
BioTechniques

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/ibtn20

Cassava for the future: embryogenic liquid cultures
suitable for new biotech techniques

Beata Dedičová & Luis Augusto Becerra Lopez-Lavalle

To cite this article: Beata Dedičová & Luis Augusto Becerra Lopez-Lavalle (2024) Cassava for
the future: embryogenic liquid cultures suitable for new biotech techniques, BioTechniques,
76:9, 453-461, DOI: 10.1080/07366205.2024.2393546

To link to this article:  https://doi.org/10.1080/07366205.2024.2393546

© 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 16 Oct 2024.

Submit your article to this journal 

Article views: 848

View related articles 

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ibtn20

https://www.tandfonline.com/journals/ibtn20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/07366205.2024.2393546
https://doi.org/10.1080/07366205.2024.2393546
https://www.tandfonline.com/action/authorSubmission?journalCode=ibtn20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ibtn20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/07366205.2024.2393546?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/07366205.2024.2393546?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/07366205.2024.2393546&domain=pdf&date_stamp=16%20Oct%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/07366205.2024.2393546&domain=pdf&date_stamp=16%20Oct%202024
https://www.tandfonline.com/action/journalInformation?journalCode=ibtn20


BIOTECHNIQUES 
2024, VOL. 76, NO. 9, 453–461 
https://doi.org/10.1080/07366205.2024.2393546 

REPORT 

Cassava for the future: embryogenic liquid cultures suitable for new biotech 

techniques 

B eata D edi ̌cová* , a , b and Luis Augusto B ecer ra Lopez-Lavalle a , b , c 

a In ternational Cen ter for Tropical Agriculture , CIAT Transformation Platform , A.A. 6713 Cali, Colombia , Latin America ; 
b Department of Plant Breeding , SLU Alnarp , Swedish University of Ag ricultur al Sciences (SLU) , Sundsvägen 10 P.O. Box 190, SE 
234 22, Lomma , Sweden ; c International Center for Biosaaline A gricultur e , ICBA , Academic City, Al Ain Road, Al Ruw ayy ah 2, Near 
Zay ed Univ ersity, Dubai , UAE 

ARTICLE HISTORY 
Received 22 August 2023 
Ac c ept ed 14 August 2024 

KEYWORDS 
AFLP; ensifer adhaerens 
(OV14) ; genetic stability; 
genotyping; gus; manihote 
esculenta ; plants; SNP 

ABSTRACT 
Cassava, a crop of importance for subsist enc e far ming in Afr ica, Asia, and Latin Amer ica, has the 
pot ential t o benefit from global ec onomic int eg ration as a versatile industrial r esour ce. Enhancing 
cassava productivity is not just a matter of agricultural competitiveness but a crucial step toward 
ensuring man y communities’ f ood security and liv elihoods. Giv en its high performance in marginal 
envir onments, wher e climate change poses threats, ensuring food security and livelihoods relies on 
rapidly adapting cassava. This study aimed to develop a prot oc ol that swiftly transitions cassava 
embryogenic short-period liquid suspension cultures, facilitating the regeneration of genetically 
stable in vitro plants. The r esulting pr ot oc ol, with its pot ential t o be a foundational component in 
future t echnolog ies employing various genome editing or genetic modification techniques, holds 
promise for the adv ancemen t of cassava biotechnology. 

METHOD SUMMARY 
The method combines the two major players in this prot oc ol: Casava’s short suspension culture 
and an alternative bacterial strain that shows the potential to recognize these cells as a target for 
genetic modification. The method exhibits a high potential for developing future editing prot oc ols 
for cassava. 
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. I ntro duction 

assava, a crucial source of calories and income, partic-
larly among low-income families in the tropics, notably
ub-Saharan Africa [ 1 ], faces significant challenges. It
olds a top-tier position, often the first or second crop in

