CEL I # V87 HIC

30

M3y R~ —h —, REUIGIWT S47 DNAKT R 2773, hmi3aREH, htid~7 m#HznRmd.

FoTATutizlili+2 2 LN TE, ZOREIZE
RO o Tz.
CELIBUS/Ny 7 7 —H D KCH#&JEEZ 10mM & L
TWA & (Yang et al., 2000; Pimkin et al., 2007) &,
25 mM & LT\ b4 (Oleykowski et al., 1998) 7% &
5. ‘7 KCHREZHET 5720, CEL | RSNy
77 —HOKEES 0mM, 10 mM, 25 mM, 50 mM,
100mMIZLTC, Yz b CELI XU/ ED
Ay FRERMNZ FX 7 L7 —BIEHEHELE
(14 6). AMFFETIT KCIJREE 50 mM % & Te 7 £ $H b
R ROIANT il O A £ 2 pL H\Wieiz
W, UarbeFrr b CEL I U U ERIGHRERE L
ToO KCHEEX, ZnZi5mM, 14 mM, 27.5 mM,
50 mM, 95 mM & 72> TW5. CEL IS/ Ny 77—
O KCIHBEN 25 mM L TOV50 mM, T 7ab b, Kk



A mlo-12 (C—8) mig-13 (19-4) B

mlo26 (188—-4)
ha ht
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mlo27 (GR—4)
ha ht

+ CELI
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PGEM-MLO } O} pGEM-mlo % #5527 5 A <= —Ascl_MLO-F } 8 MLO-Notl-R % fi\»C PCR L7 IZK8 L7~ MLO (mlo)
Wrf (1624 bp) ZMEAL, 2R 20uL OFHRTY a2 k CELI ¥ V87 8% 45°C, 30 RIS E-. A, SAY T
HAT Ul S 72354, mlo-12 13 731 bp & 893 bp, mlo-13 (X 100bp & 1524 bp DX R3E BN, B, S A~ v FHEFTT
YT S =854, mlo-26 13 820 bp & 804 bp, mlo-27 (X 964 bp & 660 bp D/ KA RLNS, C, I A~ v FHET TUN &
N7=354, mlo-28 1% 676 bp & 948 bp, mlo-29 /% 1012bp & 612bp DN KRR SN S. D, I A~ v FRAT CUIW S iz
4, mlo-41 1% 637 bp & 987 bp, mlo-42 1% 571 bp & 1053 bp DAY RRRONDH LIRS, MIZHTFRER~—H—, KT
Yl &7 DNAWTH 27”9, hm i3 E8, hti3~7 o @iz R,

HEPES Tris
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X5 VUa vy hCELI XU RIEDON/Ny 7 7—IT

BT D REAEH O IRFE

PGEM-MLO K " pGEM-mlo-1 % #8127 J A ~—caccMLO-F K}
MLOmorex-R %z IV T, PCR L7=#IZKHR L7~ MLO (mlo-1) K/

(1606 bp) ZfEH Liz. ~7 v ${ QR E 84 2 pL, 1xPCR buffer 8 uL
\Z CEL | 5Ui&/N 77— (20 mM HEPES pH 7.5/20 mM Tris-HCI pH
7.5, 10 mM KCI, 3 mM MgCl,) % 2 puL ilx, A& 20 pL ®ZTVY
B M CEL | # /37 E % 45°C, 30 Sl & /7. M %
SR~ — 0 —, REEIT UK S 72 DNA R 27797, hm 1338 E 484,
ht ix~7 a8z R~

FARD KCIEEEA 27.5 mM K TN50 mM TF 1 8
DY SR B DT,

o UMmko CEL 11X, CEL I FEEI A~ v F i
BTy RXZ7 L7 —EBTHY, Ky 77 —HD4
BA A Cate SPC A D Z L TIEMEAS ERT S
ZENREENTWD (Monetal., 2013). I & 2NERAE
EhTWwW3 (Monetal,2013). 2T, KXy 77
—ho&EA AL LT Mg, Ca¥, SrPaMunT,

