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BT UL EAF DL AW 5 # BRAN R SR iF A7 S 40t 36« 1) 3 o 85 8504 AR 0000 5 2) B DAAE SCRR I 5 3) A WA 1Y
LR HYSE I T RE . W6 R A5 4F 1D .2) 3) BYBE D S A% 0 2 UbR a5 BE ] 0l 2 25 1 1D 2 Bk R D 3) By SR A
T H ARG, W AAE 7 D HLURSE ) 55 ML O H LR RS 22 MEEH SR SR (R D,
1 EEFRRALAREER

Tab.1 Tissue marker genes in D. melanogaster

HH H A bR L
i Amy-p .Amy-d . betaTry . alphaTry . thetaTry . Mal-Al . Mal-A6 . mesh . LManVI1 . Pgant4 . CG43774 ., PGRP-SCla .
1H

CG5065
3k Rh2 .Rh3 .Rh6 .Rh5 .sNPF .ninaC .ninaE . pros .Pdh .SoxN .retinin .Cpr72Ec .Drgx .bi .Sh
L4 Irkl .Irk3 .Dh31-R .Eglp2 .CapaR .salt .Uro . Tsh .CG16762 .Lkr .SecCl Al p4
iR 2 CP19 .CP15 .Cp18 .CP36 .Vm32E .Cp38 .CG31926 .Vml .Femcoat .CP7Fb . yellow-g .yellow-g2

) kl-2 .kl-3 .kl-5 .w-cup .c-cup . p-cup .CG18628 . soti , whip . sunz . hale .aly .Rbp4 .kmg .dany . fest .CG3927 ,schuy .
Nepd

i

= trh \wat
felifk  ACC.Gnmt .CecA2 \LpR2

TE < IHLER 3 A% 0 U AR AL B, O AL A8 20 Dy e B 2 ZUbR RS B A

3 itig

FEZH SUbR i DR 5 1 AR v A B 5 kBN 24 o SCHR A 1/4 1 SR o 0% 20 26 s 58 TR 05 2 S 201 2 B
YEE MG . WRAHTE B Sk R d 2R B 3 A R R R S A L Bl L ) Mhe 4
T iy iz 2 2 115 LR A2 21 % D) AR ¢ HLZE L IR 40 B o s 2Rk, SR 0 L DY 240 M )3z 4 A A B 1l L Sk L B IR S 2
A N IR FE AN E A B — A U bR AR 3L R . 55 A1 BIF 9 3 4 PR 40 A% 3 S 4P (snRNA-Seq) % 3
KN FASN 2 fEZ (4 s vk 3k B ARBF SR AE FlyAtlas2 Bl 4 v & 012 56 K 76 0 JE op 6k B i i L 7
RE WG b iy A SR 2 It FASN2 ) 22 2H 23 3K R i f8 22 N REAE A R U7 1A 1) 20 bR Al BRI, b b, S 3
elav TER 24N 14 %2 75 3ok A% rb 8 95 b 22 40 B 19 23 28000 L Bl FE ol SR b 2 A0 I I A S b R R L T
SR ) P 28 FR GEAE A T RN A6 o 2 v DR Ok 35 DR AT A A it 28 A0 ) s i R DR T AN BB AR Sy Sk 38 114 4 41
PR B

T Amy Gt 0 UE 8 B 76 B Bk b & R b i ) T E AR ORI B A ERFE T Amy-p .
Amy-d 7] 1E S0 38 b Rkt L Li B AU R scRNA-Seq B8 3547 40 i 4 BUB B0 Amy-p 18 R 08 AT
A A bR S . B F scRNA-Seq 7381, A WF R K alphaTry FlbetaTry X 2 A EE [ E S K AL 7T



% 6 H F .5 ETERRRENERRRAS S EANER 73

R SR RO PR EATE N AN A A SR S R Y S IR R o H BB R LMan VI R AR
W 1 T 1) 2 U A R TR (L T e M e K S B A R M T 0 B AR I B2 W R A AE S . R M AR R AR B9
K LMan V1 £ i b () R A=A HAB A ZUh KRR 18 £, K, LMan VI 0] LIAE A B 18 B 15 28 21 2 xR