erms of land and r esour ce allocation, within numer ous
ropical farming sy st ems, particularly in A frica. T hese sys-
 ems, charact eriz ed b y small-scale farmers averaging 0.5
ectares cultiv a ting multiple crops concurrently, rely on
assava to safeguard the rural population in sub-Saharan
frica against hunger and malnutrition [ 2 ]. How ev er,
espite its importance, cassava has yet to fully harness
merg ing t echnolog ies’ benefits [ 3 , 4 ]. These r ev olution-
ry techniques, which have the potential to fast -tr ack
lant science and innovation, propelling plant breeding
nd germplasm development [ 5 ], still need to be fully
tiliz ed b y cassava. T his r esear ch aims to addr ess this gap
y developing a prot oc ol that swiftly transitions cassava
mbryogenic short-period liquid suspension cultures,
acilita ting the regenera tion of genetically stable in vitro
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plants. The urgency of this r esear ch, underscor ed by the
pressing need to adapt cassava to climate change rapidly,
highligh ts the poten tial of this prot oc ol in enhancing
cassava productivity and competitiveness, making it a
crucial and timely contribution to the field. 

R egrettably, Afr ica’s cassava production and millions
of small-scale farmers c onfront sig nificant challenges,
hindering productivity and sustainability. One of the
constraints for farmers is the Cassava Mosaic Disease
(CMD), which causes sev er e damage to cassava
production. CMD, transmitted via whiteflies, propagates
pr imar ily through infected cuttings, imposing significant
constrain ts on cassav a production [ 6 ]. The complexity
deepens as farmers predominan tly cultiv a te pr eferr ed
cultivars selected based on economic value and
suitability for diverse geographical and climatic zones [ 7 ].
Developing cassava cultivars resistant to Cassava Mosaic
Disease (CMD) and Cassava Brown Streak Disease (CBSD)
remains a critical priority, in tandem with ensuring high
productivity and t oleranc e t o post-harvest phy siolog ical
deterioration (PPD) [ 8 , 9 ]. Traditional breeding methods
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or cassava can extend beyond a decade to release a new
ariety, oft en involving c ompromises between desirable
nd less desir able tr aits. To ov er come these challenges,
ext -gener ation breeding programs increasingly turn
 o biot echnolog ical approaches such as genomic
election (including marker-assisted selection) and
r ansgenics (gene tr ansfer). These advanced methods
ffer significant opportunities to enhance the suite of
assav a v arieties developed by CGIAR institutions like
IAT and IITA. Additionally, established tissue culture

echniques such as embryogenic suspension cultures,
longside exploration of alternative bacterial strains [ 10 ],
how great potential in advancing the development and
istribution of disease-free cassava with enhanced

raits like whitefly resistance, high yield and PPD
 oleranc e. 

Our r esear ch pr esented her e aimed to simplify the pr o-
 oc ol for cassav a transforma tion by using embryogenic
uspension cultures in combination with an alternative
acterial strain. 

. Materials & methods 

.1. Cassava in vitro donor material 

hree cassava clones ( Manitoh esculenta Crantz) Kasetsart
KU 50), SM1219-9, and TMS60444 as in vitro plants
ave been obtained from CIAT Gene Bank, Colombia
ollection, on medium Murashige-Skoog [ 11 ] hormone-
ree, supplemented with 2% sucrose and 0.5% agar, pH
.6–5.8. All proliferated shoots were subcultured as node
uttings every 3–4 weeks on the same type of medium
nd cultiv a ted a t 28 ◦C with a 12-hour photoperiod. 

.2. Liquid embryogenic cultures & cassava in vitro 

plant regeneration 

or somatic embryogenesis induction, axillary buds from
n vitro plants w er e c ollect ed in filt ers st erilized liquid

S medium (micr o, macr o elemen ts) in combina tion
ith Gamborg B5 vitamins [ 12 ] supplemented with

0 mg/l picloram, 0.5 mg/l CuSO 4 .5H 2 O, 150 mg/l casein
y dr oly sat e, 20 g/l sucrose, pH 5.6–5.8. Usually, cultures
re kept in the dark at 24 ◦C until embryogenic tissue
nd somatic embry os ar e formed [ 12 ]. On the 10th day,
he liquid medium with the released cells was pipetted
nt o a st erile tube, and the cultiv a tion con tinued for 3–
 days on a shaker, shaking at 50 rpm in the dark at
4 ◦C. 

