Future Agriculture Based on potato and Microalgae
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Multiplanetary Agriculture is the future EiFRIVERE
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50,000 people will land on Mars by 2050 X E2fZEit¥l
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formulated a series of deep-space exploration plans, and NASA and CNSA even plan
to build permanent settlements on the Moon and Mars.

TSR, NASA, ESA, CNSA, RAKAFEIFRUUIHIE S —FRFF=IFMiTE], NASAFICNSARE
i RIERBRHIKE EEVRKAER R, ;




The Chinese Lunar Exploration Program opens a pathway for

multiplanetary farming #FHAEBEXRKEE, FAREMFRNRIUFHEES
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China is Planning to Land Humans on the Moon by 2030.
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The first crop seedling to be successfully cultivated on the moon was grown in China’ s
Chang’ e-4 lunar probe by our team in 2019. This breakthrough achievement has been
widely reported by major media around the world, including Nature and Science.
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Multiplanetary Farming 2pr2NV

Interstellar farming: during space exploration and colonization, establishing an
efficient farming system based on space crops and achieving food self-sufficiency
is crucial for long-term missions and human interstellar immigration.
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Multiplanetary
Farming

> To establish theoretical, technological, and industrial systems for multiplanetary farming
> To build a universal farming system for Earth, Space station, Moon, and Mars
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Potato+Microalgae are the Best
Option for Multiplanetary Farming
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We proposed a whole-body edible and elite plant strategy for space crops improvement
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Biotechnological development of
plants for space agriculture

Yangming Liu 1235 Geangsxin Hie®5, Qichang Yang 128 g

Maozhi Ren@ 12345
I

The ideal plant for cultivation in space would provide as many nutrients from as
few inputs as possible, Here, we discuss how bistechnology could be used to
produce a potate cultivar suitable for humans in space.

It humankind is ever to undertake long-term space missions and colonization, establishing an
efficient space farming system would be essential for human survival in space. However, existing
crops are not sufficiently cost effective and productive for use on space farms. Hence, we propose
a Whaole-Body Edible and Elitc Plant {WRBEEF) strategy for space crop improvement. Relying on
plant bistechnology, the WBEEP strategy aims to develop crops with more edible parts, richer
nutrient content, higher yields, and higher mineral nutrient use efficiencies for space farms,

Potato (Salawum fuberoseom L) is believed to be one of the top contenders for space agri-
culture due to the following tages (1) high harvest index and tuber yield and carbohydrate
rich tubers that can provid e amount of energy for humans; {23 simple horticaliural and
food processing requirements; and (3] high tolerance against stresses with the abality 1o develop
normally dusing spaceflight!. Importantly, potatoes can be asexually propagated through tubers
and sexually propagated through seeds. Asexual reproduction can ensure the sepeneration of
food resousces and stable sutritional value, while sexual reproduction can guarantes a higher
propagation coefficient and lower storage and transportation costs”. However, potatoes cannot
be efficiently cultivated in space until inherent defects related to their high solanine content, low
yield and nutrient scoumulation, and low fertilizer use efficiency are overcome. Below, we
describe a WBEEP strategy for potate improvement that might create a WBEEP-potato for space
farming (Fig. 1).

Developing whole-body edible plant for WEBEEP-potato

Plants whose whaole bodies are edible would be desirable for space farms because they can bring
humans more food and reduce waste. However, potato stems, leaves, and berries are inedible.
The acrial parts of potato plants contain accumulated solanine (primarily a-solanine and a-
chaconine), which defends against pests and pathogens but is toxic to humans. In space farming
systems, with highly controlled environments, solanine-mediated plant resistance would be
unnecessary, If solanine were removed, the whole potato plant could potentially become edible,
Ta bleck the accumulation of solaning in potato plants, biosynthesis can be targeted, For
cxample, silencing or mutating genes encoding the otochrome P450 enzyme GAME4, the
i transeription factor GAMEY greatly reduced solanine

dioxygenase DPS or the APLE

Liu et al. N7 Commun. 2021 Oct 14

re.Com rulu-ecrn—u-ca wons

112(1):5998.
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Relying on plant biotechnology, the whole-body edible and elite
plant (WBEEP) strategy aims to develop crops with more edible
parts, richer nutrient content, and higher yield and mineral nutrient
use efficiency to CEA. The study has been published in Nature

Communications in 2021.
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Biotechnological
detoxification: an
unchanging source—sink
balance strategy for crop
improverment
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The wide occurrence of natural
phytotoxins renders many crops
unfit for human consumption. Te
overcome this problem and pro-
duce detoxified crop varieties, we
propose the use of bistechnologi-
cal strategies that can enhance
thie harvest index without tha need
to increase crop biomass or alter
whaole plant architacture.

Prytotoxing & toxie secondary metabo-
lites produced by plants as protectve
measures againat herbivores and patho-
gonz, These natural products are widely
present in agricuftural crops and can
case great damage to human health
when consumed. Tharafora, they imit the
wse of ctherwise sutable parts of crops
as a food source. We propose four bDio
technological routes for the slimination
ol antimutrient metatxoltes: [ inhibiting the
biosynthesis of antinutrents, (i} targsting
LSt transciplion factons, (i) dsnuotion
of the transport or storage of antinutrients,
and (i) conversion of antinutrients into
ran-taxic substances. We provida case
atudies of the appication of each of
hese ApOroAchies in various crog Speces
{Figure 14), and wa argue that tissus-
SRl alirenaticn of antinutritonal me-
tabolites will help 10 make more crops
siiitable for himan consumgtion wihout

compromising the plant defense sys-
tems. Current strategies for increasing
yield by altering plant architecture ars
complicated by a lack of undarstanding
of the link betwean metabolic, develop-
menital, and sigralng aspects undeminning
sourca-sink transitions [1]. The strategy
sugoested here, the elimination of anti-
nutritional metabolitas fram tissues, ep-
resents & much simpler approach for
improving the harvesting index while
circumuenting the need to alter the
SOUrCE-sink Dalance (Tabke 1),

