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1. INTRODUCTION 

Rice (Oryza sativa L.) is the most widely consumed staple food of the world’s 

human population belonging to Asia and Africa. Cultivation of rice had evolved along 

with the tradition of Asian and African plains that could feed the enormous 

population. Flooding the fields is the most common or rather the earliest way for rice 

cultivation. India being the second largest producer and the largest exporter of rice in 

the world, it is very crucial to increase the productivity for ensuring global food 

security. It contributes a lion’s share in the GDP of our country, since we consider 

agriculture as our backbone. 

Kerala is the state that consumes rice to an extent greater than other states. 

Rice is now mainly cultivated in the districts of Palakkad, Thrissur, Alappuzha and 

Malappuram. Current status of rice cultivation in Kerala shows a declining curve, 

which clearly indicates the shift to other crops. But this ends up with the shortage of 

rice and we have to depend on other states to meet our demands. One of the major 

reasons for this shift is due to the unpredictability of the climate that is prevailing 

nowadays. Rice cultivation requires either plenty of moisture or proper irrigation for 

getting proper yield. 

About 45% of the global rice area is under rainfed conditions and faces 

production loss due to abiotic stress (Lafitte et al., 2004). Under this scenario it is 

necessary to develop varieties tolerant to water deficit to meet the global food 

demand. Rice being less adaptable to the water-limited conditions due to its semi-

aquatic nature, make it more prone to losses from drought (Bouman et al., 2005). 

Even high yielding varieties like IR64 are highly susceptible to drought stress (Lafitte 

et al., 2006). Being a complex trait, drought stress affects different growth stages of 

rice plant. 

The overall level of tolerance of the rice plant is as a result of a coordinated 

interplay of numerous stress responsive genes with other components that stimulate 

the signal transduction pathways. Conventional breeding, marker assisted breeding 

and genetic engineering techniques were proven successful in developing stress 

tolerant varieties. Due to the complexity of the trait the outcome is not fully 
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satisfying. Evidence regarding the existence of substantial genetic variability in rice 

germplasm for drought tolerance and the ways to develop elite breeding programs for 

developing improved rice varieties via Marker Assisted Breeding was given by Serraj 

et al. (2011). There are several abiotic stress related genes and transcription factors 

which had come to limelight by the endeavors of scientists. 

Apart from conventional breeding programs that produce elite varieties, there 

are several genetic engineering technologies of recent origin for producing crop plants 

with desired traits. These include RNAi, anti-sense technology, Zinc Finger Nuclease 

(ZFN), Transcription Activator Like Effector Nucleases (TALENs)and finally the 

CRISPR/Cas system. There are many protocols developed by scientists around the 

globe for Agrobacterium mediated transformation of plants. Zeng et al. (2013) had 

reported the use of ZFN for enhanced drought tolerance via increased ABA 

biosynthesis. Over expression of few genes also improved tolerance to abiotic stress 

in rice. ABA receptors and homeobox transcription factors when over expressed 

induced drought tolerance in rice (Kim et al., 2014; Bhattacharjee et al., 2017). The 

transcription factors belonging to the MADS box family were shown to have cross-

talk with many downstream pathways that regulate abiotic and biotic stresses (Khong 

et al., 2015). 

One of the most advancing genetic manipulation technologies currently in use 

is the Clustered Regularly Interspaced Short Palindromic Repeats – associated 

nuclease (CRISPR/Cas) system (Xie et al., 2014).  It is from 30 years back incident 

that CRISPRs was first identified from Escherichia coli (Ishino et al., 1987). Shan et 

al. (2014) had devised a protocol for the CRISPR/Cas platform in rice which made 

manipulation of complex traits possible. Various traits related to abiotic stress, biotic 

stress and yield were manipulated according to need using this platform. Zhang et al. 

(2014) showed that about 11 target genes of two subspecies of rice inherited the 

mutations induced via CRISPR/Cas following the Mendelian laws in further 

generations. Xie et al. (2014) had given a well-structured protocol of the CRISPR/Cas 

platform in rice. They had used the vector pRGEB31 for cloning and had explained 

the procedure for the development of CRISPR/Cas construct. Efficient protocols for 

2



transformation of rice via Agrobacterium have been developed by Sahoo et al. (2011) 

and Toki et al. (2006). 

MADS box genes are included in a multi-genic family and the functions of 

only few genes are deciphered so far. About 75 genes of this family are identified in 

rice genome (Khong et al., 2015). Many of them were discovered to have cross-talk 

with pathways controlling flower development, flowering time, tillering and stress 

related processes during development (Arora et al., 2007; Guo et al., 2013). Among 

the MADS box genes the stress related responses were found to be regulated only by 

OsMADS26 gene (Lee et al., 2003, 2008). A severe stress phenotype was identified in 

rice plants with OsMADS26 gene overexpressed and when down regulated using 

RNAi found to develop tolerance to stresses (Khong et al., 2015). 

Since drought is a major problem related to rice cultivation, developing plants 

with tolerance to drought stress is a mandatory problem to be addressed. In this 

context, the down regulation of OsMADS26 gene via CRISPR/Cas9 system, which is 

the most advanced technology for stable genome editing, was found to have 

significance. Hence, study was taken up with an objective of developing rice plants 

with tolerance to abiotic stress by silencing the MADS box gene OsMADS26 using 

CRISPR/Cas9 system.   
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2. REVIEW OF LITERATURE 

2.1. Rice 

Rice (Oryza sativa L.), a monocot plant belonging to Poaceae family, is 

widely grown as an annual crop. The chromosome number of rice is 2n = 24 and has a 

genome size of 430 Mb (Kurata et al., 2002; Waghmare et al., 2020). Being the staple 

food of more than half of the population of the world, it is cultivated widely around 

Asian and African plains (Muthayya et al., 2014, Gupta et al., 2020). Rice covers 

about 23 percent of the total area under cereal production around the world (USDA, 

2016). Rice belongs to the genus Oryza which includes about 22 species, but only two 

are domesticated and consumed by human population. The only cultivated species are 

Oryza sativa or Asian rice and Oryza glaberrima or African rice. Asian rice is 

cultivated throughout the Asian continent and is divided into three sub-species 

namely, indica, japonica and javanica. 

Japonica and indica are the two widely cultivated subspecies of rice around the 

world (Chen et al., 2020). It is expected that the world population may increase to a 

tremendous extend by 2050, which indicates the need to double the rice production by 

then (Skamnioti and Gurr, 2009). Rice being the crop with its genome sequenced is 

considered as a model system for cereal genome analysis and is being widely used for 

genetic manipulation studies widely (Waghmare et al., 2020). Moreover, the ease of 

in-vitro regeneration of the crop from explants also adds to its advantages for using in 

such experiments. 

The rice cultivar Nipponbare is the temperate variety of japonica rice (Chen et 

al., 2021). With its genome sequenced, is mostly used in functional genomics studies. 

It also has genotypes highly amenable to manipulation and for further tissue culture 

events (Jeon et al., 2000; Sallaud et al., 2004). Many studies had revealed the ability 

of japonica cultivars for being used for transformation and development of new traits 

in rice (Jeon et al., 2000; Toki et al., 2006).  
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2.2. Drought stress and rice cultivation 

Rice is one of the crops which is grown under varied agro-ecological 

conditions and hence have varied characteristics that can influence its productivity 

(Grover and Pental, 2003). Improvement strategies were developed for various traits 

like increased yield, resistance to lodging, nutritional enrichment and resistance to 

various stresses. Rice is highly prone to damages due to environmental stresses. The 

diseases like blast and bacterial blight are considered devastating due to the vast range 

of loss in yield (Miah et al., 2017; Wing et al., 2018). Many studies have pointed out 

that, being a semi- aquatic plant rice is critically susceptible to abiotic stress. Thus, 

improvement for abiotic stress tolerance in rice become a major problem to be 

addressed. 

Drought, often mentioned as moisture stress condition is a major abiotic stress 

that adversely affects the normal growth and productivity of crops. Considering all the 

abiotic factors, drought is the most devastating stress that drastically affect more than 

50% of the world’s arable land (Singhal et al., 2016). It is one of the crucial factors 

that affects the production of rice, which is a semi-aquatic plant (Oladosu et al., 

2019). Almost 45% of the rice area around the world is under rainfed conditions 

where its production is reduced due to various abiotic stresses (Lafitte et al.,2004). 

Abiotic stress severely affects rice yield, mainly at the reproductive stage (Oh 

et al., 2009). Since rice is one of the most susceptible plants to water deficit, it can be 

used as a model plant to study the abiotic stress responses in monocots (Jin et al., 

2013).  It is mainly because of its small root system, thin cuticular wax and swift 

stomata closure (Sahebi et al., 2018). Therefore, it has become an important issue to 

be addressed to develop high yielding rice variety with tolerance to both biotic and 

abiotic stresses for attaining a stable food production (Chukwu et al., 2019). The 

overall level of tolerance in rice was found to be a result of the coordinated interplay 

of numerous stress responsive genes with other components that stimulate the signal 

transduction pathways (Hu et al., 2014). 
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2.3. Stress responsive genes for drought tolerance in rice 

Being a complex trait, drought stress adversely affects the different stages of 

growth of the rice plant. Evidences regarding the availability of substantial genetic 

variability in rice germplasm for drought tolerance, and the ways to develop elite 

breeding programs for developing improved rice varieties by Marker Assisted 

Breeding were given by Serraj and co-workers (2011). But it took a slower pace in 

crops like rice. This was mainly because of the fact that the trait for drought tolerance 

in rice was controlled by polygenes. These polygenes were having differential effects 

and the unpredictability in the severity of drought in addition made it more difficult 

(Bernier et al., 2008). Conventional breeding, marker assisted breeding and genetic 

engineering techniques were successful in developing stress tolerant varieties. 

When external stress signals are perceived, a complicated signaling network is 

effectively initiated and this in turn regulates the expression of an entire set of stress 

responsive genes to cope up the stress situation (Nakashima et al., 2014; Golldack et 

al., 2014). Many of the functional and regulatory proteins in the plant system includes 

the drought responsive genes like water channels, detoxification enzymes, 

transcription factors (TFs) and phosphatases (Joshi et al., 2016; Gong et al., 2020).  

Many studies conducted had revealed the stress responsive genes present in 

rice. SSR markers were commonly used for the detection and diversity analysis of 

abiotic stress tolerance in rice (Salam et al., 2017). The genotypic variations against 

high temperature stress tolerance at flowering period had been evaluated by Jagadish 

and co-workers (2008). Markers linked to the genes responsible for heat tolerance 

were identified and this simplified the marker assisted selection in order to transfer 

the reproductive phase heat tolerance to rice (Yang et al., 2011). The endogenous 

concentration of Abscisic acid (ABA) changes according to the environmental 

stimuli, like drought (Qi et al., 2018). Therefore, comprehensive studies were carried 

out on the ABA biosynthetic and signaling pathways in Arabidopsis and rice (Cutler 

et al., 2010; Sato et al., 2018). The overexpression of ABA receptor OsPYL/RCAR5 in 

rice under the maize ubiquitin promoter had induced the expression of many abiotic 

stress responsive genes, which led to the salt and drought tolerance in rice. But fine 

regulation of its expression had to be studied since it slightly affects few of the 
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agricultural traits (Kim et al., 2014). The overexpression of the rice GLYCINE-RICH 

PROTEIN 3 (OsGRP3) conferred drought tolerance in rice through regulating the 

ROS scavenging related genes (Shim et al., 2021). 

Transcription factors acts as a class of major regulatory proteins as they have 

vital role in the regulation and transcription of functional genes by binding to the 

upstream elements of genes (Joshi et al., 2016). By now, there are numerous 

evidences that indicates the direct role of transcription factors (TFs) and TF families 

in drought tolerance and resistance (Todaka et al., 2015; Mohanty et al., 2016). Many 

of these TFs regulate the drought stress signaling pathways in rice. Few of these TFs 

belongs to bZIP, AP2/ERF, MYB, NAC, WRKY, NF-Y, Homeodomain, CAMTA 

and bHLH families. These TF families plays major role in the responses of plants 

towards abiotic and biotic stresses (Chen et al., 2012; Shao et al., 2015). 

In ABA independent pathway for drought tolerance, the DREB (dehydration- 

responsive element-binding protein) transcription factors have vital role to play. 

DREB TFs like DREB/CBF and DREB2 are involved in drought stress tolerance 

(Srivasta et al., 2010). Similarly, Hong and co-workers have shown that 

overexpression of a stress-responsive NAC transcription factor gene ONAC022 

enhances drought and salt tolerance in rice (2016). A large number of NAC TFs have 

been identified for their role in abiotic stress responses (Puranik et al., 2012). The 

NAC TFs belong to a large family comprising of 151 members in rice (Fang et al., 

2008).The ten rice NAC genes such as ONAC002 (Hu et al., 2006), ONAC068 

(Kaneda et al., 2009), ONAC048 (Nakashima et al., 2007), ONAC009 (Song et al., 

2011; Jeong et al., 2013), ONAC058 (Liang et al., 2014), ONAC122 (Sun et al., 

2013), ONAC131(Sunet al., 2013), ONAC054 (Yoshii et al., 2009), ONAC045(Zheng 

et al., 2009), and ONAC017 (Yokotani et al.,2014) were found to play important roles 

in abiotic and biotic stress responses. But the biological function of most ONAC 

genesis not known (Hong et al., 2016). 

Jiang et al., (2019) have reported the overexpression of another NAC 

transcription factor gene OsNAC2 improves drought and salt tolerance in rice. The 

SNPs induced by EMS in membrane transporter genes like OsAKT1, OsHKT6, 

OsNSCC2, OsHAK11 and OsSOS1 led to varied expression levels and tolerance to 

7



salt stress treatments (Hwang et al., 2016). Overexpression of LEA protein genes such 

as OsEM1 and OsLEA3-1, also lead to drought stress tolerance in rice (Xiao et al., 

2007, Yu et al., 2016). Other TFs like OsDRAP1, OsMYB6 and OsbZIP62 were also 

reported to increase drought tolerance in transgenic rice (Huang et al., 2018; Baillo et 

al., 2019). Overexpression of the homeobox transcription factors like OsHOX24 

confers abiotic stress tolerance in transgenic rice via modulating stress responsive 

gene expression (Bhattacharjee et al., 2017). Under drought stress conditions, genes 

like DEEPER ROOTING 1 increases rice yield and control the root system 

architecture (Uga et al., 2013). OsHSP50, one of the heat shock proteins in rice when 

overexpressed improved heat tolerance (Xiang et al., 2018).  Tang et al., (2019) had 

reported the natural variation in OsLG3 that enhances the drought tolerance by 

inducing ROS scavenging in rice. OsMADS26 gene has role in regulating drought 

tolerance and has been studied via RNAi mediated silencing (Khong et al., 2015). 

2.4. MADS-box Transcription factors in rice 

MADS-box transcription factors being a multi-genic family, are extensively 

found in yeasts, plants, insects, nematodes, lower vertebrates and mammals. They 

control different aspects of development and cell differentiation (Shore and 

Sharrocks, 1995). The MADS-BOX PROTEIN REQUIRED FOR INFECTIOUS 

GROWTH1/ RESISTANCE TO LEPTOSPHAERIA MACULANS1 transcription factor 

confers for the pathogenicity of the causal agent of blast disease in rice (Mehrabi et 

al., 2008). Some of the transcription factors belonging to the MADS-box family were 

found to have major role in controlling the stress-related developmental processes like 

abscission, fruit ripening and senescence (Fernandez et al., 2000). There are 

evidences showing that these MADS-box transcription factors act as negative 

regulators of such developmental processes (Fang and Fernandez, 2002). 

SHATTERPROOF1 (SPH1) and SHATTERPROOF2 (SPH2) have role in cell 

specification of the dehiscence zone in Arabidopsis fruit (Liljegren et al., 2000). 

There are about 75 genes for encoding the MADS-box transcription factors in 

rice genome. The notation of MADS have its origin from the first letters of its 

founding members like, Mini Chromosome Maintenance 1 (MCM1) of yeast 

(Saccharomyces cerevisiae), Agamous of Arabidopsis, Deficiens of Snapdragon 
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(Antirrhinium majus) and Serum Response Factor (SRF) of human (Arora et al., 

2007). MADS-box TFs have 60 amino acids containing DNA binding domain called 

as the MADS-box domain present at the N-terminal region of the protein (Cho et al., 

1999; Yang et al., 2003). The entire MADS-box family is divided into two major 

groups. The type I includes the ARG80/SRF-like genes in animals and fungi which is 

also notated as M-type genes in plants. These type I proteins are further divided into 

four namely, Mα, Mβ, Mγ and Mδ based on the phylogenetic relationships between 

MADS-box regions (Parenicova et al., 2003). Type II includes MEF2-likegenes in 

animals and yeast as well as MIKC-type genes of plants (Alvarez-Buylla et al., 2000). 

Type II genes are also further grouped into MIKCc and MIKC* classes based on 

structural features (Kofuji et al., 2003). Among the 75 genes identified in rice, 38 

genes belong to MIKCc, six genes to MIKC*, nine genes to Mβ, 13 genes to Mα and 

10are grouped into Mγ type (Arora et al., 2007). 

Apart from these classifications, the MADS-box genes in rice are further 

divided into five classes. They are APETALA1 (AP1) like genes, B-class, C-class, D-

class and SEP-like genes. Rice genome contains at least three AP1-like MADS-box 

genes, OsMADS14, OsMADS15, and OsMADS18 (Yamaguchi and Hirano, 2006). 

