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DESCRIPTION CN115161340A

Highly efficient genetic transformation methods for duckweed and their applications in

utilizing duckweed to express cytokines method

SRR AT AR A SHRFEREMER F1Y &

[0001]

Technical Field
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ARG

[n0001]

This invention belongs to the fields of genetic engineering and biotechnology, and relates to
an efficient method for the genetic transformation of duckweed and a method for expressing

cytokines using duckweed.

KERPABETERIREMEYIRATNE, Sh—MEME R LR MG AR ASHRFEREARE
FHITT %o
[0003]

Background Technology

BREEA

[n0002]

Biologics are typically expressed in bacteria, fungi, mammals, insect cells, and plants.

EVFFEEEAE. EE. HADY. BERARUNREYFRE,
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In comparison, plant bioreactors have unique advantages, such as simple cultivation
conditions, low transportation costs, high safety, and the advantages of protein post-

translational processes.

MEtiRms, BYEYRNESEEMSNMNE, IEASHERE. ShRtE. Ze2Ms. BF&R
HNEEREREE.
Especially in resource-scarce environments for large-scale vaccine production, such as COVID-

19 vaccines, plant bioreactors offer a cheaper and more practical strategy.

R ERREZNMREREANEESREH, NHEEE, EYEYIRNSRET - EFEERRE
KPR ERISRES,

Novel genetically engineered subunit vaccines often face problems such as poor
immunogenicity, and need to be combined with vaccine adjuvants to improve the immune
effect. Immune adjuvants can enhance the body's immune response to antigens, resulting in
stronger immune protection and longer-lasting immune memory, effectively improving
vaccine efficacy. Currently, most commercial adjuvants are aluminum adjuvants and oil
emulsion adjuvants, whose use may cause adverse local reactions such as inflammation and
fever, which is detrimental to animal welfare. In addition, aluminum adjuvants are sensitive to

freezing conditions, making them difficult to store and transport. Recent research has
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provided new insights into innate immune receptors and signaling pathways, offering
opportunities for the rational design of novel adjuvants. Several new adjuvants have been
approved, such as alum, monophospholipid A (MPL), ASO4 (containing both alum and MPL),

and ASO3 (a squalene-based adjuvant).

5

MENERTIRETSIEEEFHIRERRRTEESNH, FEESREETIRIERREVNR. &
FAEFI PR AN MEN RN E, FEERNERERIPNEANREZICIZ, BRRAREEN

K. B, REJEBIMEFIEERIEFIFMAET, SMNNERARIFERXIE. AAFFITRNGE
MR, FAHRFohEF. LI, |IEFIILAFASE, RLRMEHETEENZR. SRR
MARBEZFNESEBRIFARASERITHEETRE TR, —EMBETRE 7T, f

90, PARA. EFEAETAESRA(MPL). ASO4([ERY&HERIMNAIMPL)FIASO3(—HET A ZIHBRET).

[n0003]

The combined use of cytokines and chemokines with DNA vaccines, or the expression of
cytokines alone and their combination with traditional vaccines, can enhance the immune

efficacy of vaccines.

ARAFNBEUEFSONAREERSHER, ERAREFERREESEAREKAER, ik

SR ERRE R,
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Using plant expression systems to produce cytokines has advantages such as low cost, simple
culture conditions, and the ability to perform protein post-modification in eukaryotes.
Currently, most cytokines expressed in plants use tobacco as a chassis plant, but tobacco is
generally not considered safe, which limits its clinical application. Therefore, there is an

urgent need for safe and efficient chassis plants to meet market demands.

NAEYREGREFARRFREERARE. BERFAERUNEEEREYNEBREIRFMN
Ro B, HEYTRENASHAREFHUREFENREEY), EREBETRIANRES

B, XmRETHAERKLINNA, Hit, BFRENSVNREEVEFTETHFE.

[n0004]

Duckweed is the fastest growing and smallest flowering plant in the world, comprising 5
genera and 36 species. It is characterized by asexual reproduction, not competing with food

crops for land, small genome size, simple cultivation conditions, and low cultivation cost.

FERHR EERKRR. SR/ EEY), SETEN36 M, EBXTHEE. "“FT5KF
#h” . BEAN BHRFHEEAEFEAREFRN R

The commercial application of genetically modified plants is limited because they can easily
escape into the environment, while the closed culture mode of duckweed can avoid the

pollution of the environment by genetically modified plants. Therefore, duckweed is an ideal

10-01-2026 - Page 5



model carrier for producing exogenous proteins, studying growth and development
mechanisms, and gene editing. Currently, duckweed has been used as a bioreactor to
successfully express some exogenous proteins, including vaccines, antibodies, enzymes, and

interferons.

REARERERZ X E2IMERMRE 7T EE W AN, mEENEAEFE TR R B ENIF R
BsH. A, FER—MABATESINEER. HRERABHIEUKRERRIENIEBRILHE,
Bal, FAFHEAEYRNSBEMRINRET BIFRE. if. B, FIESFERN—EINRE

Ho

[n0005]

Although duckweed can be used as a bioreactor to produce some exogenous proteins, it still
suffers from problems such as low conversion efficiency, long screening and regeneration

time, and few transgenic positive plants.

BEFHEAEYIRNBEUIBTES—EINREH, BREALEFEERUNERRE. MEABE
BHEK. RIGHEREEEY D FiRE,

The induction of duckweed callus tissue determines the development of its molecular

biology. There are 36 species of duckweed, but only 9 species have established genetic

transformation systems. Callus induction depends on genotype selection. When the same
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callus induction scheme is used for different strains of the same species of duckweed, there
will be large differences in induction rates between strains, and some strains may even fail to
induce callus. Liu et al. reported the induction of callus from 100 Lemna aequinoctialis lines
using the same induction method. The results showed that only 7 lines could be induced to
produce callus [Y.Liu,Y.Wang,S.Xu,X.Tang,J.Zhao,C.Yu,G.He,H.Xu,S.Wang,Y.Tang,C.Fu,Y.Ma,G.
Zhou,Efficient genetic transformation and CRISPR/Cas9-mediated genomeediting in Lemna
aequinoctialis]. Plant biotechnology journal, (2019).]. Yang Guili et al. reported on callus
induction in three different Lemn. minor lines of Lemna minor. Only one line could be induced
to produce callus. Based on this, a genetic transformation system was constructed. Although
the callus induction rate and transient transfection efficiency were very high, reaching 93%
and 80% respectively, the regeneration stage and stable transformation rates were low, only
30% and 4% respectively. [G.L.Yang,Y.Fang,Y.L.Xu,L.Tan,Q.Li,Y.Liu,F.Lai,Y.L.Jin,A. P.Du,K.Z.He,
X.R.Ma,H.Zhao,Frond transformation system mediated by Agrobacterium tumefaciens for
Lemnaminor.] Plant Molecular Biology 98,319-331(2018).]. Therefore, callus induction is the
foundation of duckweed genetic transformation system, and it is essential to establish a more
efficient and rapid duckweed expression system for screening and regeneration to produce
valuable exogenous proteins. Furthermore, there are currently no reports of using duckweed
as a substrate plant to produce cytokines and as a vaccine adjuvant, nor on its immune

effects.

10-01-2026 - Page 7



FHRARARNAESREEED FEMFNRE, FHE36MM, BRMRBEIIMMEIL TEEREL
KR, RHARASKMERARENERE, AHAARANZEIXARRNRHEARBSHE, &
MERZEINESRERK, EEWBOKRALEZASHREGALNNR, XNFFRETH AR
BRFENL00 NMEIRRHTUHARNES, ERRBNEBTIRAERSTFHAMHARY Ly,
Y.Wang, S.Xu,X.Tang,J.Zhao,C.Yu,G.He,H.Xu,S.Wang,Y.Tang,C.Fu,Y.Ma,G.Zhou,Efficient genetic
transformation and CRISPR/Cas9-mediated genomeediting in Lemna aequinoctialis. Plant
biotechnology journal,(2019).], ##FEFIFHRE T RHEEHH=PFRELemn.minorfkRH#ITRS
BRES, ERNE—MERERIESHAGASR, FIELM EH#TRERUERNNE, RATH
RRFESEMBENERERRE D 5IXEI93%HM80%, EBFEMEFNREENERE, 751X 930%
#M4%[G.L.Yang,Y.Fang,Y.L.Xu,L.Tan,Q.Li,Y.Liu,F.Lai,Y.L.Jin,A. P.Du,K.Z.He,X.R.Ma,H.Zhao,
Frond transformation system mediated by Agrobacterium tumefaciens for Lemnaminor. Plant
Molecular Biology 98,319-331(2018).], Hitt, RAALRNIESEFEREEHRNVAERNEM, EiL

FRRRRHEMBENFIREERREZEFENENINEERAR TOREN, 1, BrlERR

il

LUFSHEF AR ZIEYIRE - ARE FHEARE T R E R R RRIE,

[0008]

Summary of the Invention

REAAE

[n0006]

10-01-2026 - Page 8



To address the problems of low transformation rate, long regeneration time, and few positive
transgenic lines obtained by using duckweed callus as genetic transformation material in
existing technologies, as well as the lack of existing technologies that use duckweed as a
substrate plant to produce cytokines, this invention provides an efficient duckweed genetic
transformation method and its application in the production of exogenous proteins, thereby
shortening the screening and regeneration culture time and improving the genetic
transformation efficiency. This invention also provides a method for expressing cytokines

using duckweed, providing a new approach for cytokine production.

