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Latitude-Dependent Circadian Traits in Drosophila: Stability, Activity Peaks,
and Evolutionary Implications
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The biological clock can influence the behavior and physiology of organisms. In exploring
differences in circadian rhythm characteristics, past studies often focused on strains from North
America, lacking an investigation into the circadian rhythm characteristics of strains from the
equator and the Southern Hemisphere. The Drosophila melanogaster is a widely distributed specie
across various continents. Thus, we used Drosophila (equatorial and mid-high latitude strains) as
the subject to study whether flies exhibit different circadian rhythm characteristics due to latitude.
The results show that Drosophila strains from different latitudes exhibit distinct circadian rhythm
characteristics. Equatorial strains demonstrate a more stable rhythm in complete darkness like the
one in LD 12:12, while mid- high latitude strains from the Northern and Southern Hemispheres
share similar rhythm characteristics, showing an unstable rhythm that does not align with the stable
rhythm under normal light conditions in complete darkness. Additionally, there are strain-specific
differences in activity levels, period, and rhythm strength. Further comparison of gene sequences in
various strains in the experiment revealed many SNP variations in the regulatory regions of per and
tim, indicating a relationship with circadian rhythm characteristics, in order to identify potential
genetic variations responsible for the differences in circadian rhythm characteristics.
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Environmental time cues for the evolution of circadian clock
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4, Shiny-R DAM  ( Cichewicz K et al., 2018 )
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(—) £t E (Chi-squared method )
#HEAE (Periodogram) fER-RJFt@E (chi-square ) HH Sokolov and Bushnell 1£ J.
Theoretical Biology 72:139 (1978 ) #&3% o & EaEry/EEER 7 EIE tau-low I tau-
high » Wwe e T2

_KNEh, (X - X)

er Zfil (Xi - X)z

X; & N {EENERHEP G ERFEEA SRS - M EA N {[#{EE9E
My 2 K {EAVEERFHE AR EEhE T - DL—{ERE P ARV EIERET O, -
R E MUK Qp EAVE T EEFRR (SEEEIFREEIEE Qp=N) -

Shiny R DAM HAf{sE A chi-squared method & xsp R package ( Hitoshi Iuchi and
Rikuhiro G. Yamada.,2017 ) »

(=) BEHEEE 17 (Autocorrelation method ) :
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Rhythmicity index (RI) Hi Harold B. Dowse £ ( Statistical Analysis of Biological
Rhythm Data, Methods in Molecular Biology,vol. 362: Circadian Rhythms: Methods and
Protocols ) & © DU =(EEHHRAEENEE - /FREREENEE - BHBEZ
0 MM R 28 2 MEERET R > n UK Elag kEFHYEMERIGE » x &
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N—k
{zﬂ (x; = x)(Xp+k — X)
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R— ~ WETEAEIT R (R 40K © fFEETER)

method purpose reference note
BB  REILARE (Levine et al., FRNEDEE - BEFH
(Auto- EERIEERY RT - 2002) PG A A i s AT B
correlation)  {E; FEUHIZEIH HEEMNFERS  &F
B FIZA 4 (@8
HA
RITRE fi Sokolov and A TRHERR E R
( Chi- periodogram; T8  Bushnell in J. {EAREEM AR Y
squared I Theoretical Biology g
method ) 72:139 (1978)

Horp o FRar VSR EE N [EIHY DD s KRR [FIRVERE R AT
ER7E o DUREIRITFIVERRELET o RIL - FL CIRCADA £ DD #id8 K# & 5~9 K2
f] > PREEMEIRR 0.125 ~ 0.5~ 0.25 (hrs) HYAR[EIZE - &EE 100 {EFERRZ T - DIE
PAHA 24.016 Chrs) » G EERHE S R P YAV EHTE B A e 2 BE i RE M
fE > % SD & Ay 0.1 (hrs) > JFZLA Sin eRE#EES > DA Gaussian noise DAEZRE 2R E
BV - Frikayz=a T

R BB R AR R R IR ([ R AR © (R B TEE)

