In silico development of
CRISPR/CAS 9 Construct for
Oryza sativa subsp. indica

Anis Afuza Md Yusof
International Islamic University of Malaysia

A Lalla sl lllzcal )
<=3 INTERNATIONAL SLAMIC UNIVERSITY MALAYSIA LEADING THE WAY

v 2 oY 4 VoA 5 AL 9“‘vs/..
Co “L”,i‘ﬂ"? L:_W‘)L-"é}}:f:"&’"f)‘”’d KHALIFAH - AMANAH - IQRA’ - RAHMATAN LIL-ALAMIN
Garden of Knowledge and Virtue

R
c
3

REGIONAL CENTRE OF EXPERTI
ON EDUCATION FOR
SUSTAINABLE DEVELOPMENT

ACKNOWLEDGED BY




okl el LML) INTRODUCTION
EELTRE O,

[ One of the most important staple foods in the world especially in
Asian countries such as Malaysia

1 Contains 3 subspecies; O. sativa subsp. indica, O. sativa
subsp. japonica & O. sativa subsp. javanica.

[ Many studies & researches have been done to this commercially important crop to
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enable further improvement in order to maximize national rice self-sufficiency level ./

(SSL) & meet high global demand

[ Diverge nation’s aim in achieving food security at the national level
(rice self-sufticiency level).
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[ Climate change - limiting factors in rice production

[ In 2016, The Star reported more than 7,500 ha of paddy fields in
Malaysia were affected by drought.

N
.......

[ Due to high demand in solving this problem; CRISPR - the gene of interest c:ould
be rightly targeted towards improving rice survival ability in drought stress
environment.

[ This study targets the gene of interest (GOI), OsSCET using
CRISPR/Cas9 technology.

LEADING THE WAY e

KHALIFAH . AMANAH . IQRA’ - RAHMATAN LIL-ALAMIN sl S —
= RCERRTY

GREATE R S0 RN




METHODOLOGY
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PART 1

PART 2

DNA extraction using
CTAB method

DNA Database

OsSCE1 Prediction

OsSCET1
Annotation

BLAST2GO:OmicsBox:
BLAST
InterProScan

Gene Ontology (GO)

mapping
GO Mapping

Primer design

PCR

Validate via
Sequencing
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The sequences was imported into LINUX (UBUNTU) & blasted using DIAMOND BLAST. The output
was set in XML format (easy to import in Blast2GO).

hldayah@Hldayah PE fmedlafhldayath5 cd fasta nr.gz/

hidayah@Hidayah-PC: /media/hidayah/E/fasta_nr. 915 ls

danial blast diamond.xml FGENESH. fasta grepseq.fa nr_diamond.dmnd outputblastp.txt test.diamond.blastp test.GeneMarks.xml
diamond blast Syilprotein.xml genemarks C10.out.faa nr nr.gz.md5s Syl completegenome (1).faa test.FGENESH.xml

hidayah@Hidayah-PC: /media/hidayah/E/fasta_nr.gz$ diamond blastp -q genemarks C1@.out.faa -d nr_diamond.dmnd -o test genemarks C10.xml

Frror: Tnvalid parameter count for option '--out'

hidayah@Hidayah-PC: /media/hidayah/E/fasta_nr.gz$ diamond blastp -q genemarks C1@.out.faa -d nr_diamond.dmnd -o test.genemarks C10.xml

diamond v2.0.4.142 (C) Max Planck Society for the Advancement of Science

Documentation, support and updates available at http://www.diamondsearch.org

#CPU threads: 8

Scoring parameters: (Matrix=BLOSUM62 Lambda=0.267 K=0.841 Penalties=11/1)

Temporary directory: COMMAND
Opening the database... [0.648s]

#Target sequences to report alignments for: 25

Reference = nr_diamond.dmnd

Sequences = 225368486

Letters = 82086925311

Block size = 2000000000

Opening the input file... [0s]

Opening the output file... [0s]

Loading query sequences... [0.005s]

Masking queries... [0.811s]
Building query seed set... [0.005s]
Algorithm: Query-indexed