31

HEPES

5 mM 14 mM 27.5 mM 50 md

0 mM 10 nM 25 mM 90 m

A

RICFR2(EDKCI 95

100 M

RIS 7 7 — PO

CEL [

B Tris
R HOKC| 5
RISy 7 7 —PDKCI 0 mi

14 mM
10 mM

27.5 mM 50 95 mh

75 M _ B0k _ 100 M
¥ CEL |

L] hm  ht  hm

X6 UzarbEF v bCELI XU RXIEDORG/Ny 7 7—IC

BT 5 KCI R E ORRGE

pGEM-MLO K O pGEM-mlo-1 % #1277 A = —caccMLO-F K T}
MLOmorex-R % i T, PCR L= Ik L7~ MLO (mlo-1) W/

(1606 bp) #{EH L7=. A, HEPES Ny 7 7 — KB, Tris/Nv 7
7—. ~T K OREH 2L, 1xPCR buffer 8 uL (& CEL | SUG/N
v 77— HEPES K Ut Tris O IR HE % 20 mM (2 MgCl, D f& i
%z 3mM, KClO#&J2%% 0, 10, 25, 50, 100mM & LT, 4520
ML DFRTY 2 b CEL | # /87 E % 45°C, 30 4y &
T, MIESTE~Y—F—, REZUE Sz DNA i Z259.
hm (AT, htiZ~7 vz rR7.



HEPES
Mg Ca Sr Mg Ca Sr
- +
M hm ht hm ht hm ht hm ht hm ht hm ht hm ht

Tris

CEL T

X7 Varvrr FCELIZ NI EDGR/Ny 7 7 —IT

BT &R A A ORGE

PGEM-MLO K ' pGEM-mlo-1 % #5112 7" F A < —caccMLO-F & T
MLOmorex-R % V2T, PCR L7=f4IZHEH8 L 7= MLO (mlo-1) Wil

(1606 bp) ZMH L. ~T oL OREEH 2 ub, 10xCEL | K
/X 7 7 — (200 mM HEPES pH 7.5/200 mM Tris-HCI pH 7.5, 500 mM
KCI, 30 mM MgCl,, CaCl,, SrCly) 2uL iz, 4 20uL ®%TY
2B b CEL | # /37 B % 45°C, 30 s & /7. MIE
SF B~ —h —, REZYIW S 7z DNA B A %789, hm (378 T 44,
htiZ~7T vz R7.

FNFNTCELIDIAS Yy TFHAY— X/ LT
—BIEEEZRE L. (K7). ZO/E, 2TOSRMIZ
BT RX 7 L7 —BEEZRLIEZ &G, X
Joy 7 7 = OEEA A OFFEIZ L - T, CEL |
TSRS A U2 2 E BRI S iz,

4. B

il 2 DZE R A FF> MLO & {n1- 81k D DNA ¥ i % H
WHZET, VUare b CELI # U RUBNRI A
v TR KX LT =B E AT H 2 &N
R E N (K3, 4). LrLadis, Jarey
T N CELI # U RV EERISS®ED EREH, ~T
2 EHICER D b T IFFRA R UM KD A AT AR 6

7=, FDO-%, YK &z DNA W O REiH
TP, BREZLELTLEI>BNADD. E6IC

AEBRTIE MLO & mlo-1 @ DNAWF % 1:1 DEIE T
BAELTERLE~AT ez HWOTWE D, EED
TILLING TiXZ 4 %ML IZ5 /) LA DNA ZIERAGT 5T
ETHY, 2 TH3ILOFEETLIERNEENR
Wiz, KEBRLV D WEIEOERZRET D%
ERHDH. D= CELI KGNy 7 7—< CELI #
YN E DR EDRISFKME S BT RE T D S E
N 5.

mlo-1 (T*™—A) LIS ILE B0, (B B T2 2
RAmloT7 LLVaEHWT, VYareF o NCEL I Z v
N EOTEHEIZ DN T I HICHE L. DR E T-A
2T, GoA, CoT OfEEHREZRH TS 2
ERBHLNC o7 (K4). LML, mlo-27 TR T

