ACIAR project "Establishing Sustainable Solutions to Cassava Disease in Mainland Southeast Asia”

Cassava germplasm evaluation and

variety breeding in China

Professor CHEN Songbi

Tropical Crops Genetic Resources Institute, Chinese
Academy of Tropical Agricultural Sciences

Oct 2-6, 2023 o Tay Ninh, Vietnam
Alliance

[J
£\ ECIAT
el

el Coutr s Bolen Agricums




A s Content A\ Vs
Accurate Evaluation of Cassava
Germplasm Resources
Cassava Breeding Program

Vision for International cooperative
Project



1. Accurate Evaluation of
Cassava Germplasm
Resources




Ny Cassava germplasm FeSoOUrCesS i

B Through the project cooperation with Prof. Luiz Carvalho from Embrapa and Prof.
Hernan Ceballos from Alliance of Bioversity-CIAT, the germplasm samples from
CIAT and Embrapa were introduced.

MTA signed by Embrapa and CATAS CIAT special cassava resources Brazilian precious cassava resources

ZCIAT

Supported by NSFC-CGIAR cooperative projects (No. 31361140366) and NSFC (No. 31271776, No. 31371684)



- Collection and preservation of cassava resources N
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E Chinese National Repository of Casava germplasm Resources have collected more
than 3000 cassava accessions, and the genetic diversity index has reached above 0.5,
which greatly meets the needs of genetic improvement of cassava in China.



2w Accurate evaluation of cassava germplasm resources s

B Generation of Phenotypic accurate evaluation model: The accurate evaluation model
of quality phenotype group of cassava germplasm resources was constructed by starch
content, cyanide content, (-carotene content, resistance (low temperature, postharvest
physiological deterioration (PPD), mosaic disease) and mean net photosynthetic rate of
leaves; 15 cassava germplasm with excellent quality indexes were evaluated.
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The germplasm GPMS1024L B-carotene content was up
to 7.853ug/g

- y = 8E-09x% - 4E-06x3 + 0.0005x% - 0.024x + 0.3342
Rz = 0.9604

B- carotene content (ug/g)
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Analysis of B-carotene content in cassava germplasm resources



F The germplasms in low cyanoside contents of tuberous root
were excavated, as low as 4.161ppm
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Analysis of cyanoside content in cassava germplasm resources



e - Construction of cassava germplasm fingerprints g

E Using whole genome resequencing, 503 loci were filtered using minimum allele
frequency, Hardy-Weinberg equilibrium, and linkage disequilibrium, etc to construct
368 cassava germplasm fingerprints and then get 368 QR code of cassava germplasm
molecular identity card.




' The excavation of backbone parent s

F Cassava germplasm GPMS1029L with the highest score and its
molecular ID card QR code and fingerprint map

i - E name:s172;Fingerprint_code: G/A T/C G/G C/G A/G
. " . A H - T/T AJA AJG G/G C/T T/T AJA GIG G/G C/G AJA AIG
AZA C/T GIT AATIT GIT G/AT/IC AT T/G A/AT/G C/T
. % - T/T AJAAST CIT C/T TIC T/T T/G AJA C/T G/G CIC AJA
h-. T/ITAJAC/T A/G T/T GIA C/T GIG A/G G/G C/C A/C
TICGAANATITAICT/GGO/TG/ICTICG/TT/TC/ICG/A
/- AJATIT GIA T/A T/T G/C A/C G/A C/T C/C GIG GIG
- " G/A AJG C/C C/T C/C G/ATIC AJA G/A GIC G/C A/G
- 8 - - - - TICG/AATTICGIGC/ICTIAANAAIGA/GGIGTIGTIT
. T GG GIG T/T A/G GIT A/G GIG A/A AJAA/G GIT
G/A G/G G/C G/G C/C G/A G/A C/C G/A C/C GIT C/C
N A/C C/T T/T T/A CIC C/C G/ATIC T/C A/G G/A T/T C/C
T/A C/C C/T GIG A/G A/A C/C A/G T/T T/C GIG T/T A/G
- 8 G/AAT/ATITTIT CTA/G C/C AT G/IG T/IC T/IC A/G AVA
GICTICAATTTIGT/ITTICG/ICAAG/GCIGGITCT
T/T A/G G/A A/G CIC AVAT/T C/T C/C AJA G/G GIG
TTGGGGC/CTATTAAC/ICT/ICT/AGIG GAT/T
o T/T A/C T/T C/T C/T GIA T/T A/A G/G C/T C/T GIG A/G
C/C CIA CIC GIAT/T CIT A/A AJG A/C A/C AVA T/C
A G/G GIC AIC T/C C/G GIG T/T A/T C/G AJA C/T C/IC
T n /T G/G G/A /T GIA A/G CIT C/C T/C G/A G/G TIC G/A
3 .J': - TIT C/C C/T GIG C/A AIG A/C A/G A/G AJA GIG C/G
-

