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Abstract: [Objective]l The objective of this study is to establish a CRISPR/Cas9-mediated gene editing system in order to
find a new way for revealing gene function and breeding of banana. [Method]l According to the Musa genomic (A genome)

sequence of phytoene desaturase gene 8 (MaPDS), online tools ZiFiT Targeter Version 4.2 was used to determine the appropriate
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designing of CRISPR/Cas9 target sites, one of the output target sites was selected for designing the sgRNA. The sgRNA and U6a
promoter sequences were linked by overlapping PCR to produce U6a-sgRNA expression cassette, then the fragment was cloned into
the binary pYLCRISPR/Cas9 multiplex genome targeting vector system based on Golden Gate Cloning, a pY LCRISPR/Cas9 vector
carrying sgRNA cassette named pYLCRISPR/Cas9-sgRNA was generated. The plant expression binary vector, containing a Cas9
(Cas9p) expression cassette, driven by the maize ubiquitin promoter (Pubi), and the sgRNA with target sequence of MaPDS was
transcribed under the control of the U6a promoter from rice. The constructed plasmid was then transformed into EHA105 strain of
Agrobacterium tumefaciens, which was subsequently used to infect embryogenic cell suspensions (ECS) of banana to obtain resistant
plantlets. PCR amplifications were carried out using primer pairs flanking the designed target site. The PCR products were sequenced
for detection of mutation. [ Result] MaPDS was selected as the target of Cas9 endonuclease, and a sgRNA was designed as the target
site for CRIPSR/Cas9. The sgRNA with target sequence was firstly inserted into the sgRNA expression cassette by using overlapping
PCR, then the cassette was combined with the pYLCRISPR/Cas9 in a single plant binary vector. The results of identification by
enzyme digestion and sequencing showed that the pYLCRISPR/Cas9-sgRNA vector aiming at MaPDS was successfully constructed,
and the vector harbors a Cas9 expression cassette driven by Pubi, and a sgRNA expression cassette under the U6a promoter. Using
this system and Agrobacterium-mediated transformation, 129 independently transformed lines with visible albino, chimerism mutant
phenotypes and normal phenotypes were regenerated from ECS after transformation, resistance screening, resistant embryo induction,
germination and rooting process. The ratio of albino and chimerism phenotype occurred in transgenic banana was more than 55% (71
out of 129). Albino phenotype in these transgenic plants indicates the loss of PtoPDS function. To further verify whether the loss of
green in the transgenic banana was caused by generation of mutations in the MaPDS by the CRISPR/Cas9 system, 33 mutant
phenotypes and 14 normal phenotypes from 129 independent transgenic plants were randomly selected for sequencing. The results
confirmed that all of these transgenic plants with albino phenotype contained mutants in the MaPDS, insertion (a “A” or “T”) and
displacement were found in the target sites of MaPDS in the mutants. And it was also found the displacement in downstream of the
target sites of MaPDS in the experiments, no mutation was detected in the normal phenotypes of transgenic and control plants.

[ Conclusion] The CRISPR/Cas9 system was successfully applied to knock out the endogenous phytoene dehydrogenase (PDS)
gene in banana. The results demonstrate that the Cas9/sgRNA system can be exploited to targeted mutagenesis and effectively create
knockout mutations in banana.
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1—3: gRNA PCRY"#4; M: DL 2000 DNA marker
1-3: PCR products of gRNA; M: 2000 bp DNA marker

1 gRNA Overlapping PCR # 3% B E% BY B sk A&
Fig. 1 PCR of the gRNA with the specific primers
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1—2: pYLCRISPR/Cas9-gRNAM Miu 1f#1)]; M: DL 2000 DNA marker;
3—4: gRNA PCR/™4¥)

1-2: plasmid restricted by Mlu I; M: 2000 bp DNA marker; 3-4: gRNA PCR
products

2 pYLCRISPR/Cas9-gRNA EE1J14 E
Fig. 2 Identification of pYLCRISPR/Cas9-gRNA plasmid
with Mlu I digestion

PVSI replicon

3 PpYLCRISPR/Cas9-gRNA i {&&litk
Fig. 3 Construction of the pY LCRISPR/Cas9-gRNA vector
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A: Mature resistance embryos; B: Germination of resistance embryos

4 BRERNFENBE

Fig. 4 Somatic embryos germination and regeneration
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M: DL 2000 DNA marker; CK+: PCR product of pYLCRISPR/Cas9-gRNA;
1—=9: HIERRIFRIF PCR 471 CK-: AREESEDRAR I PCR 74

M: 2000 bp DNA marker; CK+: PCR product of pYLCRISPR/Cas9-gRNA;
1-9: PCR product of transformed plants; CK-: PCR product of non-
transformed

5 EROEEEEERAT PCR 42
Fig. 5 PCR identification of the transgenic plants
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A: MOERFKHEREEN; B: 2HRAMRGAEEREEN; C: RAMEERAEN
A: Normal phenotype of the transformed plants; B: Chimerism phenotype in regenerated plants; C: Albino phenotype of the regenerated plants

El6 HEREERRTE
Fig. 6 Phenotypes of the mutants generated from the CRISPR/Cas9 targeting

H k11 Albino

B7 HEREFERLTIKRRIR MuPDS F5)5 1
Fig. 7 Sequence analysis of MuPDS from mutation plants
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