HWNMERARLCEERGAREANRERUMEFEERARR. BENEK. RIMAMEERKR
DEFERE, URRERANETLGEEHEANREEYREFAREFNRE, NEBPRET —ME00F
SRR EURZA EREFINREBRINAE, MEETmEETNBEEFNNE. RE8E

BRUNER, FEARERMT —MARFERAABERFEZE, AAREFREFREHRG %

[n0007]

To achieve the above-mentioned objectives, the technical solution adopted by the present

invention is as follows:

NEMERLPABERY, BARARABIIRALTRNT:
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[n0008]

An efficient method for genetic transformation of duckweed includes the following steps:

—MESREERERNTTE, SEUTIR:

[n0009]

(1) Induction and culture of duckweed callus

(1)FFRAARRIE RIS

[n0010]

Duckweed thallus was inoculated into callus induction medium for induction culture to obtain
callus. The induction culture conditions were as follows: photoperiod of (16-14)h:(8-10)h, light
intensity of 80-180umol/mNER1/s, and MS basal medium supplemented with 5-50uM 2,4-
dichlorophenoxyacetic acid, 0.45-5uM thidiazuron, 10-30g/L sucrose, and 3-5g/L gellan gum.

The pH of the callus induction medium was 5.5-5.7.

TR EEMTRGARSSEFEPHTATEST, FHRGASR, BREFFE: AR

(16~14)h:(8~10)h, FtHR3RE /980~180umol/m<sup>2</sup>/s, RUALALRIFSFIBARE RN
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5~50uM 2,4-“SEKEZE. 0.45~5uMIEERE, 10~30g/LEEE. 3~5g/LE MM MSEREH

B, RpARERIEFRENPHENS.5~5.7;

[n0011]

(2) Subculture of duckweed callus

(2)F R AAL RIS AT

[n0012]

Callus tissue was transferred to subculture medium for subculture. Subculture conditions:
photoperiod of (16-14)h: (8-10)h, light intensity of 80-180umol/m<sup>2</sup>/s, and MS
basal medium supplemented with 1-1.5uM 2,4-dichlorophenoxyacetic acid, 0.2-0.25uM 6-
benzylaminopurine, 25-30g/L sucrose, and 0.3-0.4g/L gellan gum. The pH of the subculture

medium was 5.5-5.7.

BRGALZREERAIEFEDBITRAES, BAEFRG: AR N(16~14)h: (8~10)h, YF¢iE
0RE /980~180umol/m<sup>2</sup>/s, HKIBHFENHFMI~1.5uM 24-“RIERFIEL. 0.2~0.
25uUM 6-FREMRIEN . 25~30g/LEHE. 0.3~0.4g/LESKIMSERIIEARE, HIEFEMPpHE

795.5~5.7,
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[n0013]

(3) Infecting callus tissue with Agrobacterium containing the target gene.

(3)F A& BEMNERNKRITERERAMHAR

[n0014]

A plant expression vector containing the target gene was constructed, and the constructed
plant expression vector containing the target gene was transformed into Agrobacterium. The
Agrobacterium transformed with the target gene was used to infect callus tissue. The infected
callus tissue was then inoculated into a co-culture medium and cultured in the dark for 3-4
days. The co-culture medium was MS basal medium supplemented with 1-1.5 uM 2,4-
dichlorophenoxyacetic acid, 0.2-0.25 uM 6-benzylaminopurine, 80-120 uM acetylsylgenone,

25-30 g/L sucrose, and 0.3-0.4 g/L gellan gum. The pH of the co-culture medium was 5.5-5.7.

WEES ENERNEYRAHE, BHENSBENERNEYRAHEEAKRTE, BRATENE
ENRFERRAGALR, BERAGNRGAREMREHITFIEAED, FRBEHTIER3I~4

R, HIEFIEFENRIMLI~1L.5uM 2,4-“IEXALEL. 0.2~0.25pM 6-FREMRIFE. 80~120uM
BT &8, 25~30g/LErE. 0.3~0.4g/LE /0 RRIIMSERIIEFE, HIgFHigsmEnIpHIE5.5~5.

73
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[n0015]

(4) Screening and culture of callus tissue infected with Agrobacterium containing the target

gene

(4)& BMERANRITERRERRHARNTRIEET

[n0016]

The co-cultured callus tissue was transferred to a selection medium for selection culture. The
selection culture conditions were as follows: photoperiod of (16-14)h:(8-10)h, light intensity of
20-60pumol/m<sup>2</sup>/s, and MS basal medium supplemented with 1-1.5uM 2 4-
dichlorophenoxyacetic acid, 0.2-0.25uM 6-benzylaminopurine, 80-120mg/L selection agent
G418, 200-250mg/L cephalosporin, 25-30g/L sucrose, and 0.3-0.4g/L gellan gum. The pH of the

selection medium was 5.5-5.7.

BHIEFRENRGANERREFEEARE LH#THIAESR, MEEHREMS: AR (16~14)h:
(8~10)h, F¢ERERE20~60umol/m<sup>2</sup>/s, THiEEHFEIRIMLI~1.5uM 2, 4-—KREEF
ZE. 0.2~0.25uM 6-EEEIEN, 80~120mg/LAITEIERIGA18, 200~250mg/L3L 7,

25~30g/LERE. 0.3~0.4g/LEE 2 AIMSERLIEF A, TmikEFFERIpHENS.5~5.7;

[n0017]
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(5) Regeneration of callus containing the target gene

(5) & BMERMNRHARNEE

[n0018]

The selected callus tissue containing the target gene was transferred to regeneration medium
for regeneration culture to obtain transgenic duckweed containing the target gene (complete
transgenic duckweed line). The regeneration culture conditions were as follows: 24-hour
photoperiod under full light, light intensity of 80-180 umol/mNER4/s, regeneration culture
time of 28-32 days, and the regeneration medium was 1/2SH medium supplemented with 4-6 g
/L sucrose, 80-120 mg/L screening agent G418, 200-250 mg/L cephalosporin, and 0.3-0.4 g/L

gellan gum. The pH of the regeneration medium was 5.5-5.7.

SRS B ERN R AR ST AR AR TEE IR, B58 BN ERNBEEY
T(ERMWEREETTRR); BEERNEN: EBN2AhSKE, HEEEE}80~180umol
Jm<sup>2</sup>/s, BAEIEARIEN28~32K, BEEAERTMA~6g/ LM, 80~120 mg/L

JiG418. 200~250mg/Lkf. 0.3~0.4g/LE5RBRMV1/2SHIBFRE, BEIEFER pHENS.5

~5.76

[n0019]
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In the above-mentioned efficient duckweed genetic transformation method, the method for

obtaining duckweed thallus in step (1) is as follows:

ERSRCEFRERATENRAGRESD, TE(L)FARABFEFHIREEREG AN T:

[n0020]

Duckweed thallus specimens preserved in the seed resource bank were selected and
inoculated into a pre-culture medium for pre-culture. The pre-culture conditions were:
temperature 25%1°C, photoperiod of (16~14)h:(8~10)h, light intensity of 80~180umol
/m<sup>2</sup>/s, and the pre-culture medium was SH liquid medium supplemented with

10~15g/L sucrose. The pH of the pre-culture medium was 5.6~5.7.

PEVRTF T FZRREREEHRE, #EMTFFuEsER#TEs, FTussse: BE25+1°C,
HAEAA(16~14)h:(8~10)h, YtHEZREH80~180umol/m<sup>2</sup>/s, FIBFEAZRIM
10~15g/L B SHRIAIE A, FUEFERIpHENS.6~5.7,

During pre-culture, the thallus is cultured until it reaches the amount required for subsequent
steps. The specific amount can be determined based on factors such as the duckweed strain
and the state of the duckweed thallus. After the pre-culture is completed, duckweed thallus in

good growth condition is selected for step (1).
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FiETREY, FUEFERAREESSBIREENENT, BARARIEEERR. FHEHRENRE

FRFHITHE; TEFERE, ERERRKSREFNFTHRERTIE().

[n0021]

In step (2) of the above-mentioned efficient duckweed genetic transformation method, it is

preferable to change the subculture medium once a month during subculture.