A WFTE I A Ze A8 H R 2 B Rh2 T RA3 43 i) 76 SR g B FR A 52 IR (% JEO 40 B rp 4 Sk 6 3K L RS I
RA6 75 F 052 HR 00 S8 40 M e e S 3kt L b AR S B R R 5 ) Y 50 R AR 1 ko R A B A G EE L [N
AT S 3k 3 ol IR B A A L U bR R 3L I, sNPF Snfis i s 2k F 2 51877 WA & AR K/, Johard %
NS e DR AT 2% A S B R A 2 I 43 BT A PR 2% R DR A SR Sk 3 B LS L L (Keenyon celD) AR PE R I, 1E
Hh . bi Gt T-box % 5% KT B A oE K AR BR (9 % 7 . 0 Michki 45 A7 38 13 scRNA-Seq 43 H7 % Bl bi 76 5 i
S ERAL I (optic lobe) K I Hh i ik,

TE D FCAS Y 8 A O A SR a5 FE K A 4 5 e 4 2 bR R 32 A P L Evans 25 A 3 1 J5U 07 2% 52 45 B0 85 7 1 i 4K
HAS L Irkl (Irk2 R Irk3 A B SR W B — 212 & RT-PCR L UEH T EME D KREd &
Fik, (HARMTE K Irk2 WAERWE)E b 2R3k, H H AT o8 2 5050 E I 1rk2 J2 5 [RAE A 8Uhn S
WA SO Trkl B Irk3 VR0 S IRE O AL RGN . 534h . 5 DRh31-R Fl CapaR 755 KRG H¥A W
AT IR L B A 0 G R R K Dh31 32 KR Capa #i 28 RS2 14, X 2 Fh A2 (R #R A I R T it L 7T 45 i 51 g
IR R AR AT . BAR CG16762 B RTBEAT WA AY T BE B ABF IS & BUE 16 5 A b Y s iR e B e Hifb 4
ZUh S Ik 64 5, R ARFREW CG16762 76 5 K4 Pk 3™, Wik, ABF5RIN R CG16762
A DA S [AS B9 0 8 40 8UhR i 8 [,

i i B 8 B AE 1Y Vin32E LA e i 98 B B Cpl9 .Cpls .Cpl8 .Cp36 .Cp38 FETEBNIE MLt 72 v iy AN
[f] Fof 30 EL AT S Bk e ik A 5 L Vim32E TR UMY BE 10 5 S 2635, Cpl9 .Cp36 Fl Cp38 TE UL LI BE 10~
14 Fp SEFRIRRIL T Cpl8 (UL LB BE 11~14 $EFPERIK . Gigliotti % AV FIH Northern blot 525 H 4%
TS [ AF 7 M M T SR P Vin32E (R IARER R Vim32E W25k 5 00 8 R B R BEAH G IR — B i &
B IERTEIRIE B B 10 B B m R IL . BIR yellow-g Fl yellow-g2 1F FlyBase B0 ZE 5 9% A W 1 119 2 G
R B BFFE R B 2 v] BB g i 2 R G AL . AT 5 R WIS B BRI R IK—30 B yellow-g © #EIE B XT
BB R R R O I, UL ARBFIEIN R yellow-g Hl yellow-g2 T LAAE B 5 A 16 3k 4 SUbR R 61

SEE T M Y Y AR K L0 kl-2 k1-3 I kI-5 4 B SO Sh F1 38 1 2 b 22 10 G 5 28 )80 40 Jib 22 2 T ik
K 7B 0 B T O RO AR I 2R s R R ST R B R 3 A FE N A AR RS T K R v B B 2 K
R S 2R L AN R CRISPR/Cas9 £i AR £1-2 Fl k1-5 774 56745 25 S 8UME M R g R B, Barreau
BN RI p-cup co-cup M w-cup TERE T K& B BIIG I010 F 38 L 170 F5e 300 — I00 B0 200 Jio 2 Sk 4 2 B o ok ok 3 A4
IR TN ARG L T XK T AR & B RFIEY . B2, LB S AT DLV A S A% O 2 SR b L I

