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Preparation and Application of the Antibody for Drosophila Heart
Development Marker Gene Lbe
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Abstract: The heart development genes of Drosophila melanogaster are highly conserved with human heart development
genes. Lbe (Ladybird early) is one of the important genes involved in Drosophila heart development. In order to further un-
derstand the regulatory role of Lbe gene in heart development, the anti-Lbe antibody is prepared with DNA immunization tech-
nique. The Lbe coding sequence was amplified with PCR, and then it was homologously recombined with the eukaryotic expres-
sion vector pPCAGGS-P7. This homologous recombinant vector was used as antigen to immunize four weeks old mice to obtain
the serum containing anti-Lbe polyclonal antibody. Western blot and embryo antibody staining results showed that the specificity
of the antibody was good. The antibody provides a foundation for the subsequent study of function of Lbe.
Key words: Drosophila; heart development; Ladybird early; DNA immunization; polyclonal antibody

(Acta Laser Biology Sinica, 2021, 30(4): 333-338)

A i S0 ( Drosophila melanogaster ) J&=—F Jij
Rz e, AV 2 MR DT A, an ikl
AN E TR SR L B 5 MRS TR
SRR 280k B A CEE IR 5 N BE R i BE AR T
AR AR N R B 558 Sl 5 55 2%
ER™ . s, #E 3] 2030 45, £ERFET 00

s HHA: 2021-02-02; & B HHA: 2021-04-05.

PRI B IR E) 2 300 77, G R AEAL Ytk B s
HICNELN 44%, JEFETHEEE ANBUR 24554 TR
WO I & B I AR S NSO I R B e A s AR A,
TFF 5% SR 00 I 22 7 TR P ML ARDKS i o A0 iR
AR R IEE E LR,

Lbe FE PR 2 S i [R] YR 32 [H] ) 1l B3 2 — , Al f2

HEEWA: FEE AR E4TH (81700338, 81470449, 81670290), HIFA A B ITILHHFEW H (19B342) .

EE® I B, AR

*BISVEE : TEW, SRR, FENFONEE F S, E-mail: 270212729@qq.com; J1 K 7T, Bl#E%, EZMF L
BB RAEZEARCTTSE, E-mail: 954906876@qq.com.



334 G N O 7/ = S

%30 %

RIEOIEE BMEEMCEN ., B35 7 RELY
DV VRPEIRAR , FE SR G S 1) O At S A R
HIARAN M ¥4 Rk, 5HIRZE Tinman 3L Wg
S PR Ao 220 e PR 45 G [ 80 4 R 1) O I 18100
AR EM, B 50T Lbe B4R EL O NE IR ZE
PR A IS R () L DR Rk 2 ) X, AT S 3500
WEAHL 2 B 53 Ak 5 0 6 25 L, A0 Lbe 3 F IR S B0
JIE TR AR B ) S5 38 22, 1 Lbe B2 R 355 S 200
JREAGER S A 108 3R M Lbe AR PN T O MERY
IEH BRI AT, L, Hl&E X Lbe
AIPTAR T AT VS RE L T iz i DR SRk iR L, S ik
FEHARONE R B R ) BAR D R 25 e Sl

DNA % 2 F H 3L R E A AR B 3L 5
B IE MR B ARAENE PR, BRI
AR BUAR R B AR S5 PRl & ik
HIH, DNA s B V2R3>, 4 DNA Gfe A~
T LRI B BV E AR, RN R
JoT T DA die AR B Ml A 4 R ARG 2 R 1R 5 1B 1 B
BRI ITIAT Bl T4 X RIRAG S BT 1 5
SERIPUARR A . BT UL LS, AR SCE R
DNA # 2 Fe il 2 Lbe fifa .