ERBREFRE R TENRAGRENDS B Q)4 AERN, NESR—TABIR—RANEST

=

[n0022]

In step (3) of the above-mentioned efficient duckweed genetic transformation method, after
the plant expression vector containing the target gene is transformed into Agrobacterium,
single colonies that have been successfully transformed are selected, inoculated into LB liquid
medium, and cultured at 28 £1°C with shaking until OD<sub>600</sub> is 0.6-0.8. Then, the
bacterial cells are collected and resuspended in MS basal medium supplemented with 6-6.5
mM mannitol and 95-100uM acetylsyl syringone until OD<sub>600</sub> is 1-1.2 to obtain a
resuspended bacterial solution. The resuspended bacterial solution is used to infect callus

tissue at 28 1°C for 10-15 min to obtain the infected callus tissue.

10-01-2026 - Page 16



ERESFFRLRA T ENRAGRNTEQ)F, SENERNENTREBFERARTEZE,
PR IIRI B ESS, EMTLBRAEFER, E28+1°CIR%EFEO0D<sub>600</sub>790.6
~0.8, ARWEEE, BRIMNT6~6.5mMMHEEEE. 95~100uMZE; T FERRIMSEMIZFEEHZ
FEIAZEOD<sub>600</sub>R1~1.2, BRIIEEER; AERERE28T I CRERAGHL
10~15min, BMSEIERRENRHAR

The preferred Agrobacterium species used is Agrobacterium GV3101.

FRRABNRTEEAKRTEGV3101,

[n0023]

In step (4) of the above-mentioned efficient duckweed genetic transformation method, the
screening culture time is preferably 28 to 32 days, and the screening culture medium does not

need to be changed during the screening culture process.

ERERCEFRERATTENRAGENT R (4)H, MEEraiEiEn28~32 X, fmikEsrd

PR A EHRmIEE A,

[n0024]
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In step (5) of the above-mentioned efficient duckweed genetic transformation method, the
regeneration culture medium does not need to be replaced during the regeneration culture

process.

ERSRCEFRERATENRAGENS R (), BEEFIEFIAERBEERE.,

[n0025]

In the above-mentioned efficient duckweed genetic transformation method, it is preferable to

carry out each step at a temperature of 25+1°C.

ERSHFHRZRATTANRAGRR, MEFSTRYES LI CHREFHF THITES .

[n0026]

In the above-mentioned efficient duckweed genetic transformation method, the duckweed
thallus is preferably derived from duckweed, for example, duckweed thallus can be derived

from duckweed M0157.

ERSMFFHRLRWTTANKARG RSP, FFEHREIOERIRT R, fIg0, FHEHIRERTR

RFEREMO157,
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[n0027]

In the above-mentioned efficient duckweed genetic transformation method, the photoperiod
is (16-14)h:(8-10)h, which means that the light time is 16-14 hours and the corresponding

darkness time is 8-10 hours.

ERERCEER TR U T ARG RS, JERN(16~14)h:(8~10)hZ2is—RZ2H, JLIRIEN

16'\’14/J\HTJ-: *Emi{ﬂ: EIEI‘EHTJ-[E'_]?U8N10/J\HTJ-O

[n0028]

This invention also provides the application of the above method in the production of

exogenous proteins.

RERAERRM T ERGEREEFINEEERHNNA,

Furthermore, in application, the transgenic duckweed containing the target gene obtained
using the above-mentioned efficient duckweed genetic transformation method is expanded
and cultured, and the target gene expresses the target protein in the transgenic duckweed,

thus obtaining transgenic duckweed containing the target exogenous protein.
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HE—H, ENAN, KA LRSRCEERERATERFENE BNERNERREFFHITY 1,

BNERARERNFIFREENER, FISBRIINEEANRERFET.

[n0029]

Furthermore, in the above applications, the culture medium used for the propagation of
transgenic duckweed containing the target gene is SH medium supplemented with 5-10 g/L
sucrose, 80-120 mg/L screening agent G418, and 200 mg/L cephalosporin, and the pH value of

the culture medium is 5.5-5.7.

E—Ii, EARNAR, WEBNERREERFEHITT IBFRARIESRE AN 5~10g/LE

¥E. 80~120mg/Limik5G418. 200mg/LKAISHIZF L, FMRIEFERpH {E/95.5~5.7,

[n0030]

This invention also provides a method for expressing cytokines using duckweed. The method
first uses the above-mentioned efficient duckweed genetic transformation method to obtain
transgenic duckweed containing the target gene. When obtaining transgenic duckweed
containing the target gene, the target gene used is a gene encoding cytokines. Then, the
transgenic duckweed containing the target gene is expanded and cultured, thus realizing the

expression of cytokines using duckweed.
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IKRPRERME T — A R EREMBEFBGE, %G ESNA LRSS EER LR ERES
BRERNERERES, EREEENERNEERF TN, FrRANBNEENRFDAREFRIE

E, ARMREHNEBNERNZRRRFEHIT I, BRI TR AFEREARETF.

[n0031]

Furthermore, in the above-mentioned method for expressing cytokines using duckweed,
when expanding the transgenic duckweed containing the target gene, the culture medium
used is SH medium supplemented with 5-10 g/L sucrose, 80-120 mg/L screening agent G418,

and 200 mg/L cephalosporin, and the pH value of the culture medium is 5.5-5.7.

#H—H, ERFRFERAARETFNAENRASER, T8 ENERNERRZTHIT 15
B, FRrRAMIEFFENRINS~10g/LiEME. 80~120mg/LifiEIG418. 200mg/L SkTEHISHIEZFF

B, PmAEFENpHENS.5~5.7,

[n0032]

Furthermore, in the above-mentioned technical solution of the method for expressing
cytokines using duckweed, the gene encoding the cytokine includes an interleukin gene. For
example, a feasible interleukin gene is the chicken interleukin gene IL-17B. Of course, the

genes encoding cytokines are not limited to the chicken interleukin gene IL-17B.
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H—IH, ERFRFEREAREFITEARNRALER, FiRmESAREFHERSEANRE
H, i, —METHENZRERASBENEZRERAIL-17B, HAR, HIESHABEFHNERHRXEIE

BAENTREEREIL-17B,

[n0033]

This invention demonstrates through animal experiments that combining transgenic
duckweed containing IL-17B protein obtained using the method described in this invention
for expressing cytokines from duckweed with chicken bronchitis vaccine H120, and feeding
transgenic duckweed containing IL-17B protein while injecting H120 vaccine, can increase
mucosal antibodies, enhance the ability to defend against viruses, and inhibit the

proliferation of viruses in tissues.

NAEPREI HYISRIGIESE, RH A AL BEFAR R ERAABEFI A EEENE IL-17TBERN
RERFYSEZ[REXAREHI20AEG(EMA, TENRHHI20MFENEIRSIL-17TBEBNEERF
S, AJLUBIMERTUA, 1ERXmEMEEES, e itREEALRFRIEIE,

The above experimental results demonstrate that the cytokine (IL-17B protein) expressed by
the method of the present invention has vaccine adjuvant activity, and the method of
expressing cytokines described in the present invention does not cause problems of cytokine

inactivation or low activity.
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M ESRRERE, BIALANGEZRANAREF(L-17BER)REE R HETIIESER, &%
BRFrIA A AR F R A H A G A AR A F 50 & B MR AV E) =L,

The transgenic duckweed containing IL-17B protein obtained by the method described in this
invention can be used as an adjuvant for mucosal vaccines. Alternatively, the IL-17B protein in
the transgenic duckweed containing IL-17B protein can be isolated and purified for use as an

adjuvant for mucosal vaccines.

RABREBFRTGERSHNSIL-1TBEANREARFHAI LUEAHERE BEETIER, S, Brblg

BIL-17BERMEEREIEFFMIL-17TBERA D BAW HRIEAFPER B FIER.

[n0034]

Compared with the prior art, the technical solution of the present invention has the following

beneficial technical effects:

S5MERARELL, SERBNRABLRERFETUTERBIBRABR:

[n0035]
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This invention provides an efficient method for the genetic transformation of duckweed. The
method has a high callus induction rate, and the resulting callus is dark green and
embryogenic, with high infection efficiency. When screening and culturing the callus, the
method can achieve the screening of transformed and untransformed callus within one
month. When regenerating the screened callus, it only takes one month to regenerate all the

callus into complete and morphologically normal plants.

RERPRME T —MBERCFERERNTE, ZHENRGAREEERS, RINRGHAREREZEE
NEMRHBAR, RANES; ENRBARHITHEEFN, EBE—TARIERLSREUHR

RLARRITHIE; EXNTMEHNABALRHITEEERN, XE—TATRMENTHARSBLE AT
Br. ISEBEK.
Compared with existing technologies, this invention has the advantages of higher screening

and regeneration efficiency.

BN TFUERR, FARERRENBENERESHHR.
[n0036]
2.
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Based on the efficient duckweed genetic transformation method described in this invention,
this invention also provides the application of this method in the production of exogenous
proteins, providing a certain methodological basis for the production of exogenous proteins

in duckweed bioreactors.

