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Recombinant expression of shRNA targeting gat in microalgae for
controlling Aedes albopictus
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Abstract: [Objective] To explore the technical feasibility of using transgenic microalgae to control
Aedes that transmit diseases such as dengue fever. [Methods] Taking the neurotransmitter
transporter gamma-aminobutyric acid receptor gene (gat) of Aedes as a target, we constructed a
shRNA-expressing vector and then transferred the vector into Chlamydomonas reinhardtiii CC124
and Chlorella vulgaris HOCS through electroporation. The recombinant microalgae were used to
feed the larvae and adults of Aedes albopictus. [Results] The transgenic algae delayed the larval
development and had obvious lethal effects on the larvae and adults of 4. albopictus, causing the
mortality rates of 75.56% and 58.67%, respectively. The expression level of gat in the larvae was
significantly down-regulated. [Conclusion] Deploying gat-shRNA transgenic microalgae in
enclosed water environments to suppress mosquito populations in the vicinity is technically
feasible. This strategy provides a new perspective on using biological methods to control
mosquitoes and block the transmission of severe infectious diseases such as dengue fever and Zika
virus disease.

Keywords: Chlamydomonas reinhardtiii; Chlorella vulgaris; dengue fever; Aedes; gat
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TEMDEEO T, R AR SBU™ IR L
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JELSGT . MRER S . LA ROCT /. Al
F2 35 DA S B A Y 33 e 5 B i e IT
WE AL R, V0 K ) BORP A S B0  B (dedes
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TCReAE 25 A LINR Y76 ik, DL I 93 )5 A 4 o)
PIR A E BAR U W E L

AT, B T 7 = B4R TP e T KA
e &, SR AASE Y e mesE ik
255 R K Adt R R 2B i % R, T 4
FEAR M . A HLBEE AR R DL K VY AR 3 i
AR, BRI, AR2ER R A R &
XTIREE G gy, e n] REXT R H AR Rl it
FHo MHMEEE IR HERS , T AT RE 23 AR T
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SR TR PP A 1 — TR S P AR D R s 1 RN T
P AAZ BRI, (] Ao — e PR o 4
L, S50k A K R & F R,
RNAi 9 /5 52 BLAK # T XL EE RNA (double-
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Kk AR EAEEN T RNAL 25 A A TE
(9 40 A It R A, DR O B S 2 X PR R L fE
ER A RNA H AR B0 A T I A g il
453, Mysore 2513 T BRI B2 RE Y ShRNA 45
M, IR R e B i R A i, AR
T 2H P RE 1 I 4y BB R DA B ST, I
L FHWORIET . WP AR R K, LD
BRUE . PR . AR NE. PN Xl
TR T -ATPA 2K 9 RNAI 4548, Jf:
W L ] T3 B A T 5 3 i i 2 s 1)
RO AL, WA R A B AET ARk E] 100.0%,
JEHSXTRAARLL, PGNP REE TR T
97.4%. Carpenter 5513 53 RNAQ £ A 5 2 fii
tor target of rapamycin (Tor) ¥4 i & K] 19 % 18 1T
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B AR M H B 45 7 T % 1P 2 28 7 PR R S
A MBS T RAFHERE, AR R SEBRIA 5L
b RO T AR R
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FpE IR 228 BT, AT LLE e A s R
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[T 40 M . GAT J& T Na'/Cl §% iz & H K
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SO REHRIPY . ARt X 2 R RN PR
MELEICAZY . GAT A A PRI FIOIR A R 32558
PRSI GABA KPR EIEVE . Y gar
SR RIS S H R, SR8 GABA /31
EAF S AL R A8 Ak, XM Ak 23 5 e 3]
GABA et & ITiiG s, MIMTELERE P& R 50
(26t PE S I P A rh i A O A, S,
AT PG S5 AL 1l P 1Y) gar BERIE N
B AR ) R BCHE R, R R O SR T R
(Chlamydomonas reinhardtiiy CC124 F1 /)N BR 7
(Chlorella vulgaris) HOCS " ¥ 5 2H 5 B 7] 1
F SOy s R AR S, 20 SR B AE DA
N BEET X gar FER Y shRNA, 5 5 1 Hb TR
PSRN gar FER, M H TG 2 GABA
B, HETOHR R A S KT IFREOT,
XA A SO G R Bl 45 4 R L

