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World Overview of Gene Editing Legislation:
Dark green: Difference between GMOs and Conventional
Light green: Legislation ready to be issued
Yellow: Still under discussion, no decision
Red: GMOs = Edited
White: no discussion and/or info available

https://doi.org/10.1093/plphys/kiac359


Legislation in Colombia 
since August 2018

• ICA Resolution # 00029299 

• Waxy corn, and Xam-resistant rice 
declared conventional varieties/lines

• Banana and Brassica on pipeline



Gene Editing Efforts in the CGIAR 
(Pixley at al 2022)

“aSDN2 editing required. All other current 
projects are SDN1”

“Stage of current development: (1) discovery; 
(2) proof of concept; (3) early development; (4) 
advanced development; (5) commercialization”



No Foreign DNA in Final Product:

SDN1: DNA repair induces INDELS

SDN2: DNA repair with template

SDN3: Insertion of longer strands 
of external (transgenes) or 
autochtonous sequences 
(cisgenes).
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New Nutations in GBSSI for Waxy Cassava



ATGGCAACTGTAATAGCTGCACATTTAGTTTCCAGGAGCTCACACTTGAGCATCCATGCATTAGAGACTAAGGCTAATAATTTGTCT

CACACTGGACCCTGGACCCAAACTATCACTCCCAATGGTTTAAGGTCCCTCAACACTATGGATAAACTCCAAATGAAGACACAATCA

AAAGCTGTGAAAAAGGTCTCTGCCACCGGCAATGGTAGGCCTGCTGCCAAAATTATTTGTGGTCATGGAATGAATTTAATCTTTGTT

GGAGCTGAAGTTGGTCCCTGGAGCAAAACTGGTGGACTTGGTGATGTTCTTGGAGGACTCCCCCCTGCCATGGCCGCAAGAGGGC

ACCGCGTCATGACAGTGTCTCCCCGCTATGACCAGTACAAGGATGCTTGGGATACCTCTGTATCGGTGGAGATTAAAATTGGAGAT

AGAATTGAAACTGTCCGCTTCTTCCACTCCTACAAAAGAGGAGTTGATCGGGTCTTCGTGGATCATCCAATGTTCCTTGAGAAGGTA

TGGGGCAAAACTGGATCTAAAATATATGGCCCAAGAGCAGGTTTGGATTACCAGGACAACCAACTGCGATTTAGCTTGTTATGCCT

TGCTGCTCTGGAGGCACCGAGAGTTCTGAACTTGAACAGCAGCAAAAATTTCTCAGGACCCTACGGAGAAGAAGTTGCCTTCATTG

CCAACGACTGGCACACTGCTCTGCTTCCATGTTATCTAAAAGCCATTTACCAACCTATGGGGATTTACAAACACGCCAAGGTTGCCTT

TTGCATCCACAACATTGCATATCAGGGAAGATTTGCCTTCTCAGACTTCCCACGACTTAATCTGCCAGATAAATTCAAAAGCTCTTTT

GACTTTATCGATGGGTATGAGAAGCCCGTGAAGGGAAGGAAAATCAATTGGATGAAGGCCGGGATATTGGAATCAGACAGGGTT

TTGACTGTGAGCCCATACTATGCCCAAGAAGTCATCTCTGGAGTTGAAAGAGGCGTCGAGCTGGATAACTTCATTCGTAAAACTGG

CATTGCTGGTATTATAAATGGCATGGACGTCCAGGAGTGGAATCCTGTTACAGATAAATACATTGACATCCACTACGATGCCACAAC

TGTTATGGACGCAAAACCTTTGTTGAAGGAAGCCCTTCAAGCAGAAGTCGGATTGCCTGTTGATAGGAATGTTCCTTTGATAGGCTT

CATTGGTAGATTAGAAGAGCAGAAGGGTTCAGATATTTTTGTTGCAGCTATTTCCCAATTGGTTGAACACAATGTGCAGATAGTAAT

CCTTGGAACTGGCAAAAAGAAATTTGAGAAGCAGATTGAGCATCTGGAGGTTTTGTACCCTGACAAGGCAAGAGGAGTTGCAAAA

TTCAATGTGCCGTTGGCGCACATGATCACAGCTGGTGCTGACTTTATGCTGGTTCCAAGTAGATTTGAGCCCTGTGGTCTCATTCAG

TTGCATGCTATGCGATATGGAACAGTTCCCATTGTTGCTTCTACTGGTGGTCTTGTTGATACTGTTAAAGAAGGTTACACAGGATTC

CAAATGGGGGCCTTGCGCGTTGAATGTGACAAAATTGATTCAGCAGATGTAGCTGCGATAGTTAAAACTGTGGCAAGAGCTCTTG

GCACTTATGCTACCGCTGCATTAAGAGAAATGATCCTGAATTGCATGGCCCAAGACTTGTCATGGAAGGGACCAGCCAGAATGTGG

GAGAAAATGCTCCTGGACCTGGAAGTTACTGGCAGCGAACCTGGCACTGAAGGGGAGGAGATCGCTCCTCTTGCTAAGGAGAACG

TTCCCACGCCTTGA

gRNA name Sequence 5’-3’ + PAM Location 

sgRNA-GBSSI-5 TTGGGATACCTCTGTATCGGTGG Exon 2 

sgRNA-GBBI-1 GGTAGATTAGAAGAGCAGAAGGG Exon 9 

sgRNA-GBSSI-4 CCTATGGGGATTTACAAACACGC Exon 6 

 



Waxy Cassava Harvest June-July 2020



Lines # of germinated stakes 
(3 Reps. 10 plants each)

# of plants with shoots 
>20cm

TMS60444 (control) 9,   8,   9 7,  5,  5

MPER183 6,   5,   2 5,  5,  2

LINE 32 7,   5,   6 5,  2,  2

LINE 8 2,   2,   0 1,  0,  0

LINE 54 0,   0,   0 0,  0,  0

TMS60444 (control) MPER183 LINE 32

LINE 8

LINE 54

Germination (sprouting) 
of waxy lines 62 dap
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T-DNA-Free, Gene Edited Waxy Cassava



New FEC Lines for Waxy?