1 #R5FE

1.1 3B 7 R o 4

TR T FH %) R T TR Rk DHS o P AR 51255 25
Filt; WP B 2238 284k pCAGGS-P7 i A S 6 & 42
it BREIYE P VIEE Kpn 1, Xho TLA K 2 x MIX Taq fiff
WK B sigma 24 w5 2 R BEREPR Y . A
PUITBERE | 38 TR IIG B2 W . & 0.5% 2R INs 2
HIBEFR 5 2% 1P ( phosphate buffered saline with 0.5%
bovine serum albumin, PBSBT) 43K [ 4E T/ &) 20
LU S f# MK (radio-immunoprecipitation assay lysis
buffer, RIPA ) FIEE [ _LAFELZ npig ) S5 [ FE R 2
Al RNA R &L A Bifg REEAEYEARAG R A
)5 S R W 3K Takara 24w 5 JC N B UKL
PRI & CRLOAERY) W 7 R 2wl s BRI E
/N A Y E R
12 XA E
12.1 3l##ot 5 ek

1F NCBI ( https://www.ncbi.nlm.nih.gov/ ) (4 %
FRR BRI 1Y Lbe LK P91, 4 P M e A
h B, BEJS A Primer5.0 85 - WK B2

440 bp R A% N7 (polymerase chain reaction,
PCR) 514, 1E X519 5' CTATAGGGCGAATTGGG
TACCATGCTCTGCCCTCCAACCAT 3" (R 2R3 /3 2
Kpn 1[AERE ); [ X514 5" ATCGATACCGTCGACC
TCGAGCGCTGCTTCTCCGAGTGACC 3’ (R £#B4y
& Xho T[FJERS ) o 51 AC SRV EY A F1E 1.
Lbe H 19537 K/NH 51 kD,
122 AREALERBARME

PEH w1118 Bp A= BUSRM  F /5 9] (10 h) IR Ji
50 4%, 18 RNA $2HGA50 S 2 UL RNA, FREAT
[ sk, # g3t cDNA SCJE 5 BifiJ LA cDNA AR i#E1 7
PCR Y"1, BT BRIE N 53,56, 59, 62 I 65°CHIIE
KRB, A5 EI YK B N 440 bp 9 BY . &4tk
W Fr B 5L a4k pCAGGS-P7 BT 6k &
DH50 K1, PR 5 B R AT R R 5%
FR 5387
123 EHRHEMIRIK

Iy ER B e R RIS, N R
kLR S AT R PR . Bk US T -20°C
RAFS
124 % ke h &

P F 40 JToki pPCAGGS-P7-Lbe 0% 4 /N
A3 X AR FIARARL P — 350 3 /N BRUHD S s
Sk JUUVE S 5 MR BE Ry 500 ng/uL A4 H 2H JFkE DNA
40 pL, 558 55 37 BIFE 1 S EB A PN 5 mm 4k H
£ e il 5 7 R R ASC e FL R P 7 3 9, 1SR DNA
R B o SIS 7,14, 21 dJ5, #% Bk
T 253X 3 H/INBR I S [ AR ) 751 o5 0k DNA
ThnaR s . T 35 d 5 BUm AR T , 8 035 552
Jo I A ZE AR TR BE 2 0.05% 2 A ALAN, T -80°C
RAF S
1.2.5 % 2Bk ey 4

W AR B L3R FH T )5 22 00 B BT ER 3 (Western
blot) ik gn kil z . BOEHEM (10h) A9 w1118 Hf
AR IR 100 B ES , A RIPA H 42 s
FE 10 min, FHRREIE IR IMA B A EAEZ R
100 uL, b FiRA)E W 10 min, BIFS R0 A
i FRT4E 12 000 r/min 2.0 1 min, BUH _Fi& . #F Lbe
MLTE BB A 1:200, 1:500 J5 , % F Western blot
IR 22 se R DU R ek o AR SR, A
PE AT A /N UL AR S X B 76 S & & A [ B 4
AR I, A & B B ] A AR BB 4 EUR 100 4, %)
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S A O 1 59.62 & 65°C SAMREZHEZ . PCRETRUNE 1 PR

1.2.6 RIBIEAEE] 2

WG, HEBERBREA TG T 30% Fik
APRENS W RS, 29 5 min J5 AT 7E B80T UiEE
F NG il A % 5 BEB 3598 3% (reverses osmosis,
RO) 7K Mgk 3 ~ 43, PR IR G A B 5 A IR [
SEW (4 mL IE Pebe . 3 mL i FH IR G [ 52 . 1 mL
) BT S BEEIM T s E % 30 min &, ¥ N EMFE,
FEH RO ZKIEVE 2 3, PR ARG TR A 24 1 mL H
P EP
1.2.7 RBIRPEFARNL &,