1 AR

1.1 #R

F SIS 3 T b = B RO B BEBE N
AR S AR AT o ST ACHE CC124 T A
FE| Bl 2 B IR 7K 35 2 (hittps://algae.ihb.ac.cn/) ;. /)N



FEIKIR 45 | T8Ik, 2025, 65(5)

2243

Bk HOCS Nifs A A, 7> e alifb)s 42T
Tris-acetate-phosphate (TAP) /AL 2 IHARAF .+
R DNA /il 050 &8 H Omega 24 7 5
T DNA 4250850 & . RNA $2 BURAH & 14 1
A SRR R A %R BIWA
R FRFERHLA R AR &l A
Jemt 22 A MR A PR ] 5 AceQ” qPCR
SYBR Green Master Mix (Low ROX Premixed)
e at i E R AR MR R A R A R 5 BRI
WY Bgl 1. Sph 1 . BstE MW HEAY T
FR(RIE)VABR/AF . pCAMBIA1302 244 i B3I
HER L PRI AT B 7] 2
1.2 BLURW gar B F shRNA FL{L 2i%
E5E

P NCBI b & A A i B I gar 3 DRI 1Y
mRNA J#%1](GenBank #5358 XM _019696122),
a2 il GPP (http: /www.broadinstitute.
org/rnai/public/seq/search) i i H 4355 e i 19 J L 2%
shRNA /741, JFE47 BLAST Hoxd, HERRS5H
AR SCHE R R IR B P 9 J5 , EREA IS R R
FEJ¥41 . shRNA BRIk CTCGAG JF3IEH

1 ShRNAFFFY. 4 1B3EEE K AS5|YRZIT

Table 1

HiE] loop 25 # . MR 4l pCAMBIA1302 #1411
B DI 5 R, 7R IE CHEM) 57 56 I I GATC,
A5 Bgl 11 Bt pCAMBIA1302 445 Hy B MR
i HAN s RS SCEERY S BRIl GTCACC, W5
BstE 11 fiti ¥ pPCAMBIA1302 A7 J5 14 286 P oK it
A, B sShRNA FF AL S EEIIA 5 . 1F
S loop PR, CSUBE . KRR S RN A
HPF W 1,

1.3 shRNA RNAi RIAEHFHMERLEE
1.3.1 BHRER BuR AR i

WA R IE R SR T R R R
(100 umol/L)4% 1 uL fill A 48 uL fiY 10xH buffer
(R 10 £%) SR AR 2 (7 24 Mk B 2 pmol/L),
M 95 CCLENEIR k B, MM 5 HA
Bgl 1Al BstE 11 b A S (4 S A% R AU -

1.3.2 pCMBIA1302 FAHIPRGIMEEG ]

Jo )5 A Bgl 11 FI BstE 11 BR 1 B Xt
pCAMBIA1302 ZARBEATAY], it 1% Fg
T VR J2 FlL ik 26 7 T AR X DNA R [k 5 £
e

Design of shRNA sequences, target gene amplification and internal reference primers

Primers name Primer sequences (5'—3")

Initial position

Gat target sequence

Gat-shRNA-F

CGTGTGCTTCATCAGTTATTT 325
GATCCGTGTGCTTCATCAGTTATTTCTCGAGAAATAA

CTGATGAAGCACACGTTTTTG

Gat-shRNA-R

GTCACCAAAAACGTGTGCTTCATCAGTTATTTCTCG

AGAAATAACTGATGAAGCACACG

Gat transcripts

pCAMBIA1302-F
pCAMBIA1302-R

GATCCGTGTGCTTCATCAGTTATTTCTCGAGAAA
TAACTGATGAAGCACACG

TTACCCAACTTAATCGCCTTGCAG
TATCGCAATGATGGCATTTGTAGG

Gat-F TGCCTTGTTCCCGTACTTCC
Gat-R GCGTTACGGCATCAATCCAC
PRS17-F AAGAAGTGGCCATCATTCCA
PRSI7-R GGTCTCCGGGTCGACTTC
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180 r/min 5% 10-12 h, TR, IFH Sph 1
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1.4 shRNA RNAi EHMERGEK. T
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1.4.1 BIFEFRAEEICE. NEKE