o

. TIC AJC T/G G/A G/A TIT A/G T/C A/C A/A C/C C/C GIA
. 05 - . . C/C CIC AATIT AJATIT T/C CIG GIA GIG TIA GIG A/A
. & | AATIT CIC T/C A/C G/G G/G T/G G/G A/A T/C T/T C/C
C/T CIT G/A C/T WT T/C G/G AJA G/G C/C C/G A/A
. - | C/TCAATIT C/C A/G T/IC AJC T/T A/G A/G G/T T/C GIC
T/T G/G AJA C/AT/T /T C/T /T /T A/T T/G GIA A/G
y H A/G C/C AJA GIG G/A G/A C/C G/G T/T G/G A/G C/A
b, = C/A C/C CIC A/G A/C G/T G/G C/C C/T T/G T/T A/A
= - - G/G C/C A/T A/G GIG G/G G/G G/T C/T C/T C/G CIC
. /T C/G AJA GIC G/A GIG T/T C/T GIG CIT TIT TIT /T
- . Wl | /T AZA A A/G G/A G/G T/A C/C AJA C/C AVA GIG
. C/C /T C/C TIT T/T AJG GIG T/A C/C C/C AIT C/C A/A
. A/G T/T G/G AJA T/A C/G C/C ASG T/C AJA AA C/C
C/G C/C T/T GIG C/C T/T C/C TIT A/A AIG T/G T/IC A/T
4 AJAT/A C/T CIC AJG TIC AJA GIG AJA T/C C/T GG C/C
- C/C G/A C/C AJATIT C/C T/T T/T CIT CIC C/A GIT A/G

- - - = - CIT C/T G/G G/G A/G C/A T/A GIG C/C C/G T/A C/C
- 7o i . f. ANCGICANCAIA AN CICTIC AIAAIGTITCN TIC




Wy The excavation of backbone parent s

E High p-carotene content sugar cassava South China No. 17: In the tuberous root,
B-carotene content is 6.5 ug/gin (SC9 2.6 ug/g) and sucrose content is 28.66

g/kg (SC9 8.98 g/kg).