5 6 7 8 9
0.125 1.3 0.64 0.47 0.50 0.46
0.25 1.3 0.49 0.43 0.49 0.42
0.5 1.32 0.52 0.43 0.45 0.41

1EEAERE T MTHVERZS © Hiegl Ry PRERiEls CBEALR hrs) » Rl A EHE REE (B
LR R ) Fr& R EUE R E R EIRS A S AR T PR TEHE B RR 2 (BB A% )

AIDUEE] 5 KE| 6 RN R » SR ABEIREE » MRER 7~9 RiRZEER
% o lREPFISAL - DD AVEEE KEGERE o] DU R EHA S B B0 E - BEERRE
H 72 SRR RN ERER -

i R E S KA ERRCE - FEETivER L DD IR 6 K - KEdE
BL0S (hrs) &ffErE -

10



© PRI R R AR ] i A Y S 5

(—) DAaTRAERY 5 =B ZS SNP fi B
¢ Fly Base _3%E per {1 tim WIESRIr B ELFEY » E 500 A IBrowse H1ZE 15 Wi {EEL
PRI AHEHI A BT SNP (Single Nucleotide Polymorphism ) fir%h » 41 N &R~ -

504,400 504500 3,505 000 B8 500 i
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CRNATOTS
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218 T ——

ANA-COTS

(| G T R B TR T O e T O R O e
s ol U A WY 1 A B SO T T A 1 SN
{0 1| N LR T R o B B RS RET H o N R B 15U P M A e A T T 4 B S P
(U] | I L [ L | (R T | (] T | e e A |

| | | T LR R | I Il E PG B R T Sk R I
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[&l 7S ~ JBrowse {EEE!] tim HFHYS M H
([& 5 2R - #HLE Fly Base 485 https:/flybase.org )
FITREERNEREEAE - & N 7RISR EAR{Z Drosophila Genome Nexus 1000
genomes tHIRHY SNP fizEh - BEFF1& 0] LA EHE R 2 WHE £ 3R SNP S5 « 555
R E reference genome MY 7

Primary Data Genotypes (1070)

Type SNV

Score 99 non-variant 907  B4.77%

homozygous for reference 406  37.94%

Description SNVC->A no call 501  46.82%

variant 163 15.23%

Position 201:3494665..3494665 homozygous 163 15.23%

A variant 163 15.23%

Length 1bp Total 1070 100%

[+ ~ SNP & E/ H
([EF 28 - #HUE Fly Base &gk https:/flybase.org )
[t By 2L ZLtafg | 3494665 ArBLHYSEE R » T[DIREIA C 8 5 A ISR - HEEAT
1000 genome nexus #EMHEI{S 15.23%

Z3# JBrowse AIRRALAY G ZUAT PAE M PART SRR G i BB - (F RIS HAE
Fehl &R &R e SNP iy —(E 575 -
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(=) EREEFAEAN SR FIER
¢ Drosophila Genome Nexus ( Pool et al., 2015 )Ay4disk - & DGRP ~ DGPG2 -
DGPG3 1y site &} » JEHEHE A2 FIIE R} > W57 B A B & AR
SRR AI A B -

(=) HSEZRRF R TS
1%t Fly Base &k per f1 tim Wi{EEERITE genome region FYFHIE L - HUE#EHX(
WIS 2R TR &R A MEGA (Kumar et al., 2020) M‘“ TFe
FIELES © AG#F SNP AUz BR4CE: T AR DARITR s B 4T -

