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Abstract: MLO gene is an unique negative regulatory factor for disease resistance in plants, and the mutation in the gene
can lead to broad-spectrum disease resistance in plants. In this study, a DNA and ¢cDNA sequence of cassava MLO12
gene were cloned from the entire cassava genome and named MeMLO12. This gene has a total length of 3743 nt and a
coding region (ORF) of 1728 nt, with a complete open reading frame containing 15 exons and 14 introns, encoding 586
amino acids. The protein has a molecular weight of 67.2 kDa and an isoelectric point of 8.85. MeMLO12 protein is lo-
cated on the endoplasmic reticulum membrane, without signal peptides, and forms seven transmembrane domains at
23-45, 74-96, 161-183, 285-307, 312-334, 371-393, 413—-435 aa. Quantitative analysis by qRT PCR revealed signifi-
cant differences in the expression of MeMLO12 gene in resistant and susceptible cassava germplasms after infection
with Xanthomonas axonopodis, indicating a negative regulatory effect in the interaction between cassava and Xam. Se-
lecting the 11th exon of the gene for Snap Gene Viewer analysis, 10 455 seed sequences of sgRNA were obtained. Three
target sequences of approximately23nt were selected, with a G terminus at the 3’ end of the base composition, and they
were constructed onto the CRISPR-Cas9 vector. After verification, it was confirmed that the three target sequences of
MeMLO12 have been successfully constructed onto the gene editing vector, named pSGR-Cas9-AT-MeMLO12 vector.
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it A 2 5% 75 50 A8 Ff( Xanthomonas axonopodis pv
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FEMASRA A UVI FireReader BRI NG R 5L,

Y [E UVItec /21l 3 ABI S HF 26 % £ PCR X 7500
R, EHE ABIAH .

®R1 EEREMRIESY

Tab. 1 Primers used for gene clone and expression
BIE7E2iN 1P (5-3") i
Primer name Primer sequence (5'-3") Usge
MeMLO12-F  ATGTCTGATACTTCTAAA B AR ik
MeMLO12-R TTCCTGAATGTAAACTCCCTTG
MLO12-QF CCAGAAATACATTAACAGATC
MLO12-QR  GCCCCTATTACCAAAATTAC FekoHT
18SS GCTCGAAGACGATCAGATACC
18SA TTCAGCCTTGCGACCATAC
1.2 FHik

1.2.1 ¥ RNA#RER#HE S RNA #£EGK
R VLA, X AR N 5 9 5 RNA iF 1742
B, 2 M FastQuant cDNA 25 —45 & B & 1
FXT RNA AT RS —4E, RER7YT
20 CUKFEIRAE

122 ARLE FFEEFEHZER HoMLO-
12 ZH 751 ( GenBank & 5E5: XP_021673570)

TEARE B B hiEAT blastn FXT, 3145
# - 57E Softberry ( http://www. softberry. com )
T 2 B PF b e T E ARy B R 4 ik D A
FPo, REEEP K AT IO, 34 MLO12 AT
cDNA FIEERZHFH . MRAEIIEER, ittt
514 MeMLOI12-F fl MeMLO12-R (% 1), 434
PIAZERI R HNS M H DNA Fili RNA JHA,
K H] PCR Fll RT-PCR J7 1) B A 4 K HEAT S B
P2 1.0% 0 BIREE R R UK AG I, 2R45 H
f R B 28 i S Il Wil A 3R & Il i, R F
pMDI18-T # A4 b 2% TRIIHE K JE R B A BR 2 ]
MR

123 A3l 4 FIH DNAMAN Version 5.2.2
BOAF oy B B By R N g B ) = BE R Sy L, 4
ProtParam ( http://www.expasy.org/tools/protparam.
html ) 75 £k 8 0F 9000 285 H BT 9 A0 DG fF B
TMHMM-2.0 ( http://www.cbs.dtu.dk/services/ ) 7
IR T 2 1 B R A A B, [WIEE, TR 3O TR
Yy ib i) [ Pk N = B 51, ] MEGA version
6.0 X4 AY NI ( Neighbor-Joining ) /7 A Bl &
4k G W, H Bootstrap 7 iEXf REL A B IEITKE
%, 1000 KEH .