Removal of GSLs to harvest

proteinacecus canola seeds

Canola‘rapesesd (Brassica nepus) B
the world's third largest cilsesd crop,
Rape seeds contain 25-30% protsin with
a wll-balanced aming acid compaosition,
Haowwewer, the antinutritional glucosinolates
(G508 in seects make rapeseed mea unit
for human consumption. The substances
produced by the hydrokysis of GSLs can
cause thyroid erargament and poisoning
EYMEtoMms Such &S recpiratory paralyais,
nausea, and vamifing, The bicsynihetic
pathway of the major rapeseed GSLs
compriges elangation of the methioning
sidk-chain, formation of the core structurs,
and modfication of the side-chain. The
GEL-ALK erzyme plays a roks in the sec
ondary madification. RMA] fargetng GSL-
ALK far slencing resuled in a reduction
in the sccumulation of antirutritional gu-
cosinoltes, and simulansously ncreased
the contant of bereficial glucoraphaninin
Braszica ssads [¢]. The tranaciption factor
WYBZE acts as a major regulator of short
chain aliphatic G5L biosynthesis, and ai-
lencing of MYB2E has baen demonstratid
to be an effective strategy to reducs overal
GSL accumulation in Brassica crops [3),
GTR1 and STR2 are responsble for the
transport of GSLs into seeds, and the
glucosinalate cortant in the quadropie
mutant Bigir2A V24X 2816 waa re-
duced by 62% [4]. The plant endogencus
myrosinasss [g.g.. TGGEs, PENZ, FENZ,
and PYK faciitate GSL Myirolysis, and

¢ CelPress

targeted biocking af ther mokecular func-
ticres coukd be a way to detoxify, The casse
of GSLs i3 interesting in that it highlights
sevaral of the dichedomies in antinutriant
ressarch. Frat, the examples described
abow Fighight that it s possion 10 redoe
tha levels of antinutrients through a vansty
of approaches, but it is difficult 1o alimi-
nate tham entirely. Second, it should ba
noted that, atthowgh targeting the en-
zymes needed 10 produce toxic braak

down products i 8 potential etrategy
1o @il harmiul effects, 1hese enzymes
could oocur in other components of the
clist oF in the gut microbiome, Finally, it is
impartant to note that soms GSLs have
been reported to have heatth-beneficial
effects, and allempts to diminish GSL
content could thersfore be deleterious
rather than beneficial, insummany, athough
a number of potentaly promising strategies
o increase the edibiity of Brassica seeds
have been developed. considerable re-
search is stll warranted.

Exclusion of gossypol to generate
high-protein cottonseeds

Caottorsesd contains -23% protein and is
a potential source of high-pratein focd, itis
estimated that, if cottonseeds were edibls,
the total amount of cottonsesd protein
produced globally sach year could mset
the annual needs of nearty 580 milion pec-
P [5]. Howewer, cottonseed containg
priytatoxic gossypol, which sevenshy dam-
ages the human respiratory system, re-
productive system, and immune system.
The enzymatic stens in gossypol biosyn-
thasis have besn well charactedzed, and
silencing of several synthass genes can
ciramaticaly decraase Gassypal ks [6)
Gossypol is stored in so-caled cotion
ckancls, and the level of possypol can be
diminished by inhibiting the farmation
of glands. Several key factars reguiating
ciand forrmation have baeen ideniied, and
slencing of GaPGF, CGP1, CGFE, o
GeSPGE can lead 1o a sharp reduction n
goesypol levels [7). Although thass find-
ings tal shor of complete remaval of

Trendks i1 Plark Sokence, Morth 2022, ol s, Moo 1
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Growth condition comfortability and edible agricultural product yi
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Whole-plant phytotoxin-free crops for
controlled environment agriculture

We proposed biotechnological strategies for developing plants for multiplanetary farming
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Microalgae: towards human
health from urban areas to
space missions
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Space exploration and interstellar migration are important strategies for long-term
hurman survival However, extreme environmental conditions, such as space radiation
and microgravity, can cause adverse effects, including DNA damage, cerebrovascular
disease, osteoporcsis, and muscle atrophy, which would require prophylactic and
remedial treatrment en route. Production of oral drugs in situ is therefore critical for
interstellar travel and can be achieved through industrial production utilizing
microalgae, which offers high production efficiency, edibility, resource minimization,
adaptability, stress tolerance, and genetic manipulation ease. Synthetic biological
technigues using microalgae as a chassis offer several advantages in producing
natural products, including availzbility of biosynthetic precursors, potential for
synthesizing natural metabolites, superior quality and efficiency, environmental
protection, and sustainable development. This article explores the advantages of
bioproduction from microalgal chassis using synthetic biclogical techniques, suitability
of microalgal bioreactor-based cell factories for producing value-added natural
metabolites, and prospects and applications of microalgae in interstellar travel.

KEYWORDS

interstellar migration, microalgae, natural products, synthetic biology, extreme
space environmant

Microalga: the best chassis for producing natural products

Species
s 3 .
Parameters ==
Bacteria Yeast Insect cells Mammalian cells Plants Microalgae

Yield High @ High 0] High @ High @ Medium O High @
Timescale Low @) Low @| Medium () High @) High @ Low @
Cost Low ) Medivm () High @ | Veryhigh @ Low (] Low (0]
Protein yield High @ | Medium-high @| Medium ()| Medium (| Low-high @ High @
Storage condition | Asepticcold @ | Asepticcold @| Asepticcold @ | Aseptic cold @ ; enﬁa%?é?ure @ tem%i?-a?ure @
Need %‘:,T:: ation Required @ | Required @] Required @ | Reguired @ | Required @] Notrequired @
Gly:%?fi':;,“o" Absent @ | Incorrect () Yes (] Yes @ Yes @ Yes @
Protein folding Low @| Medium O High (] High O High @ High @
(:l-ﬂ: El?all:':eai[::‘:ﬁ g Impossible @ | Impossible (| Impossible @ | Impossible @| Possible @| Possible @
Safety risks Endotoxins @ None @] Viruses, prions @ |Viruses, prions @|  None @] None @
;}%‘;fﬁﬁgmﬁs None @) Exist @] Exist @ Exist (] Exist @ Exist @
Stress tolerance Hardy O Moderate () Weak O Weak @| Moderate O Hardy @
- an(:tf:}ﬁlt‘ji;ti - Easy @] Easy @ | very difficult @ | very difficult @ | Diffieult ) Easy @
‘:;‘;:::ﬂﬂti;ﬁ]:r . oplx:trr:%ated O soph}';et%ate d (] lacking O lacking (@) |sophisticated ()| sophisticated ()
CRlSel;li!ﬁ%egnome Available @ Available @] Available @ | Available @| Available @| Available @

. . . ] | Autotrophy/

Alimentation mode |Heterotrophism @ | Heterotrophism @ | Heterotrophism @ |Heterotrophism @ | Autotrophy ) he}lflric}lnit;?rlgllljﬁ

Favorability @ Low

) Medium

@ High
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The function and applications of selenium-rich microalgae act on plants,

animals, and the human body. EffifxliE=XEY. P ASEERBRENA
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HIGHLIGHTS Antioxidant Free radical Healthy cell

* Microalgae exceed plants in Se tolerance, growth, and conversion.