AP1 like genes are involved in the establishment of floral meristem and for sepal- 

petal identity (Mandel et al., 1992). B-class genes consists of OsMADS2, OsMADS4 

and superwoman1 (spw1) or OsMADS16 which controls floral development 

(Yamaguchi and Hirano, 2006). The rice genome contains two C-class genes, 

OsMADS3 and OsMADS58expressed in the stamen and carpel whorl (Kang et al., 

1998). It regulates floral meristem determinacy and in normal carpel development 

(Yamaguchi and Hirano, 2006). There are two MADS-box genes in rice, OsMADS13 

and OsMADS21 that show high similarity to D-class genes and they regulate ovule 

identity (Lee et al., 2003; Colombo et al., 1995). Five SEP-like MADS-box genes, 

OsMADS7 (also known as OsMADS45) and OsMADS8 (OsMADS24), LHS1 

(OsMADS1), OsMADS5, and OsMADS34, are found in rice and they regulate the 

floral meristem development (Lee et al., 2003). 

The most wonderful aspect regarding the MADS-box gene family is the 

diverse functions of its members in plant growth and development (Saedler et al., 

9



2001). Maximum number of these genes were identified to be located on chromosome 

1 whereas, chromosome 10and 11 has only one gene each (Arora et al., 2007). But the 

function of only few are identified till date (Khong et al., 2015). Most of the genes 

which came into limelight have functions related to control of tillering, flower 

development and flowering time (Guo et al., 2013). Among them, few are involved in 

the controlling the stress related processes, like OsMADS3 involved in homeostasis of 

reactive oxygen species during anther maturation and OsMADS29 that controls cell 

degeneration during seed development (Hu et al., 2011). Many MADS-box genes in 

rice were studied by ectopic expression and some like, OsMADS6, OsMADS14, 

OsMADS1, OsMADS5, OsMADS45 and OsMADS24 were found to cause early 

flowering and dwarfism when overexpressed (Pelucchi et al., 2002). The extreme 

phenotypes were observed for OsMADS6 and OsMADS14, since they regulate early 

stages of flower development (Moon et al., 1999). It was found that the expression of 

OsMADS15, OsMADS18, OsMADS26, and OsMADS58 were slightly up-regulated 

under drought and OsMADS23was down-regulated over two-fold (Jin et al., 2013). 

The role of rice MADS-box genes in stress response has been reported mainly 

for the OsMADS26 gene. It is an ortholog of AGL12 and is expressed in roots, shoot, 

leaf and panicle throughout all developmental stages (Pelucchi et al., 2002; Lee et al., 

2008). When overexpressed OsMADS26 causes a severe stress phenotype in rice that 

leads to plant death and pigment accumulation. If expressed under the control of a 

dexamethasone-inducible promoter, induces differential expression of the gene 

involved in jasmonic acid biosysnthesis as well as regulates the reactive oxygen 

species production (Lee et al., 2008). Another study reported that expression levels of 

four MADS-box genes, OsMADS18, 22, 26 and 27 were up regulated by over two 

folds in response to cold and dehydration stress treatments (Arora et al., 2007). In 

addition to this, it was identified that the transcript levels of OsMADS26 was higher in 

older leaves and roots implying its role in senescence or maturation process (Lee et 

al., 2008). 

OsMADS26 gene was widely studied by the scientists regarding its role in 

abiotic and biotic stress regulation. To characterize the gene and its functions in rice, 

both overexpressed and RNAi-mediated down regulated plants were analyzed (Lee et 
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al., 2008; Khong et al., 2015). The overexpressed plants showed defective growth, 

chlorosis, cell death, pigment accumulation, spotted leaves and senescence (Lee et al., 

2008). When OsMADS26 was down regulated via RNAi, showed no dramatic 

changes in their development and were found to have tolerance to drought stress as 

well as gained resistance towards Magnaporthe oryzae and Xanthomonas oryzae pv 

oryzae (Khong et al., 2015).  

It was reported that the stress responses of OsMADS26 gene may be related to 

hormonal activity. OsMADS26 overexpressed plants when analyzed using microarray 

showed that it induces few jasmonic acid biosynthesis genes like, LOX, OsLOX3, 

OsAOS1, OsAOS4, OsAOS5, OsOPR2, OsOPR12, OsOPR13 and OsJMT4. It was 

also identified that this gene has cross-talk with jasmonic acid, salicylic acid and 

ethylene biosynthesis pathways (Lee et al., 2008). Two genes in ethylene biosynthesis 

in rice, 1-AMINOCYCLOPROPANE-1-CARBOXYLATE OXIDASE 3 and 

ACIREDUCTONE DIOXYGENASE 1 are down regulated in the OsMADS26 

overexpressed plants were also identified by Khong and co-workers (2015). Since 

MADS-box genes regulates different stages of plant growth and development, there 

were misconceptions regarding the phenotype of plants with these genes manipulated. 

Khong and co-workers (2015) proved that the misregulation of OsMADS26 gene, 

even if exhibited retarded growth at early stages of development, after maturation 

regained their normal growth. Similarly, they also identified that, the OsMADS26 

gene overexpressed plants showed more symptoms of Magnaporthe oryzae (blast) 

when compared to the down regulated lines. The OsMADS26 down regulated lines via 

RNAi showed small and dark spots, which indicates resistance to blast disease. Thus, 

these studies suggests that OsMADS26 negatively regulates blast resistance in rice. 

Similar characters were observed regarding bacterial blight resistance in OsMADS26 

down regulated plants via RNAi. Therefore, OsMADS26 negatively regulates both 

blast and bacterial blight diseases in rice. 

Plant tolerance against drought stress were analyzed in OsMADS26 

overexpressed as well as down regulated lines. OsMADS26 overexpressed lines wilted 

and almost died when stress was induced. On the other hand, those down regulated 

lines fully recovered from water stress. In these plants, the expression of two drought 
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responsive genes namely, RAB21 (a rice dehydrin) and SALT STRESS-INDUCED 

PROTEIN (Claes et al., 1990) were found to be higher (Lee et al., 2008; Khong et al., 

2015). Other stress related transcription factors were also expressed differentially in 

accordance with the down regulation of OsMADS26. The TFs like OsNAC103 was 

known to be up regulated by water stress, salt stress and jasmonate treatment (Fang et 

al., 2008; Nuruzzaman et al., 2012) was up regulated on down regulating OsMADS26 

gene. Similarly, OsWRKY24 that represses ABA and GA signaling in aleurone cells 

(Xie et al., 2005) was also up regulated (Khong et al., 2015). All these studies 

summarize that the OsMADS26 gene is a negative regulator for abiotic and biotic 

stress tolerance in rice. 

2.5. CRISPR/Cas9 technology 

The Clustered Regularly Interspaced Short Palindromic Repeats 

(CRISPR)/CRISPR associated protein 9 (CRISPR/Cas9) system is currently in 

limelight for molecular biology research in plants. It was from 30 years back, the 

incident that identified the first CRISPRs from Escherichia coli took place. 

Yoshizumi Ishino, a scientist was conducting research on the genes related to the 

isozyme conversion of the enzyme Alkaline Phosphatase (Ishino et al., 1987). But he 

couldn’t identify the exact functions of these repeats due to the lack of sequence 

evidences and technologies that time. These interspaced and palindromic DNA repeat 

sequences were found in the intergenic region upstream of the iap gene in E. coli 

(Kim and Kim, 2014). Afterwards, another scientist, Mojica identified similar repeats 

from the archaea, Haloferax mediterranei (Mojica et al., 1993). In 2002, Jansen 

named the repeats as CRISPR (Jansen et al., 2002). 

The first finding regarding the biological activity of CRISPR was found four 

years later by Eugene that the CRISPR/Cas system was a defense mechanism based 

on RNA-interference (RNAi). In early 2000s works were going on to come out of the 

CRISPR puzzle. Attempts for strain differentiation via molecular methods were in 

progress for the bacterium Streptococcus thermophilus. They came across CRISPR, 

then called it as SPIDR (Spacers interspaced Direct Repeats) in the genome 

sequencing of the strain CNRZ1066. They also came across the CRISPR loci multiple 

times while assembling the draft genome of the lactic acid bacteria like Lactobacillus 

12



acidophilus.  By 2012, CRISPR technology was in use to cut the target DNA outside 

the cell. From the very next year the system taken from Streptococcus pyogenes was 

used for targeted genome editing in various organisms (Liang et al., 2015; Tahir et 

al.,2020). 

The availability of genomic sequences helped scientists to compare the 

CRISPR gene sequences of various organisms. This paved way for the discovery of 

four genes that are conserved and found regularly with the adjacent regions of 

CRISPR regions in genome. These genes were denoted as CRISPR associated genes 1 

to 4 (Cas1 to Cas4). Cas1 and Cas4 do not show similarity with functional domains of 

any other known proteins. Cas3 was related to the superfamily 2 helicases and Cas4 

related to RecB exonucleases which functions with RecBCD complex for the 

homologous recombination of double stranded breaks. Therefore, Cas3 and Cas4 were 

predicted to have function in DNA metabolism, repair, recombination and 

chromosome segregation. That means these two Cas genes helps in the CRISPR loci 

genesis (Ishino et al., 2018). 

Cas9 is an endonuclease possessing two RNA molecules, i.e., crispr-RNA (cr-

RNA) and transactivating cr-RNA (tracr-RNA). It can identify and degrade any 

nucleic acids which makes it useful in the field of genome editing (Barman et al., 

2019). It has two nuclease domains which creates a double stranded break in the 

genome (Cong et al., 2013; Mali et al., 2013). The two different domains of it include 

a large globular recognition (REC) specific functional domain, connected to a smaller 

nuclease (NUC) domain. The NUC domain further contains two nuclease sites, RuvC 

and HNH, and also a PAM-interacting site (Doudna and Charpentier, 2014; Jinek et 

al., 2014). One domain bind to the DNA strand which is complementary to the 

sequences in the SgRNA and the other domain binds to the non-target strand. 

There are two classes of CRISPR/Cas systems based on the nature of the 

effector nuclease that helps in targeting. It is either a multi-protein complex for class 

1, or a single protein for class 2. The classification also includes six main types (I–VI) 

and over 19 sub types based on the CRISPR/Cas machinery and the mode of action of 

the system (Makarova et al., 2011). For class 1, a canonical type I CRISPR–Cas 

system is seen, with the Cas3 exonuclease and Cascade. For class 2, a canonical 
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type II CRISPR–Cas system is shown, with the Cas9 endonuclease. In class 1, type I 

systems, the Cas3 exonuclease nicks and then degrades the target DNA strand while 

in type III systems, the Cas10 nuclease cleaves mRNAs in a ruler–anchor mechanism 

manner, which is coupled in some systems to target DNA degradation. The 

mechanism of targeting is still uncharacterized in type IV systems. In class 2 systems, 

the type II systems use the Cas9 endonuclease to generate two nicks that gives a 

double stranded DNA break while type V systems use Cas12 to generate two offset 

nicks. The type VI systems use Cas13 to get a cut in the target mRNA and then 

processes it non-specifically to produce a collateral damage. For type I, II, V and VI, 

interference depends on PAM sequences to initiate target recognition (Barrangou and 

Horvath, 2017). 

The CRISPR/Cas system was first analyzed completely from S. pyogenes and 

is classified as type II system. As name suggests, CRISPR has short repeats of 21-

40bp in length are unique among organisms but has similar length and separated from 

each other by spacers. Repeats are palindromic and the spacers has role in bacterial 

immunity, as they store the memory of the sequences from previous attacks. The 

number of spacers may vary in different species.   

The single guide RNA (sgRNA) presents along with the CRISPR/Cas 

construct is user designed according to the target gene sequences to be edited. SgRNA 

has a 20-nucleotide spacer sequence that defines the genomic target to be modified 

(Sander and Joung, 2014). The tracrRNA is the universal sequence from S. pyogenes 

near to which the sgRNA is cloned in the construct. Cas9 and sgRNA can be 

introduced into the target cells by techniques like Agrobacterium-mediated 

transformation and biolistic transformation (Miao et al., 2013). The efficiency of 

CRISPR/Cas9-medaited genome editing is depended on the use of promoters for 

sgRNA and the stability of Cas9 enzyme expression in the host system. In plants, 

RNA Polymerase II-dependent promoters such as CaMV35S are used for efficient 

expression of Cas9. RNA pol III dependent promoters such as U3 or U6 promoters 

were good for sgRNA expression (Kumar and Jain, 2015). Once the CRISPR/Cas 

construct is ready in a binary vector, it will be used to transform or cause editing in 
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the plant genome by following the Agrobacterium mediated transformation which was 

found to be the best way for plant transformation (Hiei et al., 1994; Char et al., 2016)   

The Protospacer Adjacent Motif (PAM) is present just downstream to the 

target DNA. It is “NGG” for S. pyogenes (Barrangou, 2013; Tahir et al., 2020). 

SgRNA recognizes the PAM sequence and binds to the respective region in target. 

Cas9 protein is activated on loading the guide RNA, which further undergoes a 

conformational rearrangement and form a central channel for RNA-DNA 

heteroduplex binding and recognition of canonical PAM motifs (Anders et al., 2014). 

The Cas9 protein cleaves the target at a region 3 bp upstream of the PAM sequence 

(Jaganathan et al., 2018). The double stranded break in the DNA is repaired by the 

natural repair system like Non-Homologous End Joining (NHEJ) which is highly 

error prone. NHEJ lead to the efficient introduction of insertion/deletion mutations 

(indels), which can interrupt the translational reading frame of a coding sequence or 

the transcription factors binding sites in promoters or enhancers in the genome (Cong 

et al., 2013). This creates mutations at the target that lead to either activation or knock 

out of the gene (Barman et al., 2019). 

 

Figure 1.1 Overview of CRISPR/Cas9 system. The gRNA-Cas9 complex create double 

stranded break in genomic target. The break is repaired either by NHEJ or by 

HDR (adapted from https://www.addgene .org/crispr//) 
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2.6. CRISPR/Cas9 technology for abiotic stress tolerance in rice 

CRISPR/Cas9 system as a tool for gene editing has been adopted in about 20 

crop species till now (Ricroch et al., 2017) for manipulating various traits including 

yield improvement, biotic and abiotic stress management (Jaganathan et al., 2018). 

CRISPR/Cas9-based genome editing has been used to enhance crop disease resistance 

and also to improve tolerance to abiotic stresses like drought and salinity. Due to 

small genome size, availability of genetic resources, high transformation efficiency 

and greater genomic synteny with other cereals, it is well studied and serves as a 

model crop for monocots in functional genomics studies (Mishra et al., 2018). The 

rice genome has abundance of potential PAM (1 in10 bp) sites (Xie and Yang, 2013). 

CRISPR technology can thus be used to target any trait of interest in the rice genome 

for developing new traits. 

Shan et al. (2013) showed that sequence-specific CRISPR/Cas9 mediated 

genomic modification of three rice genes, phytoene desaturase (OsPDS), betaine 

aldehyde dehydrogenase (OsBADH2) and mitogen-activated protein kinase 

(OsMPK2) genes that are involved in regulating responses to various abiotic stress 

signals for the first time in crop plants via both protoplast as well as particle 

bombarded rice calli systems. The editing rates observed for OsPDS and OsBADH2 

genes were about nine and seven percent, respectively. Xie and Yang (2013) have 

explained a RNA-guided genome editing methodology by developing two vectors, 

pRGE3 and pRGE6 suitable for genome editing in rice. A negative regulator of biotic 

and abiotic stresses in rice OsMPK5, was selected for targeted mutagenesis using 

three guide RNAs and was tested in rice protoplasts. Off-targets were reduced by 

using more precise method of guide RNA designing (Jaganathan et al., 2018). The 

mutation efficiency and off-target effects of few genes in rice like OsDERF1, 

OsPMS3, OsEPSPS, OsMSH1 and OsMYB5 was analyzed by Zhang and co-workers 

(2014). About 11 % homozygous lines were observed from T2 generation. 

The basic protocol for CRISPR/Cas9 has been developed in various crops 

through cumbersome trials. Shan et al. (2014) had demonstrated a method for the 

CRISPR/Cas platform in rice which throwed light for further genome editing in 

future. The credibility of this system of editing genome was found more efficient in 
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rice with less off- target effects. Thus, these aspects studied by Hui Zhang et al. 

(2014) found that about 11 target genes of two subspecies of rice inherited the 

mutations induced via CRISPR/Cas following the Mendelian laws in further 

generations. 

Initially CRISPR/Cas system was used to search for the genes or transcription 

factors related to abiotic stress tolerance. Duan et al. (2016) have explained the role of 

rice OsRAV2 transcription factor family in the induction of salt tolerance by 

identifying the in-situ and ex-situ promoters using CRISPR/Cas9. Similarly, another 

gene namely, the Annexin gene OsAnn3, a multigene family in rice when knocked 

down showed their role in cold stress tolerance (Shen et al., 2017). The targeted 

editing ability of the CRISPR/Cas system further helped a lot to identify the genes 

involved in various stress related traits. Huang et al. (2018) explained the role played 

by the OsNCED3 gene in increasing the multi-abiotic stress tolerance by knocking out 

this gene via CRISPR platform.  

The 9-cis epoxycarotenoid dioxygenase (NCED), which is an intermediate in 

ABA biosynthesis pathway is induced by NaCl, hydrogen peroxide stress and PEG, 

which provides the reason for its role in multi-stress tolerance. A similar kind of result 

was also found by Lou et al. (2018) by producing loss of function mutants for the 

sucrose non-fermenting-1 related protein kinases SAPK1 and SAPK2 using 

CRISPR/Cas9. The overexpression of these two genes in rice led to tolerance to 

drought, PEG and NaCl treatments. Sadanandom et al. (2019) also showed another 

target gene in rice that confers salt tolerance. OsOTS1 is a SUMO protease encoding 

gene that was identified by him through CRISPR/Cas9 directed mutation. 