_ Eui_ldi_ng query histograms... [0s]
| .

w

S
B
S
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Allncating buffers... [0s]
Loading reference sequences... [62.0485]

O Masking reference... [17.223s]
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@' OmicsBox 1.4.11 (Tnal 2 days left)
File Wiew Help

rnE furn:ljunill
workflows analysis Eﬂill'_'.l'EiE

= @*Tahle: test, FGEMESH_C10 @Tahle: test_fgenesh_c10 27
— SegMame | = Description | — Length

INTERPRO
ELASTED
MAPPED
ANNOTATED
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Tmnscript
omics
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OsSCET Gene Annotation

genumi-[s

sim mean

general
tools

= #G0O

— Enzyme Codes

— Enzyme Na..

= InterPro IDs
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DNA
Extraction
using CTAB
Method

NL1 NL2
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Validation via Wet Lab

PART 2

If possible pls put some picture
- your prime seq
gel of your PCR
- your sequencing

>NL1.RVRS

GTAAGGAACTGAATGTTGTAAGATTTAGTTGCTGAAAGATGGATTATAGTCACCATCACTACTGET
CTTCATAATCAACATCACTTCCAARACACTTTATCTTGCATATGGGGGGATATATAGTAATCTTC
AGTGGCGGACCCAGGATTTCTTCATGCCCTAGGCCAAATCTAATTGCTACTATCCCATACCATAA
ATGAGACCCACACTAATACATAATAAGTACAATACAAATTATTATAGTTTCGAAAGGAAADAANC
AACAACGCAAGAAACAGCATCTAACCTCARAAATGACAGCTATTTGCTCTTTGAAAGATGCATCTC
CATCATACTCATCAACAARAATGGCGGATTTTTTTTCCACGGAAAGCATTTAGAATGGTTTTACC
CETCTCAATTGCACAAGATTTACACTCTAGATTTTATATTTTTAGTGAAGTGAATAGATGATTCC
CEGGAGAATTTTGAAATGTTTCTGGTCATCTTTATTCTTCTCTTTATACCCCATCAATCATCTAT
AGATTTCATCGCTAAGCCTCTTCACCTTCTATCTCTATTAAGTTTAARAACAAATTGAATGGAATC
AGAAGATCTATAGGTGATCTAGGCCATTTAGGCATTTGAGAAATGGEGAATACCAGAAATAGATTA
TGAAAAACTCACCTGTCAAGGTCCTCGTCCGCTCCTTGCCCGACAGAGTGGAGGTCTGAGACTCT
GAGCACCTGCCGCTTGCCGCAGGCGCACCGTGCAGGGGGETTGTGCAGAAAGAGCCTTGTTGCCG
GGCCGCCGAGCCAGCGAGAGGAGCTGAGGAGGCAGTGEGACATGGACGEGAGGGAGGGAGGTGAGGC
GGCTGGEGCAGGETGETGEETGECTGEAAGCGGEEAGACTCACGTATGGTGGCGGCTGGCCTTGGA
GGGAGCGAGCAGGGAGGGAGGCGAGGEGEACGEGACGCATCGGCGEGTCGGCTCATCTCCCACGAGCGC
ATAGCGTTATTGGGTGAAGAGGGGGNAG
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sgRNA Design & Vector Construction

This selection of the sgRNA was done manually with the aid ot several gRNA prediction
tools, namely CC-TOP, Benchling & CRISPR-P. The predicted OsSCET sgRNA was

selected and inserted into virtual vectors using Benchling's Golden Gate Assembly.