 Microalgae convert inorganic Se to crucial, usable forms, boosting one health.

. i al factors affect mis 1 absorption, transport, and metabolism of Se.
# Se-rich microalgae are crucial in biofuel, bioresources, and biomass-based products.

V]

ARTICLE INFO ABSTRACT

Keywords: Selenium is a crucial micronutrient for human well-being, with significant contributions to antioxidant, anti- i .

Selenium-rich microalgae ageing, and antiviral activities. However, over one billion people globally struggle with selenium deficiency, S l h

Selenium metabolism leading to a pressing need for selenium st ion. Co ich food from plants and e en l u m_rl c Envimn men tal

Selenoproteins
Nano-selenium.

animals provides challenges in achieving precise selenium supplementation. Thus, it is crucial to discover se-
lenium carriers that can be cultured in a controlled environment. Multiple studies have shown that microalgae
are excellent carriers for selenium enrichment due to their rapid growth, suitability for plant consumption, ease
of industrialization, high efficiency in convemng organic selenium, and many olhers This review focuses on

microalgae .\ pesticide

' Selenium rich

single-celled microalgae, h ly ing their bolic pathway, biol 1 transformation, and
valuable forms of selenium. Additionally, it forecasts the current ication status and of sel rertiliz er )
enriched microalgae in agriculture and global human health. This review provides a reference for the indus- Feed supplem ent ~ ‘
trial supply of precise selenium-rich raw materials. \ ’
< @
1. Introduction (Stolwijk et al., 2020). However, not all ingested selenium can be ‘ _—
absorbed and utilized by the human body (Jafari and McClements,
Selenium (Se) is an indispensable microelement for human, which 2017), which can only be effectively utilized through the intestinal
could drive one health through driving plant health, animal health, and mucosal barrier. It enters the blood circulation, tissues, or organs and is ‘
human health. However, about one billion people worldwide are converted into bioactive form as selenoproteins. Its deficiency will lead

suffering from selenium deficiency (Schomburg, 2016), which has made to Kaschin-beck disease, Keshan disease, cardiovascular and cerebro- - . A Pmmo lng plant grow th

them increasingly aware of the urgent need for selenium supplementa-
tion. In humans, Se is an integral part of twenty-five different enzymes,
including thioredoxin reductase (TrxR), iodothyroxine, thyroxine 5
deiodinase, glutathione peroxidase (GSH-Px), and other selenoproteins

vascular diseases, cataracts, etc (Loscalzo, 2014). Excessive selenium
intake (> 400 pg/d) is also toxic, with symptoms including alopecia,
liver necrosis, brittle nail syndrome, brain edema, liver injury, and
neurotoxicity (Yang et al., 2022). Thus, suitable selenium intake is
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Production of high-value natural metabolites using a microalgal cell factory
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Space exploration and interstellar migration are important strategies for long-term
hurman survival However, extreme environmental conditions, such as space radiation
and microgravity, can cause adverse effects, including DNA damage, cerebrovascular
disease, osteoporosis, and muscle atrophy, which would require prophylactic and
remedial treatment en route. Production of oral drugs in situ is therefore critical for
interstellar travel and can be achieved through industrial production utilizing
microalgae, which offers high production efficiency, edibility, resource minimization,
adaptability, stress tolerance, and genetic manipulation ease. Synthetic biological
techriques using microalgae as a chassis offer several advantages in producing
natural products, including availability of biosynthetic precursors, potential for
synthesizing natural metabolites, superior quality and efficiency, environmental
protection, and sustainable development. This article explores the advantages of
bioproduction from micrealgal chassis using synthetic biclogical technigues, suitability
of microalgal bioreactor-based cell factories for producing value-added natural
metabolites, and prospects and applications of microalgae in interstellar travel.
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Microalga: the best option for multiplanetary farming
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» Fewer risk factors;
» Higher energy

utilization efficiency;

Risk factors
Abi

» Less labor cost;
» Shorter growth cycle;
» Higher harvest index.
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Microalga fi{i%

Microalgae are tiny groups of algae whose shape can only be discerned under a microscope
Earth's lungs: produced 90% of the oxygen we breathe today.

One of the earliest life on earth.

In nature, microalgae are the food sources for many organisms.
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Diversity of Microalgae RIS+

» The Dbiodiversity of microalgae is
enormous. It has been estimated that
about 200,000 species in many different
genera exist of which about 50,000

species are described.
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Multiple Uses {iEAIZTHAE
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Microalgae can serve various purposes beyond food production. They can be used for biofuel
production, wastewater treatment, and the extraction of valuable compounds such as pigments,

oils, and pharmaceuticals.
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Microalgae have survived five mass extinctions on Earth
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Outstanding advantages of microalgae : adapt to
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I Microalgae: the Best Option for Multiplanetary Farming
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Edible Microalgae
for Multiplanetary Farming
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Chlorella pyrenoidosa
HAZEKE

Edible microalgae No. 1: Chlorella pyrenoidosa No. 1 EBEZINEKE

Name B Chlorella pyrenoidosa EEFZ/IEKE

Classification 933

Chlorophyta, Chlorella &% ], MEKEE

Growth characteristics

EKISE

Photoautotrophic, chemotrophic, allotrophic

FEEE T, 1LEE, =3F

All over the world except for the vicious environment of
Distribution $5°%p the North and South Poles
=il WY g

Function IJJgg

Food, food additives, skin care products, feed, etc.