A GE K IS TP R 2 U 7R G DR /D, D DRUAE T SR U R 0 ol A2 e 81 3 A s 1) 43 S /N ) 28 24 1l HL
HAG A T S 22 00 5L T Fly Atlas? B0 1% th o A i 09 U H AU H T %58 . 454 Fly Cell Atlas
BE 5w 45 R (FlyBase 0408 e 35 [H D) 8 3 B8 LA S A SCHR & B0 ek w4 T BT 75 19 bHLH-PAS #% 5% 5 [
T M EA S R A K ER TS B N T ok K2 IR AY B OB S SO A0 JCTE AT U war 4B 14 i i
B4 B A B IREFS S5 C, M Cyp KAENE AR AOIB IR . 38 55 AY NS 05 B2 A b i 7K 1k 9 o 78 36 50 PN BE L (e E R4
F 78T K R S P B S AOR AT L orh B war ATAE R H BT RRAERY S L bR B R

i I R 43 A 7E B SR 4 B 454k L 220 TR B R O I B 25 i 1 R A B R L A BB AE AR B SR IR L A I BB
K2 5% 2 MIae"" . o T Z MO REZ R S A X A SR AR B L B D . ACC 4t 2 Bk Sl
it A RALES, J5 &AL S BRamEE A RAL TN ZBEAHES AL T ZBEAEE A BRI IR G R SR E R Y . A AH T
5% 32 W L R 3 2235 T g 05 1A 40 B, R RNAL B ACC J5 6 S 30H i = Bs A2 6 i 20 T e 3 B iy 1k
IR AR B8 O SR A SR B L R W D RE 5 e AR =5 B AH 2C , HL Fly Cell Atlas 0¥ 7 1% 36 H & 3k
FREMIR . B, ASBFSE N ACC T E I I 4% 4 1 1 20 20 A 7 SE 1A

BT Z AR E T scRNA-Seq F1 RNA-Seq #4E . X i@ 7 A~ FEHHLMAT THhERENEE, @i
BAE A A SUISHIE L SCRHR Eb X LA K JE DR D) B A 11, fe 488 5 ) 55 %O H SUbR B SRR 22 M el SUhR i L I,
5T 45 A A e 7 H Ay SR 0 2 SUhp A5 RN 80— RN MERR Y 0] 81, 3 4 07 fe S i 41 280 43 784 1 410 fifg 25 72 s ol
WU ERMETEES %,



74 ERMEAFZERCELAFFIR  https://cqnuj. cqnu. edu. cn & 41 %

SE W

[1] BLAKELEY P,FOGARTY N M E,Del VALLE I,et al. Defining the three cell lineages of the human blastocyst by single-cell
RNA-seq[J]. Development,2015,142(20) :3151-3165.

[2] Van’t VEER L J,PAIK S,HAYES D F. Gene expression profiling of breast cancer:a new tumor marker[]J]. Journal of Clinical
Oncology.2005,23(8) :1631-1635.

[3] McGURK L,BERSON A.,BONINI N M. Drosophila as an in vivo model for human neurodegenerative disease[ J|. Genetics,
2015,201(2) :377-402.

[4] BIER E. Drosophila »the golden bug,emerges as a tool for human genetics[ J]. Nature Reviews. Genetics,2005,6(1) :9-23.

[5] TOLWINSKI N S. Introduction: Drosophila-a model system for developmental biology[J]. Journal of Developmental Biology,

2017,5(3):9.

[6] WAWERSIK S.MAAS R L. Vertebrate eye development as modeled in Drosophila[J]. Human Molecular Genetics,2000,9(6) ;

917-925.

[7] PANDEY U B,NICHOLS C D. Human disease models in Drosophila melanogaster and the role of the fly in therapeutic drug

discovery[J]. Pharmacological Reviews,2011,63(2):411-436.

[8] CHOU W H,HALL K J,WILSON D B, et al. Identification of a novel Drosophila opsin reveals specific patterning of the R7 and

RS photoreceptor cells[J]. Neuron,1996,17(6):1101-1115.
[9] POLLOCK J A,BENZER S J N. Transcript localization of four opsin genes in the three visual organs of Drosophila ; RH2 is
ocellus specific[J]. Nature,1988,333(6175) :779-782.