b e L

o E] name:s203;Fingerprint_code: A/A C/C G/T C/G G/G
CIC AFA AJG G/A C/C G/G A/C GIC AVA GIG AIT A/G
TTWTG/ITGIGC/ICTITAACICAITGIGG/IGT/IGTIT
- T/IC AT AJACIC CIT TIC C/IC TIG GIA C/IC AVATITTUIT
T/T G/ATIT A/G T/T G/G C/C G/G A/G C/G C/AAIC
T/C G/G G/GT/TAICT/T G/T G/C T/T G/IG C/IC A/C
G/A C/C AJG CIT G/AT/A T/A G/C C/C AJA C/C T/C GIA
- C/C G/A AJA CI/G CIT A/C GIA TIC AJA AJA CIC GIC
- H O . L -~ - G/G T/T G/AA/T T/C A/G TIT TIA AVG G/G A/G GG
- T/T C/T C/T ASG G/G TIT A/G G/G G/G G/A C/A AIG
i~ ASG GIT G/A G/G G/C AVATIC G/AG/IATIT AVATIC
- - = GITAAAATIT C/ICT/IATIC CIT GIG C/C C/C AIG
a G/G T/T AJC T/IA GIG C/T GIA AIG GIG C/T AIG CIT
T/IC GIG TIT A/G G/IG AACITAACITGIGC/ICTIT
— ASG T/C T/C AJA AJA G/C T/C C/IC T/IC T/G C/IC TIC GIG
- - - - - ANCG/ACIGGITC/ITT/AAG G/IAGIGT/ICGIGT/T
C/TC/T G/IAAJA GIG C/T GIA G/G C/T TIAA/T GIA
C/T T/C T/IA G/G G/G T/A C/C A/C T/C C/C C/C GIA C/C
‘- - G/ATTCUTCTAGAIG GICAATITGIGC/TCIT
G/G A/A C/C A/C T/ATIC GIG G/C A/C TIC C/C G/A
' - CITA/ITCGAACITC/ICT/IGGIAGIGTITAJAAGTIT
C/CT/IC G/AG/ATIC G/IAAIT G/C CIT T/IG C/AAJA A/C
. ASG GIG T/T C/G C/C CIC A/IC TIG G/G G/ATIC A/G
C/ICA/ICG/IGT/ITC/AG/AG/ICT/ICA/AGITT/IAC/TTIC
C/G G/A AJA T/IA AJ/G AJAAJT T/IC C/IC C/IC A/CTIG
G/GT/G G/AAAT/ICAITA/AC/TC/ICAAC/TTICTIC
G/GA/ICC/GC/ICC/IGGAC/TC/ICT/GT/IT G/IGT/C
] C/C C/C A/G A/G G/G C/C G/C T/C AVG AVA AJA GIT
- T/C C/T C/T T/G AST T/T GIA AJTA AVG G/C AVJA G/A G/A
G/ATIT AVATIT AJA GIG AJA /- GIG AJA A/G A/C GIT
L - ] a L A/AAACITTITT/T G/ATIG T/T A/T AIG G/G T/IG A/G
v T/T C/C C/T C/G T/C T/T C/G G/A GIC G/IA AJG AVA
C/ITC/GTTC/CTTT/TT/IC AJAA/IC A/IG GIAGI/ICTIT
- T/CT/T G/G C/IC AVAG/ICT/IC C/ITT/IC CIT AVA G/IATIA
" - ~/~-TICA/ACITAAGIGTIAAGTITT/IAC/IC CIT AVA
- T/C AJAA/ATIT C/IG C/ICT/C G/G T/T C/C C/IC T/IC G/A
- G/G G/G T/C AVA AJATIA C/C T/T AJ/G T/C G/A GIA A/C
- - - -l - TCCUTAGCICTICGACTGAC/TA/ICTICC/ICTT
= p T/TC/AT/T A/G C/C T/T G/A A/G G/G C/IC TIAA/GTIT
. . COCTIA (18 B0 OIS B 878 BIA Gir T A1 878 CHC

Cas36.17 EMEI7TS

SC 17 morphological characteristics, QR code and molecular ID card



e The excavation of backbone parent s

E Leaf high anthocyanin cassava South China No. 20. B-carotene

content is rich in root, leaves are purple, and the anthocyanin content in
leaves is 413 ng/g, much higher than SC9 (12.39ng/g)

name:s274;Fingerprint_code: G/A C/C T/T C/C A/G
T/T G/G G/G G/A C/T T/T A/C C/C G/A C/G T/T A/G T/A
C/C T/T A/A C/C T/T G/G T/T A/T T/G G/A T/G C/C C/C
- A/T A/A C/C T/T T/C C/T T/G A/A C/T G/G T/T A/T CIT
¥ o G/A C/T G/G T/A G/G T/T GIG G/G GIG A/A A/C TIC
- G/G G/G G/T A/C G/G G/T G/C T/C G/T C/T A/A G/G
A/A AJA C/T GIG -/- TIA C/C A/C GIA C/T T/T G/G GIG
- G/A AIG C/G C/C A/C G/AT/T T/A A/A G/G GIG A/G
- - - - fayrd C/C G/AA/AT/C G/G T/T A/A AJA A/A A/G G/G T/G C/T
C/C AJA A/ATIG A/A G/G G/G G/A A/A G/G A/G G/G
. A/A G/G C/C G/G T/T G/G G/A C/C A/AT/T G/G A/A
- = A/CC/TC/ICT/AT/TT/ITG/G T/T T/C G/G G/AT/IG A/C
n e T/A G/G C/T G/A G/G G/G C/C A/G C/T C/C G/A C/C
- A/GG/AT/TT/ITA/TC/ICA/IGG/GA/ITA/GC/ICT/T
A/G A/A G/C C/C A/A C/C T/G C/T T/C C/C C/C GIA
y -y -y s Y C/C G/T C/C A/AA/AG/GA/AT/IC G/IGT/C C/T C/C
A/AG/GA/AC/ITG/AG/GC/TT/TT/ITA/AT/TT/ITT/A
L2055 - H " G/G G/G T/T T/C A/C C/C T/T /T G/A -/- GIATIT C/C
C/T A/G A/JA G/C A/JATIT G/A C/T C/T G/G A/G AJA
-l -5 . A/C T/T T/C G/A G/C A/AT/C G/G G/A C/T T/T C/G G/G
- i C/C G/C T/G A/A G/AT/T A/A AJA C/C C/T T/T G/A A/A
T/C G/A A/A C/C CIC GIG C/C AJA A/A G/G G/G T/T
e G/G G/G T/T A/AT/T G/A G/AT/T A/G T/T A/AA/G T/T
Y C/C G/G G/G C/C AJA G/G A/A C/C T/C C/G A/A GIG
= TAA/GAAT/TT/TT/ICT/TA/JAT/IT T/G T/IG G/G G/A
C/C AJA A/A /- T/T A/A T/T T/C T/C A/A A/C C/C C/C
H 0 r= | G/G G/A C/T C/C T/G C/T A/G T/C C/C T/T G/G A/A
. e G/T /T G/G T/T A/G G/G A/A GIT T/C T/T C/C T/G AIT
- - 4 | /G G/G G/G A/G G/G AJA G/A A/A A/A C/C AJA G/G
- & A/G A/G C/A AJA G/G C/C A/G C/C T/T A/A A/A T/T T/G
- L] L o o - o T/ICG/AT/TC/TA/TAIAA/IGT/GA/IGG/GC/TC/T
2 C/G C/C GIT C/G G/G C/C G/A A/G A/T C/C G/G CIC
C/C C/C T/T C/C G/G C/C A/G G/A G/C A/AT/TT/A
= G/C C/A GIG G/C T/C C/C T/C C/C A/G A/A T/T T/C T/IC
A/AT/T T/AA/G AJA A/G T/A A/A C/G T/T G/G T/T A/C
14520 5 Bt AJA C/T C/G C/G T/C A/AT/C T/T C/C T/T A/AA/G G/G
FILI AR _ C/C AIT A/JAT/T C/T T/C AIAT/T G/G G/A A/C T/C C/T
. . . . - A/AT/T C/C AJA C/T G/A C/T C/C C/C C/C T/T CIC AJA
[=] pr
-