0D

¥ Benchling Q)@SD
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RESULTS & DISCUSSION
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OsSCET1 Gene prediction & Annotation

>Putative 0sSCEI1 - Nuclecotlide Sequence
ATGTCCTCCCCGTCCAAGCGCGCCGAGATGGACCTCATGAAGCTCATGATGTCCGACTAC
AAGGTGGAGATGGTGAACGACGGCATGCAGGAGTTCTTCGTGGAGTTCCGCGGCCCGACC
GAGTCCATCTACCAGGGCGGCGTGTGGAAGGTGCGCGTGGAGCTCCCGGACGCCTACCCG
TACAAGTCCCCGTCCATCGGCTTCGTGAACAAGATCTACCACCCGAACGTGGACGAGATG
TCCGGCTCCGTGTGCCTCGACGTGATCAACCAGACCTGGTCCCCGATGTTCGGCGAGATC
ACCCTCGTGCTCGTGATCATCTCCACCGACCTCGTGAACGTGTTCGAGGTGTTCCTCCCG
CAGCTCCTCCTCTACCCGAACCCGTCCGACCCGCTCAACGGCGAGGCCGCCGCCCTCATG
ATGCGCGACCGCCCGGCCTACGAGCAGAAGGTGAAGGAGTACTGCGAGAAGTACGCCAAG
CCGGAGGACGCCGGCGETGACCCCGGAGGACAAGTCCTCCGACGAGGAGCTCTCCGAGGAC
GAGGACGACTCCGGCGACGACGCCATCCTCGGCAACCCGGACCCG

Sequence ID Description

Length

GO IDs

GO Names

Enzyme Codes

FGENESH_25 ubiquitin-
886exon(s) conjugating

enzyme E2 4

195

P:G0O:0000209
P:GO:0006511
F:GO:0005524

F:GO:0061631
C:G0O:0005634

P:protein
polyubiquitination;
P:ubiquitin  dependant
protein catabolic
process;

F: ATP binding;

C: nucleus

E.C:2.3.2.23

The protein sequences from Oryza sativa subsp—indica—for chromosome 10 were

predicted and annotated and putative OsSCE1 was obtained.
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GTAAGGAACTGAATGTTGTAAGAT TTAGTTGCTGAAAGATGEGATTATAGTCACCATCACTACTET
CTTCATAATCAACATCACTTCCAAAACACTTTATCTTGCATATGGEGGEGATATATAGTAATCTTC
AGTGGCEEACCCAGGATTTCTTCATGCCCTAGGCCAAATCTAATTGCTACTATCCCATACCATARD
ATGAGACCCACACTAATACATAATAAGTACAATACAAATTATTATAGTTTCGAAAGGARAADMANDNC
AACAACGCAAGARAACAGCATCTAACCTCAARAATGACAGCTATTTGCTCTTTGAAAGATGCATCTC
CATCATACTCATCAACARARAAATGGCGGATTTTTTTTCCACGGAAAGCATTTAGAATGGTTTTACC
CETCTCAATTGCACAAGATTTACACTCTAGATTTTATATTTTTAGTGAAGTGAATAGATGATTCC
CEGEAGAATTTTGAAATGTTTCTGGTCATCTTTATTCTTCTCTTTATACCCCATCAATCATCTAT
AGATTTCATCGCTAAGCCTCTTCACCTTCTATCTCTATTAAGTTTAARACAAATTGAATGEAATC
AGRAGATCTATAGGTGATCTAGGCCATTTAGGCATTTGAGAAATGGEAATACCAGAAATAGATTA
TGAAAAACTCACCTGTCAAGGTCCTCGTCCGCTCCTTGCCCGACAGAGTGEGAGEGTCTGAGACTCT
GAGCACCTGCCGCTTGCCGCAGGCGCACCGTGCAGGGEEETTGTGCAGAAAGAGCCTTGTTGCCG
GECCGCCGAGCCAGCGAGAGGAGCTGAGGAGGCAGTGCGACATGCGACGGAGGGAGGGAGETGAGEC
GECTEEECAGEETEGETGEETGECTGEAAGCGEEEAGACTCACGTATGETGECGEETGGLCTTGEA
GEGAGCGAGCAGGGAGGGAGGCGAGGGEGACGEACGCATCGGCGTCGEGCTCATCTCCCACGAGTEC
ATAGCGTTATTGGGETGAAGAGGGGGNAG