CRISPR/Cas9 system was found to be useful to easily knock out genes or create 

desirable mutations at the target sites in order to get required traits in rice. The 

OsRR22 gene in rice when knocked out using Cas9-OsRR22-gRNA achieved 64.3% 

salinity tolerant mutant plants in T0 transgenic plants and also without any exogenous 

T-DNA (Zhang et al., 2019). The transporters present in the bio-membranes were also 

found to assist in providing salt tolerance to crop plants. The HKT and NHX type 

transporters were found to be activated by the salt ions (mainly Na+). CRISPR 

technology was used to create variations in these transporters to enhance salt tolerance 
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in rice (Farhat et al., 2019). A combined salt and drought tolerance was observed by 

the overexpression of the NAC transcription factor, OsNAC2 which is targeted by 

microRNA, miR164b. This was achieved by preventing the microRNA from targeting 

the OsNAC2 gene, which positively regulates the salt and drought tolerance in rice 

plants (Jiang et al., 2019). 

CRISPR/Cas9 targeted mutation in the rice ethylene responsive factor, 

OsERF922 has been successfully established to enhance resistance to blast disease 

caused by M. oryzae (Liu et al., 2012). The expression of the disease susceptibility 

gene, OsSWEET13 in rice is essential for infection by Xanthomonas oryzae pv. oryzae 

to cause bacterial blight. Knock-out mutants of OsSWEET13 produced using 

CRISPR/Cas9 that target its promoter led to improved resistance to bacterial blight 

disease in indica rice, IR24 (Zhou et al., 2015). 

A variant form of CRISPR/Cas which includes a chimeric guide RNA 

(cgRNA) was developed to go for HDR RNA repair prototype in rice. cgRNA 

directed repair helped in developing herbicide resistance in rice (Butt et al., 2017). 

Different variations of CRISPR/Cas system have come in use for efficient and error 

less genome editing for enhancing the crop production. Many recent researches focus 

towards the scope of using CRISPR/Cas system in solving present and future 

problems in rice production. 
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3. MATERIALS AND METHODS 

The research work entitled ‘Editing of rice transcription factor OsMADS26 for 

drought tolerance through CRISPR/Cas9 system’ was carried out at the Centre for 

Plant Biotechnology and Molecular Biology, College of Agriculture, Kerala 

Agricultural University, Vellanikkara, Thrissur, Kerala, India during the period from 

2019 to 2021. This chapter includes the materials used and the methodologies adopted 

for the research work. 

3.1. Materials 

3.1.1. Plant material 

Oryza sativa sub species japonica cultivar Nipponbare was used in the study 

The seeds were procured from DBT-National Institute of Plant Genome Research, 

New Delhi, India. The seeds were stored at room temperature for use. Callus initiated 

from mature seeds were used as explant for rice genetic transformation. 

3.1.2. CRISPR/Cas9 vector  

The CRISPR/Cas9 binary vector pRGEB32 was used in the study for 

designing guide RNA (gRNA) constructs. The vector was purchased from the 

Addgene, a non-profit plasmid repository. The culture was obtained as stab cultures. 

Cultures were revived on LB agar medium supplemented with Kanamycin. For long 

term storage, glycerol stocks were prepared and stored in deep freezers. Plasmids 

were isolated and used for cloning purpose. 

3.1.3. Bacterial strains 

The bacterial strains used in the study were obtained from DBT-National 

Institute of Plant Genome Research, New Delhi, India. The cultures were maintained 

as streak plates as well as glycerol stocks. E. coli strain DH5α was used for cloning 

and Agrobacterium tumefaciens strain EHA105 was used for rice genetic 

transformation. 
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3.1.4. Laboratory chemicals, glassware and plasticware  

The chemicals used for this work were purchased mainly from, Sigma-

Aldrich, Merck, Duchefa Biochemie, Netherlands, HiMedia laboratories, Thermo 

Scientific, Invitrogen, New England BioLabs (NEB), Macherey-Nagel (MN) and 

Puregene. All the chemicals used for plant tissue culture and genetic transformation of 

rice were plant culture tested. Other chemicals used were of molecular biology grade. 

DNA isolation, gel extraction, plasmid DNA isolation and PCR clean-up kit were 

purchased from MN. The primers and gRNAs were got synthesized from Sigma-

Aldrich. Plasticwares purchased from Tarsons India Ltd. and glasswares from Borosil, 

India Ltd. were used in the study. The Sanger sequencing was done at Agrigenome 

Labs, Pvt., Ltd., Kochi. 

3.1.5. Equipment and machinery 

The research work was carried out using the facilities available at CPBMB, 

CoA, Vellanikkara, Thrissur, Kerala. The details of equipments and their model and 

make are provided in the table below 

Table 1. List of equipments with their make and model 

Sl. No. Equipment name Make and model 
1 Thermal cycler Agilent, Sure cycler 8800 
2 Gel documentation system Bio-Rad, Gel Doc XR+ 
3 Nanodrop spectrophotometer Thermo Scientific, ND 1000 
4 UV-transilluminator Wealtec 
5 Electrophoresis unit Bio-Rad 
6 Incubator shaker Lab companion, SI-600   
7 Centrifuge  HITACHI, Eppendorf 5418R 
8 Heat block Labnet 
9 Pipettes Eppendorf 
10 Water bath Rotek 
11 Weighing balance Shimadzu 
12 pH meter Eutech 
13 Vortex mixer GeNeiTM 
14 Iceflaking machine Icematic, F100 compact 
15 Autoclave Equitron 
16 Refrigerator LG, India 
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3.2. Methods 

3.2.1. Retrieval of gene sequence data of OsMADS26 gene 

The sequence information of the rice transcription factor gene OsMADS26 was 

obtained from the Rice Genome Annotation Project (http://rice.plantbiology. 

msu.edu). The Locus ID of the genomic sequence of the gene was identified along 

with the location of the gene in the genome. The sequence of gene was downloaded as 

FASTA file and saved for use. 

3.2.2. Designing of guide RNAs (gRNAs) 

The guide RNAs (gRNAs) of 20 bp for editing of OsMADS26 gene were 

designed using the free online tool CRISPR-P v2.0 (Xie and Yang, 2013). Best three 

guide RNAs were selected based on the on-score values, GC content, off-target sites 

and location in the genome. The PAM (Protospacer Adjacent Motif) was selected as 

NGG and gRNA scaffold from Streptococcus pyogenes (Meng et al., 2017; Jiang et 

al., 2013). For the expression of the gRNA cassette, SnoRNA promoter of rice OsU3 

was selected (Char et al., 2016). The guide RNAs were synthesized as top and bottom 

strand oligos separately from Sigma-Aldrich after adding BsaI restriction enzyme 

sites for facilitating cloning in to CRISPR/Cas9 vector. 

3.2.3. Designing of primers 

Primers were designed manually. Primers for amplification of partial gene 

sequences of OsMADS26 from rice, hygromycin resistance (hpt) and Cas9 gene of 

vector pRGEB32 were designed. 

3.2.4. Evaluation of the primers 

The primers designed were evaluated for their characteristics using the free 

online software ‘Oligoevaluator’, by Sigma-Aldrich. The primers were got 

synthesized from Sigma-Aldrich. 

3.2.5. Primer dilution 

The primers synthesized from Sigma-Aldrich (including the gRNA oligos) 

were resuspended in sterile nuclease free water to a final concentration of 100 µM as 

21



prescribed in the primer details provided by the manufacturer. From this stock, 

working stock (10 µM or 10 picomoles) was prepared with 1:10 dilution. For this, 2.0 

µL of primer was mixed with 18.0 µL of sterile nuclease free water.   

3.2.6. Genomic DNA isolation of rice and estimation of DNA 

3.2.6.1. Isolation of genomic DNA 

Seeds of cultivar Nipponbare were germinated on moist cotton. Tissues were 

harvested when plants reached 4-5 leaf stage. DNA isolation was carried out from the 

leaves following CTAB method (Rogers and Bendich, 1994). 

Reagents used 

1. Extraction buffer preheated at 65⁰C 

2. 10 % CTAB solution 

3. TE buffer (pH 8.0) 

4. RNase A (10 mg/L)  

5. Chloroform: Isoamyl alcohol (24:1) 

6. Absolute alcohol, 70% ethanol  

7. Isopropanol, PVP, β-mercaptoethanol 

8. Liquid nitrogen 

 

Procedure  

 Leaf sample was ground in to fine powder using pre-chilled mortar and pestle 

with a pinch of PVP and 50.0 µL of β-mercaptoethanol using liquid nitrogen. 

 The homogenized sample was transferred into a sterile 2.0 mL centrifuge tube 

and 1.0 mL of extraction buffer was added (Table 2).  
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Table 2: Reagents used for CTAB method of DNA extraction 

Sl.No. Reagent Composition 

1. 
Extraction buffer/ CTAB 

buffer (2X) 

2% CTAB (w/v) 

100 mM Tris (pH 8.0) 

20 mM EDTA (pH 8.0) 

1.4 M NaCl 

1 % PVP (PVP and β-mercaptoethanol 

added after autoclaving) 

2. 10 % CTAB solution 
10 % CTAB (w/v) 

0.7 M NaCl 

3. TE buffer (pH 8.0) 
10 mM Tris HCl (pH 8.0) 

1.0 mM EDTA (pH 8.0) 

 

 The contents were mixed thoroughly and incubated at 65⁰C for 30 min. with 

occasional mixing by gentle inversion. 

 An equal volume of Chloroform: Isoamyl alcohol (24:1) was added and mixed 

by inversion. The mixture was centrifuged at 10,000 rpm for 15 min. at 4⁰C. 

 The top aqueous phase was transferred to a clean microcentrifuge tube and 

1/10th volume of 10% CTAB solution was added followed by an equal volume 

of Chloroform: Isoamyl alcohol (24:1). The contents were mixed gently by 

inversion. 

 The contents were centrifuged at 10,000 rpm for 15 min. at 4⁰C. 

 The aqueous phase was transferred to a clean tube and 2-3 µl of RNase A (10 

mg/mL) added. The tubes were incubated at 37⁰C for 1.5 hrs. in a water bath. 

 An equal volume of Chloroform: Isoamyl alcohol (24:1) was added to the 

tubes and the mixture was centrifuged at 10,000 rpm for 10 min. at 4⁰C. 

 The upper aqueous phase was transferred to a fresh tube and 0.6 volume of 

chilled isopropanol was added and mixed by gentle inversion. The samples 

were incubated at -20⁰C for half an hour for complete precipitation. 

 The samples were centrifuged at 10,000 rpm for 15 min. at 4⁰C and the 

supernatant was gently poured-off. 
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 The DNA pellet was washed twice with 70% ethanol. 

 The pellet was air dried until the alcohol smell has disappeared and it was 

dissolved in 50.0 µL of TE buffer/sterile water and stored at -20⁰C for long 

term storage. 

3.2.6.2. Estimation of quality and quantity of isolated DNA 

Quality and quantity of the isolated rice genomic DNA was assessed using 

Nanodrop spectrophotometer and agarose gel electrophoresis (Sambrook et al., 1989). 

3.2.6.2.1. Agarose gel electrophoresis 

Reagents used for electrophoresis 

1. Tris acetic acid EDTA (TAE) buffer 50X (pH 8.0) 

 Tris buffer (1 M): 242.2 g/L 

 Glacial acetic acid: 57.1 mL 

 0.5 M EDTA (pH 8.0): 100 mL 

 Total volume made: 1.0 L 

2. Agarose (1%) 

3. Tracking or loading dye (6X), Invitrogen Life Sciences 

4. 1kb Plus DNA ladder, Invitrogen 

5. Ethidium bromide (10 mg/mL stock) 

Procedure  

 The gel casting tray was cleaned using 70% ethanol and was placed properly 

in the gel caster with comb.  

 Agarose gel was prepared by adding 0.6 g agarose to 60.0 mL of TAE (1X) 

buffer. The agarose solution was heated until the entire agarose melted 

completely. 

 Gel was casted by adding of ethidium bromide to it and left to solidify at room 

temperature. 
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 After proper solidification of the gel, the comb was removed gently without 

breaking the wells and the gel was kept into the electrophoresis tank with 1X 

TAE buffer. 

 Samples were loaded in 6X gel loading dye. One kb plus ladder was used for 

determining the approximate size of DNA. 

 Electrophoresis was carried out at a voltage of 90 V and the gel was run until 

the dye reached bottom of the gel. 

3.2.6.2.2. Nanodrop spectrophotometer 

The concentration and purity of the isolated DNA was checked using the 

Nanodrop®ND-1000 spectrophotometer. The purity of the samples was estimated by 

measuring the absorbance at 260 and 280 nm and A260/A280 ratio was noted.  

To measure the absorbance of the samples, the pedestal of the nanodrop was 

wiped properly using clean tissue paper after switching on the system. Initially the 

pedestal was cleaned by loading 1.0 µL sterile water onto the lower pedestal and the 

sampling arm was closed. Then the blank was loaded to avoid the background noise. 

For samples, 1.0 µL was loaded and the absorbance was measured. The samples were 

considered pure only if the OD260/OD280 ratio was between 1.8 and 2.0.   

3.2.6.2.3. Gel documentation 

The electrophoresed gel was initially visualized for the presence of bands in 

UV-transilluminator and then documented in Biorad gel documentation system using 

PDQuest™ software.  

 

3.2.7. Confirmation of the OsMADS26 gene in rice genome 

The sequences of transcription factor gene OsMADS26 flanking the gRNA 

target was confirmed by Polymerase Chain Reaction (PCR) using gene specific 

primers. The reaction was setup as described in Table 3. All the reagents except Taq 

DNA polymerase were thawed on ice before setting the reactions. 
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Table 3: PCR reaction mix to confirm OsMADS26 gene fragment 

Reagents Quantity 

Rice DNA 2.0 µL 

10X buffer with MgCl2  5.0 µL 

dNTP mix (2.0 mM each) 4.0 µL 

OsMADS26 FP (10 picomoles) 2.0 µL 

OsMADS26 RP (10 picomoles) 2.0 µL 

Taq DNA Polymerase 1.0 µL 

Sterile nuclease free water 34.0 µL 

Total reaction volume 50.0 µL 

 

The PCR program was setup as shown in Table 4. 

Table 4. The PCR program for the amplification of OsMADS26 gene fragment 

Initial denaturation 95⁰C 5 min. 

Denaturation 95⁰C 30 sec. 

35 cycles Annealing 60⁰C 30 sec. 

Extension 72⁰C 30 sec. 

Final extension 72⁰C 10 min. 

Hold 4⁰C ∞ 

 

3.2.7.1. Analysis PCR product using agarose gel electrophoresis 

The PCR amplified OsMADS26 gene fragment was checked on 1.2 % agarose 

gel along with 1.0 kb Plus ladder. 

3.2.7.2. Confirmation of the PCR product by Sanger sequencing 

The PCR products were eluted from gel using Nucleospin Gel extraction kit 

(MN). The expected DNA fragment was excised from the agarose gel using clean, 

sharp scalpel and weighed. Gel elution was proceeded according to manufacturer’s 
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instructions. The eluted PCR product was confirmed by Sanger sequencing. The 

samples were sequenced using gene specific forward and reverse primer. 

3.2.8. Maintenance of bacterial cultures 

The E. coli and Agrobacterium tumefaciens cultures were maintained as both 

streaked plates and glycerol stocks. Table 5 shows the antibiotic supplement required 

and culture conditions for each strain. Glycerol stocks (15%) were prepared from the 

liquid cultures of the bacteria. 850 µL of overnight grown culture was taken in sterile 

cryovials and mixed with 150 µL of sterile absolute glycerol and stored at -20⁰C for 

medium term up to one year. 

Table 5. Culture requirements for bacterial strains/clones used for the study 

Bacterial strain Antibiotics used 
Temperature of 

incubation 

DH5α LB agar 37⁰C 

DH5α + pRGEB32 LB agar +50 mg/L kanamycin 37⁰C 

EHA105 LB agar + 20 mg/L rifampicin 28⁰C 

OsMADS26 gRNA 

clones in EHA105 

LB agar +50 mg/L kanamycin + 20 

mg/L rifampicin 
28⁰C 

 

Kanamycin stock of 50 mg/mL and Rifampicin stock of 20 mg/mL were 

prepared. Kanamycin stock was prepared in water and rifampicin stock was prepared 

in Dimethyl Sulfoxide (DMSO) and stored in -20⁰C for further use. 

3.2.9. Cloning of OsMADS26 gRNAs to pRGEB32 vector  

3.2.9.1. Isolation of pRGEB32 vector plasmid 

The vector pRGEB32 plasmid DNA was isolated using the Nucleospin 

plasmid isolation kit (MN). The procedure for the isolation of high copy number 

plasmid from E. coli was followed with additional steps to increase the yield. 
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Procedure 

 A single colony of the bacterial culture was inoculated from a freshly streaked 

plate to 5.0 mL LB broth containing Kanamycin (50 mg/L). The culture was 

incubated at 37⁰C at 180 rpm overnight (16-18 hrs.). 

 Before starting isolation, the elution buffer (AE) was diluted to 1:2 using 

autoclaved nuclease free water and preheated in a dry block set at 70⁰C. 

 The overnight grown bacterial culture was transferred to a sterile 

microcentrifuge tube (2.0 mL) and was pelleted down at 11,000 rpm for 30 

sec. 

 Buffer A1 (250 µL) was added to the culture and the contents were 

resuspended by vortexing. 

 Buffer A2 (250 µL) was added and the contents were mixed rapidly by 

inverting 6-8 times. The samples were incubated at room temperature for up to 

5 min. 

 Buffer A3 (300 µL) was added and contents were mixed thoroughly by 

inverting tubes 6-8 times until the blue colour disappeared to colourless. 

 The samples were centrifuged for 5-10 min. at 11,000 rpm at room 

temperature and the step was repeated until the supernatant is clear 

 A NucleoSpin® column was placed in a 2.0 mL collection tube and the clear 

supernatant (maximum 700 µL) was pipetted out carefully into the center of 

the column. 