1.2.4 ki 45H  Z M8 SYBR Green SuperReal %¢
6 i AU, DA R R R EE ) 18s
rRNA HNZIEH, 7387 MeMLO12 BEK7EA %
P AN BT A2 T ( GX11) H2 R B AS [F] B[]
B (12, 24, 48, 72 h) WEFREEL, LA
P I BV K AL B I g 0 R R
¥HEE 3K, 7 ABI 7500 SR} PCR Y b7,
A 2T R AT A #

125 Fe b pal 30t B AR mESAME R
TEL R F CRISPR-P v2.0%°1, 7£ MeMLO12
FERRSF X IR BETT 3 4% sgRNA $LF 51, A e o5
F1W (222), S IR0 SO PO Jr ik TE B L [N
PR, W PCR Gk i BAME 5o B J5 AT I Y
TP TE A 4 R A 44 24 pSGR-Cas9-AT-MeMLO12,

&2 MeMlol2 EE&iER) sgRNA LR 5]
Tab. 2 Candidate sgRNA target sequences of MeMI012

9’5 AT (5-3") Tl LK i E

No. Base sequence (5'-3") Number of bases Position
MLO12/Cas9-T; TCCGGTGGTTCAACTGGGCGATG 23 E RSN TS
MLO12/Cas9-T, CGTGGGCGACCGAACCAGAAGAG 24 ®1 S e T
MLO12/Cas9-T; ATCGCCCAGTTGAACCACCGGAG 23 %11 S BT
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2 HER5HH

21 MeMLO12 EEMRER RiEHFHED T
2.1.1 MeMLO12 X R & &%  LIARZEFIE HNS
M H B DNA fl ¢cDNA AN, 549t
MeMLO12-F/R #£4T PCR F1 RT-PCR 41, "4
R (B 1) SFFT I a8 kB, %k 4
K 3743 nt, 451X (ORF) 2K 1728 nt, HAH—
ANTEREITE LB AE , & 15 AR TR 14 A
N&ET (E 2), 9l 586 PNEEMR, EHND

3000 bp 2000 bp

a: HNS [ DNA $"3724), M,: Marker I DNA ladder; b:
HNS Y cDNA #8474, M,: DL2000 DNA marker,

a: HN8 DNA amplification products, M;: Marker I DNA ladder;
b: HN8 ¢cDNA amplification products, M,: DL2000 DNA marker.
B 1 MeMLO12 EEH) DNA 71 cDNA F 7l

IR G B S R BBk B
MeMLO12 gene DNA and cDNA sequence
agarose gel electrophoresis

Fig. 1

TN 67.2 kDa, ZFHLS K 8.85, M Hma N
MeMLO12 ( GenBank #3¢5: ON_624099 ),
2.1.2 MeMLOI12 B A RE 4t R R &G R E X
44 M NCBI T # A% MeMLOl ( XP_
021613330 ).MeMLO4( XP_021618110 ), MeMLO09
(XP 021614134 ), MeMLO10 ( XP_ 021605658 ).
MeMLOI11 ( XP_ 021608377 ), MeMLOI13 ( XP_
021616696 ), %A HBMLOS ( XP_021687228 ).
HbMLO10 ( XP 021691439 ), HbMLOI12 ( XP_
021673570 ), #IH§IF AtMLO12 ( BAF 00789 ), Jff
KB JeMLO12 ( XP_012086496 ) FlIEJFE RiIMLO12
( XP_002533246 ) M2z 512 J¥ 41, K NCBI
Consered Domains JF4 75 5T 45 #4) 3 (0 F |, 45 51 %
M MeMLO12 #EHTE 12~489 aa Z[EfE7E 1 A
MLO FGERSF&E 5L (Kl 3 ), ¥ MeMLOI12 &
HWZIERITH) 55X 6 FEY MLO & H 12
RPN ILFMERE L BN, SRER, ANEY
P i) MLO 2 1 HA TR & R 5 , K2 MeMLO12
SRR . BRXRE . BRR . SRSITRY MLO12 #R5R
FEF =AM 3 b, SRE T REBHAG IR R 2%
KRR, B4 MeMLO12 5AK% MLO Kk
MeMLO1 ., MeMLO4, MeMLO09, MeMLO10
EF— DKL L, BT, EELRE
T, M5 A2 MeMLO4, MeMLO11, MeMLO13,
SHIETANRIRZERE, RECRBGE (KEl4),