A& BAFTRA SRR R 5 AR, RERERRE T ZAEAEEFINREATRNAE, 1%

SEEMEY R NEREFINREBRM T —ER T AR,

[n0037]

Based on the efficient duckweed genetic transformation method described in this invention,
this invention also provides a method for expressing cytokines using duckweed, filling the gap

in the existing technology for producing cytokines using duckweed as a substrate plant. This
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solves the safety issues and clinical limitations of using tobacco as a substrate plant to
express cytokines in the existing technology, and can better meet the needs of practical

applications.

A & BRFR SRR R R T A AR, SARRRME T M AFEREMERAFRGE, BT
MERARELE L HEARZEYREFARR FHIZA, BRTRERAUREFANREEYHRE

RAREEFFENR ML REMIGRERR RV, A IAELF#HESERNAER,

[n0038]

This invention demonstrates through animal experiments that combining transgenic
duckweed containing IL-17B protein obtained using the method described in this invention
for expressing cytokines from duckweed with chicken bronchitis vaccine H120, and feeding
the transgenic duckweed containing IL-17B protein while injecting the H120 vaccine, can
increase mucosal antibodies, enhance the ability to defend against viruses, and inhibit the

proliferation of viruses in tissues.
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NEPREI HYISRIGIESS, RH AL BEFAR AR AABEFIN A EEENE IL-17TBERN
HERFYSEZ[EXAREHI0AEGER, TEMREHI20NFENERS IL-17TBEENEERF
SE, AJLUBIMEIRTA, 1ERXmEMEEES], e iNtREEALRFRIEIE,

This indicates that the cytokine (IL-17B protein) expressed by the method of the present
invention has vaccine adjuvant activity, and the method of expressing cytokines described in

the present invention does not cause problems of cytokine inactivation or low activity.

WAREE A AR A ERENAREF(IL-17TBER) S A B aEBEMR, ANABEFmRRIAZHA
EFH G EH RIS R FREESCEIE AR,
This invention provides a more convenient, lower-cost, and safer method for the production

of cytokines.

FERANARRFHE~RETELE. BERREANELENSGE.

[0042]

Attached Figure Description

P35t R

[n0039]
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Figure 1 shows the callus induction rate of experimental groups T-1 to T-6 in Example 1.

El1 2L 1RRIT-1~T-6 LA RAAHLR BT,

[n0040]

Figure 2 shows photographs of the T-3 experimental group of Example 1 and the callus tissue

obtained by induction culture in Comparative Example 1.

B2 2 SLhtf5l LAY T-3SR IR 4B AN X Eb 1 1 i RIEF R BN ARRER .

[n0041]

Figure 3 is a photograph of the callus tissue obtained by screening and culturing under

different concentrations of G418 in Example 2.

B3 K27 A RIRERIGA18RISF M T TRt SR BN R MAARRIR A

[n0042]

Figure 4 is a schematic diagram of the construction of vectors pCambia2301:GUS and

pCambia2301:17B.
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El4Z#H ApCambia2301:GUSHF {ApCambia2301:17BRIIETEE.

[n0043]

Figure 5 shows the screening and culture results of duckweed callus containing reporter

genes and target genes, respectively.

EI5HI(A) (B)WEI 13 B &R EE RN & B AR EA AR IRIEEFER,

[n0044]

Figure 6 shows the regeneration culture results of duckweed callus containing reporter gene

and target gene, respectively.

El6RI(A) (B)WEI D3 R B IREEAM & BNERNFEFRHARNBEEFER,

[n0045]

Figure 7 shows the DNA level identification results of transgenic IL-17B and the reporter gene

gus duckweed.
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E7 212 A IL-17BMiR S B HAgusiFERNIDNAKFETELE R

[n0046]

Figure 8 shows the protein level identification results of transgenic IL-17B and the reporter

gene gus (Lysimachia foetida).

E8 B ERIL- 17BN FERgusFEMNERKTFEELER.

[n0047]

Figure 9 shows the antibody titer determination results in serum from Example 9 and

Comparative Example 3.

B9 STt {5 9FN X Eb B3 FR RV IE R (AN M E 45 R0

[n0048]

Figure 10 shows the results of mucosal antibody assays in the trachea and intestines of

Example 10 and Comparative Example 4.

E105:5E 5 10A 3 b B4 S EM BRI REAR AN E L R
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[n0049]

Figure 11 shows the viral load determination results in tissues of Example 11 and Comparative

Example 5.

El11LrEfI 11T L BISAAR PRSHENELS R,

[0054]

Detailed Implementation

BixsLien Tl

[n0050]

The following examples further illustrate the efficient duckweed genetic transformation

method and its application in expressing cytokines using duckweed provided by the present

invention.
TEIEILAEGIXS AR BBREN SRR B AN ASH B F R RIAMERFI A A EH—
iR,

10-01-2026 - Page 31



It should be noted that the following embodiments are only used to further illustrate the
present invention and should not be construed as limiting the scope of protection of the
present invention. Those skilled in the art can make some non-essential improvements and
adjustments to the present invention based on the above-described invention content, and

these improvements and adjustments still fall within the scope of protection of the invention.

By BN, UTERIISBTFRALRBEE—T A, FERANELRRIPEERIRE, FrE
TEHAAGRRELRLZBERS, WHALBRMHE —EIrA R COATEREHITRASE, BT AR

RIFBISERE,

[n0051]

Unless otherwise specified, the experimental methods used in the following examples and
comparative examples are conventional methods in this technical field; the reagents and
instruments used are commercially available unless otherwise specified; the duckweed used
is Lemnagibba M0157, which is preserved in the germplasm resource bank of the Chengdu
Institute of Biology, Chinese Academy of Sciences; the SH, MS, B5 and LB media were
purchased from Beijing Coolabor Technology Co., Ltd.; the 2,4-dichlorophenoxyacetic acid

(2,4-D), thidiazuron (chemical name N-phenyl-N-1,2,3-thiadiazole-5-urea, TDZ), 6-
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benzylaminopurine (6-BA), 2-isopentene adenine (2-1P), and 1-naphthaleneacetic acid (NAA)
were purchased from Beijing Solarbio Science & Technology Co., Ltd.; the His antibody was

purchased from Beijing TransGen Biotech Co., Ltd.

TRRLFEHIFI LI, FrERRNRILTT A, MERTHRREA, HWARKRARMABENTTE; FrER
RO INE8E, MEHHIRER, HWEIMEIRRIRE; FRAREENEE M0157, BF
Lemnagibba, REFETFTHERFRMEEMARAMEIEIRE; FridSH. MS. BSHLBIEFEYWT
IREESREERAT, FIik2,4-“R8EXEAIFL(2,4-D). BRE(KERIFAN-FE-N-1,2,3-FE14-5-
f%, TDZ). 6-FRERRIFR(6-BA). 2-FRIGIRIFR (2-IP). 1-FHZER(NAAIBTFILRERKERR
BIRAT; HistiAWE FitRENEEVRARNDERAF.

Agrobacterium GV3101 can be purchased from Beijing Tianenze Gene Technology Co., Ltd.

RAFEGV3101A LML R R BFERE R B R AT LS E,

[n0052]

Example 1: Comparison of induction efficiency of duckweed callus under different induction

culture conditions

SEHEfIL: ARIEFEFFEIEERBALRRIE TR
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[n0053]

In this embodiment, the effect of different induction culture conditions on the induction

efficiency of duckweed callus was investigated. The steps are as follows:

AELMEGIF, ERARBFEFFANFERGARBTUERNEM, TEROT.

[n0054]

(1) Pre-culture of duckweed thallus

(1)7FFH R BTSSR

[n0055]

Duckweed thallus specimens preserved in the seed resource bank were selected and
inoculated into a pre-culture medium for pre-culture. The culture conditions were:
temperature 25+1°C, photoperiod 16h:8h, light intensity 100umol/m<sup>2</sup>/s, and the
pre-culture medium was SH liquid medium with 10g/L sucrose added. The pH of the pre-

culture medium was 5.6.
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PEVRETHFRRERNEEHRGE, ETFIsFEPHITIESR, EREG: BE2511°C, &
FEEAA16h:8h, FHRSREEA100umol/m<sup>2</sup>/s, FtEFENARIN10g/LEMERISH RIALS

FrE, FUEFEBPpHENS.6.

[n0056]

(3) Induction and culture of duckweed callus

7 e

(3)FHRPALRRIEFIEST

[n0057]

The duckweed thallus precultured in step (1) until it reached a certain number and was in
good growth condition was inoculated into various callus induction culture media and

induced under different conditions to obtain duckweed callus tissue.