W 185 b IR BR A 1 mL PBSBT 1, %
YE1 minJ5, BREEW . A 1 mL PBSBT, #&7k
10 min, FHER . M A 1 mL PBSBT, 76 % 4%
e h, AT R . B RS, WA, A
200 uL PBSBT 55 1 pL —¥i, EiRMFHE 2 h, [Fl—
HUJ5, A PBSBT 23t 30 min, Fifif5 4% 200 1 fy4AK
UL IR A PBSBT 5206 i, W& 2 h, f)a
PBSBT $% 3t 30 min fi5 R A] 76 1 S5 B 247055 .
1.2.8 JFEpGF &KL B

SRR R e ] B e (2 R] (ZEISS) 1F &%
AE 2 4% Axio Imager M2 4T WESHAHE, F0HETTS
& - fd ] Photoshop CS6 A4 E1 TR i .

2 GRE5HM

2.1 BMRRMREEREAHEKERE
AR A I ) P8 e i i 51 9117 PCR. oA
TR 3 i PCRIB KRS, AW T 53,56,

M 1 2 3 4 5

3,000 bp —

1 000 bp —

500 bp — — 440 bp

El1 Lbe £F PCR¥ HEAJHEIKLER
Fig. 1 PCR amplification and electrophoresis result of Lbe gene
M: DNA marker; 1: 53 “Ci8 K ig BB PCR & 3§ 475 2: 56 CiB K iR
JEBF PCR A7 384047 5 3: 59 “CiR KR AL B PCR ¥ 38 44 1 4: 62°CAR
KB JE B PCR 738 403 51 65 “CIR KR L o PCR A7 3 £ .

M: DNA Marker; 1: PCR amplification band at 53 °C annealing
temperature; 2: PCR amplification band at 56 °C annealing temperature;
3: PCR amplification band at 59 °C annealing temperature; 4: PCR
amplification band at 62 °C annealing temperature; 5: PCR amplification
band at 65 °C annealing temperature.

PCR 4" #4577 24— HAL EAF A 10U, 0 B Y A B
B HE . F B Y R Bealifb )5 5 pCAGGS-P7 Jiik
[RIJFE 2, e anl&l 2 F 7 i) pCAGGS-P7-Lbe B 4]
AR, (HH Kpn 1F1 Xho 1% 55 41 ki 4 T X H

HLVK 25 S o, TS 4 K/Nar il S 2 R 5 i R
Br—3 (E3) . Mg B 79 K5 5% 5
7, 73 LT 45 3] pCAGGS-PT7-Lbe A4 11,
Ui (E4) o Feal st & B gl gk AR i A 3 A a5 A,
Ay ST 171,371 #1431 bp 4k, {8 3 b 28725 14 Hy [
N 57E (CCG-CCA- Jifi %2 ; GTT-GTC- Hia iz ),

PJ“?R pm%’ﬁ,ﬁf

Lbe (440 bp)
Kpn1
B2 pCAGGS-P7-Lbe Bzt &
Fig. 2 Schematic diagram of pCAGGS-P7-Lbe recombinant
plasmid

M 1

— 6200 bp
5000 bp —
1000 bp —
500 bp — — 440 bp

B3 pCAGGS-P7-Lbe B4 FHL Kpn 170 Xho 1 WEEYIRIFE ik EER
Fig.3 Double digested with Kpn I and Xho I and electrophoresis
result of pPCAGGS-P7-Lbe recombinant plasmid
M: DNA Marker; 1: pPCAGGS-P7-Lbe & 28 i %2 Kpn 1 = Xho 1
SBEERI0G Z4 -

M: DNA marker; 1: The recombinant plasmid pCAGGS-P7-Lbe was
double digested with Kpn I and Xho 1.
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W Recombination sequence