B, HaalFfl. Pk, (@8, BHIEE

Advantage {J{Z%

Industrial performance

Targe

With a protein content of about 60%
FHREELIH60%

The growth rate is fast, suitable for high-density
fermentation, and the cultivation cost is lower than that
of yeast

EKEER, EAREERDE, EFRPRTIES
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Name B¢ Haematococcus pluvialis FREELTEKEE

AP ORIt - Chlorophyta, Chlorella &5 ], MEKEE

— TLS
pe: Secondary wall

IR (Y B e TMID g &l Photoautotrophic, chemotrophic, allotrophic
e ERKGTE KEERTF, 1LEE, BIF
ot it b Distribution 3%
, Function Jj&E Food, food additives, skin care products, feed, etc.
. e ¢ Bm. Baiailifl, PBkon, (@4, BIIEEF
Haematococcus pluvialis

4TIk i e s . o :
mE_II*,* Advantage {ft8 Rlcll ':1 King of 2}’11t10x1da;11£ts ——astaxanthin
mafillzE "—UFSE

All over the world and is one of the earliest life on Earth

$HFEIX, X ERENEwZ—

The growth rate is fast, suitable for high-density
Industrial fermentation, and the cultivation cost is lower than that
performance TYV[HEE KIB(TN!

EKEER, EAREERDE, IEFRPRTIES
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Name B Chlamydomonas reinhardtii SEE1<;5¢

GOt B - Phylum Chrysophyta, Chlorella 5[], /MNKERE

Cilium
R RS (& (71 R B e M Q9N Il Photoautotrophic, chemotrophic, allotrophic
GOt 8 KT FaEBTE, HEE, BF
cellwall—{ff/ | . Ditches, depressions and, lakes
l Distribution -
Nucleus .I:'!'I ﬁﬁa:;gi‘ 'itm*u;ﬁﬂlﬁq:l
Golgi -'I!
ol \ | : ok Food, food additives, skin care products, feed, etc.
Function IJJBE = N .
Starch ﬁl:ll:ls ann’&nu%IJs ;:F'ﬂ*l:ll:ls La*sl's ﬁ*nﬂﬂ%
granule
N Easy to cultivate, fast to grow, easy to genetically
, . Ad t - ) | ’
Rl (rnsform BFHEE, LI, BTEESK
Plasma membrane Pyrenoid  Plastoglobule

The growth rate is fast, suitable for high-density
Industrial fermentation, and the cultivation cost is lower than that
performance TYV[HEE KIB(TN!

EKEER, EAREERDE, IEFRPRTIES

Chlamydomonas reinhardtii
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Name BFF Nannochloropsis gaditana IRIEKE

QP 1itw 111 = Chlorophyta, Chlorella 5[], MNKERE
Growth characteristics JgiOEUITg0) o (T 1311008 g0] 11 1TV

RIS FEERFE, 1LEE

. ierge It is widely distributed in seawater

Distribution .

ATk

. Food, medicine, aerospace, aquaculture, energy, etc

Function LJgg 2 . ’ ’
B e e o W

s The lipid ratio is as high as 68%, and it is rich in EPA
Advantage i3 IEPITA= VRS> SN

Lipid droplets

Pyrenoid-like )
OO © bodies*
Cytoplasm o '

Thylakoid stacks
",

Mitochondrium |

hloroplast

i

—
e
—y e

e

Nannochloropsis gaditana

Industrial Suitable for large-scale breeding

performance TAVIEEE Bey=puwiil ot 3|
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Edible microalgae No. 5: Euglena gracilis No. 5 {5

Euglena

Mitochondria ——aip, ™.,
C-’;\v Cytoplasm
Golgi (€ G\

apparatus W iR,

Membrane

Nucleolus

Nucleus

Endoplasmic —%-
reticulum b &‘ i
®

Chloroplast ﬂ@
N

Contractile
vacuole N

Photoreceptor

Euglena gracilis

Name B¢

Euglena gracilis #h5

Classification 933

Flagellates, Ophthalmopoda ¥E%8t, HFEE

Growth characteristics

KIS

Photoautotrophic, chemotrophic
FHERF, {URE

Distribution 9376

Function IJJgg

Lakes, ponds, and other freshwater with plenty of light

AH. BETEEREIZRYRK

Food, food additives, skin care products, feed, etc.

Bm. Haalfl. Pk, (@8, BHIEF

Advantage fiiZ&

It has the dual characteristics of animals and plants,
with a large genome and a clear genetic background

BEEINVFEINNEST, BEAX, EEERE

Industrial

performance TIV¥gE

Suitable for large-scale breeding

ESAHURTFE
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Five edible microalgae combinations meet human needs

TN RBHREESHEANKE:

The Nutrients of Our Body
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“6F” of functional microalgae IjJgE

Mnctmnal com nent)
ann (Food) Pecccsnnnnannns @

{5l (Feed)

BE#} (Fertilizer)



Application of Functional Microalgae in “6F” IJgEld =T “6F HRAYMFH

Biological fertilizer @ ® High protein
Environmental remediation ® ® Natural pigment
Crop growth and soil fertility @ oy Functional o Polysaccharides
Fertilizer

. component
Fishing bait e \ % ® - ‘
STEE 23edERy LY > Super food

3
Animal feed @ Feed - Food ® New food ingredients
Feed additive @ /\ 132 \\\ ® Nutritious
Biodiesel ® ® Microalgae fiber
Biogenic gas ® ® Shoes, clothing, textiles

Hydrogen photoproduction @ ® Hygiene and medical supplies

32



Different essential elements required for plants and humans: Na, Co, I, Se

EFIAXRENARBESITE: Na, Co, |, Se
EEGIEN1I6HEARITTE AMEEFERR20FE AR TTE=

THE 16 ESSENTIAL ELEMENTS REQUIRED FOR PLANT LIFE

BASIC NUTRIENTS

CARBON

PRIMARY MACRONUTRIENTS

7 15 19
N P K

NITROGEN PHOSPHORUS POTASSIUM

MICRONUTRIENTS

26 25 30 29 5 42 17
Fe FMn | Zn R Cu B Mo § Cl

COPPER

IRON MANGANESE ZINC

6 1
& H

HYDROGEN

OXYGEN

SECONDARY MACRONUTRIENTS

20 12 16
@ Mg S

CALCIUM  MAGNESIUM SULFUR

BORON MOLYBDENUM CHLORINE

ESSENTIAL ELEMENTS FOR HUMANS

There are 118 elements in the periodic table, but which of them are essential for
human life? Here we zero in on the ones we can’'t live without and the roles they play.