Validation of predicted OsSCET gene via sequencing

pls all your result here

picture of
- your prime seq
- gel of your PCR
- your seguencing

Job Title ML Filter Results
RID EAEOZRAY013 Search expires on 07-08 1313 pm Download All v ] exclude
F'rc-g am BLASTN ﬂ' Citation v Drganlsm only fop 20 will appear —
Type common name, binomial, taxid or group name

Database nt See details v P ' 9 P

<4 Add organism
Query ID Icl|Query 49377
Description Mone Percent ldentity E value Query Coverage
Molecule type dna to to to
Query Length 1041
Other reports Distance tree of results  MSA viewer @&

Alignments

Taxonomy

Sequences producing significant alignments
select all 9 sequences ssiected
Drescription
-,

Cryza safiva Indica Group cultivar ShuhuidSs chromosome 10 sequence

Cryza safiva Indica Group cultivar Zhenshan 97 chromosome 10

Cryza saliva Indica Group cultivar Minghbui 63 chromosome 10

Cryza safiva Indica Group cultivar Teqgimg_SUMO EZ conjugating_enzyme SCE1-like profein (Os10g0536000% ... Ory=a sali

Cryza saliva Indica Group cultivar IREES2 SUMO E2 conjugating_enzyme SCE1-like protein {O=s10g0536000. .. Ory=a sativa Indd

Oryza saliva Indica Group cultivar Shuhuid8s chromosome 2 sequence

Oryza safiva Indica Group cultivar BP Bio-226 chromosome 2 sequence

Oryza saliva Indica Group cultivar Zhenshan 97 chromosome 2

Co0000000

CQryza saliva Indica Group cultivar Minghui 63 chromosome 2

Resources: NCBI

Download ~ [ Belect columns ~ Show (7]
GenBahk Graphick Distance tree of results [EEMSA Viewer
- Max  Totgl Query E Per.
Scientific MNanje Acc. Len -
- Score Scofe Cover walue  Ident - Accession
- - - - -
Oryza =ativa Ingii... 1842 1 L 0.0 99 80% 25582588 CPO15166.1
DOryza =ativa Ingi... 1842 1 Sn%% 0.0 99 80% 25797731 CPOSGDE1.1
Oryza sativa Ingli... 1842 1 D59 0.0 99 830% 256890555 CPOS4685.1
va lngli... 1829 182 L 0.0 90 5059 3243 MH7 305551
i o T vl (e 0.0 99 019% 3224 MH7 30559 1
Oryza sativa Indi... 145 145 15394 3=2-32 S2.66% 3I7VTe432E3 CPO1E158.1
Oryza =ativa Indi... 145 145 159 3e-32  32.66% 363385228 CPO1Z610.1
Oryza =ativa Indi... 145 145 159 3e-32  32.66% IT2ETIZE CPOSGDs3.1
Oryza sativa Indi... 145 145 15394 3=2-32 S2.66% 3ITIN1IEE CPOS467T.1
| — e
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sgRNA Design

Sequence Mapping using .... need to
mention the software..(1041bp) HpY 16611
BtsIMutl Bpulel
EtsOl BbvCI

NlaIIl MmeALLL
BseRl TsphilL
M1yl Cwiall Tschl

BEsaAl
BsaYl Fatl| Btsl Bse&RI1 Alul Bsll

HpyCHA 1Y Plel Faul

CCACCATACGTGAGTCTCCCCGCT TCCAGCCACCCACCAC CCTGCCCAGCCGCCT CACCTCCCTCCCTCCGTCCATGTCCACTGCCTCCTCAGCTCCTCTCGLTGGEC
GETGETATGCACTCAGAGGGGCGAAGETCGETEGELTELTEEEACGEETCGECGLAGT GLAGGLAGGGAGGLAGGTACAGETEGACGEAGGAGT CLAGGAGAGCGACCE

-

—— . . . T —
- In this study, the sgRNA must contain the following sequence .
. "GNNNNNNNNNNNNNNNNNNN NGG* )

128 148 168 1&8 Jig
FaglCl
Bsgl BspMHL
Hpall HoywCH4III Bspl2B6I MlyI
Mspl Bsgl Bsll BfuAl BeiHKAI Flel