 The samples were centrifuged at 11,000 rpm for 1 min. The flowthrough was 

discarded and the column was placed back to the collection tube. 

 Now 600 µL of buffer A4 was added and the contents were centrifuged at 

11,000 rpm for 1 min. The flowthrough was discarded and the column was 

placed back to the empty collection tube. 

 The empty column was centrifuged for 2 min. at 11,000 rpm to dry the 

membrane and the collection tube was discarded. 

 The column was placed into a clean autoclaved 1.5 mL microcentrifuge tube 

and 50.0 µL of AE buffer was added and incubated at 70⁰C in dry block for 2 

min. 
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 Then incubated at room temperature for 1 min. and centrifuged at 11,000 rpm 

for 1 min. 

The plasmid DNA was checked using Nanodrop spectrophotometer and 

agarose gel electrophoresis (1%). The gel was documented using the gel 

documentation system. The samples were stored for further use at -20⁰C. 

3.2.9.2. Restriction digestion of pRGEB32 vector 

The vector used in the current work, pRGEB32 contains BsaI restriction sites 

for gRNA cloning. The gRNAs were synthesized with BsaI cut sites at both ends.  

Reagents used     

1. BsaI restriction enzyme (NEB) 

2. CutSmart buffer (NEB) 

3. Nuclease free water 

Procedure  

The restriction digestion reaction was set up as follows (Table 6). 

Table 6. Reaction set up for vector digestion  

Reagents Quantity Reaction condition 
pRGEB32 (pDNA) 25.0µL Incubated at 37⁰C for 

2 hrs. and then heat 
inactivated the 
reaction at 65⁰C for 
10 min. in dry block 

Nuclease free water 19.5 µL 
CutSmart buffer 5.0 µL 
Bsa1 0.5 µL 
Total reaction 50.0 µL 
 

The digested vector was checked on agarose gel and was visualized using gel 

documentation system. The digested vector was stored at -20⁰C for cloning. 

3.2.9.3. Purification of digested vector 

The BsaI digested vector was purified using the Nucleospin® PCR clean-

up kit. Before starting the procedure, ethanol was added to wash buffer. Volume 

of the digested vector was made up to 100 µL by adding 55.0 µL of sterile water. 
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 Two volumes of NTI buffer was mixed with every one volume of sample. 200 

µL of buffer NTI was added to 100 µL of digested vector. 

 A NucleoSpin® Gel and PCR Clean-up column was placed into the collection 

tube and the reaction mix was loaded to the column. 

 The columns were centrifuged at 11,000 rpm for 30 sec. 

 The NT3 buffer of 700 µL was added to the column and centrifuged at 11,000 

rpm for 30 sec. and the flow-through was discarded. 

 Empty collection tube was centrifuged for 1 min. at 11,000 rpm to remove the 

buffer NT3 completely.  

 Prior to elution, the columns were incubated for 2 min. at 70⁰C in dry block to 

remove ethanol. The column was placed into a clean autoclaved 1.5 mL 

microcentrifuge tube. 

 Sterile water of 30.0 µL was added to the centre of the column and incubated 

at room temperature for two min followed by centrifugation at 11,000 rpm for 

1 min.  

 The eluted sample was stored at -20⁰C for further use. 

3.2.9.3. Guide RNA annealing 

The guide RNAs synthesized as separate top and bottom strand oligos 

were annealed prior to the ligation with the digested vector. The gRNAs were 

annealed using either of the two following protocols. 

      3.2.9.3.1. The gRNA annealing protocol without PNK phosphorylation 

Reaction components were used from NEB for this protocol. 

Procedure 

 The gRNA stock solutions (100 µM) were diluted to 1:10 and used as working 

solution for the annealing reaction. 

 Each of the top and bottom strand of the diluted respective gRNAs of 1.0 µL 

were added to 48.0 µL of sterile nuclease free water in a PCR tube (0.2 mL) 

and the contents were mixed and a short spin was given. 
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 The reaction was incubated in thermal cycler and a program of 98⁰C for 5 min. 

was setup. 

 After the PCR reaction, the samples were placed outside the thermal cycler to 

cool down to room temperature gradually. 

 These samples were stored at 4⁰C until ligation reaction was set up. 

      3.2.9.3.2. The gRNA annealing protocol with PNK phosphorylation 

This protocol was done with the components from Thermo-scientific.  

Reagents used 

1. 10x T4 DNA ligase buffer 

2. T4 Poly Nucleotide Kinase (PNK) 

3. gRNAs of OsMADS26 

4. Autoclaved Sigma water 

Procedure  

 The required gRNAs were used for annealing without dilution. 

 The reaction mix was prepared in PCR tubes (0.2 mL) and mixed well by 

giving a short spin. The annealing reaction was carried out in a thermal cycler. 

 The annealing reaction was prepared as given in Table 7. 

Table 7. The gRNA annealing reaction with PNK  

Reagents Quantity PCR program 

gRNA top strand 1.0 µL 

 37⁰C for 60 min. 

 95⁰C for 10 min. 

 

gRNA bottom strand 1.0 µL 

10X T4 DNA ligase buffer 1.0 µL 

T4 PNK 0.5 µL 

Autoclaved Sigma water 6.5 µL 

Total reaction 10.0 µL 
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 After the incubation, the tubes were kept at room temperature to cool down 

gradually. 

      3.2.9.4. Ligation of gRNAs to the vector 

The ligation of the gRNAs to the vector pRGEB32 was done using two 

different protocols as the annealing was done in two different ways. 

      3.2.9.4.1. Ligation of non-phosphorylated gRNAs 

This protocol was done using the reaction components from NEB. 

Reagents used 

1. T4 DNA ligase buffer 

2. T4 DNA ligase enzyme (HF) 

3. Sterile nuclease free water 

4. Annealed gRNAs 

Procedure  

 The annealed gRNAs were ligated to the vector pRGEB32 following the 

ligation reaction as described in Table 8. 

 The reaction mix was prepared in 0.2 mL PCR tubes and incubated at 4⁰C 

overnight. 

 

Table 8. Ligation reaction (NEB) for non-phosphorylated gRNAs 

Reagents Quantity 

pRGEB32 (digested and purified) 5.0 µL (~50 ng) 

Annealed gRNAs 1.0 µL 

10X T4 DNA ligase buffer 1.0 µL 

T4 DNA ligase enzyme 1.0 µL 

Nuclease free water 2.0 µL 

Total reaction 10.0 µL 
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      3.2.9.4.2. Ligation of phosphorylated gRNAs 

Ligation reaction was setup using components from Thermo-scientific.  

Reagents used 

1. 10XT4 DNA ligase buffer 

2. T4 DNA ligase enzyme (HF) 

3. Sterile nuclease free water 

4. Annealed gRNAs 

Procedure  

 The annealed gRNAs were diluted by adding 190.0 µL of sterile nuclease free 

water.  

 The ligation reaction for phosphorylated gRNAs was set up as given in Table 

9.  

 The reaction mix was prepared in 0.2 mL PCR tubes and incubated at 22⁰C for 

1 h in thermal cycler. 

 After the incubation, the reaction mixture was stored at -20⁰C. 

 

Table 9. Ligation reaction (Thermo-scientific) for phosphorylated gRNAs 

Reagents Quantity 

pRGEB32 digested and purified 4.0 µL (~50 ng) 

Annealed gRNAs 2.0 µL 

10X T4 DNA ligase buffer 1.0 µL 

T4 DNA ligase enzyme 1.0 µL 

Nuclease free water 2.0 µL 

Total reaction volume 10.0 µL 
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3.2.9.5. Competent cell preparation and transformation to E. coli 

The E. coli strain DH5α was transformed with the ligation mixture 

containing ligated gRNAs in pRGEB32 binary vector. For this, the competent 

cells of DH5α were prepared and transformed using the ‘Bacterial Transformation 

kit GeneSure™’ from Puregene life sciences. The procedure given in the product 

manual was followed with minor modifications. All the procedures should be 

performed on ice and with gentle handling. All centrifugations were performed at 

room temperature.  

Procedure (for two transformations) 

Day 1: 

 The C-medium provided with the kit was thawed to room temperature and 

1.5 mL of C-medium aliquoted in to 2.0 mL tube and stored at 4⁰C. 

 A single fresh colony of DH5α was inoculated into 2.0 mL of thawed C-

medium taken in a falcon tube using a sterile loop. 

 The culture was incubated overnight (16-18 hrs.) at 37⁰C with continuous 

shaking at 180 rpm in incubator shaker. 

Day 2 

 C-medium was pre-warmed at 37⁰C for at least 20 min.  

 BT-solution was prepared by adding 250 µL of each of both BT-A and 

BT-B solutions was kept on ice. 

 150 µL of overnight grown culture of DH5α was added to 1.5 mL of pre-

warmed C-medium and incubated at 37⁰C for 30 min. to 1h in an incubator 

shaker. 

 The cells were centrifuged at 10,000 rpm for 1 min. at room temperature to 

pellet down the cells and the pellet was resuspended in 300 µL of BT-

solution and incubated on ice for 5 min. Followed by centrifugation at 

10,000 rpm for 1 min.  
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 The pelleted cells were resuspended in 120 µL of BT-solution and 

incubated on ice for 5 min. Divided it into two tubes of 60.0 µL each and 

kept on ice. The competent cells are ready now. 

 The ligation mixture was then added to competent cells, mixed by gentle 

tapping and incubated on ice for 5 min. 

 Total mixture (70.0 µL) was plated immediately on to the LB agar plate 

supplemented with the antibiotic Kanamycin (50 mg/L) and incubated at 

37⁰C overnight (16-18 hrs.) in incubator. The colonies were observed on 

next day and number of colonies were recorded. 

3.2.10. Confirmation of the vector-gRNA construct in DH5α 

The transformed DH5αcolonies were streaked on to LB agar plates 

supplemented with Kanamycin (50 mg/L), followed by colony PCR, plasmid isolation 

and Sanger sequencing to confirm recombinants/ positive clones. 

3.2.10.1. Colony PCR of transformed colonies 

Streaked colonies were used for colony PCR using forward primer specific to 

gRNA cloned and reverse primer specific to vector (Ratnayake and Hettiarachchi, 

2010). Individual colonies were picked and dissolved in 10.0 µL of sterile water and 

used as template for PCR. Care was taken to avoid too much culture during 

resuspension. 

 

Reagents used  

1. 10X PCR buffer with MgCl2 

2. Taq DNA polymerase 

3. dNTP mix (2.0mM each) 

4. Sterile water (Sigma) 

The PCR reaction was setup and program are given below (Table 10, Table 11) 
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Table 10. Colony PCR reaction set up 

Reagents Quantity 

Template  10.0 µL 

10x buffer with MgCl2 2.5 µL 

dNTP mix 2.0 µL 

Forward primer (RA027) 1.0 µL 

Reverse primer (RA055) 1.0 µL 

Taq DNA polymerase 0.5 µL 

Sterile water 8.0 µL 

Total reaction 25.0 µL 

 

Table 11. PCR program to amplify the gRNA cloned in pRGEB32 vector 

Initial 

denaturation 
95⁰C 10 min. 

Denaturation 95⁰C 30 sec. 

35 cycles Annealing 58⁰C 30 sec. 

Extension 72⁰C 20 sec. 

Final extension 72⁰C 10 min. 

Final hold 4 ⁰C ∞ 

The PCR products were analyzed on 1.4 % agarose gel to visualize the amplified 

products. 

3.2.10.2. Plasmid isolation and Sanger sequencing 

The PCR positive colonies were inoculated into the 3.0 mL LB broth 

containing Kanamycin (50 mg/L) in screw cap tubes. These liquid cultures were 

incubated at 37⁰C overnight with shaking at 180 rpm in the incubator shaker. These 

overnight grown liquid cultures were used to isolate plasmid DNA. The isolation was 

carried out using the Nucleospin plasmid isolation kit (MN) as described in section 

3.2.9.1. The isolated sample was used for Sanger sequencing. Before sending the 

samples for sequencing, the plasmids were checked on 1% agarose gel and Nanodrop 
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spectrophotometer. About 15.0 µL of each sample were aliquoted to 1.5 mL tube and 

was properly labelled and packed to send for sequencing to ‘Agrigenome Labs Pvt. 

Ltd, Kochi’. Universal M13 Reverse primer, present on the vector was used for 

sequencing the plasmids. 

3.2.10.3. Analysis of sequencing results 

 The sequencing result obtained was analyzed for the presence of respective 

gRNAs using Clustal Omega multiple sequence alignment program and manual 

analysis. The sequence confirmed positive clones were further used for 

Agrobacterium genetic transformation. The glycerol stocks of the positive clones 

were prepared and maintained. 

3.2.11. Transformation of the positive clones into Agrobacterium strain EHA105 

The OsMADS26 CRISPR/Cas9 constructs were further mobilized into 

EHA105 (Hood et al.,1986). The competent cells of EHA105 were prepared manually 

and transformed using Freeze-thaw method (Holsters et al., 1978; de Framond et al., 

1983; Weigel and Glazebrook, 2006). 

3.2.11.1. Preparation of Competent cells of EHA105 

Competent cells were prepared following the Calcium chloride method. All 

the solutions were made with utmost care so that transformation efficiency of the cells 

was not affected. Entire procedure was carried out gently on ice so that the cells were 

not disturbed. 

 

Reagents used  

1. 0.5 M NaCl 

2. 20 mM CaCl2 

3. Sterile absolute glycerol 

4. Liquid nitrogen 
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Procedure  

Day 1: 

 Primary culture was given in 5.0 mL LB Broth supplemented with Rifampicin 

(20 mg/L) in a screw cap tube by inoculating a single colony of A. tumefaciens 

strain EHA 105 from freshly streaked plates (not older than 10 days). 

 The culture was grown in an incubator shaker at 28⁰C with shaking at 220 

rpm, overnight. 

Day 2: 

 Around 1.0 mL of primary culture was inoculated into 25.0 mL LB Broth in a 

250 mL conical flask and incubated for 3-4 hrs. at 28⁰C, 220 rpm in incubator 

shaker till the OD600 reached > 0.5. 

 The cell culture was transferred into pre-chilled sterile oakridge tube and kept 

on ice for 30 min. 

 The culture was centrifuged at 5000 rpm for 5 min. at 4⁰C and the supernatant 

was discarded.  

 The cell pellet was resuspended in 10.0 mL of pre-chilled 0.5 M NaCl by 

gentle swirling. The tubes were placed back on ice intermittently to avoid any 

heat shock injury to the cells.  

 The cells were harvested at 5000 rpm for 5 min. at 4⁰C and the supernatant 

was discarded. 

 The cell pellet was resuspended in 850 µL of pre-chilled 20 mM CaCl2 by 

gentle swirling as in the previous step. 

 Around 150 µL (13 drops) of chilled glycerol was added to cells mixed gently 

and aliquoted (100 µL) into 1.5 mL microcentrifuge tubes and stored at -80°C 

deep freezer after snap freezing in liquid nitrogen. 

3.2.11.2. Genetic transformation of A. tumefaciens EHA105 

The transformation of Agrobacterium strain EHA105 was done following the 

Freeze-thaw method (Holsters et al., 1978).  
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Procedure  

 The Agrobacterium competent cells were taken from -80⁰C and thawed on ice 

for 20 min. 

 10.0 -15.0 µL (~500ng) of the isolated plasmid DNA of the positive clones 

were added into the competent cells and incubated on ice for 30 min. 

 The cells were initially frozen in liquid nitrogen for 5 min. followed by 

thawing at 37⁰C for 5 min. in a heat block. 

 900 µL of LB broth was added to the tubes and the tubes were incubated with 

gentle shaking at 28⁰C (220 rpm) for 2-4 hrs. 

 The cells were pelleted at 6000 rpm for 5 min. at room temperature and 

supernatant was discarded. 

 The pellet was resuspended in 100 µL of LB broth and plated onto LB Agar 

plates supplemented with Kanamycin (50 mg/L) and Rifampicin (20 mg/L). 

 The plates were incubated in dark (covered with aluminium foil) at 28⁰C for 

48 hrs. and number of colonies appeared were recorded. 

3.2.12. Confirmation of the CRISPR/Cas9 construct in EHA105 

The colonies obtained after transformation were further streaked onto fresh LB 

agar plates containing Kanamycin (50 mg/L) and Rifampicin (20 mg/L). The 

CRISPR/Cas9 constructs were further confirmed in EHA105 using colony PCR using 

hygromycin resistance gene specific primers and also using plasmid isolation 

followed by plasmid PCR. Colony PCR was done as mentioned in section 3.2.10.1, 

only the elongation time for the hygromycin specific primers (RA048 and RA049) of 

1.5 min. is varied. 

3.2.12.1. Plasmid isolation from EHA105  

The plasmid isolation from EHA105 was carried manually following the 

Alkali lysis method (Green and Sambrook, 2016). 
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Reagents used 

1. Solution I: 

 Glucose – 50 mM 

 EDTA    - 10 mM 

 Tris        -  25 mM (pH 8.0) 

Stored at 4⁰C 

 2. Solution II: 

 10 N NaOH         

 10 % SDS  

The components were made separately as stocks and need not autoclave. Solution II 

was prepared freshly during each isolation. 

3. Solution III: 

 Potassium acetate – 3 M, pH 5.8 

 5 M Potassium acetate: 60.0 mL 

 Glacial acetic acid: 11.5 mL  

 Sterile water: 28.5 mL   

Resulting solution is 3 M in concentration and stored at 4⁰C. 

Procedure  

Day 1: 

 The culture was given in 5.0 mL LB Broth supplemented with 

Kanamycin (50 mg/L) and Rifampicin (20 mg/L) in a screw cap tube by 

inoculating a single colony of A. tumefaciens strain EHA105 with 

respective gRNA construct from freshly streaked plates (not older than 

10 days). 