RIRBR(1)FEFEFEHREEE —EHE BE KRS RFIFEHRE D 3R T 2 h AR
BHEFER, TAEANZFHETHITIESER, [REFTERHALS,

This step was carried out simultaneously in 7 experimental groups (T-1 to T-7). The callus
induction culture medium and induction culture conditions used in each group are shown in

Table 1.
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BEFB—HDTILIH(T-1~T-75L5040) R #1T, SAXRBHAHARASEFENERIERE

B AN&R 1P

[n0058]

Table 1. Callus induction and culture conditions

RIMPARFSITFFMN

[n0060]

The callus induction rate was calculated for each group of duckweed according to the
formula: callus induction rate = leaf of induced callus / total leaf. The results are shown in

Figure 1.

ERAN: ARESE=3FSHNTHARNHF/S2HE, TRSAFFINRHARFSE,
S RUE LR,

As shown in Figure 1, the callus induction rate of duckweed varied significantly under different
induction culture conditions, indicating that duckweed callus is dependent on certain

concentrations of hormones and certain induction culture media.
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HELTH, EARBSERFHGT, FINWHARASKERESE, WA TRHARNELR
ERNHERMELESEAERE KRB,

Among them, the induction rate of duckweed callus in the T-3 experimental group was as high
as 83%, and the photograph of the duckweed callus obtained by induction culture is shown in

the left figure of Figure 2.

Hep, T-3 LRAKFFRHGARNNESERIREI%, FSIBEFFINEFERHALRNER A NE2H
T EIFfTo
[n0061]

Comparative Example 1: Induction and culture of duckweed callus using the method

described in CN 110616182 A

XTEEBIL: IBACN 110616182 AW A I SIBFF HRAHAR

[n0062]

The method of Example 1in CN 110616182 A was used to induce and culture duckweed callus

tissue, specifically Y3 medium.
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XFACN 110616182 AR5l A EIESIBFFHAUAALR, BIARANEFRENY3 I5H7E,
The photograph of the duckweed callus tissue obtained by induced culture is shown in the

right image of Figure 2.

FEFEF R IR ERGARRR A NERNAEFT.

[n0063]

As shown in Figure 2, the duckweed callus obtained by induction culture using Y3 medium
according to the method of Example 1in CN 110616182 A is yellow in color, smaller in size and
looser in structure; while the duckweed callus obtained by induction culture under the T-3

group according to the method of Example 1 of this invention is green and the tissue is harder.

FEI2AIEN, RACN 110616182 AFRSErefl 18975 AR AYEF AR FIEF SR FRMAAREE
B, EAENERMR; MEARARLEG1INGEART-3HMNESERFHRENT ERMH
RLABRE. HABEIRE,

The two have distinct differences in form.

:%E’Jﬂ/:p\ﬂﬁﬁﬁ_u_%ﬁo
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Further comparisons were made of the composition and content of the induction culture
medium used by the two methods, as well as the differences in hormone concentration, as

shown in Table 2.

H—P LR EMRANESEFENAD SSEUNRMERENER, MR2FAT.

[n0064]

Table 2 Comparison of the composition and content of induction culture medium and

hormone concentration

RUFFIEFENN D SEEUNHERELLIR

[n0066]

As shown in Table 2, the induction medium used in the T-3 experimental group of the present
invention has significant differences in composition compared with the induction medium
used in CN 110616182 A. For example, there are significant differences in the types and
amounts of macroelements, as well as significant differences in the amounts of

microelements and carbon sources, and differences in the content of organic components.
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HBR2AIH], AAPBAMT-3RAFTAIESIEFESCN 110616182 AFTAIESIEBEFAENK I EHEE
Al, B, REXENWMEMABERHEER, MEAFNRENAELERANES, BYAIH
BEUEREER

Meanwhile, there were also significant differences in hormone levels among the induction

culture cultures.

FEY, BFEFEMHRKTHETEZENER
It is precisely these differences that lead to significant differences in the morphology of

duckweed callus tissues obtained from the two induced cultures.

ERXEERNEFE, FR-_EBFTEFREGNEYRMASNSHI THEES

[n0067]

Example 2: Screening and culture of duckweed callus

SEREfI2: R AR R TRIEE ST

[n0068]
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(1) The duckweed callus tissue obtained by the T-3 experimental group in Example 1 was
transferred to the subculture medium for subculture. The subculture conditions were:
temperature 25+ 1°C, photoperiod 16h:8h, light intensity 100umol/m<sup>2</sup>/s. The
subculture medium was changed once a month during the subculture period. The subculture
medium was MS basal medium supplemented with 1uM 2,4-dichlorophenoxyacetic acid, 0.2
UM 6-benzylaminopurine, 30g/L sucrose, and 0.35g/L gellan gum. The pH of the subculture

medium was 5.6.

(1)3525EH)189T-35L 30 IE SR AR I EFR G AL R IRER IS FREDHITRIE T, HLE
FEM. JRE2511°C, YEHAA16h:8h, YERIEE100umol/m<sup>2</sup>/s, 4x{{iZ7HA
8, —PMNAER—RBRRIERE; #REFEATNIUM 2,4-—S|]XA . 0.2uM 6-FHEIRIZ

2. 30g/LE#E. 0.35g/LEARRRAIMSERitEF &, HAEFEMNPHENS.6,

[n0069]

(2) The duckweed callus obtained by subculture was inoculated onto the screening medium
for screening culture. The screening culture conditions were: temperature 25+1°C,

photoperiod 16h:8h, and light intensity 100pmol/m<sup>2</sup>/s.

) B AIEFRENFT TR AREMEMAIZAE LHITIMEES, MEEAREYt: BE
25+1°C, JYtFAHAN16h:8h, FEERERE/9100umol/m<sup>2</sup>/s.
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[n0070]

In this step, a total of 6 experimental groups were set up. The screening medium used in each
experimental group contained different concentrations of screening agent G418. The
screening medium of each experimental group was obtained by adding 0 mg/L, 10 mg/L, 20

mg/L, 50 mg/L, 80 mg/L and 100 mg/L of G418 to the subculture medium described in step (1).

ZIRA, HigHNKWA, FLPARANMEEFERSENEIRERNTRIET G418, FLI
AR TRIEIEFERE D B (1) PR AgsrEaEA E7RIM0mg/L. 10mg/L. 20mg/L. 50mg/L.

80mg/L. 100mg/LEYG41813EIRY,

[n0071]

The screening results are shown in Figure 3. When the concentration of G418 is 20 mg/L, the

growth of callus tissue is slow and the color turns yellow, but there is no whitening.

ks RANEFR, HGAL8HYRE A20mg/LY, RUAALRNEKKREE, METHE, BLEHN
THIBE .
When the concentration of G418 reaches 50 mg/L, the callus tissue gradually turns white and

the growth rate slows down further.
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HG418RYREIAEIS0mg/LEY, RAARZFHTR, EKEFEH P TE,
When the concentration of G418 is 100 mg/L, the growth of callus tissue is inhibited and

begins to whiten.

HG418RYARE /9100mg/LBY, RAARNEKZHEEFIBR K.
Therefore, in the subsequent transgenic screening experiment, the G418 concentration of 100
mg/L was selected for screening. This ensured that most of the non-transgenic callus tissue

was whitened, while also allowing for the screening of transgenic callus tissue.

Hit, FEELEERMELIIZNGAISRENL100mg/LAVF4#HITIRIE, BERERIEREEERIRS

PAKREIAN, XEEmERIFRERRNRHAR,

[n0072]

Example 3: Rapid regeneration of duckweed callus

SEHEBI3: SEERBALNRERE

[n0073]
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The duckweed callus tissue obtained in Example 2 under the condition of G418 concentration
of 100 mg/L was transferred to the regeneration medium for regeneration culture. The
regeneration culture conditions were: temperature 25+ 1°C, photoperiod of 24h full light, light
intensity of 100 umol/m<sup>2</sup>/s. The regeneration medium did not need to be
changed during the regeneration period. The regeneration medium was 1/2SH medium with 5
g/L sucrose and 0.35 g/L gellan gum added, and the pH value of the regeneration medium was

5.6.

R LhEfI27E G418 RE A 100mg/LEVS M N mEF RN YR AR R ZEBEEFTEPHITEE
1EF, BEEAREMY: BE2511°C, XARN24NENER, HIREBEH100umol/m<sup>2</sup>
/s, BEHEAAEMRBEREFE, BEEFENMMSg/LENE. 0.35g/LERRA1/2SHIERE,

BEEFERIPHENS.6.

[n0074]

After 15 days of regeneration culture, the selected duckweed callus tissue clearly showed that
leaves and roots differentiated from the callus tissue. After another 15 days of culture, all the
callus tissue regenerated into complete plants, and the regenerated leaves were all in normal

shape, with a regeneration rate as high as 94%.
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TR AR AR BEESTISKE, EAERERMFMRMRMBAR PR, HEEsT

15X, FrEMVRAALEHBEL 7 eBrEN, FEBELNMHATRELER, BEXRSIEI%.