= Primer

1 11 21 31

41 51 61 71 81

Query sequence AGCGCGCGTAATACGACTCACTATAGGGCGAATTGGGTACCATGCTCTGCCCTCCAACCATGCGTCCGGLCAGTCCCGECGAATCLGAAA
—

Lbe sequence

ATGCTCTGCCCTCCAACCATGCGTCCGGCCAGTCCCGCCGAATCCGAAA

Consensus

91 101 111 121

atgctetgeecctecaaccatgegtecggecagtecegecgaatecgaaa

131 141 151 161 17

Query sequence TCTCCGTGGGCGGAGCCCCCAGCCCGCTGCCCACGCAGCATCATACGCATCCGCACTCGCATCCTCATCCGCTGCAGCATCOEGGGLCA
Lbe sequence TCTCCGTGGGCGGAGCCCCCAGCCCGCTGCCCACGCAGCATCATACGCATCCGCACTCGCATCCTCATCCGETGCAGCATCOREGGGLTA

Consensus tctecgtgzzeggageccccageccgetgeccacgeageatcatacgeatecgeactegeatecteatecgetgeageatee cgggeca

181 191 201 211

221 231 241 251 261

Query sequence GCACCATTGATCTGCTGCAGCAGCAGCAGCTGCTGATGCAGCACCATGLCGCAGCAGCCGCCGLAGCAGCTGCAGCCGCLTCCGGACTCA
Lbe sequence GCACCATTGATCTGCTGCAGCAGCAGCAGCTGCTGATGCAGCACCATGCCGCAGCAGCCGCCGEAGCAGCTGCAGCCGCCTCCGGACTCA

Consensus gcaccattgatctgetgeagecageageagetgetgatgeageaccatgecgeageageegecgeageagetgeageegecteeggactea

271 281 291 301

311 321 331 341 351

Query sequence CCCGGAGTGCCGTCGGCAATTTGCCGGAGGALTACTTCCATCCGCTGAAGCGCCTGLGCATGTCCTCGTCCTCCTCGGAGCCACGAGACT
Lbe sequence CCCGGAGTGCCGTCGGLANT TTGCCGGAGGALTACTTCCATCCGCTGAAGCGCCTGCGCATGTCCTCGTCCTCCTCGGAGCCACGAGACT

Consensus cccggagtgeegteggeaatttgecggaggactacttecateogetgaagegectgegeatgtectegtectecteggagecacgagace

361 37 381 391

401 411 421 43 441

Query sequence ACACGCCCAGTCOGLCGTCAGCAGTTCCGGAGCCCCAGACCAACCAGACTACCAAGTCGGCCATCGAGGGGGTTRAGAGCTTCTCCATCG
Lbe sequence ACACGCCCAGTCORECGTCAGCAGT TCCGGAGCCCCAGACCAACCAGALTACCAAGTCGGLCATCGAGGGGGTIPAGAGCTTCTCCATCG

Consensus acacgecccagtec cegtecageagtteeoggagecccagaccaaccagactaccaagteggecategaggzgst aagagettetecateg

451 461 471 481

491 501 511 521 531

Query sequence CGGACATACTGGGTCACTCGGAGAAGE AGCGLTCGAGGTCGACGGTATCGAT ARGCTTGATATCGAATTCCTGCAGC

Lbe sequence COGACATACTGGGTCACTCGGAGAAGEAGEGE

Consensus cggacatactggztecacteggagaageagege

4 pCAGGS-P7-Lbe ELARKIIF HILL 345 57
Fig. 4 Sequencing comparison result of recombinant plasmid pCAGGS-P7-Lbe
L AR A 3R LR & (CCG-CCA- M & ; GTT-GTC- HL2AHER)
Three synonymous mutations were identified in the red box (CCG-CCA-proline; GTT-GTC-valine).

S HEIR T
2.2 Lbe ZEPEHLER Western blot ££7E

W F 8 I /N BRI A R —Be et o B A= 78 R g
WG 4> 56 1136 4T Western blot i3, 45 5 s, 1410
TH B A R LB T — RS A (Kl 5a), H
KNG FTH Y Lbe 8 1 R/IMET , SRUIZLIE 1R
SRR, TCAE SR o B, R 1 )
HERVRE LEBIREA T3, 2090 A 12200, 1:500 P
FE LU 134T Western blot 3545 (1] 5b., 5¢), 455 R
TR LU R 1:200 B, 55 0 M HLTS 52 T (&
5b), FH 1:200 R i ()iE B R L E . T A
Western blot {56 ] LA B-actin /- N2 (K 5d)
23 Lbe EHERBARELEMEHTRIERK.