 The culture was grown in an incubator shaker at 28⁰C with shaking at 

220 rpm, overnight. 

 

For 1.0 mL solution 2: 20.0 µL 10 N NaOH+ 100.0 µL 10% 
SDS+ 880.0 µL water         
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Day 2: 

 The overnight grown culture was transferred into 2.0 mL tubes.  

 The cells were harvested by centrifuging at 9000 rpm for 2 min. at 4⁰C and 

discarded the supernatant. 

 The cell pellet was resuspended by vortexing in 200 µL of ice-cold solution I 

along with 5.0 µL of RNase A (2.0 mg/ mL). 

 The vortexed cells were incubated at room temperature for 5-10 min. 

 After incubation, 300 µL of ice cold freshly made solution II was added and 

inverted rapidly for about 5-6 times to mix the contents thoroughly. 

 The cells were then incubated at room temperature for 5 min. (time strict). 

 To these cells added 300 µL of ice-cold solution III and mixed the contents by 

gentle inversion. 

 Mixed cells were then incubated on ice for 5 min. (not more than 5 min). 

 The cells were centrifuged at 13,000 rpm for 10 min. at room temperature. 

 Supernatant was transferred to clean 1.5 mL tube and equal volume of chilled 

isopropanol was added to precipitate the plasmid DNA. 

 The contents were mixed gently by inversion. 

 The tubes were further centrifuged at 13,000 rpm for 10 min. at room 

temperature. 

 Supernatant discarded and the DNA pellet was washed with 70 % ethanol. 

 Centrifuged the tubes at 13,000 rpm for 5 min. at room temperature to remove 

the ethanol content. 

 Discarded the ethanol completely from the tube. 

 Air dried the pellet for 10-15 min. until the ethanol was dried up completely. 

 The DNA pellet was dissolved in 50.0 µL of sterile water and stored at -20⁰C 

for long term usage. 
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3.2.12.2. Confirmation of the plasmid isolated from EHA105 

3.2.12.2.1. Amplification of hygromycin resistance gene using plasmid PCR 

Hygromycin resistance (hpt) gene in vector pRGEB32 facilitates for the plant 

selection after plant genetic transformation. Recombinant plasmids in EHA105 were 

confirmed by plasmid PCR using primers specific to hygromycin resistance gene 

(Ratnayake and Hettiarachchi, 2010). Empty pRGEB32 plasmid was also used as a 

control. 

Reagents used  

1. 10X PCR buffer with MgCl2 

2. Taq DNA polymerase 

3. dNTP mix (2.0 mM each) 

4. Sterile nuclease free water (Sigma) 

 The PCR reaction was setup as given in Table 12. 

 

Table 12. Plasmid PCR reaction set up 

Reagents Quantity 

Template plasmid DNA 1.0 µL 

10X buffer with MgCl2 2.5 µL 

dNTP mix 2.0 µL 

Forward primer  1. 0 µL 

Reverse primer  1.0 µL 

Taq DNA polymerase 0.5 µL 

Sterile nuclease free water 17.0 µL 

Total reaction volume 25.0 µL 

 

The PCR program was setup as given in Table 13. 
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Table 13. PCR program setup for plasmid PCR  

Initial denaturation 95⁰C 10 min. 

Denaturation 95⁰C 30 sec. 

35 cycles Annealing 58⁰C 30 sec. 

Extension 72⁰C 1.5min. 

Final extension 72⁰C 10 min. 

Final hold 4⁰C ∞ 

 

The PCR products were visualized on 1.0 % agarose gel. 

3.2.13. Rice genetic transformation 

The plant material used for the current work was O. sativa ssp. japonica cv. 

Nipponbare. Transformation of the CRISPR/Cas9 construct into rice was carried out 

by Agrobacterium mediated transformation following the protocols developed by 

Toki et al., 2006 and Sahoo et al., 2011, with minor modifications. 

3.2.13.1. Media preparation 

 Compositions of the various culture media like callus induction, co-

cultivation, selection and regeneration are provided in Table 14. The media was 

sterilized for 20 min. at 1210C and 15 p.s.i. in standard autoclave or pressure cooker. 

Hygromycin (50 mg /L) and Augmentin (300 mg/L) were added to selection 

medium after autoclaving. The composition of resuspension medium for 

Agrobacterium is given in Table 15.  
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Table 14. Composition of various media in rice genetic transformation 

 

The 150 mM. stock solution of acetosyringone was prepared by dissolving 

0.195g acetosyringone in 5.0 mL of 100 % Dimethyl Sulfoxide (DMSO) and filter 

sterilized. Aliquots were made for single use. The tubes were covered with Al foil and 

stored at -20⁰C.  

 

 

Components Callus 
induction 

(CIM) mg/L 

Co-
cultivation 

(N6-AS) 
mg/L 

Selection 
(CIM+ 

antibiotics) 
mg/L 

Regeneration 
(RE) mg/L 

N6 salts (Duchaefa) 4000 4000 4000 MS salts 
(4.4g/L) 

Organic components  

Casein hydrolysate 300 300 300 2000 

L- Proline 2878 - 2878 - 

myo- Inositol 100 100 100 100 

Phytohormones  

2,4-D 3.0 3.0 3.0 - 
NAA    0.02 

Kinetin    2.0 

Acetosyringone (AS)  150 µM 150 µM  

Carbon source  

Maltose 30,000 30,000 30,000 30,000 

Sorbitol - - - 30,000 

Phytagel 0.4% 0.4% 0.4% 0.4% 

pH 5.8 5.2 5.8 5.8 
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Table 15. Composition of Agrobacterium resuspension medium (MSR)  

Components g/L 

MS salts 4.0 

Maltose         68.0 

Glucose          36.0 

KCl           3.0 

MgCl2           4.0 

Acetosyringone 150 µM 

pH 5.2 

 

3.2.13.2. Callus induction from rice seeds 

3.2.13.2.1. Dehusking of seeds  

The seeds were dehusked manually with utmost care, not to damage the 

embryo. Only visually healthy, bold seeds were used for callusing. Immature and 

darkened seeds with damaged embryo were discarded. 

3.2.13.2.2. Seed sterilization 

Rice seeds were subjected to surface sterilization prior to inoculation into 

callus induction medium (CIM). Surface sterilization was carried out using standard 

protocols (Sahoo et al., 2011). About 200- 400 seeds were inoculated for each set of 

transformation. 

Seeds were taken in 250 mL conical flask and were treated with 70% ethanol 

for 1 min with intermittent shaking followed by washing with sterile distilled water 

twice. The seeds were surface sterilized with 2.5% of Sodium hypochlorite (4% w/v) 

with a drop of Tween20 for 30 min. with intermittent shaking. The seeds were rinsed 

with autoclaved distilled water for about 5-8 times or until the foam disappeared. The 

seeds were blot dried on sterile filter paper for 15-20 min. before inoculation. 
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3.2.13.2.3. Rice seed inoculation 

The seeds were inoculated into the petri plates containing callus induction 

medium after proper blot drying. On an average 25-30 seeds were inoculated in each 

plate. The plates were sealed properly with parafilm and were kept under continuous 

white light for 5 days at 32⁰C. Separate sets of seeds were inoculated for OsMADS26 

gRNA constructs, vector control and wild type (untransformed). 

3.2.13.3. Co-cultivation of calli 

3.2.13.3.1. Agrobacterium culture preparation 

Single colony from confirmed EHA105 clones were inoculated into 5.0 mL 

LB broth supplemented with antibiotics Kanamycin (50 mg/L) and Rifampicin (20 

mg/L). The primary culture was incubated at 28⁰C with 220 rpm shaking for 

overnight. From the primary culture, 1.0 mL culture was inoculated into 25.0 mL LB 

broth supplemented with proper antibiotics to initiate secondary culture. 

3.2.13.3.2. Co-cultivation of calli with Agrobacterium 

When the OD of the secondary culture reached 0.1 (after 2-4 hrs.), the culture 

was placed on ice to arrest further growth of the bacterium. The cultures were further 

transferred to pre-chilled oakridge tubes and centrifuged at 8000 rpm for 15 min. at 

4⁰C to collect the cells. Agrobacterium cells were resuspended in resuspension 

medium supplemented with 150 µM acetosyringone. The cells were mixed by gentle 

mixing. 

The calli for infection were transferred to sterile conical flask and to this the 

resuspended Agrobacterium culture harboring desired gRNA construct was added. 

Infection was given for 1.5-2 min. at room temperature with gentle intermittent 

shaking at dark. The bacterial suspension was decanted and the calli were blot dried 

on sterile filter papers. Calli were then transferred to co-cultivation media over laid 

with Whatman No. 1 filter paper disc moistened with liquid MSR medium. Petri 

plates were sealed with parafilm. The plates were incubated at dark for two days at 

28⁰C.  
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3.2.13.4. Selection of co-cultivated calli on selection medium 

3.2.13.4.1. Washing of co-cultivated calli to remove Agrobacterium 

The calli were transferred to sterile conical flasks for washing. The calli were 

initially washed two times with autoclaved distilled water with continuous shaking. 

Thereafter, the calli were washed with sterile distilled water containing Augmentin 

(300 mg/L) 3-4 times for 15 min. each with continuous shaking. After washing, the 

calli were blot dried on plates containing sterile filter paper. 

3.2.13.4.2. Inoculation of calli on to selection medium 

After blot drying for around 30 min., the calli were carefully inoculated on to 

the selection medium containing Hygromycin (50 mg/L) and Augmentin (300 mg/L) 

using sterile forceps. 22-25 calli were placed in each plate on an average. These plates 

were incubated under continuous white light for 14 days at 28⁰C. The calli were 

observed daily for any contamination, Agrobacterium over growth and other 

morphological changes. Plates showing Agrobacterium resurgence were sub-cultured 

as and when required.  

3.2.13.5. Regeneration of selected calli 

The transformed calli which showed proliferation of micro-calli were selected 

and transferred to regeneration medium (RE) supplemented with NAA (0.02 mg/L) 

and Kinetin (2.0 mg/L) along with Hygromycin and Augmentin. The calli were 

trimmed carefully to remove dead and browning tissues before inoculation in to 

regeneration media. The plates were kept for regeneration in culture racks set at 

photoperiod of 16 hrs light/8 hrs dark at 28⁰C. 
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4. RESULTS 

The results of the study on ‘Editing of rice transcription factor OsMADS26 for 

drought tolerance through CRISPR/Cas9 system’ was undertaken during the period 

from 2019 to 2021 at the Centre for Plant Biotechnology and Molecular Biology, 

College of Agriculture, Kerala Agricultural University, Vellanikkara, Thrissur, are 

presented in this chapter. 

 

4.1. Procurement of CRISPR/Cas9 vector pRGEB32  

The CRISPR/Cas9 binary vector pRGEB32 (Xie et al., 2014) was procured 

from ‘Addgene’ (catalog number 63142). The vector contains rice codon optimized 

Cas9 gene under rice ubiquitin promoter, BsaI restriction site for guide RNA (gRNA) 

cloning and selectable markers for both bacteria (Kanamycin) and plant (Hygromycin) 

selection after genetic transformation. The single guide RNA (sgRNA) cassette is 

cloned under the control of rice U3 promoter (Figure 4.1). 

 

4.2. Retrieval of OsMADS26 gene sequence  

The sequence information of OsMADS26 gene was downloaded from the ‘Rice 

Genome Annotation Project’(http://rice.plantbiology.msu.edu) and the locus ID and 

genomic position were identified (Figure 4.2). The locus ID of OsMADS26 gene was 

LOC_Os08g02070 and the gene was found to be located on chromosome number 8 of 

rice genome. The FASTA file of the sequence was downloaded for further studies. 

 

4.3. Designing of guide RNAs (gRNAs) 

Guide RNAs for the OsMADS26 gene were designed using the online tool 

CRISPR-P v2.0 (Xie and Yang, 2013) and the best three gRNAs were selected based 

on their on-score value, off-target sites, GC content and location in genome (Figure 

4.3). The gRNAs located on the coding sequences (CDS) were majorly considered. The 

first two gRNAs were selected from the CDS region and the third gRNA was selected 

from the 5ˈUTR (untranslated region). In other words, the first two gRNAs were 

selected from the plus strand and the third gRNA was from the minus strand (Table 16, 

Table 17). The selected gRNAs were analyzed using the online tool ‘Oligoevaluator’ 

before synthesis to check general properties like primer secondary structure and primer 
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dimer. The restriction sites for the restriction enzyme BsaI were added to top and 

bottom strands before ordering. 

 

Table 16. The gRNAs selected for OsMADS26 gene 

                                           

Sl. 

No. 

 Guide RNA name Strand Sequence (5'- 3') 

1 OsMADS26 gRNA 1 

(G1) 

Top strand GGAGCTCTCCATCCTCTGCG 

Bottom strand GGCCTTCTTCAGCAGGCCGG 

2 OsMADS26 gRNA 2 

(G2) 

Top strand CGCAGAGGATGGAGAGCTCC 

Bottom strand ACTAGTTTGGACTAGCTTCG 

3 OsMADS26 gRNA 3 

(G3) 

Top strand CCGGCCTGCTGAAGAAGGCC 

Bottom strand CGAAGCTAGTCCAAACTAGT 

 

 

 

                                                    

 
              

 Figure 4.1. Vector map of pRGEB32 vector 

 

 

 

 

 Cloning site of pRGEB32 

gRNA cloning site 
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Figure 4.2. FASTA sequence of OsMADS26 obtained from Rice Genome 
Annotation Project 

 

     

 
Figure 4.3. CRISPR-P v2.0 result window of first gRNA selected 



Table 17. Details of the features of the gRNAs selected for the study 

 

gRNAs 
On-

score 
value 

Location in 
genome 

Length 
(bp) 

 

GC 
content 

(%) 
PAM 

off-target 
sites (No.) 

gRNA 1 0.808 CDS (+357bp) 20 65 AGG 31 

gRNA 2 0.022 CDS (+335bp) 20 70 AGG 39 

gRNA 3 0.713 UTR (-68bp) 20 45 AGG 11 

 

4.4. Designing and evaluation of primers  

Different primer sets were designed for the study. Primers were designed 

manually and the primers were evaluated using the online tool ‘Oligoevaluator’ to 

check the GC content, Tm, number of GC clamp, primer dimer and secondary structure 

if any. The primers designed and used in the study are listed and used are presented in 

Table 18 and Table 19. 

 

Table 18. List of primers designed for the study 

 

Sl. 
No. 

Purpose 
Name of 
primer 

Sequence (5'- 3') 

1 

Primers for amplifying 
partial genomic region 
of OsMADS26 gene 
for flanking gRNA 
target 

OsMADS26 
FP 

GGATAAGGGGAAGAGGAGGA 

OsMADS26 
RP 

TGATGGAGAAGAAGCTGAAGG 

2 
Primers for amplifying 
hygromycin resistance 
gene 

Hygro FP 
 

ATGAAAAAGCCTGAACTCACCGC 

Hygro RP 
 

CTTTGCCCTCGGACGAGTGCTG 

3 
Primers for amplifying 
partial Cas9 gene 

Cas9 FP 
 

GACGAGTACAAGGTGCCCAG 

Cas9 RP 
 

TTTTCCAGGATGGGCTTGAT 

4. 
M13 Rverse primer for 
sequencing plasmid 
clones 

M13 RP GAATTTGTGGACCTGCAGGC 
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Table 19. Features of primers designed for the study 

 

Sl. 
No 

Primer 
Length 

(bp) 
Tm 
(0C) 

GC 
content 

(%) 

GC 
clamp 
(No.) 

Primer 
dimer 

(Yes/No) 

Secondary 
structure 
(Yes/No) 

1 
OsMADS26 
FP 

20 63.2 55 2 No No 

2 
OsMADS26 
RP 

21 63.4 47.6 2 No No 

3 Hygro FP 23 69.2 47.8 4 No 
Yes (Very 
weak) 

4 Hygro RP 22 74.1 63.6 2 No Yes (Weak) 
5 Cas9 FP 20 64.7 60 3 No No 
6 Cas9 RP 20 65.5 45 1 No Yes (Weak) 
7 M13 RP 20 66.8 55 3 No No 

 

4.5. Dilution of primers and gRNAs  

All the primers and gRNAs were initially diluted to 100 µM concentration using 

sterile nuclease free water. The oligonucleotides were stored at -20˚C till further use. 

 

4.6. Genomic DNA isolation of rice and estimation of quality and quantity of 

isolated DNA 

Rice genomic DNA was isolated using CTAB method and quality and quantity 

of isolated DNA was checked using Nanodrop spectrophotometer. The isolated DNA 

had a concentration of about 351.2 ng/µL with an absorbance ratio of A260/A280 of 1.97. 

Further, the DNA was electrophoresed in 0.8% gel at 90 volts and the presence of 

genomic DNA was visualized and documented using gel documentation unit (Figure 

4.4).  A clear band of genomic DNA was observed. Presence of RNA was also detected 

in the gel. 

 

4.7. Confirmation of the OsMADS26 gene sequences in rice genome 

OsMADS26 gene was confirmed by Polymerase Chain Reaction (PCR) using 

the isolated rice genomic DNA with the gene specific primers. A clear sharp band was 

obtained at around 450 bp in the 1.2% agarose gel (Figure 4.5). The PCR product was 
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Figure 4.4. Gel picture of isolated rice DNA 

 
L- 1kb Plus Ladder, 1- Rice DNA isolated using CTAB method 

 

 

                                    

Figure 4.5. Gel picture of PCR amplified OsMADS26 gene (~450 bp) 

L- 1 kb Plus Ladder, 1- PCR amplified OsMADS26 gene from rice genome 



eluted and sequenced. The sequencing result was analyzed using BLAST and Clustal 

omega programs to confirm the correctness of sequences. The sequencing result 

showed 100% sequence similarity with OsMADS26 gene of reported japonica cultivar 

Nipponbare (Figure 4.6 and Figure 4.7).  