THE ELEMENTAL COMPOSITION OF THE HUMAN BODY BY MASS

[ wirrocen
Il 65% 3 18% [0 10% 1 3% 4%

alncludes Ca, P, K, S, Na, Cl. Mg, B, Cr. Co, Cu, F. I, Fe, Mn, Mo, Se, Si, Sn, V. and Zn

BUILDING BLOCKS ENZYMES NERVES AND CONTROL

. ﬂm ® @ e ‘3‘3 - ‘

Amino aci o Substrate S

Sodium, potassium, and calcium ions
play roles in transmitting nerve signals.
Chloride ions regulate fluid in and out
of cells. The body uses iodine to make
and the immune system. hormones that regulate metabolism.

o @ -

Iron in hemoglobin carries oxygen Our cells use the oxygen we breathe
from the lungs to the body's cells. And for respiration. Respiration produces
it carries carbon dioxide back to the adenosine triphosphate (ATP.
lungs. Cobalt, found in vitamin B-1Z, is shown), a molecular energy source
essential for making red blood cells. for our cells.

Metal ions help many enzymes in the
body function. Enyzmes have many
important roles in the body, including
in respiration. digestion. metabolism.

These elements (except phosphorus)

are found in amino acids, the building

blocks of proteins. With the exception
of sulfur. they all also combine to
make up DNA, our genetic code

BONES AND TEETH

Bones and teeth are mainly calcium
phosphate. Calcium is essential for
the growth of healthy teeth and
bones. Without manganese, bones
are spongier and break more easily.

PERIODIC

=~] GRAPHICS ®© C&EN 2019 Created by Andy Brunning for Chemical & Engineering News
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) Selenium is the key to functional food fifi2LNEEE R mAIXEE
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Selenium-rich microalgae Efifi{:is

Se-polysaccharide
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1@ BNl selenium
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Lunar renewable energy sustainable agriculture system
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Green
e]ectm:lty

Chang’ e 4 rover S— : : -
* | et ";".,L, N'2 . \ Protein "
Y =g \ ) Dietary (
N _Green hydrogen ~Green ammonia \ fibre
\ . A‘

»
Vitamin %,‘.D

Medicineat ™

Green methanol throalgae fermentation tank

Photovoltaic Power+Lunar soil+Green hydrogen+ Green
ammonia+Green alcohol+Microalgae energy storage+green product

FAHEE+ BIERE + &S + F& + 37 + RliEiE6E + Z &~ m
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A N £ Mars renewable energy sustainable agriculture system
Ll ) AEIPMIER K EFGERISEENRIV RS

0,

CO,
» Greenammonia — > Utea

\H,),CC :

— Electricity ——>Water

—> Carbon fixation pathways

~—— Nitrogen fixation pathways

Photovoltaic/Wind energy+In situ resource+Green hydrogen+ Green
ammonia+Green alcohol+Microalgae energy storage+green product

KB EE + [RAER + S + SR + SR EF + 5 ERE + B~ m

37



Selenium-rich
microalgae

i

Purification of water: Microalgae can degrade
pollutants in water, promote the recycling of
nitrogen, phosphorus, etc., and is capable of
biological nitrogen fixation.

ORI ERBEPERFKRRYSY, BE(EiHs=. B
FEFUERIEAFIR, seEMERK.

Feed:

» Selenium-rich fish and shrimp

» Microalgae can produce high-quality aquatic products

» Enhance the immunity of fish and shrimp and reduce
the use of antibiotics

(5} S &
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Progress of Our Research
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1.We have established a microalgae germplasm resource library

E_LTIJ\IJE‘-- RERRE

h--u-

200 strains of hlgh quality microalgae species were isolated
from all over China.

M2 EFZ 53 EE 200 R0 RN

i
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2. We assembled the high-quality genome of Chlorella pyrenoidosa

FANEET S

A B Molecular function
a A ha g 3 O e
B o= ﬂ% % = é ;’ midoreductase activity
% e _"”_‘.-"Ji_ad_'j;_‘_rﬂ
Metal ion binding

o g
s

~ .

- e T i e =l

¥ W IRy "

Wi gy,
W,

Cell Component

Intracellular onganelle

Single-onganism beosymthetic

rarsfeing P-containing grosup

Biological process
Onidation-neduction process
Avromatic compound biosynthetic process

Transferase activity,

Organonirogen compound biosynthetic process
Cellular progein modification process

Response to stimubus -containing compound metabolic process
Cellular nitrogen compound Cellullar macromolocule biosymbetic
bicsynithetic process. process
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autofluorescence &
fluorescent staining

Culture scale-up

K

Quantification of
target compounds

Wildtype

Improved strain

Mutant selection by fluorescent-activated cell sorting
algae sample -/

S~

3. We have constructed a technical system for genetic improvement and directional

cultivation of Chlorella 332 7 KRR E N RFIEMIEFANEAR TR

Experimental design Target result

Serial dr.'utron

O ©© @

Evolved strain

e Fast growth

® Good biochemical profile

Laser Detectors
- liquid
Forward scatter ] g ] { ] [
Sidle scatter & Continuous
Fluorescence 8
/ \ 2
media in waste out s
® @ Ccellsorting Ei i S

0000000
O COCC000
...O....
.o..o..o

Screenmg on pathway |nh|b|tors

. time

Abiotic stress or contaminant over time

We constructed a strategy for genetic modification and directional cultivation
of Chlorella with mutation, adaptive evolution, and high-throughput detection

as core technologies.