Cultur es w er e filtrated through the Büchner funnel
ollowing the cell suspension with sterile filter paper
nside. The filter was placed into Petri dishes with solid

S medium supplemented with 5 mg/l 2,4-D, 150 mg/l
asein hy dr oly sat e , 450 mg/l L-glutamine , 20 g/l sucrose ,
and 2.7 g/l gelrite , pH 5.6–5.8. C ultur es w er e gr own in the
dark at 24 ◦C in a growth chamber. 

Subsequen tly, prolifera ting embryogenic cultures
w er e transferr ed to shoots induction medium MS
supplemented with 3 mg/l BAP, 1 mg/l NAA, 150 mg/l
casein hy dr oly sat e , 450 mg/l L-glutamine , 30 g/l sucrose
and 2.7 g/l gelrite , pH 5.6–5.8. C ultur es w er e gr own in
ligh t in tensity (75 μmol/m 

2 /sec) f or a week f ollowing
transfer to light (120 μmol/m 

2 /sec) with a photoperiod
of 12 h at 24 ◦C. 

Within 3 weeks, induced shoots were transferred to
MS medium supplemented with 0.5 g/l gibberellic acid
and 100 mg/l edamin, pH 5.6–5.8, for shoot elongation.
Plants have been growing at 28 ◦C with the full light
regime (120 μmol/m 

2 /sec) and a photoperiod of 12 h.
Plant rooting took place on an MS hormone-free medium
supplemented with 20 g/l sucrose and 3 g/l gelrite,
pH 5.6–5.8, and plants have been growing at the same
culture conditions. 

2.3. Bact erium: mediat e cassava suspension culture 
transformation 

For the Agrobact erium -media ted transforma tion exper-
iments, we used two bacterial strains: Agrobacterium
tumefaciens EHA 105 har bor ing pC AMBIA 1305.2 and
Ensifer adhaerens (OV14) har bor ing the super binary vec-
tor pC AMBIA 5105. B oth bacter ial strains w er e handled
ac c ording t o [ 10 ] and car r ied the gusInt or gus Plus gene,
r espectiv ely. 

2.4. Inoculation & co-culture of suspension cultures 

Cassava cell suspension cultures KU 50, SM1219-9, and
TMS60444, w er e supplemented with 200 μM ac et osy-
ringone and shaken for approximately 4 hours at 100–
200 rpm in the dark at 24 ◦. This was followed by bacteria
inoculation using E. adhaerens (OV14) or A. tumefaciens
(OD 0.1), r espectiv ely, in v olume 1:1. Co-cultur e with
bact eria t ook plac e for approximat ely 50 min at 21 ◦C
without shaking. 

Subsequen tly, the cassav a suspensions w er e filtrated
through a Büchner funnel with sterile filter paper. The
filt er was plac ed int o a Petri dish with Co-culture MS
medium supplemented with 5 mg/l 2,4-D, 150 mg/l
casein hy dr oly sat e , 450 mg/l L-glutamine , 200 μM A ce-
tosyringone, 500 mg/l MES, 20 g/l sucrose and 2.7 g/l
gelrite , pH 5.6–5.8. C ultur es w er e gr own for 3 days at 21 ◦C
in the dark. 

Aft er 3 day s of c o-culture with bact eria, the filt er paper
with cell cultures was transferred to fresh MS medium
supplemented additionally with 160 mg/l timentin and
3 mg/l BAP, 150 mg/l casein hy dr oly sat e, 450 mg/l L-
glutamine, 500 mg/l MES, 20 g/l sucrose, 2.7 g/l gelrite,
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Figure 1. Cassava suspension cultures (A–E) magnification 20 × arrows showing an early somatic embryo development, (F) 
embryogenic callus and somatic embryos growing on solid medium with filter paper, (G & H) TMS60444 shoots induction and 
elongation. 
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H 5.6–5.8. Cassava suspension culture recovery took
lace for 7–10 days. Cultures grew at 24 ◦C with light

75 μmol/m 
2 /sec) with a 12 h photoperiod. On the

0th day, embryonic suspension cultures were carefully
 ollect ed from the filter paper disk and were assayed for
us gene expression ac c ording t o [ 13 ]. 