- T/T G/G T/T C/C A/JA A/G G/G C/A A/A G/G C/T C/C

- - o Lrmwem aic cm cic Tt sa cie Tix cuc sic ciwe

SC 20 morphological characteristics, QR code and molecular ID card



Wy The excavation of backbone parent s
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Plants and leaf phenotypes after inoculation with CMD PPD observation of SC9 and SC102 tuberous

roots after treatments
E ZMI 93 variety was planted in Cambodia from B Cassava SC14 and SC102 can tolerate
2020 to 2022, and found that the SLCMV PPD for more than 15 days, which can
disease index was O. reduce the deterioration loss during

transportation and processing.



AMa;;aaaaaasasaaaeee Cassava JEeNOME Y

[
b Storage root Leaf % of max
Arg7 KUSO W14 Arg7 KUSO W14 FPKM
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Sucrose synthesis 1 20 Sweet || SUT
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|

B Completed cassava genome sequence; Proposed the models of transportation of cassava
photosynthetic products, and carbon flow distribution and efficient starch accumulation; Allele-
defined genome reveals biallelic differentiation during cassava evolution.

Nature Communications (2014), Molecular Plant (2021), Genome Biology (2021)



M.y Cassava gene mining I HIHMTPH M ITMHITI]I I

E' Important agronomic traits and GWAS for key gene mining in cassava germplasms. 33
agronomic traits in 337 germplasms, including root starch content, HCN content, PPD
and B-carotene content, performed GWAS of 33 agronomic traits based on 1,313,775
high-quality SNPs, and obtained 42 association signals for 21 agronomic traits.

PPD manhattan plot HCN manhattan plot

-log10(P)

-log10(P)
-log10(P)

Manhattan and QQ plots of HCN content, PPD, photosynthetic rate and B-carotene content with GWAS



M.y Cassava gene mining I HIHMTPH M ITMHITI]I I
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E Selection for homozygous GG allele in MeT/R1 during domestication contributes to increased
starch content. We have verified the positive roles of Me7/R1 in increasing starch content.

Supported by National Key R&D Program of China: Accurate evaluation and gene
exploration of germplasm resources of tropical crops (2019YFD1000500)



Al ;;;naasassessessssey - €assava gene mining 1Y

E Systematic Analysis of bHLH transcription factors in cassava uncovers their roles in PPD and
cyanogenic glycosides biosynthesis. Frontiers in plant science (2022). The candidate genes
MeCHS3 and MeANR and metabolites in flavonoid pathways could participate in PPD regulation.
Postharvest biology and technology (2023)



2. Cassava Breeding

Program




s The direction of cassava breeding

I Industrial development request

® Starch industrial raw materials: High photosynthesis,
high starch accumulation, and high biomass.
* Food and feed: High carotenoids, high protein, ey
ROHGEES

tolerance to PPD and low cyanogenic glycoside content. ST IR
A aalR E

R =S

I ' s
Challenges to cassava breeding semmtags | SRR

FE1000/5 GRS, |

* High heterozygosity in the cassava genome (Wild relatives
W14:3.9%, KU50: 3.5%).