K] Wang PR sEiG S8, St o 2Rk
TR, RIS 51 ML 500 Vi kb
4MS; BkmfE 7 U THIFGEITH] 100 ms.
1.4.2  THik/E PR M EMRAY DNA i2BUK PCR
£E

f FHAE Y DNA 2 HUR ) £ $2 TR Bk 1
DNA, Jf#17 PCR . 51753 1 iy
pCAMBIA1302 5| #) . PCR JZ Ji 1& % (25 pL):
2xFlash PCR MasterMix 12.5 uL, . TFiiF5|¥9)
(10 pmol/L)4% 1 pL, DNA #A4% 1 pL, ddH,O
9.5 uL. PCR ¥ 451 . 98 °C Tl 42 1 30 s;
94 °C25PE 10 s, 60 °CiB k 15 s, 72 °C 4k fif
15s, 335 NME; 72 )CAGEM | min, 81t
2% TR WHBE i HL UK 25 gar-p1302 RN AR
LI At
1.4.3 {RIAYIEFF

WO IR SR F: TR 27-29 °C, sROGHR
S, BRSO, R K A A
TR 27 °C, FIXHEREE 70%, i 10% FERHA R
TR, A5 48 h HRAE 1 VR N RV IO i
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1.4.4 RELHREEDFEN

W BH M TR SR TR M g By, A
30 Ay, FE 3. PHME TRE i 1] R A i 4
HadfE, HARPLEER S Rah ki

T MR [l 4 S R e bk 4 d J5 . fdiFH RNA 42
B S P Ot 4y B RNA, i s Sk
R EHAT IR %, 145] cDNA J&, LS
1A N #% B AR 25 1 S17 (ribosomal protein S17,
Gene ID: 109416926)1E Jy 4 2 3 K 3 17 qPCR
B . 519y % 0L & 1. qPCR & M 1k &
(20 pL): 2xAceQ® qPCR SYBR Green Master
Mix 10 uL, . F¥#5149)(10 pmol/L)45 0.4 pL,
cDNA iz 1 uL, ddH,O 8.2 pL. Jz Wi &5 14 -
95°C 5min; 95°C 10s, 60°C30s, 340 /ME
; 95°C15s, 60°C60s; 95°C 15,
145 HEHFERE

PPA=H CC124 MRk S 10% REMHA IR & 1E
FFIPEXT AR 0.1 mg/L IR 5 10% FERH
WIRAAE R PHVEXT I HZH MRS 10% FERH
WIRGVERTIA ., LR 1:1 LLBRA S
FH T WA IS R e . B S0 R, EE
3K, SEECMHE 7d, BERGEIHSCRAET L

2 BRS04

2.1 shRNA RNAi FRiAZ & HI5EIE
{5 PR R P UTIRE Sph T SR EH) p1302-gat
FATORHEATREGY), DIRER TR Bihzs
# pCAMBIA1302 ki fE R xf e, &l 1B i
7~ , pCAMBIA1302 #5325k K /A 10 549 bp,
2 Sph 1 WEVIE 3] 2 R B, KA BR/ANN
8619 bp, /NABEN 1930 bp, BTk,
KABEK/N K 8619bp, /NFECN 1234bp, 5
PUHAS R —3, Ui R
2.2 [PH% shRNA RNAi EARERKS
W U £ g 1 TR 5 A K X RO Y CC124
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FHOCS 7w AT i 4k . 23510k ddH,0 21
$4k CC124 A1 HOCS 1B M FAMEXT IR, Dhas 44k
pCAMBIA 1302 AR R BHAAE X IR, i
o5, KEEERRIR A ZE & A 25 pg/mL F1 150 pg/mL
IR B 1Y TAP [EAREFREE |, TRk v T/
PPk B IE S ISR B PR A 50 mL TAP )
PRBG TR T EEFR 2 AEOU (0D 160 0.3-0.5), $2
B S N 4 DNA #547 PCR 255E o 2% BiflgHE
B LK A 25 UL 1C, B AR Y 1 0 H
I BER/NA R 475 bpo AR W, WUIARTS
gat-shRNA /NERTEE 5 BK . %% gar-shRNA 3 15 4K i
6 Bk, LIBeiE2s 3R pCAMBIA1302 H % 3 K 35