 

 

 

Figure 4.6. Blast result of OsMADS26 PCR product 

 

 

Figure 4.7. Multiple sequence alignment of OsMADS26 PCR product with OsMADS26 gene 
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4.8. Maintenance of bacterial strains and plasmids  

The E. coli and Agrobacterium tumefaciens strains were maintained in both LB 

agar plates and glycerol stocks supplemented with suitable antibiotics. Agrobacterium 

strains were streaked on LB agar medium with Rifampicin and incubated at 28˚C for 48 

hrs. (Plate 4.1 A). DH5α was streaked and maintained in plain LB agar (Plate 4.1 B). 

The binary vector pRGEB32 was maintained LB agar medium supplemented with 

Kanamycin (Plate 4.1 C). The cultures were re-streaked at regular intervals of every 30 

days to maintain the cultures. 

 

4.9. Cloning of OsMADS26 gRNAs to the CRISPR/Cas9 vector pRGEB32 

  

4.9.1. Isolation of pRGEB32 plasmid and quality analysis 

The pRGEB32 plasmid DNA was isolated using the Macherey Nagel (MN) 

plasmid isolation kit and the quality was checked using Nanodrop and agarose gel 

electrophoresis. The yield of plasmid DNA was approximately 93.14 ng/ µL. Agarose 

gel electrophoresis showed a clear band of around 15.9 kb which was the expected size 

(Figure 4.8). The plasmid DNA was stored at -20⁰C for further cloning experiments.  

4.9.2. Vector digestion, gRNA annealing and ligation 

The BsaI digested pRGEB32 and annealed gRNAs were ligated into the vector. 

The digested plasmid was checked on agarose gel which showed the linearization of 

vector indicating complete digestion (Figure 4.9).  

The top and bottom strands of gRNAs were annealed and used for ligation in to 

digested pRGEB32 vector. The gRNAs, G1 and G2 were annealed following 

phosphorylation of ends with PNK (Poly Nucleotide Kinase), and G3 without 

phosphorylation. 

 

4.9.3. Competent cell preparation and genetic transformation of E. coli, DH5α 

The competent cells of DH5α were prepared and transformed using the 

‘Bacterial Transformation kit of GeneSure™’. Bacterial colonies for each guide 

construct were obtained on the plates after overnight incubation (Table 20; Plate 4.2). 
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Plate 4.1. Bacterial cultures used in the study 

             A - Agrobacterium strain EHA105 culture plate    

             B - Culture plates of DH5α    

             C - DH5α transformed with pRGEB32 vector 

 

 

 

                                     

Figure 4.8. Gel picture of pRGEB32 isolated using MN kit 

L- 1 kb Plus Ladder, 1- pRGEB32 isolated using MN plasmid isolation kit 

 

 



Table 20. The number of colonies obtained for each gRNAs in DH5α   

 

gRNA No. of colonies observed 

gRNA 1 (G1) 9 

gRNA 2 (G2) 3 

gRNA 3 (G3) 4 

 

4.9.4. Confirmation of positive clones in DH5α 

The colonies were initially screened by streaking the colonies onto fresh LB 

agar plates supplemented with antibiotic Kanamycin (Xie and Yang, 2013) which 

showed bacterial growth after overnight incubation (Plate 4.3 A and B). Colony PCR 

was performed with vector and gRNA specific primers (Figure 4.10 A and B). Clear 

bands of expected size of 250 bp were observed on 1.5% agarose gel. The constructs 

were labelled as OsMADS26#G1, #G2 and G3 respectively based on the gRNA 

transformed. Three colonies each were selected and used for further plasmid isolation 

and sequencing. Plasmids isolated from the colonies were checked for the concentration 

before sequencing, the results of which are presented in Table 21. 

 

Table 21. Estimation of yield of plasmids isolated from DH5α colonies 

 

Sl. No Construct Colony number 

Nanodrop 

concentration 

(ng/µL) 

1 OsMADS26# G1  4 18.4 

2 OsMADS26# G2  1 34.1 

3 OsMADS26# G3  1 51.3 

                   

The isolated plasmids were sequenced using universal M13 reverse primer and 

the sequence result was confirmed using multiple sequence alignment (Figure 4.11). 

The insertion of gRNA in the vector was also identified by searching the gRNA 
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sequences in the chromatogram obtained from sequencing result (Figure 4.12 A and B) 

of OsMADS26#G1 and #G3. For OsMADS26#G1 colony-1 

(pRGEB32:OsMADS26#G1-1) was found to be positive clone and for 

OsMADS26#G3, colony-3 was found to be positive (pRGEB32:OsMADS26#G3 -3).  

After sequencing and sequence analysis, positive clones were obtained only for 

OsMADS26# G1 and OsMADS26#G3. No positive clones were obtained for 

OsMADS#G2. Hence further experiments were carried out using OsMADS26# G1 and 

OsMADS26#G3 only.  

 

4.10.  Mobilization of CRISPR/Cas9 gRNA construct into A. tumefaciens  

The CRISPR/Cas9 gRNA construct for OsMADS26#G1 and G3 were further 

mobilized into EHA105 strain of A. tumefaciens (Hood et al.,1986). The competent 

cells of EHA105 were prepared using Calcium chloride method (Cohen et al., 1972). 

The recombinant plasmids, pRGEB32:OsMADS26#G1-1 and 

pRGEB32:OsMADS26#G3 -3 were mobilized to EHA105 using Freeze-Thaw method 

(Holsters et al, 1978). After 48 hrs. of incubation at 28˚C, colonies were observed in 

both G1 and G3 transformed plates (Plate 4.4 A and B). The number of colonies 

obtained in each plate were counted and recorded (Table 22). 

Table 22. Number of colonies obtained for each gRNA construct in A. 

tumefaciens EHA105 

 

 

 

            

4.11. Confirmation of the CRISPR/Cas9 gRNA construct of OsMADS26 in 

EHA105 

Few colonies were streaked freshly onto LB agar plates containing Kanamycin 

(50 mg/L) and Rifampicin (20 mg/L) (Plate 4.5 A and B).  The clones were confirmed 

by colony PCR using primers specific to hygromycin resistance gene. Expected 

amplicon size of around 1.0 kb was observed on 1% agarose gel (Figure 4.13).  

The plasmids isolated manually from EHA105 colonies were confirmed by PCR 

amplification of the hpt gene. The PCR products were run on 1% gel and clear bands 

Construct name No. of colonies  

OsMADS26#G1 13 

OsMADS26#G3 12 
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Figure 4.9. Gel picture of undigested and digested pRGEB32 

L- 1 kb Plus Ladder, 1- Undigested vector pRGEB32, 2- Digested vector pRGEB32 

 

 

 

       Plate 4.2. Transformed colonies in DH5α 

          

A- DH5α colonies of gRNA 1 (G1) construct 

B - DH5α colonies of gRNA 2 (G2) construct 

C - DH5α colonies of gRNA 3 (G3) construct 

 

 

 



 

Plate 4.3. Patched culture plates of DH5α transformed colonies 

           A - Patched colonies of DH5α with OsMADS26 # G1 construct    

           B - Patched colonies of DH5α with OsMADS26 # G1, G2 and G3 constructs 

 

Figure 4.10. Gel picture of colony PCR of DH5α colonies and isolated plasmids 

 A - Gel picture of colony PCR of DH5α colonies to amplify guide cloned region 

 L- 1 kb Plus Ladder, 1- Non-template control, 2- Positive control (G3), 3- G1 colony 2,  

 4- G1 colony 4, 5- G1 colony 7, 6- G1 colony 9. 

 B - Gel picture of plasmids isolated from DH5α containing G1, G2 and G3 constructs  

       respectively.   

 L- 1 kb Plus Ladder, 1- G1 plasmid, 2- G2 plasmid, 3- G3 plasmid 

 



 

 

 

Figure 4.11. Multiple sequence alignment of OsMADS26 #G1 and G3 clones using ClustalW 

The guide sequence cloned region in the backbone of vector pRGEB32 is marked in 

the figure.  

 



    

Figure 4.12. A. Chromatogram obtained with sequencing result showing the G1 cloned to 

pRGEB32 backbone 

 

     

Figure 4.12. B. Chromatogram obtained with sequencing result showing the G3 cloned to 

pRGEB32 backbone 



Plate 4.4. Colonies observed in EHA105 after transformation 

A - Colonies observed in the EHA105 for pRGEB32:OsMADS26#G1 -1 construct 

B - Colonies observed in the EHA105 for pRGEB32:OsMADS26#G3 -3 construct    

Plate 4.5. Patched culture plates of EHA105 transformed colonies 

A – Patched colonies of EHA105 transformed with pRGEB32:OsMADS26#G1 -1 

construct 

B - Patched colonies of EHA105 transformed with pRGEB32:OsMADS26#G3 -3 

construct 



were obtained when visualized on gel documentation unit (Figure 4.14). Thus 

confirmed the clones obtained in EHA105.              

                    

4.12. Genetic transformation of rice cultivar Nipponbare 

4.12.1. Callus induction from rice seeds 

The seeds of Oryza sativa ssp. japonica cv. Nipponbare was used for genetic 

transformation experiments. The seeds were dehusked manually with utmost care 

without damaging the embryo (Plate 4.6 A and B). The dehusked seeds were surface 

sterilized, blot dried and inoculated into callus induction medium (Plate 4.6 C) and 

incubated at 28˚C for 5 days under continuous white light in a culture room.  

For each set of transformations about 400 seeds were inoculated for callus 

induction. In each plate 25-30 seeds were placed. The rice transformation was carried 

out following the protocol suggested by Toki et al. (2006) with minor modifications. 

Callus induction potential was not found to be uniform (Plate 4.7 A, B and C). 

  

4.12.2. Co-cultivation of calli with A. tumefaciens harboring OsMADS26 gRNA 

constructs 

On the 6th day, the proliferating calli were transferred to conical flasks and were 

infected with Agrobacterium harboring respective OsMADS26 gRNA construct (Plate 

4.8 A). The Guide 1 (G1) and Guide 3 (G3) constructs in EHA105 were separately 

resuspended for co-cultivation. These resuspended constructs were then used for 

infecting the same set of calli. In another set of transformation kept back-to-back, these 

constructs were used to infect separate set of calli so that editing events for each 

construct can be identified easily. Along with the OsMADS26 gRNA constructs, an 

empty pRGEB32 was also transformed to rice calli as control (vector control). (Plate 

4.8 B; Plate 4.9 A and B).  

 

4.12.4. Washing of calli and inoculation into selection medium 

The 48 hours co-cultivated calli were transferred to separate conical flasks for 

each guide RNA construct and vector control. The calli were washed thoroughly with 

sterile distilled water containing Augmentin to remove excess Agrobacterium load. 

56



After washing, the calli were blot dried and inoculated into the selection medium (Plate 

4.10 A and B). These plates were incubated at 30˚C for 14 days. If resurgence of 

Agrobacterium was observed, the healthy calli were sub-cultured in to fresh selection 

medium.  

Initially the calli turned brownish when kept on selection medium but later few 

calli started proliferating (Plate 4.11 A and B). The proliferated micro calli were 

creamish-yellow in colour. These calli were expected to be transformed and were sub-

cultured further after each 14 days interval (Plate 4.12). Multiple sets of transformations 

were performed, the details of which are given in Table 23. Currently a total of 60 calli 

were selected on selection medium. For OsMADS26#G1 and OsMADS26#G3 co-

transformed, 37 calli were screened from selection medium. In vector control around 

20 calli were selected.  

 

4.12.5. Regeneration of calli selected on selection medium 

The calli screened on selection medium, with proliferation of micro calli were 

transferred to regeneration medium. Vector control showed proliferation of micro calli 

in one plate (Plate 4.13 A; Table 23) and so they were further inoculated into 

regeneration medium (Plate 4.13 B). The untransformed Nipponbare callus was also 

kept along with the transformations as wild type control. These wild type calli were 

initially inoculated and regenerated following the same tissue culture procedures in 

order to test the adaptability of the protocol to our conditions. The untransformed calli 

showed proliferation after three weeks of incubation in regeneration medium (Plate 

4.14 A, B and C). About 37 calli of OsMADS26#G1 and OsMADS26#G3 co-

transformed screened and sub-cultured in selection medium that showed proliferating 

micro calli were transferred into regeneration medium (Plate 4.15 A and B)  
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                         Figure 4.13. Colony PCR of colonies obtained in A. tumefaciens, EHA105 

N- non template control, P- positive control (empty pRGEB32), L- 1 kb Plus Ladder, 

1- G1 colony 1, 2- G1 colony 2, 3- G3 colony 1 

Figure 4.14. Gel picture of hpt gene PCR product of plasmids isolated from EHA105 clones 

L- 1 kb Plus Ladder, 1- pCAMBIA (have hygromycin gene), 2- pRGEB32 empty 

vector, 3- G1 cloned plasmid, 4- G3 cloned plasmid. Both pCAMBIA and pRGEB32 

positive controls. 

 



  

Plate 4.6. A. Nipponbare seeds   B. Dehusked Nipponbare seeds   C. Seeds inoculated in CIM 
after surface sterilization 

 

 
 

Plate 4.7.  A. 2nd day of callus induction  B. 4th day of callus induction  C. 5th day of callus 

induction 

 

 



 

Plate 4.8.  A. Rice calli transferred to conical flask for co-cultivation  B. Infection of rice calli 

with A. tumefaciens containing OsMADS26 gRNA constructs 

 

 

 

 

Plate 4.9.  A. Moistening of the overlayed filter paper on co-cultivation medium with 

resuspension medium   B.  calli co-cultivated with EHA105 clones 



 

Plate 4.10. A. Calli blot dried on sterile filter paper   B. Calli on selection medium- 

OsMADS26#G1 and OsMADS26# G3 co-transformed 

 

 

 

Plate 4.11. Calli on selection medium showing colour change during initial days  A. Vector 

control calli  B. OsMADS26#G1 + #G3 

 

 



                                                    

 

Plate 4.12. Calli sub cultured on selection medium 

 

   

 

Plate 4.13.  A. Microcalli proliferation in selection medium - vector control  B. Calli 
transferred regeneration medium 

 

 



Plate 4.14. Calli cultured on regeneration medium  

A - Regeneration of wild type Nipponbare 

B - Untransformed calli proliferating on regeneration medium  

C- Regenerated calli sub cultured after 14 days  

 

 

Plate 4.15. A. Proliferating calli of OsMADS26 #G1 + G3 in selection medium   B.  Calli of 
OsMADS26 #G1 + G3 transferred to regeneration medium 

 

   



Experiment 
No 

Construct Name 
Seeds 

inoculated 
Calli 
infected 

Calli on 
selection 
medium 

Calli in 
regeneration 

medium 
Current status 

I pRGEB32 vector control 75 60 40 20 Microcalli proliferation 
and regeneration seen 

II OsMADS26#G1 181 90 90 - Vigorous Agrobacterium 
resurgence  

III OsMADS26#G3 115 92 90 - Insufficient growth of 
calli 

IV OsMADS26#G3 105 85 42 - No response and 
resurgence seen 

V OsMADS26#G1+G3 75 51 26 3 Microcalli are seen 

VI OsMADS26#G1 + G3 150 125 79 37 Proliferation of microcalli 
seen 

VII Wild type 173 89 88 29 144 microcalli seen, 
showed growth of leaf 
like structures and 
currently in rooting 
medium 

Table 23. Details of rice genetic transformation 
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5. DISCUSSION

India being the second largest producer and the largest exporter of rice in the 

world, it is very crucial to increase its productivity for ensuring global food security. 

Almost 45% of the global rice area is under rainfed conditions where the rice 

production is reduced due to various abiotic stresses (Lafitte et al., 2004). Rice (Oryza 

sativa L.) is highly susceptible to water deficit than any other crops. Many stress 

responsive genes were identified and manipulated using various methods to develop 

abiotic stress tolerance in rice.  

The existence of immense genetic variability in the germplasm for drought 

tolerance in rice was reported by Serraj et al., (2011). OsPYL (Kim et al., 2013), 

OsGRP3 (Shim et al., 2021), DREB/CBF, DREB2 (Srivasta et al., 2010), ONAC022 

(Hong et al., 2016), OsAKT1, OsNSCC2, OsSOS1 (Hwang et al., 2016), OsLEA3-1 

(Xiao et al., 2007, Yu et al., 2016), OsDRAP1, OsbZIP62 (Baillo et al., 2019) and 

OsHOX24 (Bhattacharjee et al., 2017) were the few genes that were either 

overexpressed or down regulated via RNAi or ZFNs to induce stress tolerance in rice. 

The regulatory proteins like transcription factors were also found to have major role 

in enhancing the stress tolerance, since they bind to the promoters or other upstream 

elements to regulate the gene expression. One of the important transcription factors 

(TF) family found in rice is MADS-box TF family. Around 75 MADS-box genes 

were identified from rice genome (Arora et al., 2007). Most of the TFs in this family 

have role in the various stages of plant growth and development (Saedler et al., 2001). 