R TIASRE. BiERELHE

BN AZ ORI KRR E SR EMIS TR,

42



i}

=
2
«Q
(¢0]
-
()
=
Q
o
(0]
Q.
o
-
(0]
(7))
®
()
=3
c
=
|
=
(@]
-
O
=3
o
=
®
Q
(7))
o
=
Q
-
(7))
I‘J:lﬁ
o
I}
=
=
=
%
S
Bt

Selenium-rich
algae powder

—

Conventional algae

DP-5

73

43



We have established an efficient production technology

system for Chlorella {1848 T SN EFEARNMKER G
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5. We established late blight control system of selenium-rich Chlorella
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Effect of different selenium on mycelial growth of pathogenic Phytophthora infestans
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Effect of different selenium on mycelial growth of pathogenic Phytophthora infestans
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Characterization of Fungal Hyphae Morphology by SEM with Different Selenium Sources

o i ” _M’é‘ﬁ ,
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STD 5467 2024 Jan. 09 STD 5496 2024 Jan. 09 STD 6427 2024 July 08

SED 100kV WD 10.1mm  Std-PC 30.0 HighVac. [81x2,000
STD 6444 2024 July 08

SeNp 20mg/L L-Se-Met 0.1mg/L L-MeSeCys 0.7mg/L




Tuber experiments revealed the effects of different selenium sources on the prevention and control of late blight
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Pot experiments revealed the effects of different selenium sources on potato growth and the prevention and control of late
blight

Vaccination
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Identiffcation and Application of Streptomyces rapamycinicus CQUSh011 against PLB

SBURKAL BF

AGRICULTURAL s
FOOD CHEMISTRY
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Identification and Application of Streptomyces rapamycinicus
CQU5h011 against Potato Late Blight

Niumei Luo,** Tingting TianJ" Nue Tan,” Beibei Hu, Peihua Li, Shun Feng, Liang Jin, Pan Dong,
Francois Serneels, Maxime Bonnave, and Maozhi Ren®

Gite Thiis: hinps:doi.org/ 01021/ acs jalc 4006856 I: I Read Online

ACCESS|

ABSTRACT: Using chemical fungicides & the main strategy for controlling potato kte blight {PLB), a devastating pre- and
postharvest disease caused by Phytophithora infestars, resulting in environmental pollution and health risks. It is of great importance
te develop a bichmgicide from microorganisms. Through isolating potato thizosphere microorganisms, COUShDL1 was foand to
have anticomycete activity with strong inhibition on vegetative growth and virulence of P. infestans. Morphological and malecular
identification indicated that CQUShOLL belongs to Streptomyces ropampcinicus. Based on genome, metabolome, and HPLC
quantification, rapamycin and salicylic acid wese found to be the two active metabolites against P. mfestans. Continuous field trials
showed that CQUShO11 has sustainable control efficiency against PLB, and the efficiency was better when combined with Infinito,
along with an increased endophytic microbial community and biodiversity in potato roots. The resalts demonstrated the patential of
CQUShDLL as a biofungjcide against PLB and provided an alternative strategy for reducing the application of chemical fungicides.

|l Mbetrics & Marne | Aicle Recommendations | @ Supporting Inforration

KEYWORDS: Streptomyces rapamycinicus, potate late blight, active

1. INTRODUCTION

As the canse of the Irish potato famine, Phytophihora infestans
is the most destructive plant pathogen of the Solaracese fBamily
and a model arganism for comycetes, a distinct lineage of
fungus-bike eukaryotes that are related to crganisms such as
brown algae and diatoms.’ According to the comprehensive
asessment by FAD, potato late blight (PLB) caused by P.
infestans was considersd the foremost major disease,
surpassing rice blast and whear rust globally. All parts of host
plants, inchuding leaves, stems, mbers, or fruits, are susceptible
to infection. At the initial stage, leaves or stems are infected by
P infestans and leading to the formation of small brown lesions,
these symptoms expand as the pathogen Ewe]ifeﬂl:: within the
tissue, which is called foliar blight” Tuber infections,
characterized by reddish-brown, brown, or purplish-brown
spatx an the tubers, typically occur when sporangia are washed
from lesions on stems and foliage into the soil, where they
migrate to tubers, causing tuber blight* Once an unprotected
potato field is infected by P infestans, the whole crop can be
devastated within 7 to 10 days with reduced yield, lower
quality, and diminished storability.” The pathogen is a
heterothallic organism and repreduces in both asexual forms
with sporangia and sexually with two known mating types Al
and AL* Inits asexual form, F. infestans produces thousands of
sporangia per lesion on sporangiophores, which can germinate
directly to infect leaf, stem, and frit tissues at temperatures
above 15 °C.° At lower temperatures and under adverse
condition, sporangia can directly fonm and release zoospores
(asexual spores), which then germinate and cause new
infections even more rapidly.” Depending on environmental
conditions, regeneration time can be short and the entire cycle
repeated in 5 to 7 days. The presence of both mating types

ctabolites, field trial, endaphytic microbial ity

allows for sexual recombination, leading to the production of 2
more aggressive lineage, which are resistant to many
fungicidesbiocides and made PLB disease management even
maore ch:llen!:ins.' Currently, the mast reliable approach i
controlling PLB in the field involves an integrated management
system, including planting healthy seed tubers, eliminating on-
farm sources of the pathogens (infected cull tubers and weeds),
using “resistant” cultivars, applying fongicides based on
scouting or forecast, and increasing the elimination of infected
tubers by using crop rotation to extend the perinds between
potate planting cycles™ However, it is challenged by
pathogens that rapidly adapt to genetically resistant cultivars
and development of drug resistance (cross-resistance ) through
the pralonged use of chemical fungicides.” With the increasing
ion on fungicide resid food security, and ecological
pratection, and with the development of biclogical control
agents, ecofriendly biocontrol systems have emerged as
alternatives to synthetic fungicides in fighting against late
blight.
hg?nlo;iﬂ] control mainly refers to living organisms and their
metabolites used to control pest populations, discases, and
weed. These biological control agents are often considered
envirenmentally safe and risk-free, including microbial
fungicides, plant extracts, competitors, and =0 on. Due to
their various modes of actions (ie, antagonistic effects or
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Anti-Oomycete Effect and Mechanism of Salicylic Acid on Phytophthora infestans
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Anti-Oomycete Effect and Mechanism of Salicylic Acid on Phytophthora infestans ﬂ
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Pathogenic comycetes infect a wide variety of organisms, including S e | pansiaron | 2
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global agricutture, aquacutture, and human health. Salicylic acid (SA), .-H‘&O\T.h o |pminmar | @
an endegenous phytohormene, is regarded as an inducer of plant K

immunity. Here, the patato late blight pathogen Phytaphthora infestans {é
was used as a model system to uncover the inhibitory mechanisms of |
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retaton I
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54 on pathogenic comycetes. In this research, SA significantly
inhibited the mycelial growth, sporulation, sporangium germination,

and virulence of B infestans. Inhibition was clossly related 1o "7/ \'_

enhanced autophagy, suppression of translation initiation, and = =

ribosomal biogenesis in P infestans, as shown by muliomica analysis _L.__ 1

(transcriptomics, proteomics, and phosphorylated proteomics). ;l.}_ —t !'.lll faatll !