R T RN T fif Lbe & I 7R SR AN 6] & & BBt
(I FRIBIE L, A TR H A& PTG I T w1118 5t
WEAS RIS R IR SIG H Lbe 25 RO FRIR K. 4508

(@) (b)
150 kD B
100 kD <3

70 kD
55 kD
40 kD
35kD
25 kD

70 kD
55kD [

v e | 51kD
§ 40 kD | =

T
.

55 kD
S | 51 KD

40 kD

d
: . kDg
42 kD
40 kD

B 5 #iLbeiFHrH S EERBILGIKMNLER

Fig. 5 Specificity and appropriate dilution ratio detection results

15kD
10 kD

EWIBRE R

of anti-Lbe serum
(a) # Lbe dn i 09 2B G M 4R (b) Seim HEE 4] A 1:200 B 49
Western blot 25 3% ; (¢) fu i F B rbss) 24 1:500 A &9 Western blot 2&
R (d) B-actin FARFE L] A 1:1 000 A 49 Western blot 25 &
(a) Whole protein detection result of anti-Lbe serum; (b) Western blot
result when the dilution ratio of serum is 1:200; (c) Western blot result
when the dilution ratio of serum is 1:500; (d) Western blot result when
the dilution ratio of anti-B-actin is 1: 1 000.
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7N, TEIRG T, Lbe 78 4 h B HF 4535, #E7h A1 10 h
I AN KRG 5, {HAE 13 h 1 16 h I 3k 4 T B 1%
(Kl 6a) . FATANIX W] BESE: T Lbe FERLEIR NG &
B R T VR, 6 R A A S R s
BEIK, MG S5 PR DIERTRA S #2250
(2T, WOTE I 30 ) ¢ 25 B AN T 16 o, 7 7 S g e
JEHR R A G #RE TR, T 3E AR, FRATT
VERE T SRR F W 3 ARIEIEE, BIARAG | 4 A
AL, RIS 3 ANEHE Lbe 85 (1R 367K . 455
FW], TEMRIG BT EL, Lbe 25 1 0 FRIA 5, MIT7ES)
B B RS B WD, A U P A U AS £ Lbe
26k (E6b) o XSIRATRE A —8, Fifdh
IR, Lbe FE N 7E LM 0 IR R & & ik 2 h L %
TEEAER, FRATH 2 I PTR RS E S B Lbe £
F IR K
24 BRI E

S TR RE A F g g o, FRATTH IS
X AN ) 2 T s 300 SR e R e A 7 S i e £, K BN
stage 8 A 1], Lbe 5 [H 1Y Rk £ ZE I i AT AR ik
(7). B KB WETT, ] stage 10 B 1, Lbe 5
IR ) IR FE RGN GG 38 I, F2 B4R rh ZE IR JIG ik )
B, bR B AR AR AL, IF ARG 2
P2 BEA0 A B RE RS DN B Lbe (1) 363K, RTARAL ()36
KATBREREL (K 7c) . stage 11 A4, Lbe KA A5
FHAE b —BHAE T 4R a3 SRR e AR

TEP o HAR IR, TEALT R N O Hi
P20 L v R ARG I B AR 1Y Lbe RIXFES (F7d) .
XKW Lbe FeH#H 525 T OO ATAAIEI A E .
TIAENENG % A, 1759 B ANUE sedn i rh 5 3%
Bz AN RERS I )92 /Y Lbe 25 (1 PHIES 5, IR HEE
1k Lbe 25 [ 192 K¢ AN 40 0 1) i B8 (A7 1 m (1]
7e). fEstage 15 I, Fik Lbe 5 09 SO ATIARZ
LA T h 2 A S (K 7f) . X WIEY] T Lbe
M IE R 238 5 RO B B B AR 7. Bk
PE YL 55 1 b Loe FIVESR 5 5 HOR & MU m AT
A RUIFATH S TR RE RS RS A Lbe 2 1 1Y
ke, T TR RhUA G, HACR RAF.
(a) 4h 7h 10h  13h 16 h

10 [ e o)

2D | ————

(b) Embryo Larva  Adult

B .