® cpsf I cpsi A cDsI CDSo @ PolA TSS
1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 15
st | PEAERSEN
lll.l,l.l.l!l.l.l.l.l.!]..1.1—1.!11-.1,.1 !1.11.!1..1,1.1.1,11.1.1?
59 500 1000 1500 2000 2500 3000 3507

1+ TSS 59 -1.52

1+ 1 CDSE 242 - 364 12.47 242 - 364 123
1+ 2 CDsi 515 - 572 9.40 515 - 571 57
1+ 3 CDSsi 669 - 907 26.03 671 - 907 237
1+ 4 CDSi 1053 - 1169 2.33 1053 - 1169 117
1+ 5 CDSi 1261 - 1321 2.32 1261 - 1320 60
1+ 6 CDSi 1403 - 1491 2.98 1405 - 1491 87
1+ 7 CDSsi 1585 - 1659 10.90 1585 - 1659 75
1+ B CDSi 1756 - 1850 11.89 1756 - 1848 93
1+ 9 CDSsi 1920 - 1999 2.49 1921 - 1998 78
1+ 10 cDsi 209z - 2171 B.12 2094 - 2171 78
1+ 11 CDSsi 2227 - 2400 17.22 2227 - 2400 174
1+ 12 cDsi 2496 - 2531 1.39 2496 - 2531 36
1+ 13 CDsi 2648 - 2715 7.68 2648 - 2713 66
1+ 14 cDsi 2816 - 2876 3.67 2817 - 2876 60
1+ 15 CDSs1 3052 - 3492 43.59 3052 - 3492 441
1+ Polh 3507 -3.33

B2 MeMLOR2 BEEMIEF/HNEFHREN

Fig. 2 Exon/intron tissue structure of MeMLO12 gene

2.1.3 MeMLO12 A #9441z &5 ik
SPORT MV 4 g 52 132 53 AT & B MeMLO12 JE K 4 5
HE I ENTEN M F, TTfE5 K (’ 5),

TMHMM Tl MeMLO12 43517 23~45.
74~96 . 161~183. 285~307. 312~334. 371~393 .
413~435 aa AMJE AN, 7 RIS A5 3k (161 6 ), B5 M
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Fig. 3 Conservative domain analysis of MeMLO12 protein
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HbMLO012 XP 021673570
JcMLO012 XP 012086496
RiIMLO12 XP 002533246
AtMLO12 BAF00789
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%Mmg o N el
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. MeMLO4XP 021618110
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02
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Fig. 4 Phylogenetic tree analysis of MeMLO12
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Fig. 5 Prediction of MeMLO12 protein signal peptide
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Fig. 6 Transmembrane domain of MeMLO12
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2.1.4 AREFF MeMLO12 A B £ ik 69 %A
MLO FE R & — 2k LR g B JE Y, 7R 3252
9o I A e A ) A7 R 4 Y. qRT-PCR 4%
KM (K 7), EAERE 9 M ARZEF R T, AFEHT