32

72 GoA DRSS mlo-28 & mlo-42 TR T/
CoT OERA, ZENRE CHEEEW 2443 % mlo-41,
mlo-29 T35 Z I3 Loz, 20k, Tk
BHOFDORFNNY 2 F 2 F CEL | Z 37 'E
DOIEMEICEEE 5 2 5N E L. £,
mlo-13 (T¥—A) Tl I A~ v FOUIWZHERT 5 2
EMNTE o 72, mlo-13 (T4 BE T CUll Shi=8
A TEDHW RN BELZ100bp X TN1500bp TH Y,
100 bp (Z EDFE WK AT 572012, L0 EZL< D
Ik X 7= DNA W A EETH 5. 1500 bp LD /3
> RIZUIWrRTO DNA Wil OfFI2dH 572D, R
NEELNoTlEZZBND. ZhbEBET A0
ﬁﬁm%#ﬁﬁfﬁ<,7ﬁm~xﬁwﬁﬁﬂ%@%
HERFTH2MLERS D125 9.

i 7e CEL | )b/ Ny 7 7 —IZDOWTHIRFT T 5 72
\Z, MEEAIORERE, KCI RE, &A1 4 ofEFIc>
WTHE L7z (5, 6, 7). CEL I SNy 77—
FEMETAl & LC HEPES & Tris % thiie L7223, i ORI
iR 2T R o N7 (K5, 6, 7). —fMIZ,
HEPES (X pH 6.8~8.2 O#iPH CREMEREZ N H W, Tris 1%
pH 7.2~9.2 OFIPH TH 2 72 AR RE 2 F6 HH 32 2 & 23N
HITWD. 7 OFEEEEN & HHiFHIC CEL | 3@ W
TEMEZ "7 pH OFIFE NI E > T2 (Kulinski et al.,
2000) Z&nD, VYar e b CEL I XU XU ED
EEICEVRR N2t BZ 2 oD, Varvy
F >k CEL | # > 37 DGR T B i 72 KCI
FEIRPELZ DUV TR L7255, 25 mM J2 Tf 50 mM CHf
WIEMER R N D ZERH LN o72 (M6). £
£ D HZ 100 MM TiZ, BUGHKH O KCI i EE A it )
L0, Yo v b CEL | Z 2RI HOEMEMFR
EIN, UL SBL otz EZLNS. —F, 0mM,
10mM TIZKCHREMNMET 572D, Yarer sk
CEL | # /"B ORRMENMELS 720, I Sz r
FRRSBEL, AATRELND LI ICoTzE %
b5, KCIFHEEIX, CEL | FUSRICAN D PCR E
MOBEIZE->THETFELLCLES. BlzxiX, CEL I
BUG/N w7 7 —H D KCI f&REA 10 mM IZ L Ta R
20 uL D ERIZ Lz & Z AT, KCHE 50 mM @ PCR
PEMIZN 10 uL A D &, KCIKIEEIZ30mMM 72 5.
FTPCREMMN2uL AD L, KCIKEEIX 14 mM &
5. O, FEBRIC TILLING 2179 B, £E0
BRIk A ZERNCHEIE L, CEL | RUSRICANRD
PCR FEMI D& 72 %~ —EIZ LT, KIGHREED
KCI&IEE % 27.5 MM 225 50 mM ORICINE 5 XL 5 12
TAHMENHDH. CEL | SNy 77 —0 2 flioe)E



A F & MgZ D Ca¥ RN SIIcEE AT, Varve S
YR CEL | Z U7 B % OGSy, EMEISEVT
Roniehole (K7). AW TIE CELI KGNy 7
7RI LEBEA A DREREIC OV TITMEEL
TWew, LarL, RZREOEMOF D HHaE) D
TE R\ 28 BLARA 2 5 78 T 2 T2 8D LTI Al 72 S 5 % 1
BT D ENNATHDLED, BBA 4L OREEE
ZOWTHEBIRFEZTT D .

51 Ak

Colbert, T., Till, B.J.,, Tompa, R., Reynolds, S., Steine,
M.N., Yeung, A.T., McCallum, C.M., Comai, L., and
Henikoff, S. (2001) High-throughput screening for
induced point mutations, Plant Physiology 126:
480-484.

Devoto, A., Piffanelli, P., Nilsson, 1., Wallin, E., Panstruga,
R., von Heijne, G., and Schulze-Lefert, P. (1999)
Topology, subcellular localization, and sequence
diversity of the Mlo family in plants, Journal of
Biological Chemistry 274: 34993-35004.