42kD|—- JRS— —l

STKD | we—

6 RIBAELZBEMEN Lbe ZEERIEEMR
Fig. 6 Expression of Lbe protein in Drosophila melanogaster at
different developmental stages
(a) FERE A F2)4.7.10, 134 16 h #F Lbe 9 & & & ik ; (b) R
JERG . ) R BRI AY Lbe & & £G4 .
(a) The expression level of Lbe protein in Drosophila melanogaster
embryo at 4, 7, 10, 13 and 16 h; (b) The expression of Lbe protein in
Drosophila melanogaster embryo, larva and adult stages.

A

mf de
v

E7 LbeZ5fEREMERAELERE(x200)
Fig. 7 Immunofluorescence identification of Lbe polyclonal antibody ( x 200)
(a) ® G iF st B2L; (b)stage 8 BT B 69 5 A& AR MG AR NS (£ A BF 1A A 3 h 30 min); (c) stage 10 BF 27649 5 A A R B AR H4 (L3 818 %7 4 h 20 min);
(d)stage 11 Bt 2909 5 A AL R BB JEAG (LA BRI 7 h); (e) stage 15 BB 69 27 A AR g i A6 (KR B 1E) 4 13 h); (f) stage 13 BF 2049 57 A2 A R 9%,
FERs CLA B 2 10 h) 49 ILE . B W 69 IERE3) 2 BB K30 @) &, W3R 6 T o9 S4B ap: AR nb: AP Z B 40l ; de: A A5 cb: A0S AT
AR gm oL mf: 7 BUR D R s an . 3 G AT K PT ¥ A R K R At T an R R 3K @ AT kT R A s A

(a) Blank serum control group; (b) Wild type Drosophila embryos at stage 8 (development time 3 h 30 min); (c) Wild type Drosophila embryos at

stage10 (development time 4 h 20 min); (d) Wild type Drosophila embryos at stage 11 (development time 7 h); (¢) Wild type Drosophila embryos

at stage 15 (development time 13 h); (f) Wild type Drosophila embryos at stage 13 (development time 10 h). All whole-mounts are oriented with
the anterior to the left; (f) is the back view. ap: Analplate; nb: Mandibular segment; de: Dorsal epidermis; cb: Cardioblast precursors; mf: Segmental

border muscle founder cells. yellow arrow shows cell type and specific cell area; white arrow shows cell movement trendency.
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O WEVE N B iR N i AT 22—, WY
KB B UE & B IEA N TIRE . fEBMESh Y
FITCHAE S, O IR IR T U0 P J 2 8 i 3 4
JL, I HBORER 22 (e 2R B, O RS R T
AL 6 A Py A B R R ST Y o SR R AR A
ik FESEME SR, (AE O EEIERS B2
THMES YO BRI e, o A B i
PR A [ VR  ABAE BME Sl W0 e & & b k4 FE 0
FEOIfe. I, AR SCE BRI Wk i e 0
WERTE o Lbe FEPR e FEMEREE 19 BCo AH A v
Pk, RO MERTIR R Z R R R IEEH . A B
GEFE, 24 Lbe N BY m B e 1k f, SR 0o T Aiy 14
0B B b, T i B SR GA Lbe i 2 R U I
TP O ESE R BIRE , DA HEI R | O A5 P S
FER T Lbe SR TEVEAL FIRARSEI, 7E/NRUA
AN E 2 KRR B

SR 5 AR O A B BE R LA g B T,
ORI SR 0 E & B SRR IR R A RO R & 5
) — 2 RGR R o (H T 10 %) SR e O U 3
BT AKE LA, S BURME O E & & SRR 78 B>
AIEM T H . A3 i DNA g8 AR il £ 7
AJ T Western blot A1 i G (2119 SR i Lbe B [HI Y
ik, AR5 F A F IR L, 1T BT 1AL
YrigAIC, {0 DNA Gz (i RE e i (Cann] DL fe i
AN R T N TR | RE RS A ) fofi L R A e
il £ o T RN R PR A RGE R 2 — T,
Western blot FlI s e (o485 BB, Bl & Pk i 4
S b AR AR AT, XA RIS e T S
7 BMIESE Lbe Ke R 2 St Ol & & 0950 THLHI 24
FE TSR

S Z 3Lk (References):

[1]  MILNER H, NOWAK S. Improved cardiac contraction imaging in
live Drosophila embryos [ J]. MethodsX, 2020, 5(7): 101-130.