PEIK S (A A 5 ZE 4270 0 h BF MeMLO12 3[R 3%
KA —E N ZES, Hp HNI8 Rk k&
FHABFT . LL 0 h fERXTHR, $efpoARE 5
W (GX11) ¥fEiE S MeMLO12 R FEik5, HA
[FT . R Rk A 22 R B 3
MFEikHE FF HNS, HN12, RXC09, HI1701,
CP1. SC205 #l GR4 J:A —F, B M (GX11)
FEFR 12 h Bf MeMLO12 5 (R 14 46 34 1 Ho X HR S A
ThE, ZIEEEEH LB, HE 48 h i RE
HOA B, 280 72 h 5 SGEW T, Hod HNS
HN12, RXC09 Fl H1701 % 4 ANHUe s iy AH X
Pk W T EYR M BT SC205. GR4 Fll SC8.
1M HN18 1 SC8 WA 5 1) & ik 485 X SO [] F
MR R ek, HN18 7E4ERh 12 h iy Hige5k
FLIAE] TIE(E, 24 h 5 Rk BB PR,
72 h Fik A% ; 1 SC8 fE4EAD 24 h Bk Bk
N, 48 h JFRIXEEE . U ARRBIH
IR B AR ZE R T MeMLO12 B 2l & R 12 1Y
RN 2 B R [R]  FaR AR, AR i TR AR G A
W, AP R BTA 2 B AP BT, MeMLO12 JE[H
(PR SA TR, AR T H R
SBE S SHe A0 T Do O P aE — 2D AR G, B S SR T
PF 2 [ A AR o, HoaRak ik B 04 (f
A 72 h B2 TR #E— N MeMLO12
FEHTTRES SR BB R Z M B AE, SR
AR AR T ange] & 4538 A ReiE— e
2.2 KZE MeMlol2 £ & CRISPR-Cas9 & B £k
g
2.2.1 sgRNA ¥e &k 3 B3 KA 3 B4k 09 & %
WA E B 2E T, RIS 11 M BT
17 Snap Gene Viewer 730#7, K5 T 10 455 %
sgRNA A9 Ff F ¢ %] . 18 i X} mismatchPos |
mitOfftargetScore . cfdOfftargetScore 73 {H HITEAT,
PRAUEFE 5 47 5 1, FRAT G A8 o MR 56 11 sgRNA
R AL T 3 5875 (R 2), BT
51 23 nt, BRIEAR E 3R G 45, K HAA
#| CRISPR-Cas9 #H/A |,

JHl Bbs1 %I pSGR-Cas9-AT ik #k 1Ak 1T i
VI, VIR, B+ sgRNA 519138 K& st , M
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X R E
Relative expression

A

©S = N W A L A 0
T

ARSI,

HNS HN18

Ty B HRP WUBE sgRNA %1% 3] pSGR-Cas9-AT #;
& I, B Be24 8000 nt( & 8 ), ¥4k DHSa( Amp+ ),
JH M13F/oligo 2 5% 4 3 sgRNA FIHEFAK,
35025 350 nt 9 B, 40T R By 5 5 T —
H(E9)

2.2.2 pSGR-Cas9-AT F/ftiey it fifk
DH5a HY B SEREL DU, P45 2R H] MEGAG6.0

M: DL15 000 DNA marker; 1: pSGR-Cas9-AT %5 # /& FikL; 2:
BT SRR 3. &R b T MRS R LAl
BTRL; 4. M E Ty HUF 5 Lt L BTR .

M: DL15 000 DNA marker; 1: pSGR-Cas9-AT unloaded particles;
2: Linearized plasmid connected to T target sequence; 3: Lin-
earized plasmid connected to T, target sequence; 4: Linearized
plasmid connected to T; target sequence.