[n0075]

Comparative Example 2: Regeneration using the method described in CN 110616182 A

XfEEBI2: IEFCN 110616182 AN A EHITHEE

[n0076]

The regeneration culture was carried out using the method of Example 6 in CN 110616182 A.
The results showed that it took 3 months to regenerate a complete plant, and the

regeneration rate was only 30%.

XFACN 110616182 AFRRYSEREBIORY /A TR EES, SRR, XKAZAEEE3 MANEAL
REREERITEMENK, FEBERNNI30%,

Further comparison is made of the differences in the regeneration culture medium used in
Example 3 of this application and Example 6 of CN 110616182A during the regeneration

culture.
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B LEIRAFRIESERESI3F CN 110616182ARY LRI 67EH TR EIEFIIRANBEEFENE

The basal medium used in the regeneration culture of this invention is 1/2SH medium, while
CN 110616182 A uses B5 medium as the basal medium in the regeneration culture, as shown

in Table 3.

NAPATE B PTARNELIEFEN]L/2SHIESRE, CN 110616182 ATEEEEFEFTKANE

hitifE TRy BoIES TR, BENR3FIR.

[n0077]

Table 3 Comparison of components and contents of regeneration culture medium

RIBEEFENA S SEELR

[n0080]

As shown in Table 3, there are significant differences in the macro-elements, micro-elements,
iron salts, organic components and carbon sources in the regeneration culture medium used
in Example 3 of this application and Example 6 of CN 110616182 A during the regeneration

culture.
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FAR3TTH, AEIFAISLEHEFISFICN 110616182 AMISLHERI6TEH TR EIEANRENBEIERE
h, RExER. METER. %, ANS MR LEHBEERNFENER.

These differences result in a significant difference in regeneration efficiency between the two.
This application can shorten the regeneration time in CN110616182 A from 3 monthsto 1

month, effectively improving the regeneration efficiency.

XEESNEFEEE_EBEN, EBENX LU THEMNESR, AHIFAIKFCN110616182 A

NBENEE3ITAEEELITA, BRS TBENE,

[n0081]

Example 4: Transferring a target gene or reporter gene into duckweed callus tissue.

SEhEfl4: FEEBNERNERSERBRNEZTAHAR

[n0082]

The pCambia2301:GUS vector containing the reporter gene was used as the reference group
for the duckweed genetic transformation system. The genetic transformation efficiency of the

system was measured by the GUS staining results of callus tissue and transgenic leaves.
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BEEiREERBNPCambia2301:GUSEHAENEFREHRNAERNSRA, BIRAARMIZER
M B GUSREBERKEEZ R RREEZE LR,
In addition, the gus gene in pCambia2301:GUS was replaced with the cytokine chicken

interleukin IL-17B to construct the vector pCambia2301:17B.

k5, RpCambia2301:GUS FRHgusERZ M AMREAF—ISE N EIL-17B, FEEIK
pCambia2301:17B,
Figure 4 shows a schematic diagram of the construction of vectors pCambia2301:GUS and

pCambia2301:17B.

#H{ApCambia2301:GUSHIE {ApCambia2301:1 7B = E I E4,

[n0083]

Vectors pCambia2301:GUS and pCambia2301:17B were transformed into Agrobacterium
GV3101. After colony PCR verification, the cells were inoculated into LB medium and cultured
at 28+1°C and 150 rpm until the bacterial OD_NER12 was about 0.6. The cells were collected
and resuspended in MS medium (containing 6 mM mannitol, 100 uM acetylsyl syringone, pH=5.

6) until the OD_NER13 reached 1.2. The cells were then incubated at 28 1°C for 1 h, and
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green duckweed callus was added and allowed to stand for 10 min. After removing the
bacterial solution, the callus was placed on co-culture medium and incubated in the dark for 3

days.

B E{ApCambia2301:GUSHIF ApCambia2301:17BF NEIRFMFEGV31014, EEPCR WIFIEHG

EMTLBIEAER, £28+1°C. HiE150rpmigs=ERE{AFOD<sub>600</sub>/0.6 44, WERIR

HAMSIEFE(EE6mMMEEEE. 100uMZEAT &, pH=>5.6)EREAZE OD<sub>600</sub>i&

21.2, E28+1°CRELh, MARBREHEFERMAALRFELEIOMIn, ERERERTHGARBAN
HIBFFIEFE FRERE3R,

The co-culture medium was MS basal medium supplemented with 1 uM 2,4-

dichlorophenoxyacetic acid, 0.2 uM 6-benzylaminopurine, 100 uM acetylsalicylic acid, 30 g/L

sucrose and 0.35 g/L gellan gum, and the pH of the co-culture medium was 5.6.

FRRHIEFFRUESRENARIMNIM 2 4-— XA ZER. 0.2uM 6-FREREF. 100uMZEL T ZFER.

30g/LEEKEFN0.35g/ L4512 IRAY MSERLIET A, HIFFIEFEMNPHENS.60

[n0084]

Example 5: Screening and culture of duckweed callus containing the target gene or reporter

gene
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LIS & BNERNERSERNFEFRHARNTRIEEFT

[n0085]

The duckweed callus tissue infected for 3 days in Example 4 was transferred to screening
medium for screening culture. The screening culture conditions were: temperature 25+ 1°C,
photoperiod of 16h:8h, light intensity of 40umol/m<sup>2</sup>/s, and screening culture
time of 1 month. The screening medium was MS basal medium supplemented with 1uM 2,4-
dichlorophenoxyacetic acid, 0.2uM 6-benzylaminopurine, 30g/L sucrose, 100mg/L LG418,

200mg/L cephalosporin, and 0.35g/L gellan gum. The pH of the screening medium was 5.6.

BT REGIAPRIIRF TG AR FIEE MAIEAEPRITIMEES, MEEAEYG: BE
25%1°C, Jt/AEAA16h:8h, FEBSREE N40umol/m<sup>2</sup>/s, THEEFRITENINA; Tk
EFEARMIUM 2,4-—SXEZEE. 0.2uM 6-FREARIEK . 30g/LENE. 100mg/LG418.

200mg/L3k8. 0.35g/L452 AIMSEAtIEF A, TmikiEFFERIpHENS.6,

[n0086]

The screening and culture results are shown in Figure 5, where Figures (A) and (B) show the
screening and culture results of duckweed callus containing the reporter gene and the target

gene, respectively.
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TsEiE T 4E R ANESFR, HFR(A)(B)FME SR EIREERENE BNERBEERAHLSRY TR
EFRER,

As shown in Figure 5, this embodiment can achieve a good screening effect within one month.
The unconverted callus tissue eventually turns white under the condition of G418
concentration of 100 mg/L, while the successfully converted callus tissue grows vigorously

and remains green under the condition of G418 concentration of 100 mg/L.

FRESAN, ASLHEFIE—TBEEDLEREIRIFAIMEMR, REFMHRHAREGAISREN100mg
/LG TRATH, MECRIINEHEAREGALS RENI00M/LAIE G TE KR BEGEEKA

REZRB,

[n0087]

Example 6: Rapid regeneration of callus containing the target gene or reporter gene

Ehefhle: SBEMNERSNERSERNAHBARNREETE

[n0088]

The morphologically normal callus tissue obtained from screening and culturing for one

month in Example 5 was transferred to regeneration medium for regeneration culture. The
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regeneration culture conditions were: temperature 25+ 1°C, photoperiod of 24h full light, light
intensity of 100pmol/m<sup>2</sup>/s, and regeneration culture time of 1 month. The
regeneration medium was 1/2SH medium supplemented with 5g/L sucrose, 100mg/L G418,
200mg/L cephalosporin, and 0.35g/L gellan gum. The pH value of the regeneration culture

was 5.6.

B ImEEAF— AR INESEENRGARSENBEEAERHITHEER, BEER
&M JBE2511°C, XAHN24hE R, FEREE100umol/m<sup>2</sup>/s, BEIEFHRT
ER1INE; BAEFAEATFMSg/LEE. 100mg/L G418, 200mg/L3k7. 0.35g/L&E4MHI1/2SH

1B E, BEEFHIpHENS.6

[n0089]

The regeneration culture results are shown in Figure 6, where Figures (A) and (B) show the
regeneration culture results of duckweed callus containing the reporter gene and the target

gene, respectively.

BEEFERNEGT, HRNA)(B)RED I EEIREEEMNE BNEE T FRMHBALNBE
EFRER,
As shown in Figure 6, after one month of regeneration culture, all callus tissues were able to

regenerate into complete plants, and nearly 100% of them were tolerant to 100 mg/L of G418.