Transcription factors like OsMADS26 were found to have role in multiple stress 

responses in rice (Khong et al., 2015). Previous studies have demonstrated that the 

rice transcription factor OsMADS26 is a negative regulator of abiotic and biotic stress 

tolerance (Khong et al., 2015). Hence, the present study ‘Editing of rice transcription 

factor OsMADS26 for drought tolerance through CRISPR/Cas9 system’ was taken up 

in Nipponbare rice cultivar during the period from 2019-2021 at the Centre for Plant 

Biotechnology and Molecular Biology, College of Agriculture, Kerala Agricultural 

University, Vellanikkara, Thrissur, Kerala. The details of the findings are discussed in 

this chapter. 
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5.1. Selection of CRISPR/Cas9 binary vector pRGEB32 

pRGEB32 is one of the binary vector systems used for targeted genome 

editing using CRISPR/Cas9 system. It was used in the current study because of its 

high efficiency in targeted mutagenesis (Xie et al., 2014). The vector system is highly 

specific to rice. The T-DNA region of the vector has Cas9, guide RNA cloning site 

and hygromycin resistance genes required for the targeted editing and subsequent 

selection of the edited events in rice. In pRGEB32, the gRNA cloning site is flanked 

by BsaI restriction sites. The vector consists of Cas9 from Streptococcus pyogenes 

driven by the rice ubiquitin promoter, a custom polycistronic gRNA assembly 

(precursor for one or more gRNAs) driven by the rice U3 snoRNA (Pol III) promoter 

and HPTII (hygromycin resistance) driven by the CaMV35S promoter (Hunter, 2021). 

Multiple knockouts were found to be possible by using pRGEB32 vector by 

multiplexing of gRNAs (Lacchini et al., 2020). 

There were many reports demonstrating the use of pRGEB32 vector in rice. 

Zafar et al., (2020) developed resistance against Xoo strain of bacterial blight disease 

in super basmati rice by targeting effector binding elements (EBEs) of respective 

transcription activator like effectors (TALEs) through CRISPR/Cas9 approach. Xie et 

al. (2015) produced multiple gRNAs from a single synthetic PTG gene by hijacking 

the endogenous tRNA-processing system. Here, the plasmid vector pRGEB32 was 

used to transiently express U3p:sgRNA or U3p:PTG along with UBIp:Cas9 constuct 

in rice protoplast and pRGEB32 was further used for the Agrobacterium-mediated 

rice transformation. Rice plants with reduced stature, to reduce lodging were 

produced by disrupting the HTD1 gene using CRISPR/Cas9 system with pRGEB32 as 

vector (Lacchini et al., 2020). Similarly, Hunter (2021) demonstrated the use of 

pRGEB32-bar vector for targeted mutagenesis in maize. 

5.2. Guide RNA designing for gene editing 

Guide RNAs for the OsMADS26 gene were designed using the online tool 

CRISPR-P v2.0 (Xie and Yang, 2013) and the best three were selected based on their 

off-target sites, on-score values, GC content and location in genome. For efficient 

mutagenesis of a gene a minimum of two to three gRNAs should be selected since 
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mutation effects are unpredictable. Generally, gRNAs of 18-20nt long are considered, 

since they are more efficient in mutagenesis (Ren et al., 2014). The features of guide 

RNAs given in CRISPR-P like on score value, off-target value, no. of off target sites, 

secondary structures if any and GC content were analyzed. The gRNAs with higher 

on-target and lower off-target values were preferred. On-score or on-target value 

greater than 0.5 were considered best to achieve higher editing efficiency. 

CRISPR/Cas9 system can lead to off-target editing in the genome as well. To reduce 

off-target effects avoiding sgRNAs with three or fewer nucleotide mismatches at 

potential off-targets had been recommended (Hsu et al., 2013; Mali et al., 2013). 

Selection of gRNAs with minimum off-target score can reduce off-target editing. 

sgRNAs with a 12 bp seed sequence (sequences closest to the PAM) that matches 

only with one site in the target genome can reduce off-target editing (Doench et al., 

2014). From the 20 nt targeting sequence of sgRNAs, mismatches in the seed region, 

the 5 to 12 nt closest to the PAM, have the largest impact on mutagenesis efficiency. 

Mismatches in the PAM-distal nucleotides were found to have less effect on 

disrupting the sgRNA-target DNA hybrid than those in the PAM proximal nucleotides 

(PAMPNs) (Jinek et al., 2012; Cong et al., 2013; Fu et al., 2013). Literatures have 

suggested that, the gRNAs with GC content between 30-80% were found better for 

efficient mutagenesis (Ren et al., 2014; Pan et al., 2016). If GC content is high, the 

chances for formation of secondary structures in sgRNAs and at target DNA region 

will be less (Liang et al., 2016). The gRNAs selected in the study had on-score value 

greater than 0.5 and the gRNAs were located upstream of the gene to ensure knock-

out of the genes. Generally, gRNAs are selected from the coding regions (CDS) of the 

gene. If editing is targeted toward the 3ˈ of the gene, there are chances of formation of 

truncated protein, which may still retain partial activity. 

Since the vector used in the current study was pRGEB32, which has the BsaI 

restriction sites flanking the gRNA cloning site, we have added the BsaI restricted 

sites to either end of the gRNA sequences before synthesis. 

5.3. Cloning of the CRISPR/Cas9 construct to DH5α and its confirmation 

The CRISPR/Cas9 construct was made by ligating the respective gRNAs to 

the vector pRGEB32 after BsaI digestion. The top and bottom strands of gRNAs were 
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annealed prior to this. pRGEB32-gRNA construct was then transformed into E. coli 

strain DH5α. The colonies were observed from the plates after 16-18 hours of 

incubation at 37⁰C. The transformation into DH5α was really a constraint in the 

experiment. The larger size of the vector pRGEB32 (15.9 kb) made it difficult to be 

taken up by the bacterial cells. Hence, the number of colonies observed for both guide 

RNAs were less. To overcome these constraints few modifications were made during 

gRNA annealing and ligation. Only OsMADS26#G3 (gRNA 3) got cloned easily into 

DH5α following the general protocol using NEB reaction components. Thereafter, 

gRNAs were annealed following PNK phosphorylation reaction, and then 

OsMADS26#G1 got cloned after multiple transformation reactions. Even though 

colonies were observed in all the three constructs, after Sanger sequencing only two 

of them were having expected inserts. Only empty vector was present in the colonies 

as evident from the sequencing results. Hence two constructs were further carried 

forward for rice genetic transformation.  

Patigu et al., (2021) very recently reported that while using pRGEB32 for 

cloning the transformation efficiency was found to be very low. They developed a 

protocol specifically for easy transformation of the large sized vectors like pRGEB32 

using heat shock method. They identified that heat shock temperature of 55⁰C for 60 

seconds was the best for efficient transformation of pRGEB32 compared to the 

conventional conditions of 42⁰C for one minute. In addition to this, ultra-high 

competent cells can be prepared for cloning or other strains of E. coli which can hold 

higher plasmid size like DH10B, Top10, Stbl3, etc. can be used. 

After cloning, the clones observed were confirmed initially by streaking the 

colonies to fresh plate with antibiotics. This is to avoid the contaminants and false 

positives. Thereafter, colony PCR was done with vector and gRNA specific primers 

(Ratnayake and Hettiarachchi, 2010). Those colonies screened by these steps were 

further confirmed using Sanger sequencing (Pyott et al., 2016; Zafar et al., 2020). 

Positive clones were identified by multiple sequence alignment of the sequences 

retrieved after sequencing. They showed alignment almost perfectly except at the site 

of gRNA insertion (Hong et al., 2016). Only one colony of OsMADS26#G1 and two 
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colonies of OsMADS26#G3 were found to be positive clones after ClustalW analysis. 

This is also may be due to the large size of the gRNA construct. 

5.4. Agrobacterium-mediated rice genetic transformation 

Agrobacterium mediated genetic transformation is accepted to be the most 

reliable method of genetic transformation in rice (Hiei et al., 1994). Toki et al. (2006) 

have developed a highly efficient protocol for rice genetic transformation in which 

scutellum tissue of 1-5 days old pre-cultured seeds is competent to take up 

Agrobacterium leading to the establishment of a high-speed transformation system in 

rice. Hence in the current study Agrobacterium mediated genetic transformation was 

carried out in rice. For this, the positive clones obtained in E. coli were further 

mobilized in to A. tumefaciens strain EHA105 (Hood et al., 1986). The genetic 

transformation of EHA105 was carried out by freeze-thaw method (Weigel and 

Glazebrook, 2006). About 13 and 12 colonies were observed in OsMADS26#G1 and 

OsMADS26#G3. Even though the method is less efficient compared to the 

electroporation (Toth et al., 2018), it is more adaptable to our lab conditions. The 

transformation efficiency was found to be moderate. 

In the current study genetic transformation of rice was carried out using the 

protocol developed by Toki et al. (2006) with minor modifications. The protocol is 

simpler and consumes lesser time compared to the other protocols. Initially another 

protocol developed by Sahoo et al. (2011) was tried. The protocol uses longer sub 

culture cycles and demands more labor due to frequent media changes.  

The initiation of the calli was found to be slow in 2.0 mg/L 2,4-D, hence the 

concentration was enhanced to 3.0 mg/L for callusing at subsequent stages. Maltose is 

known as better carbon source compared to sucrose for rice in-vitro responses (Ming 

et al., 2019). Hence in the current protocol sucrose was replaced with maltose. 

EHA105 is considered as a highly virulent strain of Agrobacterium (Gui et al., 2016). 

Frequent re-growth of Agrobacterium was observed in selection medium even after 

thorough washing of the calli with the antibiotic cefotaxime (250 mg/L). Hence 

instead of cefotaxime, another broad-spectrum bacteriostatic agent Augmentin 

(Amoxycillin + Clavulanic Acid) was used at the concentration of 300 mg/L. This 
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gave better results compared to cefotaxime. However, the Agrobacterium could not be 

removed completely. Hence further, we have modified the washing step by increasing 

number of washes each of which was done for a duration of 15 min. The infection 

time was also limited to exactly one minute and the co-cultivation was reduced to one 

and a half day compared to 2-3 days in the protocol. This could reduce the frequency 

of Agrobacterium resurgence on the calli to a greater extent. 

An empty vector control was kept along with the CRISPR/Cas9 constructs to 

evaluate whether the empty vector without the inserted gene cassette will affect the 

phenotype or cause any nonspecific effect after integration in to host genome (Sahoo 

et al., 2014). Hence, pRGEB32 empty vector in Agrobacterium was also transformed 

to rice calli. Similarly, a set of untransformed calli was regenerated through tissue 

culture as a control for regeneration process. This will also ensure whether our 

transformation protocol is working properly. These two controls will be used along 

with the transgenic plants in future for all further analysis. About 123 calli were 

inoculated on selection medium of which about 37 calli were screened and sub-

cultured for further proliferation. The untransformed calli turned dark brown and died 

on selection medium and only transformed calli were found proliferating in the 

selection medium (Toki et al., 2006). However, the transformation protocol was 

found to be efficient as the vector control and untransformed calli showed greening 

and shoot primordia initiation in regeneration medium.  

In the present study, for CRISPR/Cas9 mediated targeted editing of 

OsMADS26 transcription factor, gRNAs were designed and successfully cloned in to 

pRGEB32 to generate gene editing cassette/construct. The construct is transformed 

successfully into the rice cultivar (Nipponbare). Rice transformation protocol was 

optimized to suit our lab and culture conditions. Plants with mutations in OsMADS26 

gene is expected, which confer drought tolerance in rice. 

One of the greater advantages of CRISPR/Cas9 technology is evaluated as its 

potential to generate transgene free plants. The direct delivery of gRNA combined 

with Cas9 protein (Ribonucleoprotein complex-RNP) delivered to plant cells/ 

protoplast by biolistics or electroporation can give rise to transgene free plant 

development. However, this needs standardization of the procedure and demands an 
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efficient regeneration protocol (Bes et al., 2021). The protoplast regenerated plant can 

also cause genetic instability. In rice unfortunately there is no efficient protoplast 

regeneration protocols reported till date. Hence Agrobacterium mediated plant 

transformation is more adaptable (Gao et al., 2020). However, for elimination of 

transgenes after Agrobacterium mediated transformation, selfing is practiced in the 

segregating progeny of many plant species (Banfalvi et al., 2020). Hence in the 

current study also transgene free edited plants can be generated in future. 
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6. SUMMARY 

The study entitled ‘Editing of rice transcription factor OsMADS26 for drought 

tolerance through CRISPR/Cas9 system’ was carried out at the Centre for Plant 

Biotechnology and Molecular Biology, College of Agriculture, Kerala Agricultural 

University, Vellanikkara, Thrissur during the period from 2019 to 2021. The major 

objective of the study was to develop drought tolerant lines in rice using CRISPR/Cas9 

mediated targeted editing of the OsMADS26 gene. Salient findings of the study are 

summarized below: 

● The Oryza sativa sub species japonica cultivar used Nipponbare was selected 

for the targeted editing of OsMADS26 gene. 

● The binary vector system, pRGEB32 was selected for the CRISPR/Cas9 

mediated genome editing. 

● The OsMADS26 gene sequences were downloaded from ‘Rice Genome 

Annotation Project’ and guide RNAs (gRNAs) were designed using CRISPR-P 

v2.0 software. 

● Three gRNAs were selected for the study based on features like on-score value, 

GC content, number of off-target sites, presence of secondary structures and 

location on genome etc. 

● Two of the selected gRNAs were from the coding region (CDS) and the third 

one was located in the 5' untranslated region (UTR) of the gene.   

● The gRNAs were synthesized as top and bottom strands after adding BsaI 

restriction sites to both strands.   

● The sequences of MADS-box transcription factor gene OsMADS26 target was 

confirmed in Nipponbare by amplifying the flanking region (~450bp) of the 

gRNA by Polymerase Chain Reaction (PCR). 

● The PCR product of OsMADS26 gene was confirmed further by Sanger 

sequencing and the sequencing results were analyzed using BLASTn and 

Clustal Omega software, which showed 100% similarity with the OsMADS26 

gene reported in MSU database (LOC_Os08g02070). 

● The top and bottom strands of gRNAs were annealed following two protocols, 

i.e., with and without PNK phosphorylation.   
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● The BsaI digested vector pRGEB32 was ligated to the annealed gRNAs to

develop the CRISPR/Cas9 construct for genome editing.

● The pRGEB32-gRNA construct was cloned into E. coli strain DH5α using the

‘Bacterial Transformation kit GeneSure™’ from Puregene life sciences.

● Colonies were observed in DH5α after 16-18 hours of transformation.

● Nine colonies were observed in OsMADS26 #G1, three in OsMADS26 #G2

and four in OsMADS26 #G3.

● The colonies in DH5α were confirmed by colony PCR and Sanger sequencing

of the plasmids isolated from PCR positive colonies.

● The gRNA insertion in the vector backbone was confirmed using Clustal Omega

software and the sequences showed alignment except at the gRNA cloning site.

● Positive clones obtained from OsMADS26 #G1 colony 1 and OsMADS26 #G3

colony 3 were mobilized into Agrobacterium tumefaciens strain EHA105 by

freeze-thaw method.

● The colonies appeared for EHA105 were identified using colony PCR with

hygromycin resistance gene specific primers (hpt).

● The plasmids isolated from EHA105 were also further confirmed by amplifying

the hygromycin resistance gene.

● Rice genetic transformation was carried out following the protocol described by

Toki et al. (2006) with minor modifications.

● The dehusked Nipponbare seeds were inoculated into callus induction medium

(CIM) after proper surface sterilization.

● The growth of calli from scutellum was found better in medium containing 3

mg/L concentration of 2,4-D.

● The five-day old calli were co-cultivated with Agrobacterium strain harbouring

OsMADS26 #G1-1, OsMADS26 #G3-3 and empty pRGEB32 (vector control).

● Untransformed calli were also cultured in CIM as wild type control.

● After 1.5 - 2 days of co-cultivation, the calli were washed with sterile distilled

water supplemented with Augmentin (300 mg/L) to remove the Agrobacterium

load.

● The washed calli were selected in the selection medium containing Augmentin

(300 mg/L) and Hygromycin (50 mg/L).
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● The calli initially turned slightly brownish in selection medium and many calli 

has to be discarded due to Agrobacterium resurgence. 

● The calli showed proliferation of light creamish coloured microcalli on 

subculturing after 14 days. 

● Microcalli proliferation were observed in vector control, wild type as well as in 

OsMADS26 #G1-1 and OsMADS26 #G3-3 transformed calli. 

● These calli were then transferred to regeneration medium for development of 

shoot primordia. 

● The wild type calli showed higher regeneration efficiency than transformed 

calli. 

● From the 29 calli screened in selection medium, a total of 144 microcalli were 

obtained in wild type and about 20 calli were transferred for regeneration in 

vector control. 

● In case of OsMADS26 #G1-1 and OsMADS26 #G3-3 co-transformed calli, 79 

were screened in selection medium and from that about 35 calli showed 

proliferation of micro calli. These were further transferred to regeneration 

medium. 

● In this study, rice transformation protocol was optimized to suit our laboratory 

and culture condition. 