[10] LT H J,JANSSENS J.de WAEGENEER M, et al. Fly Cell Atlas:a single-nucleus transcriptomic atlas of the adult fruit fly[J].
Science,2022,375(6584) :eabk2432.

[11] LEADER D P,KRAUSE S A,PANDIT A, et al. FlyAtlas 2:a new version of the Drosophila melanogaster expression atlas
with RNA-Seq, miRNA-Seq and sex-specific data[ J]. Nucleic Acids Research,2018,46(D1) :D809-D815.

[12] HAO Y H.HAO S,ANDERSEN-NISSEN E,et al. Integrated analysis of multimodal single-cell data[ J]. Cell,2021.,184(13):
3573-3587.

[13] THURMOND J,GOODMAN ] L,STRELETS V B,et al. FlyBase 2. 0:the next generation[ ] ]. Nucleic Acids Research,2019,
47(D1) . D759-D765.

[14] GHOSH A C,TATTIKOTA S G,LIU Y F,et al. Drosophila PDGF/VEGF signaling from muscles to hepatocyte-like cells
protects against obesity[ J]. Elife,2020,9:e56969.

[15] ROBINOW S,WHITE K ] D B. The locus elav of Drosophila melanogaster is expressed in neurons at all developmental stages
[J]. Developmental Biology,1988,126(2) :294-303.

[16] RAVENSCROFT T A,JANSSENS J,LEE P T,et al. Drosophila voltage-gated sodium channels are only expressed in active
neurons and are localized to distal axonal initial segment-like domains[ J]. Journal of Neuroscience: the official Journal of the
Society for Neuronscience,2020,40(42) :7999-8024.

[17] CHNG W-B A, SLEIMAN M S B, SCHUPFER F, et al. Transforming growth factor beta/activin signaling functions as a
sugar-sensing feedback loop to regulate digestive enzyme expression[ J]. Cell Reports,2014,9(1) :336-348.

[18] L1J Q,WANG J J,ZHANG P J,et al. Inferring predictive genetic models and regulatory elements by deep learning of cross-
species single-cell gene expression landscapes[ EB/OL]. (2022-04-11)[2023-11-11]. https://www. researchsquare. com/article/
rs-1544073/v1.

[19] ALLEN A M, SOKOLOWSKI M B. Expression of the foraging gene in adult Drosophila melanogaster [ J]. Journal of
Neurogenetics,2021,35(3) :192-212.

[20] FOSTER J M, ROBERTS D B. The soluble a-mannosidases of Drosophila melanogaster [ ] ]. Insect Biochemistry and
Molecular Biology.1997.27(7):657-661.

[21] HUBER A,SCHULZ S,BENTROP J,et al. Molecular cloning of Drosophila Rh6 rhodopsin:the visual pigment of a subset of
R8 photoreceptor cells[J]. FEBS Letters,1997,406(1/2) :6-10.

[22]1 JOHARD H A, ENELL L E, GUSTAFSSON E. et al. Intrinsic neurons of Drosophila mushroom bodies express short
neuropeptide F: relations to extrinsic neurons expressing different neurotransmitters[J]. Journal of Comparative Neurology,
2008,507(4) :1479-1496.

[23] MICHKI N S,LI Y,SANJASAZ K,et al. The molecular landscape of neural differentiation in the developing Drosophila brain
revealed by targeted scRNA-seq and multi-informatic analysis[ J]. Cell Reports,2021,35(4):109039.

[24] EVANS ] M,ALLAN A K,DAVIES S A, et al. Sulphonylurea sensitivity and enriched expression implicate inward rectifier K~



Vol. 41 No. 6 Journal of Chongqing Normal University (Natural Science) https://cqnuj. cqnu. edu. cn 75

channels in Drosophila melanogaster renal function[]]. Journal of Experimental Biology,2005,208(19):3771-3783.

[25] CHINTAPALLI V R, TERHZAZ S,WANG J,et al. Functional correlates of positional and gender-specific renal asymmetry in
Drosophila[]J]. PLoS One,2012,7(4) :e32577.