Jiang, G.Q., Yao, X.F., and Liu, C.M. (2013) A simple CEL
I endonuclease-based protocol for genotyping both
SNPs and InDels, Plant Molecular Biology Reporter.
31: 1325-1335

Jorgensen, J.H. (1992) Discovery, characterization and
exploitation of Mlo powdery mildew resistance in
barley, Euphytica 63:141-152.

FRIIBAZ « BRI - #uN TGS (2005) « BREEBERh AL FE “ ~
YRR ORI iR RNIER. 39 : 68-72. .

Kulinski, J., Besack, D., Oleykowski, C.A., Godwin, A.K.,
and Yeung, A.T. (2000) The CEL | enzymatic mutation
detection assay, BioTechniques 29:44-48.

Kurowska, M., Daszkowska-Golec, A., Gruszka, D.,
Marzec, M., Szurman, M., Szarejko, l., and
Maluszynski, M. (2011) TILLING: a shortcut in
functional genomics, Journal of Applied Genetics 52:
371-90.

McCallum, C.M., Comai, L., Greene, E.A., and Henikoff, S.

(2000) Targeted screening for induced mutations,
Nature Biotechnology 18: 455-457.
Moehs, C.P., Austill, W.J., Holm, A., Large, T.A.G,

33

Loeffler, D., Mullenberg, J., Schnable, P.S., Skinner,
W., Boxtel, J., Wu, L., and McGuire, C. (2019)
Development of decreased-gluten wheat enabled by
determination of the genetic basis of lys3a barley,
Plant Physiology 179: 1692-1703.

Mon, H., Lee, J., Fukushima, M., Nagata, Y., Fujii, M., Xu,
J., Nishi, O., liyama, K., and Kusakabe, T. (2013)
Production and characterization of celery mismatch
endonuclease CEL 1l using baculovirus/silkworm
expression system, Applied Microbiology and
Biotechnology 97: 6813-6822

Oleykowski, C.A., Bronson Mullins, C.R., Godwin, A.K.,
and Yeung, A.T. (1998) Mutation detection using a
novel plant endonuclease, Nucleic Acids Research 26:
4597-4602.

Pimkin, M., Caretti, E., Canutescu, A., Yeung, J.B., Cohn,
H., Chen, Y., Oleykowski, C., Bellacosa, A., and
Yeung, A.T. (2007) Recombinant nucleases CEL I
from celery and SP | from spinach for mutation
detection, BMC Biotechnology 7:29

Reinstadler, A., Muller, J., Czembor, J.H., Piffanelli, P., and
Panstruga, R. (2010) Novel induced mlo mutant alleles
in combination with site-directed mutagenesis reveal
functionaly important domains in the heptahelical
barley Mlo protein, BMC Plant Biology 19: 10: 31.

Till, B.J., Reynolds, S.H., Weil, C., Springer, N., Burtner,
C., Young, K., Bowers, E., Codomo, C.A., Enns, L.C.,
and Odden, A.R., Greene, E.A., Comai, L., Henikoff, S.
(2004) Discovery of induced point mutations in maize
genes by TILLING, BMC Plant Biology 4:12.

Till, B.J., Zerr, T., Comai, L., and Henikoff, S. (2006) A
protocol for TILLING andEcotilling in plants and
animals, Nature Protocols 1: 2465-2477.

Wang, T.L., Uauy, C., Robson, F., and Till, B. (2012)
TILLING in extremis, Plant Biotechnology Journal 10:
761-772.

Yang, B., Wen, X., Kodali, N.S., Oleykowski, C.A., Miller,
C.G., Kulinski, J., Besack, D., Yeung, J.A., Kowalski,
D., and Yeung, A.T. (2000) Purification, cloning, and
characterization of the CEL | nuclease, Biochemistry
39: 3533-3541.

Zolala, J., Bahrami, A., Farsi, M., and Matin, M.M. (2009)
Comparison of CEL | gene expression and
mismatch-cleavage activity in some Apiaceae plants,
Molecular Breeding 24: 17-24.