A
30
\ 40
I || I | |
\3/
20
G
bp M 1 2 3 4 5 6 7 8 9

< | |
o U—<—<-<—3—<-<—o—3-u—<—:)-0—<—<—w-o—<-o-<—0—0 790
0—:1—:—3—(—:)—:|>—L’J—<—0—::—<—O—D—D—Q-LF—D—U—D—L'J—O 1000

11 12 13

Pk 5 #k
2.3 [AIMR shRNA E 48 BUEXTFI 41 R
1T RNA Tt
2.3.1 AP shRNA EHMEITFWLHD
Egun

h THRGE gat F R UTER IS 4N H A EOEARL
B BRI RNAL E2H (s T4 A i
gy, WE 2 Y. 1Al X IRAL (R
CC124 4. pCAMBIA1302 2H) 152 56 2H (%% 3K B
KEE gat 1-5 AL T); 55 2 41 XFRRZH(fRk
ZH . HOC5 4. pCAMBIA1302 Z1)FI 525 20 (4%
INERIE gat 1-5 SHALT), BHEE 3 K. WL

B
bp M1 2 3

' 1930 bp

10

14 15 16 17 18 19 20

Ell IEAEPEREACEIKE. A: gar-shRNA %

ZEFTME s B: gat-pl302% & 45 % €l (Lane M: DL5000

DNA marker; Lanes 1-2: gat-p1302; Lane 3: pCAMBIA1302/Fikr); C. 53R % 5 45 SR K (Lane M.

DL500 DNA marker;
1-5; Lanes 14-15:
pCAMBIA1302 i /N ER ¥ 4% 46 7 1-2; Lanes 6,
pCAMBIA1302/FTKr).

Figure 1

Lanes 1-5: gat-shRNA/NER#EH 1L F1-5; Lanes 7-12: gat-shRNASE i K #5450
% 25 3 /K pCAMBIA1302 1Y 3¢ 15 A ¥ %% fb + 1-2; Lanes 16-18:
13: pl1302-gat)Jii ki ; Lane 19: CC124 DNA; Lane 20:

e == B AR

Agarose gel electrophoresis. A: gat-shRNA secondary structure prediction diagram; B: Identification

result of gat-p1302 (Lane M: DL5000 DNA marker; Lanes 1-2: gat-p1302; Lane 3: pPCAMBIA1302 plasmid); C:
Transgenic algae identification result diagram (Lane M: DL500 DNA marker; Lanes 1-5: Transformants 1-5 of
gat-shRNA Chlorella; Lanes 7—12: Transformants 1-5 of gat-shRNA C. reinhardtii; Lanes 14-15: Transformants
1-2 of C. reinhardtii with the empty vector pPCAMBIA1302; Lanes 16—18: Transformants 1-2 of Chlorella with
the empty vector pCAMBIA1302; Lanes 6 and 13: pl1302-gat plasmid; Lane 19: CC124 DNA; Lane 20:
pCAMBIA1302 plasmid).
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IR, ) M EE 2 3 1A A S RTINSk B T AP S )
AREBRZE, GBS HEE, XHEEZ
PR, g HIET R UL 2, (M E 4] CCl124
PR I B4l AR AR S 2 R T s BAE T
%, WEE 1S dJE, WMEAE CCl124 BERML) R
FET RN 27.78%, TMEAS B4R p1302 BERk A4
HIETZ RN 30.00%, 1M 1) M55 S8 7 A i gar FE
A &) BB T ety , 358 75.56%; 1] E 4]
HOCS MR Pl 7SS 1 RIF IR IR ERsET:,
B2 REH 10 RILT R, 2 10 K5It
T BB W 2%, R A HOCS HEpk Y %)) 1
FET-3H 0, RG2S 244 p1302 bk 4l HoE
T23H 2.22%, RN NEREE gar BRI %) B
FET- %N 62.22%, @1t SPSS {4 (IBM SPSS
Statistics 19) AT HLH R 2200, 45 R BIRTE
] WL S 4 A e 20 R AL B2 1-5 S AL T 5 0
4 Z 0] LSO P FE T B 25 7 i 35 (P<0.05), {H.
KEABEKEATFZHEG2ZRER D E
(P>0.05); FERIME/NERBELL D, b3 1-5 5%
b+ 5 X B 2Z 18] S B BB T 25 R 0