B 8 £ Bbsl EBYI/FiE# £ sgRNA BBFF 5N
5 F LS4
Fig. 8 Linearization vector connected to sgRNA target
sequence after Bbs [ enzyme digestion

P T,

5 T, =

S T,

HN12 RXC09 H1701 CP1 SC8 SC205 GR4
REEFp i Cassava germplasm

7 KREEBBRFE (GX11) BF/E MeMLO12 EEFEH M R RIZFFE
Fig. 7 MeMLO12 gene expression characteristics after induced by GX11 Xam

#0h
B12h
BH24h
£148 h
BE72h

350 bp

M: DL2000 DNA marker; 1~4: FAVETERE; 5. BAVEXTIR,
M: DL2000 DNA marker; 1-4: Positive clones; 5: Positive control.
9 sgRNA 3RiXHE PR 14 52 BE i 1
Fig. 9 Screening of positive clones for
sgRNA expression boxes

BAFSEAT X, HOX 2SR R 3 408 8 1 B AR
ke a2 WU A SR S A (R 10 ). K IE
W FORLEA T Cas9 JoAFMIP 1S, K45 T 250 nt
AR B, S E MR B2 (B 11 ),
X E R A R B R O AT, A A
MeMLO12 (1) 3 4T 51 T 28 il Dy ) 3] 3 (] 4
AR L, K Hm 4 N pSGR-Cas9-AT-MeMLO12
Ik (E12),

3 iTig

MLO 3t KU P A 1) — 2085 S SEH 548
PR A 56, RS BRI AR, S IR
o5 31 DR I il 14 32 O £ il A A R A B T A v
A BE R IE B R kb T 0o R SR Bk Ly sk

10 pSGR-Cas9-AT EAFRHMF LT LR
Fig. 10  Sequencing comparison results of pPSGR-Cas9-AT recombinant plasmid
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M: Marker I DNA ladder; 1~9: FHMEFERE; 5. BHMEXTHR,
M: Marker [l DNA ladder; 1-9: Positive clones;
10: Positive control.
11 EARAL Cas9 LR PCR 1
Fig. 11 PCR amplification of recombinant
plasmid Cas9 element

A, BAS R ERAR SRR, B k3
MLO & HE M FEA MR -, s K X EEA 7
B RELE A B, N Snfedn st EE R S A
4y, CHREAIEN S G EA4EAPY. MLO Kk
SHNEFS IR A —E R, HEsLL
K% MeMLO8, MeMLO10 il MeMLO18 =/ %Kik

BB A 1A N fE 5 ik, XEEESK 55 1
WS LS A A7 E FL & X, A58 HF Y MeMLO12
FEHEEA TR, AT H ALK G . MLO 2
Kz 2 Sy 2 Fh ALY AR £ Y iiE O, 7R
1 AR G S 30 D B o DR o AR 3 AR, AT
A ERM MM N FLRIE AL, FE 1R YA 55,30 1 40
MIEE = HoOn, FITFWRIRER A, HISS TP
BifEhe 712030 24 MLO JEPH B R a4, i
B T X R B PO A AR AT T Y S R, A
et T X IR R A . B ROR R
2014 4, W EREEREHE 5 R T AV F IR
FEEIRZH , FF TALENs 4 g+ AR 5k
TEASAEA/INGZ HE MLO JE IR ) 3 4% DL [a) ik A7
TRAR, HAR T X R EA RO /N A b
BE, AAEY0E B TR SRR A A PRt T —
AN 14 SEL B R AR B 2R PP B A o 3 R 4
AR MR MLO JE R AEAR ZAE W L RE T /INAZ
TGRS 2) T U LA Pk A A R DY,
PR T MLO FEPH By F HE

(8226) Aat1l
(8224) Zra | Kas1 (235)
Nar 1 (236)
SoT @237)
PIuT 1 (239)
Hindll (399)
AfTI (503
_ ﬂBtg% I )(623)
g e N g o
) _—
/%/@R;’w‘“"‘e "'13,% o < /,,,rHincIE (984)
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