bonodznsylcadaverine (MDC) staining 2nd Western blotting analysis

showed that SA promoted autophagy in P infestans by probably

targeting the TOR signaling pathway. These chservations suggest that SA has the potential to control late blight caused by 2
infestans.
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The TOR signalling pathway in fungal phytopathogens: A target for plant disease control
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The TOR signalling pathway in fungal phytopathogens: A (b)
target for plant disease control
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Abstract

Plant diseases caused by fungal phytopathogens have led to significant economic losses
in agriculture worldwide. The management of fungal diseases is mainly dependent on
the application of fungicides, which are not suitable for sustainable agriculture, human
health, and environmental safety. Thus, it is necessary to develop novel targets and
green strategies to mitigate the losses caused by these pathogens. The target of
rapamycin (TOR) complexes and key components of the TOR signalling pathway are
evolutionally conserved in pathogens and closely related to the vegetative growth and
pathogenicity. As indicated in recent systems, chemical, genetic, and genomic studies on
the TOR signalling pathway, phytopathogens with TOR dysfunctions show severe growth
defects and nonpathogenicity, which makes the TOR signalling pathway to be developed
into an ideal candidate target for controlling plant disease. In this review, we
comprehensively discuss the current knowledge on components of the TOR signalling
pathway in microorganisms and the diverse roles of various plant TOR in response to
plant pathogens. Furthermore, we analyse a range of disease management strategies
that rely on the TOR signalling pathway, including genetic modification technologies and
chemical controls. In the future, disease control strategies based on the TOR signalling
network are expected to become a highly effective weapon for crop protection.

Yun et al. Mol Plant Pathol. 2024 Nov;25(11):e70024.



Pathogenesis-related protein 1 suppresses oomycete pathogen by targeting against

AMPK kinase complex

ournal of Advanced Research " ------------- AT
] Volume 43, Jonuary 2023, Poges 13-26 E "“_‘__ Phytophthora lnfesntns __’,."I & T -
P === 1 ? \\
7 & { R
Oviginal Article /JI r1’¢ \\
Pathogenesis-related protein 1 suppresses :: G%.r . '
i . I

oomycete pathogen by targeting against " “ G, ‘e \

- ‘ 1
AMPK kinase complex I NPR1 e * . .‘
¥iumei Luo ® 2 =9 Tingting Tion ®. Li Feng ? ¥° ¥ingyong yang %, Linxuan Li 7 YT, xue Tan &, :: . , i

d f

wenxion wu " P T, Zhengguo Li ©, Haim Treves ', Francois serneels 3, 1-son Mg P kon Tonaka ',

Moozhi Ben 79t B =

show more

4+ Add to Mendeley  of Share 99 Cite

https:doi.org /L0 L0LE L jore, 2022 02002 ~ Get rights and content 2
Under g Creative Commons licanse = # open accoss
Highlights

- Upon infecting by P. infestans, 5tPR1 expression was induced in host
and secretory StPR1 proteins translocated into pathogen.

= The translocated PR1 proteins target AMPK complex in P. infestans,
and impaired the AMPK activation to downstream targets.

= StPR1 prevented RS homeostasis and inhibited the expression of
ExLR effector-encoding genes in P infestans.
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Ribosomal S6 kinases 2 mediates potato resistance to late blight,
through WRKY59 transcription factor
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Abstract
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Potato late blight is the most devastating pre- and post-harvest crop disease in the world, which is
widespread and difficult to control, causing serious economic losses, Cultivating resistant varieties is a
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major way to prevent and control late blight in a green way. However, due to the rapid evolution of
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pathogens, the plant resistance is losing. Therefore, mining effective and durable genes involved in & {35“ i o \,;@“ gcﬂ
disease resistance is crucial for breeding resistant varieties against late blight. In this study, we took é;,\“‘ QS"&
Q

"potato-Phytophthora infestans” as the "host-pathogen” model system to discover the potential (H) @

P. infestans
disease resistance-related genes and elucidate their molecular functional mechanism. Through yeast = =y
& i

Y

o
two-hybridization, bimolecular fluorescence complementation, Co-immunoprecipitation assays, and ; :
gene function validation etc., we found that ribosomal protein 56 kinase 2 (St56K2) is a key resistant
protein, which is interacted with StWRKY59 transcription factor. Overexpression of 5tS6k2 and

*kk Kk

A A . ke _" . ‘I
StWRKY59 both enhanced the plants remstancet 'Fo P.infestans, and pr_omoted thg host |m_mune X T AT R T T 72 s qﬁ.
response, such as ROS burst and callose deposition. In QEStWRKYS9 lines, DEGs involved in secondary Q%\& Qﬁ
metabolites synthesis, plant hormone signaling transduction and plant-pathogen interaction were {\p@" ‘p@’"
significantly enriched. These findings provide novel genetic resources for the breeding of resistant (L) DAB staining (N) Aniline blue staining
varieties. (K)E W <l i PP x R (0) g0y o
o ) Z o : £
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Modeling plant diseases under climate change:

evolutionary perspectives

Li-Ma Yang, Maozhi Ren,”” and Jiasui Zhan ©

Infectious plant diseases are a major threat to global agricultural productivity,
economic development, and ecological integrity. There is widespread concern
that these social and natural disasters caused by infectious plant diseases may
escalate with climate change and computer modeling offers a unique opportu-
nity to address this concern. Here, we analyze the intrinsic problems associated
with current modeling strategies and highlight the need to integrate evolutionary
principles into polytrophic, eco-evolutionary frameworks to improve predictions.
We particularly discuss how evolutionary shifts in functional trade-offs, relative
adaptability between plants and pathogens, ecosystems, and climate preferences
induced by climate change may feedback to future plant disease epidemics and
how technological advances can facilitate the generation and integration of this
relevant knowledge for better modeling predictions.

Concerns on plant disease epidemic under climate change

Piant pathogens have a significant impact on agricutural production, causing 13-22% of direct
losses annually [1], in addition to indirect costs incurred through control attempts. Economic
lnszes, together with envirenmental toxicity associated with some control approaches, and
blodiversity degradaton. greatly threaten oires and bility [2]. The

Highlights

Mocdeing is & unigue and cost-effective
spprmach to predict the lng-enn
impacts of ciirale dhenge on ecious
piant diseases and sustarebity.