[26] CAVALIERE V,BERNARDI F,ROMANI P,et al. Building up the Drosophila eggshell:first of all the eggshell genes must be
transcribed[]J]. Developmental Dynamics,2008,237(8) :2061-2072.

[27] FAKHOURI M, ELALAYLI M, SHERLING D, et al. Minor proteins and enzymes of the Drosophila eggshell matrix[]].
Developmental Biology.2006,293(1):127-141.

[28] GIGLIOTTI S,GRAZIANI F,de PONTI L,et al. Sex-, tissue-, and stage-specific expression of a vitelline membrane protein
gene from region 32 of the second chromosome of Drosophila melanogaster[]]. Developmental Genetics,1989,10(1):33-41.

[29] CLAYCOMB J M, BENASUTTI M, BOSCO G, et al. Gene amplification as a developmental strategy: isolation of two
developmental amplicons in Drosophila[]]. Developmental Cell,2004,6(1) :145-155.

[30] ZHU L, FUKUNAGA R. RNA-binding protein Maca is crucial for gigantic male fertility factor gene expression,
spermatogenesis,and male fertility,in Drosophilal]]. PLoS Genetics,2021,17(6) :e1009655.

[31] FINGERHUT J M, YAMASHITA Y M. mRNA localization mediates maturation of cytoplasmic cilia in Drosophila
spermatogenesis[ ] |. Journal of Cell Biology,2020,219(9):e202003084.

[32] ZHANG ] Y,LUO J J,CHEN J Y,et al. The role of Y chromosome genes in male fertility in Drosophila melanogaster[]].
Genetics,2020,215(3) :623-633.

[33] BARREAU C,BENSON E,GUDMANNSDOTTIR E,et al. Post-meiotic transcription in Drosophila testes[ ]J]. Development,
2008,135(11):1897-1902.

[34] WITT E,BENJAMIN S,SVETEC N,et al. Testis single-cell RNA-seq reveals the dynamics of de novo gene transcription and
germline mutational bias in Drosophila[]]. Elife,2019,8:e47138.

[35] WILK R,WEIZMAN I,SHILO B,et al. Trachealess encodes a bHLH-PAS protein that is an inducer of tracheal cell fates in
Drosophilal]]. Genes &. Development,1996,10(1):93-102.

[36] JASPERS M H, PFLANZ R, RIEDEL D, et al. The fatty acyl-CoA reductase Waterproof mediates airway clearance in
Drosophila[]]. Developmental Biology,2014,385(1):23-31.

[37] ARRESE E L,SOULAGES ] L. Insect fat body:energy, metabolism,and regulation[]]. Annual Review of Entomology,2010,
55:207-225.

[38] PARVY J-P,NAPAL L, RUBIN T, et al. Drosophila melanogaster Acetyl-CoA-carboxylase sustains a fatty acid-dependent
remote signal to waterproof the respiratory system[]]. PLoS Genetics,2012,8(8):e1002925.

Molecular Biology and Bioinformatics

Identification of Tissue Marker Genes in

Drosophila melanogaster Based on Gene Expression Profiling

LI Lei' , DUO Hongrui', LI Bo', LI Yinghong®, HAO Youjin'

(1. College of Life Sciences, Chongqing Normal University, Chongqing 4013313 2. School of Bioinformatics, Chongqing
University of Posts and Telecommunications, Chongqing 400065, China)
Abstract: To solve the current problem of inconsistent and inaccurate results of tissue marker gene identification in Drosophila
melanogaster. Drosophila tissue marker genes were identified by Seurat as well as calculation of differential expression folds using
transcriptomics data of seven shared tissues from Fly Cell Atlas and FlyAtlas2 databases, respectively. After cross-validation across
datasets, literature comparison and gene function searches, accurate tissue marker genes were finally identified. From the two
datasets, 575 and 5 202 tissue marker genes were identified, respectively, and 366 and 2 671 tissue marker genes were obtained after
cross-validation across the datasets, and a total of 55 core tissue marker genes and 23 candidate tissue marker genes were obtained
through literature comparison and gene function search in the FlyBase database. An accurate set of Drosophila tissue marker genes
was established, providing an important reference for future Drosophila tissue type differentiation and cell type marker gene
identification.
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