Speciasiibbey | *| #[a[s[s[s]#[sle]wln]*[e[+]#]* [ola|aiafaiafalalaialas|a]a olalaelale s Telef=ie]*[o]|=}+ [o) | aie]oiajalalajale]s Tele] Tolo] T
1. par sBlteTTceTacEAAT T TAGAGCCAGANG GACAACGCGTTCGTOCGCACAGTAGAAAGTATTGCCA
2. DGRP 379 TG TTCETECGAAT T TACGAGCCAGAAGS TCGACAACGCGTTCGTCGCACAGTAGARAAGTATEGEC A
3. DGRP 380 MEGTGTTCETGCGAMTTTAGAGCCAGAAGGS GACAACGCOTTCGTCGCACAGTAGAAAGTATCGCCA
4. DGRP 707 AGTETTCGTGCGAATTTAGAGCCAGAAG GACAACGBCGTTCGBTCECACAGTAGAAAGTATTEBECCA
5. DGRP 765 AlGTBTTCGTEGCGAAT TTAGAGCCAGAAGGTCGACAACGCGTTCGTCGCACAGTAGAAAGTATTGCCA
6. KN34 MG TG TTCGEGTGCEAATTTAGAGCCAGAAGG TCOGACAACGCGTTCOGTCGCACAGTAGAAAGTATCGCCA
7.kT1 METETTCE TEC G AAT T TAGAGCCAGAACGETCGACAACGCGTTCETCEGCACAGTAGARAAGTATCGEC A
B, KN73-1-3 METGTTCETOGCGAATTTAGAGCCAGAAGGTCG GTTCBTCOGCACAGTAGAAAGAATCGCTA
9. KR39 AMBTGTTCEBTGCGAATTTABAGCCAGAAGGTCGACAACGCATTCOTCOGCACAGTAGAAAGTATTGCCA
10. KR42 AMGTGTTCGTGCGAATTTAGAGCCAGAAG CGACAACGCGTTCGTLCGCACAGTAGAAAGAATCGCCA
. KTE METGTTCGTGCGAATTTAGAGCCAGAA ACAACGCGTTCGTCGCACAGTAGAAAGAATCEGCCA
12. RCE METGTTCETGOGAATTTAGAGCCAGAAG 5 TTCGTCGCACAGTAGAARAGTATCGCCA
15, RGZ MBTBTTCOGTOGCGAATTTAGAGCCAGAAG JACAACGCOTTCOTCOGCACAGTAGARAGTATCGCC A
4. ZK1R METGTTCETOBCOAATTTAGAGCCAGAAGETCGACAACGCGTTCGTCGCACAGTAGAAALGTATCGCC A
15. ZISON AGTGETTCGTOGCGAATTTAGAGGCAGAAG GTTCGTCGOCACAGTAGAAAGAATCGCCA
16. ZIZ6B AGTGTTCGTGCGAATTTAGAGCCAGAAG TTCBTCGCACAGTAGAAAGAATCGCCA
17, Z1468 AMGTGTTCGTGCGAATTTAGAGCCAGAAG GTTCGTCGCACAGTAGAAAGTATCGCCA
18. SPBO .kl.-1|.i|'c-_-|r_-c:|_-Aa\l|-'A-'.-Ar.-c:c—'.:,a.i\:'=-Ii:.-ACA\c SCGTTCETCGCACAGTAGARAGTATCGCCA
19. SP173 AGTEGTTCETGCEGAATTTAGAGCCAGAAGGTCGACAACGEGEGTTECBTCGCACAGTAGAAAGTATCGBECA
20. 5p221 MGTGTTCGTGCGAATTTAGAGCCAGAAGG TCGACAACGCGTTCGTCGCACAGTAGAAAGTATEGCCA
21. SP254 MGTETTCGTECEAATTTAGAGCCAGAAGG TCGACAACGCGTTCEGTCGCACAGTAGAAAGTATCGCCA

&/ ~ MEGA 71
(B R 2F  #EE MEGA fRz0dTEIE )
(& % per ) genome region &t » 7“§JT%@Jﬁ%}?ﬂ%ﬂ%{lmééﬁ}?ﬂ SR o A
AR SFRE S E A2 FE P IE—2 » HILEEEHEUS SR ARIR eSO
A BHEANY SNP 73 LUK R 48 FE I RE % -
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peak ) EUHK > HIN K DD BARIHY b /EshE g g hn - J2 A BRI IMIEE - S EAT AR ifryense
T o SHFMATEER - B{ELLEAE DD NGB EE AT > M (Morning peak ) JH%% > &
HEH MEREES > AR BNEIRALEE -
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(C) BL25190/N=51
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(B) BL25189/N=53
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