A

100 -»-Fodder
_ 80 = CCI124
< 60 -+ pl302
= -o- gat-p1302-1
g 40 T$ - gat-p1302-2
2o 20 =+ gat-p1302-3

. ] -2 gat-pl1302-4
4 8 12 16 - gat-p1302-5
=20 Time after challenge (d)

(P<0.05), HA&EABEMRLILTZ LT 25 A
i 2 (P>0.05), 16 W17 M gar-shRNA 21 3§ 1
A S T /N BR XTGP e gy B HLA I 3 R B0OE
B

2.3.2  [AME shRNA =28 il 55 X R i 4 B
A

MR 2.3.1 TRZER,  FAL XTIl B
MAERKERRBERW, FIk, BE2HIK,
TP 4 d Je, TRAHBENLPRER 5 K4,
TE AT I AR (18] 3. & 4), T]PRIE 7K
2H . TR AR A CC124 SRR 4 (1940 d P 3444
K510 1 888.40, 5 865.00 A1 3 974.20 um; i
WL SR P ACHE gar 1-5 AL T AL D R SE 5 R K
I35 3 086.40. 3 040.40. 3 079.20, 3 451.40
F13215.80 wm; AA] PR AR /N R g R AR 2 1 %) R
SR 4 503.00 pm,  F WS NERE gat 1-5
e At A 0 4 RO B K 40 o 2 85133,
2 860.67. 2 634.33, 2 658.33 Fll 2 513.67 pm,
VLB SE G 2H 4 e i K B % R4 (P<0.05),
W gar LR TTERREAS LESZ B4 IR B o

80 - — Fodder

- HOC5

e 00T ~ pl1302
E: 40 F - gat-p1302-1
= - gat-p1302-2
5 201 - gat-p1302-3
= 0 e e S B e -= gat-p1302-4
5 10 15~ gar-p1302-5

-20%  Time after challenge (d)

B2 AREAMRAOFPEABIETER. A AR ACH gat-shRNAFAL T 1 -S4 HUET R (CC124: B

AR AR A ) B (AN /R gat-shRNAFE AL ¥ 1 -5 A4 HUBET -8 (HOCS : BFAE/NEREE IR 4 o)
Fodder: FMEEMAIMELNHL; p1302: #5252 /ApCAMBIA1302f4/ NRFERIMES L s gat-p1302-1-gat-p1302-5: %
gat-shRNA/NBREE TR 40

Figure 2 Mortality rate of Aedes aegypti larvae fed with recombinant microalgae. A: Mortality rate of larvae fed
with gat-shRNA transformed C. reinhardtii strains 1-5 (CC124: Larvae fed with wild-type C. reinhardtii); B:
Mortality rate of larvae fed with gat-shRNA transformed Chlorella strains 1-5 (HOCS: Larvae fed with wild-type
Chlorella). Fodder: Larvae fed with feed; p1302: Larvae fed with Chlorella transformed with the empty vector
pCAMBIA1302; gat-p1302-1-gat-p1302-5: Larvae fed with Chlorella transformed with gat-shRNA.