P ZZEFTIIZ . I TR T T,

TCGGLEECCOGGCAACAAGECTCTTTCTGCACAACCCCCCTECACGETGLGCCTECLGCAAGCGGCAGGTGCTCAGAGTCTCAGACCTCCACTCTGTCORGCAAGGA
AGCCGCCGEECCGTTETTOCOGAGAAAGACGTGT TGEEGLEACG TR CACGLGGACGCCGTTCOCCGTCCACGAGTCTCAGAGTCTEEAGGTGAGACAGCCCGTTCCT

228 Zda 268 ZBa 384

——eem---— --1E WAY
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Putative OsSCE1 (585 bp)

ATGT T G T CCAA G GG GAGAT GLACCT CATGAAGCT CATGATGT CCGACTACAA GG TGGAGATGET GAACGALCGOCATGCAGGAGTTCTTCGTGGAGTT
»>————  » P ————— D &—————————

WU-CRISPR
| Benchling | - -
| CCTop D Hanual > _____ CRISPR-P
20 P 60 " 100

CCGC GG GACCGAGT CCAT T ACCAGG GG LT G TEOAA GG TECGCGT GLAGCT CCGGACGLCTACCCGTACAAGTCCCCOTCOATOGGCTTCOTGAACAAGA,
-

3% ____ CRISPRscan

120 140 160 180 200

Considering important sgRNA design criteria for plants, the in silico

sgRNA was selected (pink colored). )
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Using PCR amplification approach, the sgRNA (Level 0) will be amplified using pICH86966::AtU6p::sgRNA_PDS construct

as a template. The sgRNA was arranged in the following sequence virtually to represent the resulting PCR product.

PCR Product (164 bp)

tgteggtctcaATTGCTCATGATGTCCGACTACAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAAC
| sgRNA >

PCR Product

18 20 30 48 20 6e 70 8e

TTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCATTACGCTtgagaccaca

PCR Product

9@ 168 11@ 120 138 148 15@ 168
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KHALIFAH . AMANAH . IQRA’ - RAHMATAN LIL-ALAMIN sl S —
= RCERRTY

GREATE R S0 RN




Lyl dsalleNlasall i ol

LAl U I N ooy

Garden of Knowledge and Virtue

The resulting PCR product and
vector PICSLO1009 ::AtU6p (SpecR)
Level 1
olCH47 751,
oroducing Level 1 AtU6p::sgRNA,
with the sgRNA placed under the

was delivered to

destination vector

Arabidopsis U6 promoter.

CRISPR Construct : Level 1

Level 1 Vector (4600 bp)

source, AtUe promoter, source Hanual Acil +173
FB T-DMA repeat,- HspJI, +55
BsplLl,HsplJI NlalV, Sgel, +48
HpyCH4Y, Sgel MsplI, =94

FaspEI, LpnPI, MspJI, +93

source, LB T-DMA repsat, - SEel Hpy 1881, +263
Hpy99I, FspEl, BsskKI, StyD4I, +136
Acil Bshl236I,BstUL, +182
Ecil,FspEIL LpnPI,+123

HoWCHAIV, A§il, +54
Alwl, BspPI, FspEL, +59 MsplI, Sgel, HspJl, +65
BspLI, MlalV, +82 HinSI HinP1I, +46
FspEl MspJI, +53 FspEL, MspJI, +27
FspEl, +29 CwikKI-1, +25
Bsell, +57 Acil,Ssil,+30
MspJI, +E8 Msel,K +5&6
MspJI,+78 HinGI, +57
FspEI, +49 MspJI +&69
Dpnl, +46 BsuRT, +90
584 +&4
+38 +24
+35 +38
=53 +11
+29 i +12
+57 L] +22
+38 ¥ s 21
~4& Level 1 Vector | | +43
+45 +42
+40 4699 bp +27
+54 +28
+24 +39
+31B +38
+EG +28
+43 BbvI, +35
HpyAW, +53 FspEI, +43
Bocl, +56 MspJI +39
MspJI,+39 MsplI, +39
EspEL, +48 = CwikKI-1,+3@
FspEl +58 MspJI, +35
Hpyl 88111, +67 HspJ I, BFal, +49
HspJI, Sgel, +47 HspJI, +58
FspEL, LpnPl, +44 MsplI, Sgel, +57