.5. Molecula r a nalysis of Cassava in vitro plantlets 

eaf samples w er e c ollect ed from 40 in vitr o -g rown
assav a plan tlets. The plan tlets w er e generated
rom the embryogenic suspension of the genotype
MS60444, which is cataloged as NGA11 in the CIAT
ene bank. For DNA ex trac tion, we utilized a modified
TAB (Cetyltrimethylammonium bromide) based
rot oc ol described by [ 14 ]. Modifications included
NA ex trac tion from leaf tissues that had been ground to
o wder. T his tissue was processed using a Qiagen Tissue
y ser sy st em (Venlo, Netherlands). 
2.6. Amplified fragment length polymorphism 

genotyping 

Amplified fragment length polymorphism (AFLP)
w as performed essen tially as described by Vos et al.
(1995) [ 15 ], with the following modifications for
cassava as reported in [ 16 ]: The AFLP t emplat es w er e
pr epar ed by digesting 1 μg of genomic DNA with the
restriction enzymes Eco RI & Mse I, and the resulting AFLP
fragments w er e visualized using 2 Eco RI/ Mse I primer
combinations (PC) (PC-1: ACT/CAT and PC-2: AC A/C AC).
The AFLP fragments w er e r esolv ed on 6% denaturing
polyacrylamide gels and labeled by silver staining [ 17 ].
The presenc e/absenc e of sc or able AFLP fr agmen ts w as
captured and ev alua ted in the 40 cassava accessions. 

2.7. AFLP identification of duplicate individuals 

To identify duplicate individuals within the AFLP dataset,
w e employ ed a genetic distance approach using the
Hamming distance. This method quantifies the number
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Figure 2. Show s Gus-P lus e xpression in cassav a tissue tr ansformed with E. adhaer ens (OV14): (A–C) suspension cultur es, (D–F) leav es 
fr om in vitr o plants, (G) cotyledons fr om in vitr o cultur es, (H) c otyledons A. tumef acient EHA 105 harboring pCAMBIA 1305.2 (positive 
control), and (I) a negative control test for endogenous gus expression in E. adhaerens (OV14). 
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f differ ing mar kers between pairs of individuals. For this
nalysis, we utilized the stringdist package in R, known
or its robust computation of Hamming distances for
inary data, ac c ording t o van der Loo, 2014 [ 18 ]. Initially,
FLP data w er e pr epar ed by encoding them into binary
atric es, with row s representing individual samples and

olumns r epr esen ting markers tha t indica t e the presenc e
r absence of AFLP bands. This data was loaded into
 using standard methods [e.g., r ead .csv [ 18 ] (Version
2, R Founda tion for Sta tistical Computing, Vienna,
ustria). 

To facilitate the analysis, we converted the binary
a trices in to str ing for mats for each individual, enabling

he use of the str ingdistmatr ix function from the
tringdist package. We c omput ed the Hamming distance

atrix to identify duplicate pairs, explicitly excluding
elf-comparisons. We identified duplicates as pairs of
ndividuals with a Hamming distance of zero. 

.8. AFLP assessment of genetic diversity 

enetic diversity within the cassava variants was quan-
ified using the diversity function from the vegan [ 19 ]
ackage, focusing on Shannon’s index as a measure of
div ersity. Furthermor e, w e ev alua ted the genetic rela tion-
ships among the v arian ts through hierarchical clustering,
employing the Jaccard distance measure to determine
the linkage. 

2.9. Visualization of AFLP results 

A heatmap of the distance matrix was generated using
the ggplot2 and reshape2 packages, highlighting the
clust ering of duplicat e samples. Additionally, the fre-
quency of identified duplicates was illustrated through a
bar plot, which employed the barplot function to quantify
and visually r epr esent the r edundancy within the dataset.