● Rice plants with mutations in OsMADS26 gene are expected in future, which 

confer drought tolerance.  
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ANNEXURE I 

 

Vector map of pRGEB32 procured from Addgene (CAT#63142) 

 

 

 

 

 

 

 

 



ANNEXURE II 

 

Genomic sequence of OsMADS26 gene sequence from ‘Rice Genome 

Annotation Project’ 

LOC_Os08g02070 sequence information Genomic sequence length: 2382 nucleotides 

CDS length: 669 nucleotides 

Protein length: 222 amino acids 

Putative Function: OsMADS26 - MADS-box family gene with MIKCc type-box, 

expressed 

Genomic Sequence 

>LOC_Os08g02070 

AAGCAAGAGATAGGGATAAGGGGAAGAGGAGGAAGAAGGAGGAGGTGT

AGGGAGAAACCGGAGCAACCTCGAAGCTAGTCCAAACTAGTGGGAGGTT

GTCTTTCCGGCAAGCCGGAGCCCGGAGCTATCGATCATCAAGCTTTCTACC

CCGACCGACGAGGAAGAAGACGACTGATCAATTGATCAAACCGATCTCTC

CATAGCTAGGTAGACAGGAGGAGAGGAGGAAGAAGAGGGGGAGAGGAG

ACTTATCTTGATCGATGGCGCGAGGCAAGGTGCAGCTCCGTCGCATCGAG

AACCCGGTTCACCGTCAGGTCACCTTCTGCAAGCGCCGTGCCGGCCTGCTG

AAGAAGGCCAGGGAGCTCTCCATCCTCTGCGAGGCCGACATCGGCATCAT

CATCTTCTCCGCCCACGGCAAGCTCTACGACCTCGCCACCACCGGGTACCT

TCAGCTTCTTCTCCATCAAATCAAATTAAAAAAGGTTTTGAGCTTAGCTCT

GATATACCATGGAGGTTAATTGATTTCTTTGAACAGAACCATGGAGGAGC

TGATCGAGAGGTACAAGAGTGCTAGTGGCGAACAGGCCAACGCCTGCGG

CGACCAGAGAATGGTTAGTGATTATAACTCTTTCCTTTTGTTTCAGTTCTTT

TTCTGTTTCTGTTTCAGTTGTTATCCTTTACTGTTTCCATTTCAGTTGTTAGC

TAGCCCCCACTCCAATTTCTAATCAGTGCCTAGTTTCATATGTAAATTAAG

CATAGGGAGTTGCTAGTGATGAAAAAAAAGGTCTGGAAATAGAGCTAGTT

GTATCCGAAAAATCTGAGCTGCTATTATGTTACAGATGATTAAACCTGGA



ACTGAAAACTCTAGGCTCTAGCCCAAAACTAGTTGGAATACATCAAATAG

ACAATAGTATAAAGTATAAACACCTGATCTACACATCTTAGGTGGCAAGT

AGTTGCAACTTCGTAATATTTCCTCCATTTTACCTCATGCTCTCCTATCACT

TAAAACTGGTGCATGTATGTCATCAGGACCCAAAACAGGAGGCAATGGTG

CTCAAACAAGAAATCAATCTACTGCAGAAGGGCCTGAGGTAAAAACTATT

CACAGATTGCATTACAGATTGGTATAATTCCTTTCTAGAAGAAAAAATAG

ATAAAATCATACAATCTTCCAGCAAAAATATCCAAGTTTGATTTCATAAAC

AAACATAGCTTTCTATGTCCAATTAGTAAGTTCACATCGCAACAAGTATGC

AATGCTATCCAGACTTGGTCCACACTCAGTATCATTCACTAGATCACTGCA

AGTAACATAACCATACATGGAAGTGTTACAAAAAAATTGTTGAACTCACA

CTAAGTAAAAGAGCTTCATTCACCAAACCGAACTGTTTACTCGAGAAATT

GATGTAATAAGAATACATCATATATTATTTACATTATAATGAGTTCAGACA

CTTAACTCTTGACAAAATTAAAACCCATGGCAGGTACATCTATGGGAACA

GGGCAAATGAACACATGACTGTTGAAGAGCTGAATGCCCTAGAGAGGTAC

TTAGAGATATGGATGTACAACATTCGCTCCGCAAAGGTAACTCATTGAAA

GTCTTCAGATTTCATAAAGAACAAATTGTTCAAGAGATCTAAAATCTTTAA

TCTAACAGATGCAGATAATGATCCAAGAGATCCAAGCACTAAAGAGCAA

GGCAAGCCAAACTATCTTGTTTAACTCTATAAATATCCAATAAAATGATTA

ATAACTAACTAAAAGCATAGTTTATCTCTAATCGTGCAGGAAGGCATGTT

GAAAGCTGCTAACGAAATTCTCCAAGAAAAGGTACTGGCAGTCCATTGAC

ATAGAACTGTGCACTTGCCAGTTTTAAAAATGAAGATAAAATGTTGCAGC

GTGCCGTAAACTGATGTCAGATATGTGCTTTTGCTTGCAGATAGTAGAACA

GAATGGTCTGATCGACGTAGGCATGATGGTAGCAGATCAACAGAATGGGC

ATTTTAGTACAGTCCCACTGTTAGAAGAGATCACTAACCCACTGACTATAC

TGAGTGGCTATTCTACTTGTAGGGGCTCGGAGATGGGCTATTCCTTCTAAC

ACTAATAATGGCCTGGGGGATACTTGTGTTCATTACTAGTGTGTAATATGG

TTAATAATGCTTGTGTTGCTGTTTGCTTTGCTATTCTGATGTACCTTATTTA

GACAAGTTCCCGCAGGAAGTGTCTTTTAGTATTGTATTTGTCTTGGGCTGT

GGTGCTTTGTTTTTCCCTAAAGAACTCTTGAGGAGCTCTGTTGTTGAACCA

TTTCAAGTAATTGAGACTATTGTTTCCTGGAACGTTTATTACATTTGTAGA

ATTAAGCATTTT 



CDS 

>LOC_Os08g02070.1 

ATGGCGCGAGGCAAGGTGCAGCTCCGTCGCATCGAGAACCCGGTTCACCG

TCAGGTCACCTTCTGCAAGCGCCGTGCCGGCCTGCTGAAGAAGGCCAGGG

AGCTCTCCATCCTCTGCGAGGCCGACATCGGCATCATCATCTTCTCCGCCC

ACGGCAAGCTCTACGACCTCGCCACCACCGGAACCATGGAGGAGCTGATC

GAGAGGTACAAGAGTGCTAGTGGCGAACAGGCCAACGCCTGCGGCGACC

AGAGAATGGACCCAAAACAGGAGGCAATGGTGCTCAAACAAGAAATCAA

TCTACTGCAGAAGGGCCTGAGGTACATCTATGGGAACAGGGCAAATGAAC

ACATGACTGTTGAAGAGCTGAATGCCCTAGAGAGGTACTTAGAGATATGG

ATGTACAACATTCGCTCCGCAAAGATGCAGATAATGATCCAAGAGATCCA

AGCACTAAAGAGCAAGGAAGGCATGTTGAAAGCTGCTAACGAAATTCTCC

AAGAAAAGATAGTAGAACAGAATGGTCTGATCGACGTAGGCATGATGGT

AGCAGATCAACAGAATGGGCATTTTAGTACAGTCCCACTGTTAGAAGAGA

TCACTAACCCACTGACTATACTGAGTGGCTATTCTACTTGTAGGGGCTCGG

AGATGGGCTATTCCTTCTAA 

 

 

 

 

 

 

 

 

 

 

 

 

 



ANNEXURE III 

 

Guide RNA targeting regions in OsMADS26 gene sequence 

 

Genomic Sequence 

 

>LOC_Os08g02070 

AAGCAAGAGATAGGGATAAGGGGAAGAGGAGGAAGAAGGAGGAGGTGT

AGGAGAAACCGGAGCAACCTCGAAGCTAGTCCAAACTAGTGGGAGGTTG

TCTTTCCGGCAAGCCGGAGCCCGGAGCTATCGATCATCAAGCTTTCTACCC

CGACCGACGAGGAAGAAGACGACTGATCAATTGATCAAACCGATCTCTCC

ATAGCTAGGTAGACAGGAGGAGAGGAGGAAGAAGAGGGGGAGAGGAGA

CTTATCTTGATCGATGGCGCGAGGCAAGGTGCAGCTCCGTCGCATCGAGA

ACCCGGTTCACCGTCAGGTCACCTTCTGCAAGCGCCGTGCCGGCCTGCTGA

AGAAGGCCAGGGAGCTCTCCATCCTCTGCGAGGCCGACATCGGCATCATC

ATCTTCTCCGCCCACGGCAAGCTCTACGACCTCGCCACCACCGGGTA 

CCTTCAGCTTCTTCTCCATCAAATCAAATTAAAAAAGGTTTTGAGCTTAGC

TCTGATATACCATGGAGGTTAATTGATTTCTTTGAACAGAACCATGGAGG

AGCTGATCGAGAGGTACAAGAGTGCTAGTGGCGAACAGGCCAACGCCTG

CGGCGACCAGAGAATGGTTAGTGATTATAACTCTTTCCTTTTGTTTCAGTT

CTTTTTCTGTTTCTGTTTCAGTTGTTATCCTTTACTGTTTCCATTTCAGTTGT

TAGCTAGCCCCCACTCCAATTTCTAATCAGTGCCTAGTTTCATATGTAAAT

TAAGCATAGGGAGTTGCTAGTGATGAAAAAAAAGGTCTGGAAATAGAGC

TAGTTGTATCCGAAAAATCTGAGCTGCTATTATGTTACAGATGATTAAACC

TGGAACTGAAAACTCTAGGCTCTAGCCCAAAACTAGTTGGAATACATCAA

ATAGACAATAGTATAAAGTATAAACACCTGATCTACACATCTTAGGTGGC

AAGTAGTTGCAACTTCGTAATATTTCCTCCATTTTACCTCATGCTCTCCTAT

CACTTAAAACTGGTGCATGTATGTCATCAGGACCCAAAACAGGAGGCAAT

GGTGCTCAAACAAGAAATCAATCTACTGCAGAAGGGCCTGAGGTAAAAA

CTATTCACAGATTGCATTACAGATTGGTATAATTCCTTTCTAGAAGAAAAA

ATAGATAAAATCATACAATCTTCCAGCAAAAATATCCAAGTTTGATTTCAT



AAACAAACATAGCTTTCTATGTCCAATTAGTAAGTTCACATCGCAACAAG

TATGCAATGCTATCCAGACTTGGTCCACACTCAGTATCATTCACTAGATCA

CTGCAAGTAACATAACCATACATGGAAGTGTTACAAAAAAATTGTTGAAC

TCACACTAAGTAAAAGAGCTTCATTCACCAAACCGAACTGTTTACTCGAG

AAATTGATGTAATAAGAATACATCATATATTATTTACATTATAATGAGTTC

AGACACTTAACTCTTGACAAAATTAAAACCCATGGCAGGTACATCTATGG

GAACAGGGCAAATGAACACATGACTGTTGAAGAGCTGAATGCCCTAGAG

AGGTACTTAGAGATATGGATGTACAACATTCGCTCCGCAAAGGTAACTCA

TTGAAAGTCTTCAGATTTCATAAAGAACAAATTGTTCAAGAGATCTAAAA

TCTTTAATCTAACAGATGCAGATAATGATCCAAGAGATCCAAGCACTAAA

GAGCAAGGCAAGCCAAACTATCTTGTTTAACTCTATAAATATCCAATAAA

ATGATTAATAACTAACTAAAAGCATAGTTTATCTCTAATCGTGCAGGAAG

GCATGTTGAAAGCTGCTAACGAAATTCTCCAAGAAAAGGTACTGGCAGTC

CATTGACATAGAACTGTGCACTTGCCAGTTTTAAAAATGAAGATAAAATG

TTGCAGCGTGCCGTAAACTGATGTCAGATATGTGCTTTTGCTTGCAGATAG

TAGAACAGAATGGTCTGATCGACGTAGGCATGATGGTAGCAGATCAACAG

AATGGGCATTTTAGTACAGTCCCACTGTTAGAAGAGATCACTAACCCACT

GACTATACTGAGTGGCTATTCTACTTGTAGGGGCTCGGAGATGGGCTATTC

CTTCTAACACTAATAATGGCCTGGGGGATACTTGTGTTCATTACTAGTGTG

TAATATGGTTAATAATGCTTGTGTTGCTGTTTGCTTTGCTATTCTGATGTAC

CTTATTTAGACAAGTTCCCGCAGGAAGTGTCTTTTAGTATTGTATTTGTCTT

GGGCTGTGGTGCTTTGTTTTTCCCTAAAGAACTCTTGAGGAGCTCTGTTGT

TGAACCATTTCAAGTAATTGAGACTATTGTTTCCTGGAACGTTTATTACAT

TTGTAGAATTAAGCATTTT 

GGAGCTCTCCATCCTCTGCG : gRNA 1 

CCGGCCTGCTGAAGAAGGCC : gRNA 2 

CGAAGCTAGTCCAAACTAGT : gRNA 3 

OsMADS26 FP: GGATAAGGGGAAGAGGAGGA 

OsMADS26 RP: CCTTCAGCTTCTTCTCCATCA  

 

 



ANNEXURE IV 

Primers designed for the study  

 

 

 

 

 

 

 

 

 

Sl.
No. 

Primer 
Name 

Sequence 5’ – 3’ 
Len
gth 

Tm Remarks 

1 RA042 GGATAAGGGGAAGAGGAGGA 20 63.2 
FP 
OsMADS
26 

2 RA043 TGATGGAGAAGAAGCTGAAGG 21 63.4 
RP 
OsMADS
26 

3 RA048 ATGAAAAAGCCTGAACTCACCGC 23 69.2 FP Hyg  

4 RA049 CTTTGCCCTCGGACGAGTGCTG 22 74.1 RP Hyg 

5 RA050 CGGCGAGTACTTCTACACAGC 21 63.8 FP Hyg 

6 RA051 GCGAAGAATCTCGTGCTTTC 20 63.9 RP Hyg 

7 RA052 GACGAGTACAAGGTGCCCAG 20 64.7 FP Cas9 

8 RA053 TTTTCCAGGATGGGCTTGAT 20 65.5 RP Cas9 

9 RA054 AGCGGATAACAATT TCACACAGG 23 65.8 

M13 Puc 
REV 
GUIDE 
SEQ FP 

10 RA055 GAATTTGTGGACCTGCAGGC 20 66.8 

GUIDE 
SEQ 
REV 
PRIMER 
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ABSTRACT 

Rice (Oryza sativa L.) is the most widely consumed staple food of world’s 

human population belonging to Asia and Africa. Being a semi-aquatic annual plant, rice 

is highly prone to losses due to various environmental stresses. Many studies regarding 

this had revealed the need for developing varieties tolerant to abiotic and biotic stresses. 

Various methods like Marker Assisted Breeding, mutation breeding, RNAi, Antisense 

technology, ZFNs and TALENs were in use to develop elite traits for abiotic stress 

tolerance in crops like rice. But very recently, CRISPR/Cas9 system had come into the 

limelight as an efficient tool for the genetic manipulations of crops. Studies have 

identified OsMADS26 transcription factor as a negative regulator of drought tolerance 

in rice. Hence the current study, ‘Editing of rice transcription factor OsMADS26 for 

drought tolerance through CRISPR/Cas9 system’ was undertaken during the period 

from 2019 to 2021 at the Centre for Plant Biotechnology and Molecular Biology, CoA, 

Vellanikkara, Thrissur with an objective to develop drought tolerance in rice. 

The rice cultivar Nipponbare was selected for the study due to its competence 

in genetic transformation and regeneration. For CRISPR/Cas9 mediated targeted 

editing of OsMADS26 gene, guide RNAs (gRNAs) were designed using online software 

CRISPR-P v2. Genome sequence information of OsMADS26 gene available from rice 

genome annotation project was used for the study.  Genomic region of OsMADS26 

gene, flanking the gRNA target (~ 450 bp) was amplified using gene specific primers 

and sequence of the target region was confirmed using BLASTn and ClustalW analysis. 

The CRISPR/Cas9 binary vector pRGEB32 was used to clone the guide RNAs using 

BsaI restriction sites.  Three gRNAs were selected for cloning based on features like on 

score value (higher the value better the editing efficiency), GC content, (40-60%), no. 

of off-target sites (Minimum number of off-target sites preferred), presence of 

secondary structure, location on the genome (towards 5' end of gene in exonic region is 

preferred) etc. 

The CRISPR/Cas9 construct for cloning was developed by annealing and 

ligating the gRNAs to the pRGEB32 vector followed by cloning in E. coli strain DH5α. 

The putative positive clones were identified by colony PCR and further confirmed by 

Sanger sequencing. The plasmids isolated from PCR positive colonies were sequenced 



using universal M13 Reverse primer which is present on pRGEB32 vector. The 

sequences of the clones were confirmed using multiple sequence alignment tool 

ClustalW. One colony of gRNA 1 construct (OsMADS26 #G1-1) and two colonies of 

gRNA 3 (OsMADS26 #G3-3 and OsMADS26 #G3-4) were found positive.  

The CRISPR/Cas9 constructs of OsMADS26 were then mobilized into 

Agrobacterium tumefaciens strain EHA105 following the Freeze-thaw method. The 

positive clones were identified using plasmid PCR using hygromycin gene specific 

primers. Positive colonies of OsMADS26 #G1-1 and OsMADS26 #G3-3 constructs in 

EHA105 were then used for rice genetic transformation. 

The seeds of Oryza sativa sub species japonica cultivar Nipponbare were 

inoculated into N6 medium supplemented with 3.0 mgL-1 2,4-D for callus induction. 

After five days, the calli were infected with Agrobacterium cultures harboring desired 

gRNA constructs for 1.5-2 min. Along with the gRNA constructs, an empty vector was 

also transformed to rice as vector control and a set of untransformed culture were also 

maintained. After around two days of co-cultivation, the excess Agrobacterium growth 

was washed-off thoroughly from the calli using the bacteriostatic agent Augmentin. 

The calli were then placed on  selection medium containing Augmentin and 

Hygromycin. The hygromycin resistant calli showed proliferation after 14 days of 

incubation. The proliferating microcalli were then transferred to regeneration medium 

after 21 days. Proliferation of microcalli was observed in vector control, wild type as 

well as OsMADS26 #G1-1 and OsMADS26 #G3-3 co-transformed plates. The vector 

control and untransformed calli showed greening and shoot primordia initiation in 

regeneration medium. The regenerated shoots will be analyzed for mutation in future. 

Hence, in the current study, gRNA constructs for targeted editing of OsMADS26 gene 

was successfully developed and transformed in to rice cultivar Nipponbare. Rice 

genetic transformation suitable to our lab conditions were also optimized. Rice plants 

with mutations in the OsMADS26 gene is expected in future which can confer drought 

tolerance.   
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