10-01-2026 - Page 52



RE6R, BEESF—TA, FrENRMHAREERELTENEN, BiZiT100%EM=100mg

/LEYGA18,

[n0090]

Example 7: DNA level identification of regenerated transgenic plants

SEHEI 7. BERERERRIDNAKFEE

[n0091]

The transgenic plants obtained from the regeneration culture in Example 6 were expanded in
liquid culture medium under the following conditions: temperature 25+ 1°C, photoperiod of
24h full light, light intensity of 100umol/m<sup>2</sup>/s; the liquid culture medium was SH
medium supplemented with 10g/L sucrose, 100mg/L screening agent G418, and 200mg/L

cephalosporin, with a pH of 5.6.

B refloBA EASIIMNERERESRTRINEFEPHITY I, VI8EMH4: RE2511°C, YEHA
F24hEHEER, FEERIRE N100umol/m<sup>2</sup>/s; RIKIEFENHRM10g/LERE. 100mg/L

THiEFIG418. 200mg/LkFRISHIEFE, ZIBFEMIPHETS.6,
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A portion of the transgenic plants were selected for DNA-level verification. The specific

procedures are as follows:

MARBKEXER D P BRI MR HTTDNAZK TG, BARIENT:

[n0092]

After grinding the transgenic plants with liquid nitrogen, they were placed in 1.5 mL EP tubes,
and 200 pL of DNA extraction buffer was added. The tubes were then placed in a constant
temperature metal bath at 70 °C for 30 min. After centrifugation at 13500 X g at 4 °C for 5 min,
the supernatant was discarded. 200 uL of isoamyl alcohol was added to the precipitate, and
the mixture was incubated at -20 °C for 10 min. After centrifugation at 13500 X gat4°Cfor5
min, the supernatant was discarded. The precipitate was resuspended in 1 mL of 75% ethanol,
and after centrifugation at 13500 X g at 4 °C for 1 min, the supernatant was discarded. The
mixture was washed again with 75% ethanol, and the ethanol was allowed to evaporate at

room temperature for 10 min. Finally, 100 uL of water was added to dissolve the DNA.

RRMMERERERGHRTLSmMLEPER, MA200uLEIDNALRRE KbuUffer, FHEHBNIERERES,

&M AH70°C, 30min; 7E13500Xg. 4°CE0S5min, £, JUEMA 200uLMIRXEE, BAETE-
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20°CHE10min, 7£13500Xg. 4°CE\5min, F_EE, NN ImLAT5%MNZEBERIE, £
13500X g. 4°CEBOIminfaHF LE, BEENMATS%ZERF, EERELIOMInEAZE, &EN
A100pL7KAEREDNA,

The extracted DNA was detected using GUS-specific primers and 17B-specific primers, and

then analyzed by agarose gel electrophoresis.

RHREXRIDNAR Fgus BV S 145 14F0 1 7BRVFF MM S [ THeM, H A IRRE R Bk I TN,
The results are shown in Figure 7. As can be seen from Figure 7, both the gus gene and 17B

were successfully transferred into the genome of duckweed.

LZRMETFRR, BETAH, gusBERM17BEAINFE N EHNERA L,

[n0093]

Example 8: Verification of protein levels in regenerated transgenic plants

SEhEfhI8: BERERERNERKTRIE

[n0094]
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Protein levels of the transgenic duckweed containing the reporter gene gus, obtained after

expansion in liquid culture medium in Example 7, were identified. The specific operation was
performed according to the gus staining kit. A certain amount of transgenic duckweed leaves
were placed in a 5 mL EP tube, and the prepared substrate containing x-gal was added. After

mixing, the mixture was placed in the dark at room temperature for 24 h.

SR T RIAIEFERT IERRINSIREERgusHI R R THITERKTFERE, BEFIRE
RgusRBIAFIZHIT, M—EENHERFEEHRESMLEPER, MAEEFHEX-galkIEY,
B RERRERKE24h,

Discard the staining solution and add anhydrous ethanol to elute until all the duckweed

chlorophyllis washed away.

FIEREBRMATKZE#HITEN, BRRMEFEHEREERTFNLL,
Finally, the gus protein was observed under a microscope, and the results are shown in Figure

8.

xEH{TgUsEBMNEREENR, SRINESFIT.
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Weigh 1g of fresh weight of transgenic duckweed containing IL-17B protein, grind it in liquid
nitrogen, homogenize it with 2 times the volume of PBS buffer, place it on ice for 2h,
centrifuge at 13500 X g, 4°C for 20min, collect the supernatant and determine its soluble

protein content.

FREXZIL-17BEBRVRE R 1gEEMNKRAME, HA2EATRMPBSEPRARK, KLEWE
2h, 7£13500Xg. 4°CE:020min, WE EERFNERAEEREE,
Soluble proteins from transgenic plants were isolated using a 10% SDS-PAGE gel, and the

isolated proteins were transferred to a PVDF membrane on ice at 95V for 50 min.

Fi10%SDS-PAGER S BHEREMPRIATAEER, HEKLBIBNERXRBEPVDFE, HiE
ZMH995V, 50min.

After the transfer is complete, add 5% skim milk and seal for 2 hours.

FRREE RIS IMNNS %R FInEd 1 2h,
After the blocking process, add His-monoclonal antibody diluted 3000 times and incubate

overnight.
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HFALEREIMAERE3000 FRIHis- B ERATRIES.

After eluting the excess primary antibody with elution buffer, add secondary antibody diluted
10,000 times and incubate for 1 hour. Elute the secondary antibody with elution buffer again,
and finally add chemiluminescence staining solution to obtain the results in a

chemiluminescence imaging system. The results are shown in Figure 8.

BRI Z R — AN ERE L0000 —HF 5 1h, MINARERER Z5, REMAKFER

HREBRENFRICGNFIRIER, LRMNESFIT.

[n0096]

Example 9: Effect of transgenic plants containing the IL-17B gene combined with chicken

infectious bronchitis virus vaccine on antibodies in chicken serum.

SEREf9: FIL-17BERNEARERESGAREXNEXARSREXNGMEFHRENRN

[n0097]

The transgenic duckweed containing IL-17B protein obtained after expansion in liquid culture

medium in Example 7 was vacuum freeze-dried and pulverized.
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BELmEfTEREIEFESY IEEEENEIL-1TBEANEZEREFET AT IRHME,
Seven-day-old pathogen-free chickens were vaccinated with chicken bronchitis vaccine H120,
and each chicken was fed transgenic duckweed powder containing 3 pg of IL-17B protein

resuspended in PBS.

X 7HRNTHRERNGEMEZSELZEHH120, FANGERGEIESIL-17TBER3 ugiIPBSER
RV BRI F S o

Chicks aged 21 days were given a booster vaccine H120 under the same vaccination
conditions as the initial vaccination and fed the same amount of transgenic duckweed

powder resuspended in PBS.

X121 BBy NS RARRRVRF R HEMIRZE H120, HiEMRAEREMPBSERNLARET

It is designated as group IL-17B-H120.

IBfEIL-17B-H1204H,

[n0098]
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Blood was collected from under the wings of chickens at 0, 7, 14, 21 and 35 days after the first

vaccination. The serum was separated and stored at -80°C.

B%/E0d, 7d, 14d, 21d, 35d# T8 R, HBEME, KETF-80°C,
IBV-specific antibodies in serum were detected using an ELISA kit, with the secondary

antibody being IgG. The results are shown in Figure 9.

FMARELISAIK T 1N IMEFRIBVEIEMETA, HPZHAlgs, SRWE9,
As shown in Figure 9, the antibody titer of the IL-17B-H120 group reached over 1200 21 days

after the first immunization.

HAEIEH, FTE%RME21d, IL-17B-H1204B9H0AEE] 712000 L,

[n0099]

Comparative Example 3: Effects of wild-type duckweed and PBS buffer combined with

chicken infectious bronchitis virus vaccine on antibodies in chicken serum.

XHEEFI3: FFHEEFEREMNPBSE PR GG RM T RE X RER E XS ME P HARIR N
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[n0100]

In this embodiment, the following three experimental groups were conducted:

ASEREFI R, HFITIATF3SEIA:

[n0101]

The plants of wild-type duckweed M0157 were vacuum freeze-dried and pulverized.

R EEERMO15TRIEMRE = /2T R TIEH I,
Seven-day-old pathogen-free chickens were vaccinated with chicken bronchitis vaccine H120,
and each chicken was fed duckweed powder resuspended in PBS with wild-type duckweed

MO0157, at the same amount as in Example 9.

X7 BN TTREENSEMCESEXAREBHL20, FNGAERGERTEEFEREM01I57THPBSER
BFEEHR, ERESSEHEGI9MEE

Chickens aged 21 days were vaccinated with booster vaccine H120 under the same
vaccination conditions as the initial vaccination and fed the same amount of duckweed

powder resuspended in PBS for wild-type duckweed M0157.
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X121 B RIASIRE AR MM SR AHEMINRE EH120, HIAREREMNFFEHEERM0O157THIPBS
ERRFEM R

It is designated as group M0157-H120.

IBEM0157-H1204H,

[n0102]

The plants of wild-type duckweed M0157 were vacuum freeze-dried and pulverized.