2.10. Single nucleotide polymorphisms genotyping 

This study’s standard DNA amount of 60 ng per sam-
ple was meticulously processed using a prot oc ol for
genotyping 96 single nucleotide polymorphism (SNP)
genotyping in cassava. This genotyping was performed
utilizing the EP1 TM sy st em and 96.96 SNP type assays
of Fluidigm 

R ©
version S.01, SNPY-Chip, which facili-

tat es the c oncurrent c ollection of both end-point and
real-time data from a single chip cell. This technique



BIOTECHNIQUES 457 

C
S
1

0.
0

G1: Identical to the TMS60444

G2

G3

50% missing data

Individuals

Individuals

In
di

vi
du

al
s

0

0

10

10

20

20

30

30

40

Distance
25

20

15

10

5

0

40

A

B Shannon Diversity Index

Hamming Distance Matrix Heatmap

1.
0

2.
0

D
iv

er
si

ty
 In

de
x

3.
0

C
S
2

C
S

3
C

S
4

C
S
5

C
S

6
C

S
7

C
S

8
C

S
9

C
S
10

C
S
11

C
S
12

C
S
13

C
S
14

C
S
15

C
S
16

C
S
17

C
S
18

C
S
19

C
S
20

C
S
21

C
S
22

C
S
23

C
S
24

C
S
25

C
S
26

C
S
27

C
S
28

C
S
29

C
S

30
C

S
31

C
S

32
C

S
33

C
S

34
C

S
35

C
S

36
C

S
37

C
S

38
C

S
39

C
S

40
S

M
12
19

-9
T

M
S

60
44

4

Figure 3. Genetic Diversity and Similarity Analysis, (A) Hamming Distance Matrix Heatmap: Displays pairwise Hamming distances 
among 44 individuals. Dark blue indicates lower distances (higher similarity), red signifies higher distances (lower similarity), and grey 
show s in termediate levels. Each axis represents individual comparisons, with the diagonal showing zero distance. (B) Shannon 
Diversity Index: This bar g r aph illustr ates the Shannon Div ersity Index for each individual , gr ouped into G1 (blue), G2 (gr een) and G3 
( or ange). G1 individuals are identical to the reference “TMS 604444”. The index reflects genetic diversity, with most individuals 
displaying consistent levels except for a few outliers. 
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r ov es highly r eliable, with a r obust c onfidenc e level of
7%. 

Notably, this prot oc ol has demonstrated its effi-
acy across multiple prior studies, c ontributing t o the
nalysis of cassava diversity and varietal identifica-
tion [ 20 , 21 ]. Data was ex trac ted using the Fluidigm
SNP Genotyping Analysis software to obtain genotype
calls. The resulting genotypic binary matrix was then
int eg rat ed int o a .vcf file format for further genetic
analysis. 
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Figure 4. AFLP Mark er Analy sis with Two P rimer C ombinations. This figur e pr esen ts AFLP mark er analy sis for TMS 60444 and SM 1219-9 
genotypes alongside 40 plantlets derived from cell-suspension cultures of donor cassava plant TMS60444 ( M. esculenta Crantz). 
Analyses utilized PC-1 (EACT/MCAT) and PC-2 (EAC A/MC AC) primer c ombina tions. Fourteen scorable AFLP fragments in Panel A and 14 
in Panel B are indicat ed with arro ws. Lanes 12 in Panel A and lanes 1 and 43 in Panel B display the molecular weight markers (30-330-bp 
AFLP 

R ©
DNA Ladder; Invitrogen, USA). On lane 43, the size molecular weight markers failed preparation (M FP ). Lanes 2-40 represent the 

derived cassava plantlets from TMS 60444. Precisely, lane 41 in Panel A and lanes 41 and 43 in Panel B correspond to cassava genotype 
SM 1219-9. Lane 42 in both panels identifies the r efer enc e transforma tion cassava genotype TMS 60444. 
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.11. SNP genotype profiling & clonality assessment

he analysis of SNP data was c onduct ed using the
CF generated from the fluidity data. The study was
erformed on the NGSEP platform [ 22 ] along with
IAT’s 12,000 SNPY-Chip database to determine genetic
uplica tion accura tely. During this process, samples w er e
 onsidered ac curat e genetic duplicat es if they displayed
% or fewer total differences across both homozygous
nd heter ozy gous loci, ascertained thr ough a rigor ous
v alua tion process. 