* The generation separation is serious, and the cycle of
breeding is about 7~9 years.

* PPD leads to the loss qf 30 million tons.of Cassava Per year .. o e

®* C(CMD and pests result in reduced root yield and a decrease in  30005m, #2005,
leaf quality.




nessssssssssssse Shuttle breeding technology Y

Shuttle breeding

Y

Set up SC8 Natural
SC8 crossing population

[Planting at Chunfeng J [ National Cassava J [ China -Aided the Republic J
a

. . of Congo Agricultural
company in Cambodi Germplasm Bank Demonstration Center
ZMI93 is immune To Sri Propagation of virus-free Selected ZM193, aresistant
Lanka CMV ZMI193 seedlings CMD Cassava variety

) A

A: Cassava infected SLCMV in Cambodia; B:ZMI93, a resistant SLCMV variety; C: ZMI93 variety

The root yield of ZMI93 was 42t/ha in Chunfeng company, Combodia




Ak ;;:==—=—=—TTTGGGGG G Cassava Grafting MR ERR IR I I E R N

A: SC9, B: Grafting SC9/Rubber cassava

05 0S r
AERM B AEREC)  ULRE BE CO K AMIER(T)  EEE R z g 04t a
s 04 b u O b
%
Cassava Net (Cs) (Ci) Transpiration (Kg) B3 o3 5 i 03 }
X 2 o %
varieties Photosynthetic Stomatal Intercellular CO; rate Freshroot yield RE 02 g: 02 }
R 3 o=
rate conductance concentration per plant L -E 01 & ,'g' 01
=z 2
SC9 9.96:0.22a 0.2820.01a 167.60:0.51a 6.24x0.11a 4.520a . 0
ECES #meg HEAE
- FH% RHEE
BHA% | 725:033 | 020:00la  166.852.13a  4.94:024a 10.340b Dry rate Starch content

B The starch content of the grafted cassava was 35.72%, significantly higher than the
29.81% of SC9; The dry matter rate of grafted cassava was 44.29%, which was
significantly higher than the 33.97% of SCO.



“w Cassava regeneration & genetic transformation system w..

Optimization of the regeneration system and genetic system of cassava

N SRS AEED
| anEERgSE
R

Somatic Embryogenesis Friable Embryogenic Callus FEC Suspension

REEZLM. EENRENK
BEMBERLER

€3, SC8, SC205, SC9, B
&, NZ199. KU50%

Plantlet subculture Regenerated plantlet EEC maure culture

Plant regeneration and genetic
transformation of cassava TM60444 plants




W\ - Cassava transgenic technology wwaw
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WT B9 B10 B13 B2 A8 A19 A2 AM

Plant Lines

Exposure to oxygen

Reduced ROS +—

Prolonged shelflife «- Delayed PPD

ROS

homeostasis

ROS
A scavenging
1
1
1

Wounding by harvest

ExcessROS

Rapid PPD

S

#4| I Using transgenic

technology and genetic
transformation system,
a series of cassava
germplasms have been
created, such as waxy
cassava, PPD tolerant
cassava and high-yield
cassava.



nnwwwwwwy - CRISPR/Cas 9 gene editing Y

Dual sgRNA-directed knock-out of the MeSBE2 gene Mutation of cassava SBE2 affects plant growth
SgRNAT target site SgRNA2 target site )
TCTAAAAGAGTCCTTICCTGATGGT CGGIATT-3 1218 43 S-AATRACTTATAGAGAGTGGGEACC AGGIAGC-Y 4.y 2 §
3 AGAYTTTCYCAGGAAGOACYACCA GCC TAAS' 3 TTATTGAATATCT CTCACCCGTGG TCC TCG-§' -4 5
Start codon §_4 i@
_— — < S3H .. ..
SBE2 Exon1 Exon2 Exon3 Exond Exon5 33 é
3 q

SePereede

Bpbb b

SREPIEESe e

)