[2]  CHENG L, BAONZA A, GRIFONI D. Drosophila models of hu-
man disease [ J]. Biomed Research International, 2018, 2018(1):
1-2.

(3] (R ELC LA RS PO 2019 ) B2 (bR i Ag

[4]

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

FES B 2019 ) B i [T, TP LD A 448, 2020,
25(5): 401-410.
Editorial group of China cardiovascular health and disease report
2019. Interpretation of key points of China cardiovascular health
and disease report 2019 [ J]. Chinese Journal of Cardiology, 2020,
25(5): 401-410.

WONG C X, BROWN A, LAU D H, et al. Epidemiology of sud-
den cardiac death: global and regional perspectives[J]. Heart,
Lung and Circulation, 2018, 28(1): 4-6.

ZHU S, HAN Z, LUOY, et al. Molecular mechanisms of heart
failure: insights from Drosophila[]]. Heart Failure Reviews,
2017, 1(22): 91-97.

AHMAD S M. Conserved signaling mechanisms in Drosophila
heart development [J]. Development Dynamics, 2017, 246(9):
641-656.

GOMEZ 1 M, RODRIGUEZ M A, SANTALLA M, et al. Inhala-
tion of marijuana affects Drosophila heart function [J]. Biology
Open, 2019, 8(8): bio044081.

BALAKIREYV E S, ANISIMOVA M, AYALA F J, et al. Complex
interplay of evolutionary forces in the ladybird homeobox genes
of Drosophila melanogaster[J]. PLoS One, 2017, 6(7): €22613.

JAGLA K, BELLARD M, FRASCH M. A cluster of Drosophila
homeobox genes involved in mesoderm differentiation programs
[J]. Bioessays, 2001, 23(2): 125-133.

HAN Z, FUJIOKA M, SU M, et al. Transcriptional integration of
competence modulated by mutual repression generates cell-type
specificity within the cardiogenic mesoderm[]]. Developmental
Biology, 2002, 252(2): 225-240.

LI Q, LIU J , BODMER R. Neuromancer 7hx20-related genes
(H15/midline) promote cell fate specification and morphogenesis
of the Drosophila heart.[J]. Developmental Biology, 2005,
279(2): 509-524.

ZMOIJDZIAN M, JOUSSINEAU S D, PONTE J P D, et al. Dis-
tinct subsets of Eve-positive pericardial cells stabilise cardiac out-
flow and contribute to Hox gene-triggered heart morphogenesis in
Drosophila[]]. Development, 2018, 145(2): 7-17.

JAGLA K, DOLLE P, MATTEI M G, et al. Mouse LbxI and hu-
man LBX] define a novel mammalian homeobox gene family
related to the Drosophila lady bird genes[]J]. Mechanisms of
Development, 1995; 53(3): 345-356.

i, WL RS, A5 FIHIDNAGIE BRG] 4 SAXE 1
Z wilEtiR (1], WOBHEYI7A, 2019, 28(4): 368-373.

ZHA Haohao, HU Min, LI Yulin, et al. Preparation of polyclonal
antibody against SAX protein by DNA immunoassay [J]. Acta
Laser Biology Sinica, 2019, 28(4): 368-373.

LIU S, WANG S, LU S. Using DNA immunization to elicit mono-
clonal antibodies in mice, rabbits, and humans [ J ]. Human Gene
Therapy, 2018, 29(9): 997-1003.

RODRIGUEZ E G. Nonviral DNA vectors for immunization and
therapy: design and methods for their obtention[J]. Journal of
Molecular Medicine, 2004, 82(8): 500-509.

JAGLA T, BELLARD F, LUTZ Y, et al. Ladybird determines
cell fate decisions during diversification of Drosophila somatic
muscles [J]. Development, 1998, 125(8): 3699-3708.

GRAEVE F D, JAGLA T, DAPONTE J. The ladybird homeobox
genes are essential for the specification of a subpopulation of neu-
ral cells [ J]. Developmental Biology, 2004, 270(1): 122-134.