>4 actamicro@im.ac.cn, 7 010-64807516
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w

p1302

Fodder HOCS5

Water

gat-p1302

1000 um

E3 EMETEWABAEK. A FEIEF/NEREEFEEJHL R HOCS . WA/ Nk R4 h); B: #%
e [RI S B A R TR M 4l L (CC 124 . P AR SE R A BRI 4l ) . Water:  FHA B /K ARIMEA L Fodder: FHAA
BHAMEL L p1302: 25 RpCAMBIA130293K B AKX BRI MG s gar-p1302: H%gat-shRNASKE B AK 3 1]

i L8

Figure 3 Length of Aedes aegypti larvae under the microscope. A: Larvae fed with transgenic Chlorella (HOCS:
Larvae fed with wild-type Chlorella); B: Larvae fed with transgenic C. reinhardtii (CC124: Larvae fed with wild-
type C. reinhardtii). Water: Larvae fed with filtered water; Fodder: Larvae fed with feed; p1302: Larvae fed with
C. reinhardtii transformed with the empty vector pPCAMBIA1302; gat-p1302: Larvae fed with C. reinhardtii

transformed with gat-shRNA.

2.3.3 1AME shRNA 5% 3 B 40 R4 R ET
EREFRIEBIF N

kTG ) P e 4y e ] ML 2 B S AL
DUBRFR LR () 2258, BEIURIIESS 4 R4
i qPCR FE ARG AL LR Fe koK DUARIMREF A
CCI124 ¥ ¥k . WP 4= HOCS ¥ bk 55 =5 2% 14
pCAMBIA1302 (1) e o xf B4, DL RpS17 fE
NS, eS8 ULE S, 1R gar-shRNA
S TAT A 5 11 &)y H S B PR A X 658 1ol 55.93%,
T gat-shRNA /INER i 1) 4 B L PR AR 0 23k
1M 20.46%, T X6 R ZH ) A GE L DR R DA R
100.00%, Z5FFRY, 1n) 0 EE 20 fose ry s 2l A
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A RCUTER O SE N, H AL B 55 %) B 41 22 1] A

25 1 2 (P<0.05).
2.4 EME shRNA = 4R ff 35 3t R 4 ak R
HIiER

AW 3 4 B A CC124 BER+10%
TR BT IR VRS R +10% REREAE M FH
PEXT IR s gat-shRNA 3K A EE+10% FEME 52
B AH o BISCYE A I8 G v ELIGTE S0 BE ) R BE
T2 WELS 7 d M RISCERAE 45 R UL E 6, TR To T
HP A SEPHAC B CC124 TR A Y IR A FET R
H 20.67%, ML BE 1 54 TR TR A VA
TESS 5 RAIET-FRENIL 100.00%, 1 17 A 7 7Y
gat-shRNA 3 P A 3 IR G W 1 i B0 3E 12 3% Oy
58.67%. SICEE CC124 AIAHLL, SCH6ZH KL
A B I BIERCR
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Figure 4 Larval body length of Aedes aegypti after being fed different foods. A: Body length of larvae fed with
gat-shRNA transformed C. reinhardtii strains 1-5; B: Body length of larvae fed with gat-shRNA transformed
Chlorella strains 1-5. Water: Larvae fed with filtered water; Fodder: Larvae fed with feed; HOCS: Larvae fed
with wild-type Chlorella; p1302: Larvae fed with Chlorella transformed with the empty vector pPCAMBIA1302;
gat-p1302-1-gat-p1302-5: Larvae fed with Chlorella transformed with gat-shRNA. Different small letters
indicate significant difference (P<0.05).
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Figure 5 Target gene expression levels in Aedes

aegypti larvae after being fed shRNA recombinant
microalgae. Fodder: Larvae fed with feed; CC124:
Larvae fed with wild-type C. reinhardtii; HOCS:
Larvae fed with wild-type Chlorella; gat-CC124:
Larvae fed with gat-shRNA C. reinhardtii; gat-HOCS:
Larvae fed with gat-shRNA Chlorella. Different small

letters indicate significant difference (P<0.05).
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Figure 6 Lethal rate of transgenic microalgae on
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