Storage root length
(em)
8 3

E % FE &8 EE B E %]

o
8 7
|
g 5
Absence of MeSBE2 protein and enzymatic activity in homozygous lines 38 é + ++
&
Western blotting Enzyme activity by Native-PAGE @ 0
Antibody WT M1 M2 M3 M4 M5 M6 M7 M8 WT M1 M2 M3 M4 M5 M6 M7 M8 R R
SBE2 (E)
o [ ———— %
E
2 3
s xr
Actin w ~-¢~ ‘.u“’ ga
(42 kDa) ¥ s 5 *
g
Ratios of s 2
SRES o gotin ) e 087 0900830 & f A 102 232 084 091 094 111 / [ / F

LRIPIFEES

CRISPR/Cas? B E mERRIXI3%, NEHIFRERSEEARFRHE TEARTME

New varieties were created based on CRISPR/Cas 9 gene editing
Luo et al., 2021, Plant Molecular Biology



A €Cassava Database hinnnnnnnnnnnnnnnnnnnnaaaw

Tropica| Crop Resource Database Home JBrowse BLAST Variation Tools Contact

The species

are available at our Website

' The cassava resource database contains the sequence alignment module, the
genome browser module, the variant module, the phenotype module, and the
generation letter tool analysis module.  \Website: http://www.tropical-
resources.org.cn/.
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Tropical Crop Resource Database

The species

are available ot our Website




3. Vision for International

Cooperative Project




s NSFC-CGIAR and AgriTT Cooperative Project will be a
riving force for cassava international cooperation
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B CATAS in cooperation with Alliance of Bioversity-CIAT, IITA, University of Greenwich
and Uganda Institute for Innovation implemented AgriTT project to work for food

security in Africa countries.

B Six NSFC-CGIAR International Cooperative Projects supported cassava basic research

area between CATAS and Alliance of Bioversity-CIAT.



- Mining key genes from wild cassava and serving breeding Wy

\QUARTA-FEIRA, 15 DE JUNHO DE 2011

Mandiocaba amazénica surpreende cientistas chineses

MONTEZUMA CRUZ

CAMPO GRANDE (MS) -~ A mandiocaba que os
professores Songbi Chen ¢ Ou seguram (foto) foi colhida depois de
seis meses de plantada no sitio do técnico agricola Flivio Ikeda, no
municipio deAbactetuba, a 101 quilometros de Belém por rodovia,
na regido nordeste do Pard. Esses membros do Tropical Crops
Genetic Resources Institute ¢ do Chinese Academy of Tropical
visitaram a regido em maio, acompanhando o pesquisador da
Embrapa Biotecnologia, Luiz Joaquim Castelo Branco Carvalho, a
convite do Gruo Y. Yamada.

Conheceram  a mandioca  agucarada  amazbnica,
genuinamente paraense, ¢ também a degustaram, informa Tkeda.
Lembra que a recente colheita de um pé de mandioca pesando 37,3
kg plantado trés anos antes ¢ com a raridade de trés raizes em
perfeito estado rendeu frutos. "Resolvi aproveitar todas as manivas
que ficaram apés a degustagio dos cientistas chineses, para
multiplicagdo, com tratamento vip a partir de agora”, comenta o
téenico.

A cada ano cresce o interesse chinés pelas experiéneias
brasileiras no setor. A China tem procurado a Embrapa para
estabalecer  parcerias. Incgavelmente tem levado para  suas
academias os melhores resultados obtidos por pesquisadores. Em

Figure 2. Manifo! fallax. A Habit B Leaves; note the spiral phyllotaxy € Inflorescence; note the showy [ 2009, por exemplo, o professor Bin Liu, PhD assistente da diregdo
bracts D Staminate flower, frontal view E. Pistllare flowers in the inflorescence, latcral view; nore the | da Chineses Academy of Sciences edo Beijing Genomics Institute,
fiec sepals F Fruit. acompanhou a transformagdio da mandioca em dlcool.em Planaltina

(DF). Em troca do aprendizadoos académicos chineses

Support cooperative projects such as “Mining key genes from wild cassava and serving breeding”
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N\ 40-year Cooperation between CATAS and Alliance MM
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International Center for Tropical Agriculture
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“This certificate is issued to International Center for Tropical

Agriculture for winning the International Science and Technology
Cooperation Award of the People’s Republic of China.

Alliance won the International Science and Technology Cooperation Award on 2021. This
award was inseparable from the NSFC-CGIAR Cooperative Project grants; Dr Hernan

Ceballos won 2022 Chinese Government Friendship Award.
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ail: songbichen@catas.cn
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