. Results & discussion 

ev eral pr ot oc ols based on FEC (friable embryogenic
alli) solid cultures were developed and used in several
aboratories in connection with Agrobact erium -media ted
ransformation [ 23 ] or genome editing [ 24 ]; how ev er,
his approach is still rec og nized as laborious and time-
onsuming, genotype- depending, and it can lead to
hanges in plant morphology [ 25 ]. This study developed
 robust and user-friendly method for the induction of
mbryogenic cassava suspension cultures. We observed
he early stages of somatic embryogenesis in suspen-
ion cultures ( Figure 1 A–E) very similar to the one
described by [ 26 ] following the embryogenic callus and
somatic embryo formation ( Figure 1 F) continued with
the regeneration of in vitro plants ( Figure 1 G & H).
The method worked well for all our cassava genotypes
t est ed, which is valuable from a research and breeding
perspective. 

We performed transformation experiments with E.
adhaerens (OV14) and the suspension cultures from three
cassava genotypes. Ac c ording t o our results, cassava
suspension cultures can be effectively transformed with
this alternative bacterial strain ( Figure 2 A–C). Gus gene
expression was visible in many cells; the best was cv. KU
50. If cassava in vitro leaves were used as a target tissue
f or transf orma tion, the gus gene expression w as det ect ed
in this tissue as w ell ( Figur e 2 D–F), and cotyledons of
TMS60444 can express the GUS gene, too ( Figure 2 G).
Transfor mation exper iments with A. tumefacient strain
EHA 105 har bor ing pC A MBIA 1305.2 in combina tion with
cassava TMS60444 in vitro leaves and cotyledons were
performed as a control for the transformation parameters
t est ed ( Figure 2 H). An empty E. adhaerens (OV14) bacterial
cultur e was v erified for the potential endogenous gus
gene expression in suspension ( Figure 2 I), and we have
seen no expression there. 
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In some in vitro cultures, somaclonal v aria tion can
ccur due to recur r ing propagation in the medium, and

egenera ted plan ts can show phenotypic and genotypic
 aria tion [ 27 , 28 ]. We c onduct ed a compr ehensiv e genetic
nalysis of 40 in vitro -derived plantlets from the cell
uspension cultures of the TMS60444 genotype using
FLP and SNP marker sy st ems. The AFLP analy sis r ev ealed
8 scorable fragments and no polymorphic bands w er e
bserved within the groups, indicating a high level of
enetic fidelity among the regenerated plants. Only
7% of the regenera ted plan ts show ed tw o to four
olymorphic bands, suggesting minimal genetic drift

rom the original genotype ( Figure 3 ). Only 27% of the
egenera ted plan ts showed two to four polymorphic
ands, suggesting minimal genetic drift from the original
enotype ( Figure 4 ). 

The SNP analysis was performed using CIAT’s highly
iag nostic SNP array s on the Fluidig m platform. Each
f the 40 embryogenic lines underwent SNP char acter -

zation using chip #1381900245 against CIAT’s exten-
ive cassav a SNP da tabase comprising over 12,000
enotypic entries. The SNP results confirmed that the
enetic makeup of the cell-suspension-derived plantlets
 as iden tical t o the orig inal TMS60444 genotype. This
as further supported by SNP analysis of additional

MS60444 samples run on different Fluidigm chips, all
lustering within the same genetic group (Cluster-9).
imilarly, SM1219-9 samples assessed on various Flu-

digm chips formed a distinct genetic group (Cluster-
52), underscoring the reliability of our SNP-based
ssessment. 