MspJI, FspEL, #6563
FspEIl Alwl, =74
FspEIl MsplJI, Taql, +75
Taul,HspJl Sgel FspEI, +93
Ebvl,B=seX] Bst71I, Lsplledl +248
BspPIL EcoPl15I HpylE88IIT Smll, Smol Alwl,+174

MspJI, Boccl, +54
M=pJI, Plel, Sgel +41
MspJI, Sgel HpyCHA4III, +43
MepJIl Alw]l BspFI, Alwl, +&7
Alwl

JJJJJJJJJJJJJ
JMERETY
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Level 2 assembly was executed by

introducing Level 1 construct

(pICH47732::NOSp::NPTII-
OCST,plCH47742::355p::Cas9-
NOST,plCH47751::AtUb::sgRNA, pl
CH41766) into Level 2 destination
vector pAGM4723. The cut-ligation
reaction was done using Bpil (Bbsl),
oroducing Level 2 (NPTII-Cas?-

sgRNA).

CRISPR Construct:

L evel 2

Level 2 Vector (12255 bp)

Manual,SV4@ NLS NOS terminator, source, +546
BfuCl,Bglll Bspl43I,BstYI +198 '
Taql, TaqQl FspEl +148 '
MspJlI BputEl MsplI,K +145
HpyCH4V, Agel +122
FspEI HpyCH4III +1865
MspJI MsplI +94
FspEI M1luCl +96
MspJI, +96
FspEI, +111
Hpy188I1, +61
Dpnl, +%58
+192
FspEI, +92
+85
+109
+59
7 N
+57
+59
+59
+183
+53
+88
+72
=1@3
+73
+196
+97
MspJI,K +98
Bfal, +97
+79
Alul +99%
FspEI,+82
Hinfl +127
Bcll BfuCl, +94
MspJI, Sgel, +77
BseRI MnlI MspJI, +88
CaMV 35S promoter,+134
BspLI BtsIMutl Nlalv, +157
MsplI Sgel HindIII MnlI +172
OCS terminator MsplIi, Sgel, +581
NeoR/KanR, Sgel , FspEL LpnPI MspJI FspEL +749

sgRNA | |

RB T-DNA repeat MspJI Mspll FspEI MspJI +728
pVS1 StaA FspEI MspJI FspEI +357
BsalI BseDI, BsskKI, +295
HpyFl1ovI Mwol Tail +189
FspEI Apol, FspEl +197
MnlI MsplI, Sgel +215

Copy or Cac8I1,FspEl, +202
plc‘!“7742:-3£ev" b 4 _FspEl,+142
=SS BsaAl,+205

. o
CoPy of Levefo} :Q‘gf(‘%

| p’CH‘IPQG
| PAGMg 7, ‘_‘:Fbv o, 5,
£

+145
MspJI, +141
MspJI,K+155
+156
+121
. +129
+82
+72
+117
+161
+124
+51
+66

P

BseMII, +113
pBR3220ri-F,+128
+162
source MluCl +164
NOS promoter,+129
V TMV Omega Neo-R,+159
MspJI, Lwel SfaNI,BceAl +334
MspJl

KHALIFAH - AMAMNAH - IQRA’ - RAHMATAN LIL-ALAMIN

GREATE R S0 RN

JJJJJJJJJJJJJ
JHE



Lyl dsalleNlasall i ol

INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA
W [ P “’l"'::“‘wa:_;

CONCLUSIONS

To conclude, the in silico CRISPR construct for Oryza sativa subsp. indica was developed.
Using a gene associated with stress response in rice called OsSCET (SUMO E2-
Conjugating Enzyme), the CRISPR/Cas? system will generate double-strand breaks in

the targeted sequence. As a result, OsSCET gene knockout will occur.

FUTURE WORKS

Future studies should aim to replicate and support the study through other experimental
categories like in vivo studies
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