Madel predictions are hindered by a
lack of evnlitionary understandng of
the indwicual and interactive impacts
o limerke charge o plants, pathopers.
v By

Cirnaie changs creates 3 series olinirs-
and inter-gpaciic trade-ols that mod-
lates the entine epidemiciogical process
o infeciious pler diseeses.

Clrrialic: praferences. of plants, patho-
pere, and ther nleracions evaive in
response to change in local cimatic
eonelliens.

Intansity of currant ghobal climate change s creating substantial alterations in both magnitude
and ranga of alr tamperature, rainfall, radiation (UVB) and other climatic evants. How these
changas and associated secondary and even tertiary emdronmental and eco-evolutionary evants
affect epidemics of infectious plant diseases and, through this, primary food praduction i
altracting increasing academic and public attention. As a cost-effactive approach to address
such complex social and natural scenarios that are not amenable to direct experimantation,
computar simulation has bacoma an ireplaceable option to assess these academic and public
concerns for batter predictions and mitigations [5-5].

Current prediction dilemma and challenges

In recent years, considerabla effort has been made to model how infectious plant diseasas in
agricultural and natural ecosystems may respond to global climate change, with the aim of
developing better prevention and mitigation strategies. However, pradictions from thesa theoratical
models are generaly inconsistent. Scrme madels predict climate change may increase the oceur-
rence and saverity of futura infectious plant disease, with more impact on norhen than lower
latitude areas and on developing rather than developed countries [B-2]. Other modals suggest
that climate change has no major imgact on the epidemic sk of infectious plant diseasas or
may even result in lower epidemic frequency or intensity [10,11]. In additicn to the differance in
the intrinsic property of particular host-pathogean interactions responding to specific forms of
climata changa, thase nooralstent results may ba generated by insufficient knowdedge of relevart
pathogen and host biskegy and their interaction with the enviranment, thereby prevanting the
development of robust models for confident inferanca,
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6. We have established an efficient production technology
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. We have developed a large number of microalgae functional products
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Based on chlorella, functional products such as algae powder, algae flakes,

pasta, and skin care products have been developed.
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' Edible microalgae : Chlamydomonas reinhardtii

Cilium
Basal bodies

Contractile
vacuole

Cell wall
Nucleus

Golgi
body

Starch
granule

Mitochondrion

Plasma membrane Pyrenoid  Plastoglobule

Classification

Name Chlamydomonas reinhardtii

Phylum Chrysophyta, Chlorella

Growth characteristics

Photoautotrophic, chemotrophic, allotrophic

Ditches, depressions and, lakes

Function

Distribution

Food, food additives, skin care products, feed, etc.

Advantage

Easy to cultivate, fast to grow, easy to genetically

transform

Industrial

performance

The growth rate is fast, suitable for high-density
fermentation, and the cultivation cost is lower than that
of yeast
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Chlamydomonas reinhardtii is considered the most promising
"oreen cell factory"

New food ingredients

Genetic transformation

> ‘—

Chlamydomonas reinhardtii

system is mature

Easy to cultivate, fast
growing

A4

Contains 10 types of
selenoproteins

Possesses post-translational
modification mechanisms
similar to those of mammals

Suitable for high-density
fermentation culture
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Chlamydomonas reinhardtii is a natural bioreactor for
producing selenoproteins

Department of Food Safety Standards and Monitoring and Assessment
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Production and application scenarios of Chlamydomonas
reinhardtii selenoprotein
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Selenoproteins from Chlamydomonas reinhardtii
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More than 10 strains of Chlamydomonas reinhardtii have been

obtained through separation, screening and identification

Collecting samples

Dilution plate streak method
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20 pm

Microscopic examination
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20 pm :

20 pm
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Chlamydomonas reinhardtiit RZTCr-1, a product with independent
intellectual property rights, has fast growth rate and strong tolerance
to sodium selenite

0 2 4 6 8 10 mg/L RZTCr-1

days

Cell density of RZTCr-1 under Na,SeO; treatment

A . . i Y-A
Growth of RZTCr-1 under Na,SeO; treatment

64



Selenium species and contents in selenium-enriched Chlamydomonas
reinhardtii RZTCr-1

Standard
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Contents of selenium species
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Plant hormone ABA promotes the expression of selenoprotein genes
in Chlamydomonas reinhardtii
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A mature and stable genetic transformation system for Chlamydomonas
reinhardtii has been established
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Fifteen algal strains stably expressing human selenoprotein P, GPx3,
and SelM have been obtained
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1 Microalgae replacing crops for producing oils and carbohydrates

RS E RIS

4 hours

plant
T Cell divisian Haturlh'

3~6 months )
. Fost-maturity . \
IIr\“‘.,._::_.-"" Flower % plz:::re

Microalgae have rapid growth rates compared to traditional crops. They can

Fruit

multiply quickly, allowing for efficient biomass production in a shorter time frame.
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2. Microalgae replacing livestock for producing proteins
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High consumption: 80% of the world's
agricultural land +33% freshwater

High discharge: 56% air pollution +57%
water pollution

Low conversion: 18% calories +37% protein
High risk: COVID-19 + avian influenza +
swine fever +N
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3. Microalgae reducing carbon emission for carbon neutrality

fnliERiRL iR HERY,  SEXRERAAF]

In the process of evolution, microalgae
formed the "carbon dioxide concentration
mechanism (CCM)" which uses carbon
sources efficiently. Microalgae biological

carbon sequestration contributes to the

national ecological economic war of

"carbon peak and carbon neutrality “
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Microalgae cultivation generally requires less land,
compared to traditional crops.
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5. Microalgae for revolution of food f&iE3| &It B MR

19 1 kg
Chlorella Vegetables
/J \f*‘”“ EJIDZI—T;

Microalgae have high nutrient density and are rich in essential nutrients, which can
provide a concentrated nutrition supply per unit planting area and effectively promote
the healthy development of the functional food industry.
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6. Refactoring farming system towards interstellar immigration
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Thanks for your attention!
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E-mail: renmaozhi01@caas.cn; Tel and Wechat: 13527313471
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