AFLP t echnology, enhanc ed by the use of methylation-
ensitive enzyme Mse I along with the methylation-
nsensitive Eco RI, provided insigh ts in to the epigenetic
hanges potentially influencing gene expression during
egeneration. Notably, the loss of a few specific AFLP
ands in groups of plants (G3 lost two bands; G2 lost

our bands) indicated epigenetic modifications can be
ontr olled by impr oving the tissue culture methodology.
he epigenetic changes reported here are c onsist ent
ith findings from previous studies suggesting that

issue micr opr opagation in cassava leads to genome-
ide changes in DNA methylation [ 29 ] ( Figure 4 ). 

These findings collectively underscore the potency
f the tissue cultur e pr ot oc ol outlined in this study.
y mitigating or even eliminating the potential for
omaclonal v aria tion both before and during the genetic
ransformation process in cassava, our results have far-
eaching implications. They lay a robust foundation for
he secure and productive utilization of in vitro tech-
ology in various applications, ranging from breeding
rog rams t o the br oader distribution of cassava. Our w ork
dvances our understanding of molecular marker appli-
cations [ 14 ] and bolsters the reliability and viability of
genetic manipulation strat eg ies in cassava propagation. 

4. Conclusion 

This paper proposes inducing cassava embryogenic sus-
pension cultures as a target tissue for Agrobacterium -
media ted transforma tion. A t the same time, the r esults
pr esented her e sho w that E . adhaerens (OV14) can be
used as an alternative bacterial strain for cassava genetic
modification. Through our molecular marker analysis,
w e could unequiv ocally establish the absenc e of int er-
clonal polymorphism among the 40 embryogenic lines.
These lines orig inat ed fr om div erse embry ogenic cell
types derived from the cassava genotype TMS 60444,
and further comparison with the naturally propagated
TMS 60444 genotype r einfor ced this conclusion. R emar k-
ably, the regenerated cassava plantlets stemming from
embry os sour ced fr om the TMS 60444 cell suspension
display ed few er differ enc es in DNA sequenc es when
c ontrast ed with the original TMS 60444 cassava clone. 

5. Future p ersp ective 

Man y efforts have been made in the past decades to
simplify cassava transformation prot oc ols. However, they
must still be more complex, laborious, and r epr oducible
for clones and cultiv ars. They con tain several steps, where
just producing the required amount of tissue, which
bact eria can rec og nize as the target, is laborious and time-
consuming. Exploiting embryogenic suspension cultures,
which can be scaled up using bioreactor technology, can
mean a real and significant break. It can also be done with
the help of alt ernative bact eria. T he lo w methyla tion ra tes
observed in our experiments are particularly substantial,
indica ting tha t our tissue culture methods are less likely
t o induc e unw an ted genetic and epigenetic v aria tions.
These findings are supported by detailed AFLP and
SNP analyses, which have shown high genetic fidelity
among regenera ted plan ts. Such stability is essen tial for
maintaining the int eg rity of desirable traits across gener-
ations, thereby ensuring the effectiveness of subsequent
br eeding pr ograms. 

Article highlights 

Cassava tissue cultures 
• Suc c essful establishment of friable embryogenic callus from 

axillary buds of cassava cv. KU 50, SM1219-9, and TMS60444. 
• Suc c essful establishment of cassava embryogenic suspension from 

three cultivars. 
Cassava genetic modification 
• Developing a method for Agrobacterium and an alternative 

Encifer -media te transforma tion utilizing cassava suspension 
cultures. 

• Gus gene expression was observed in different types of cassava 
tissue. 
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Molecular marker analyses & general contribution to the 
technology 
• Confirmation of high genetic stability plants regenerated from 

embryogenic suspension cultures. 
• Enhanc ed Protoc ols for Cassava Biotechnology, making them more 

user-friendly, less labor-intensive, and scalable. 
• Pot ential t o ac c elera te disease-resistan t and high- yield cassava 

variety development and deployment. 
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