KB ERMOLS TR ML S IR
Seven-day-old pathogen-free chickens were vaccinated with chicken bronchitis vaccine H120,

and each chicken was fed PBS buffer at the same amount as in Example 9.

X7 BRI RERERSIEMEE SEXREEHI20, ANAERGERPBSE PR, ARES K
9=,
Chickens aged 21 days were vaccinated with booster vaccine H120 under the same

vaccination conditions as the first immunization and fed the same amount of PBS buffer.
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X121 BRI E RARERVEMF AHEMINGRZ EH120, HiAMREREZEMPBSE FiR.

This is designated as the PBS-H120 group.

IEfEPBS-H1204H,

[n0103]

PBS buffer was fed directly to 7-day-old pathogen-free chickens at the same amount as in

Example 9.

B#EXTHENTHRREENSEIRPBSE MK, ARES KhafI9t8E,

Chickens aged 21 days were fed the same amount of PBS buffer.

X121 B RS TRAIRIERE ERIPBSE iR,

This is referred to as the PBS group.

12/EPBS4H,

[n0104]
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Blood was collected from under the wings of chickens at 0, 7, 14, 21 and 28 days after the first

vaccination. The serum was separated and stored at -80°C.

B%/E0d, 7d, 14d, 21d, 28d#{TXE@ XM, HEME, KET-80°C,
IBV-specific antibodies in serum were detected using an ELISA kit, with 1gG as the secondary

antibody. The results are shown in Figure 9.

FAELISAIRFI 2N IMB RHIBVRFFETUA, HPRTHNIgs, FERMEFIT.

[n0105]

As shown in Figure 9, in the IL-17B-H120 group, which was fed transgenic duckweed
containing IL-17B protein while being injected with vaccine H120, the titer of IBV antibody in

chicken serum was significantly higher than that in the MO157-H120 group and the PBS-H120

group.

HE9RIAN, 75T EHI20MAENEREIL-17BEREERFHRIIL-17B-H120 A, SBI1EH

BIIBVI RN EE S FM0157-H12048F1PBS-H1204H,
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Furthermore, no IBV-specific antibodies were detected in the serum of chickens in the
unvaccinated PBS group, indicating that the chickens were not infected with IBV virus during

the immunization process.

teoh, RiEMEERIPBSARISIETR, RIEMEIBVISFIETEK, RV EREIIZHERER

IBV f& &

[n0106]

Example 10: Effect of transgenic plants containing the IL-17B gene combined with chicken

infectious bronchitis virus vaccine on mucosal antibodies in chicken trachea and intestine.

SEHEfF110: SIL-17BEEMFZAERIERESBEREXRERRSEENGTEMDEPRHRTE

pA

[n0107]

Chickens 28 days after the first vaccination in Example 9 were culled, and 8 cm of each of the
trachea and intestines were taken and rinsed three times with PBS buffer. The mixtures were

then centrifuged at 13500 X g and 4°C for 5 min, and the supernatant was collected.
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R ELrEfIoOR B /528dRINSFIR, SRS EMAERScmAPBSE PKE X=X, T£13500Xg.
4°CEi5min, BX ER,

The secondary antibody in Example 9 was replaced with sIgA antibody, and the mucosal
antibodies in the trachea and intestine were measured in the same way. The results are

shown in Figure 10.

R sLre IO py B v sIgA AR R S A NE SEM P E P RERNE, ERMNE LR,

[n0108]

Comparative Example 4: Effects of wild-type duckweed and PBS buffer on mucosal antibodies
in the trachea and intestines of chickens immunized against infectious bronchitis virus

vaccine.

XtEefla: FFEEFEREMRNPBSE PRIISE R RERREFEENRESEN A EPHETIE

REA

[n0109]
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Chickens in Comparative Example 3 were culled 28 days after their firstimmunization. Eight
cm sections of their trachea and intestines were taken and rinsed three times with PBS buffer.
The trachea and intestines were then centrifuged at 13500 X g and 4°C for 5 min, and the

supernatant was collected.

RXILEBISRE S /E28dRINSFIR, SRS EMAEScmAPBSE MK ER=""fF, T£13500Xg.
4°CEi5min, BX ER,

The secondary antibody in Example 9 was replaced with slgA antibody, and the mucosal
antibodies in the trachea and intestine were measured in the same way. The results are

shown in Figure 10.

R SLrefIoshpy B usIgAIARE I S A NE SEME P RERNE, SERMNE LR,

[n0110]

As shown in Figure 10, in the IL-17B-H120 group, which was fed transgenic duckweed
containing IL-17B protein while being injected with vaccine H120, the level of IBV mucosal
antibody slgA in the chicken trachea and intestine was significantly higher than that in the

MO157-H120 group and the PBS-H120 group.
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HEL0RE], 1EE5HREHI20MENEREIL-17BEHLMEREREFHEMIL-17B-H120 A, 8K
ENAEFRYIBVRER T ASIgARY K EEE S FM0157-H120481PBS-H1204,

As shown in Figures 9 and 10, the combination of the IL-17B protein expressed by the
transgenic duckweed in this invention with the chicken infectious bronchitis vaccine H120 can

increase mucosal antibodies and enhance the ability to defend against viruses.

LZEEIMELRTH, ARAPEERFEFRANIL-17TBERASEEARMEX[SERHHI20 AE5(EHA

A]LUBINFERETUA, 1858 X REFh1EHEET T,

[n0111]

Example 11: Effect of transgenic plants containing the IL-17B gene combined with chicken

infectious bronchitis virus vaccine on viral load in chicken trachea, kidney and lungs.

SEhEfI1L: BIL-17BRERNEEREMESHEREXEXRSRENGE. BNMRSHE

REA

[n0112]

Chickens that were first immunized in Example 9 were challenged with the virus 28 days later

at a dose of 2 MOI IBV SC-MY-19 (GenBank Accession no.).
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X SLHEGIOF E R 528d /GRS HITIE, WEFE2MOI IBV SC-MY-19(GenBank Accession no.
MT563407.1), ten days after challenge, all chickens in the group were dissected, and the viral

load in the trachea, kidneys and lungs of the chickens was analyzed.

MT563407.1), WEG+XREINZAPRENIG, HXIBHSE. SNHPREHES .
The specific steps are as follows: a standard curve is established by RT-PCR using a plasmid
containing a partial fragment of the virus. The viral load in different tissues is calculated based

on the standard curve, and the results are shown in Figure 11.

BAHEPEN, UEE RS A ERNEALDEITRT-PCREI MM AL, FREANRSHERIETE

BIZHITIHR, SRMNELLIFTR.

[n0113]

Comparative Example 5: Effects of wild-type duckweed plants and PBS buffer combined with
chicken infectious bronchitis virus vaccine on viral load in chicken trachea, kidneys, and

lungs.
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XEEBIS: FEEFFEREMRMPBSE PRESEERMEZ[SEXRRBEENBRE. BENMRSHE

RpAE

[n0114]

In Comparative Example 3, chickens in the M0157-H120, PBS-H120, and PBS groups were
challenged with 2 MOI IBV SC-MY-19 (GenBank Accession no.) 28 days after their initial

immunization.

EXFEEFI3HM0157-H1204H. PBS-H1204AFPBSAE RG28d/E, MEAMLCHITHE, KSTIE
792MOI IBV SC-MY-19(GenBank Accession no.
MT563407.1), ten days after challenge, all chickens in each group were dissected, and the viral

load in the trachea, kidneys and lungs of the chickens was analyzed.

MT563407.1), WERTXRBHNZAHAFMENG, HUBHNSRE. SHAPREHES .
The specific steps are as follows: a standard curve is established by RT-PCR using a plasmid
containing a partial fragment of the virus; the viral load in different tissues is calculated based

on the standard curve; and the results are shown in Figure 11.
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BAHPEN, UEBZRSHIHERNEALDEITRT-PCREIIfT AL, FRARRSHERIETE

RH1TIHE, SRUWELIFAT.

[n0115]

As shown in Figure 11, in the IL-17B-H120 group, which was fed transgenic duckweed
containing IL-17B protein while being injected with vaccine H120, the viral load in the trachea,
kidneys, and lungs of chickens was significantly lower than that in the MO157-H120 group,

PBS-H120 group, and PBS group.

MEL1EH, EF5NEEHI200RNAREIL-17BE H RHNHRERFENIL-17B-H120 A4, 8K
SE. BHMNRSHEEZM/TFM0157-H12048. PBS-H12048F1PBS4H,

This indicates that the combination of the IL-17B protein expressed by the transgenic
duckweed in this invention with the chicken infectious bronchitis vaccine H120 can more

effectively inhibit the proliferation of the virus in tissues.

KRR A ARERERFTRIEANIL-17BERSGBARMEXNER BHHI204A 5 E A EA Mt

SEARFRIETE,
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