1cm

CM4574-7
Caucana

(9 do)
Industrial

MCol2215
(23 do)
Fresh 

consump.

TMS60444
(23 do)

KU50
(16 do)

Industrial



Remember

Segregation still needed since, for non-
GMO, Gene-Edited cassava there is no
DNA-free gene editing approach,
efficient and reliable, available yet.
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Heritable transgene-free genome 
editing in plants by grafting of wild-
type shoots to transgenic donor 
rootstocks

Lei Yang et al Nat. Biotechnol. (2023) 
https://www.nature.com/articles/s41587-022-01585-8

• Drawback: cleaning out chimerism 
in next true-seed generation. 
Feasible for cacao, not cassava.

https://www.nature.com/articles/s41587-022-01585-8


A simple and efficient strategy to 
produce transgene-free gene edited 
plants in one generation using paraquat 
resistant 1 as a selection marker

Xiangkiu Kong et al (2022) 
https://www.frontiersin.org/articles/10.3389/fpls.2022.1051991/full

• “PAR1 can be used as a coediting 
marker to enrich mutants of target 
loci.”

• Being implemented for cassava 
using FEC, selection with paraquat 
(not Hygromycin)

X

FEC

T0 generation

https://www.frontiersin.org/articles/10.3389/fpls.2022.1051991/full


Gene Editing SWEET genes to Confer resistance to Cassava Bacterial Blight
produced by Xanthomonas phaseoli pv. manihotis (Xpm)

Boris Szurek & Paula Díaz & The Alliance

(Zarate et al. 2021)



Design of SgRNA's in the MeSweet 10a gene.

SgRNA information for the EBE site of the MeSweet10a gene:

TTCTTCAAAAAAAATAATAAAAGAAACAAGGCCACTGTTACATTGACATATTTTATTCACTTTAATCATGCATGCAACTTGACTTCATT

CCGTTCCCTGGATTCCTCCCCTATATAAACGCTTCTCGCCCATCCATCATTGCACAACATAGCTAGAGTTTCCTCTTGAGAAAGAGAGT

TTCCTCTGCACAAGGGAAAGAGAGTCTCTACTATAGCCGGAGAATGGCCTTGCACTTGTCATTGGACTTCGTTTTTGGCGTTTTAGGTA 

XamEBE-1 site for  TAL20
XamEBE-2 site for  TAL20
CCA = PAM region
5'UTR region
First exon 



MeSWEET 10A -EBE1-A1(1)- R1CONTROL TMS 60444–R4.
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Haploid Induction



(Haploid Induction) Crosses & Embryo Rescue

Crosses:

SM 3359-11 x Hapl mol 17 - A

SM 3359-11 x Hapl mol 17 - 1A

SM 3359-11 x Hapl mol 17 - 2A

SM 3359-11 x Hapl mol 17 - 3A

SM 3359-11 x Hapl mol 9 - A

SM 3359-11 x Hapl mol 9 - B

WT

Haploid 
Inducer

Somatic embryos from 2 months old seed from 
cross SM3359 X Hapl-mol17-2A



Leveraging Landrace Genomics to 
Rapidly Engineer Thermotolerant 

Cassava

Grey Monroe , Kehan Zhao & Evan Long

Gene Editing Cassava Team at CIAT



• Genomics data from Grey Monroe et al (online)



Genome Sequencing Landraces

• Total in vitro landraces in TC: 307
• DNA extracted: 328 varieties and Landraces. 
• Missing: 72 plants to complete the goal of 400

Pan-Genome

• Total of in vitro plants: 8
• DNA extracted: 8 Landraces for pan-genome
• Missing: 2 plants to complete the goal of 10 



Date of field: 14-Dec-2022 09-FEB-2023

• Landraces: 240
• Varieties: 16
• Total plants: 648 

Bulk genotypes for common garden experiments



Clonal Macro-Propagation of 
Cassava using Hydroponic system

Cassava
mini cuttings

(8-10 cm)

Rooting

Direct transplanting 
to field

5-6 weeks

3 weeks after direct 
transplanting to field



Jaramillo AM, Sierra S, Chavarriaga-Aguirre P, Castillo DK, Gkanogiannis A, et al. (2022) Characterization of cassava ORANGE 
proteins and their capability to increase provitamin A carotenoids accumulation. PLOS ONE 17(1): e0262412. 
https://doi.org/10.1371/journal.pone.0262412
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0262412

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0262412


Perspectives

Reasons to continue:
• > 40 crops 11

• > 25 countries.
• Agronomy, food and feed quality, biotic/abiotic stress tolerance. 
• Commercially seven crops: soybean, canola, rice, maize, mushroom, camelina and 

tomato.

• For Haploid Induction: MORE MALE FLOWERS; Histo-Cellular characterization

• Training partners in Asia/Africa (even for rice)

• DNA-Free or Transgene-Free Methods.

https://www.nature.com/articles/s41588-022-01046-7#ref-CR11


Gracias!
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