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Phosphatidylserine (PS)2 Al¥x4s FAstE F
o

olth. PS= AAA xS FA o A, AWM FA

ol FaFS vA=
o] allele 7t 4528 9 Pss allele?] 545 A3tz gttt ol &
& 67FA Pss homozygous lethal alleleE°] W3t heterozygotes}t
trans—heterozygoteE 283t A4+ A3} Pss heterozygoteo] H] 3
Pss trans-heterozygoteol A uwll-$- AZtst A7 He gAY o] YEY:
Trans-heterozygote S A= Pss?? Pss¥#7} Auido=z L3538 1
d8 S eI, Pss¥Y, Pss?” Pss¥ V= AuH oz Azts 1dY

< 5}2l

& Pss 3 QX Pss trans-heterozygoteol A A ] ElolgtE A =2
& FFFS AT 53], Pss¥ e A Ao A
nEZE=gol fusion® ool Y, o=
dynamics7} %3 B9 3 71A] 9Jd 7tsAES SEJSHT 2 AT
+ Pss® 7} allelee] YEH= A7 EHa 2d3Fo g dHEo=
allele 7o Ao2h&5 gelsta, 72 5949 3 7FA dde

5 o4 AeoR AUk

)

F80o] 1 AAA, TAGEEAA(PS), PS &4 &2 4(PSS), Allele 3¢
deAg, A HEA A A =Y
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A1d A E

Al A JAANZDI AR HIAY A&

e e

g A2 2 AxLT (organelle recognition

pathways)oll ¥l gty YL A EHS FA = AAE A
o] ZFo)+ phosphatidylcholine (PC), phosphatidylethanolamine (PE),
phosphatidylserine (PS), phosphatidylinositol (PI), phosphatidic acid
(PA) 50°] ltH(Pettegrew et al.,, 2001; Wenk & De Camilli, 2004; Van
Meer et al., 2008).

= A bggo g QXA Al Fom QXA A}
7} UH% gak3] Aol dtHO'Brien & Sampson, 1965; Sastry, 1985). <1
ol A =] backbone T4, B &Eol AAG gF
2 FAdE -t AAAEIE FAAJ VIS E T
a3 &S o (Farooqui et al., 2004).

N7 B Aslo= ¢ =3to] W H (Alzheimer's disease, AD), 371
<" (Parkinson’s disease, PD), ¥ & ¥l % (Huntington's disease, HD),
| 21 ¥ (amyotrophic lateral sclerosis, ALS) %°] 9l A7 g A
g Ao FE oA So] HARAHA xR SHs S YA

(inclusion body)E& #Asl= Ao 23S 53 JPFHJY. od&5 &9
=a
7

X

AD9] 7% HlE o Zol=(Amyloid B, ARE TAE ofdRol=
A(AB plaque, senile plaque)®} EF$-(tau) @ do] A &%
2]t (neurofibrillary tangles, NET)el =4& 9 A77F M=o
2 (Irvine et al., 2008). PD¢] 79 alpha-synuclein (a-synuclein) %
Aol BAAE A FolAhA(Lewy body)ol thst A7 23 = ¢

>, g A

.



tHRemy et al., 2005).
St Az XA Fao ooy JAAH Ao Evd
o] A7 HaAd A3ty dHsk dHo] e AF A
4 A AFo A AAAe FoA T3 =2y H
An |

Sey B oeve] Fa BaAr PSeh 47 Had A8 duAe
shepgt 4 9l ¥ 7bA AT Assh Atk AD SAA PS WAy
hyA

71d = sk PES @Al ool A7I™ a-synuclein® @ del F3F
S o] PDe WHe A¥gS s AT+ A3yt Jdti(Wang et al,
2014). ==3F, PSe AFH7F A HaAAH g skt Q1A Tl 2 7Y
He FAE F dues o dF A7 AP HASH (Crook et al,
1992; Heiss et al., 1994; Baumeister et al., 2008; Liu et al., 2012), PD
gl A PS AdH= 4571 2 1 FolE JAskAtH(Valadas et al,
2018).



Al 2 A PS¢ Phosphatidylserine synthase

PS& AMETE A8t Fo AAE T stuE, ABAEY FA 9
A%, AW Ao T A4F8E o s g
kinase C (PKC), Akt, Raf-13 <
SICHKim et al, 2014). =3k PS+= AETe] Q1A A o]FF9 inner
leafletel] E1r&3tA] B E3FA 4 apoptotic cello| 4] Al Euto] wpzbz 3
Hog w=EHo] AMxzgo] dojUr:E 3= “Eat-me” AZZ% 2
&3t (Fadok et al., 1998; Ravichandran, 2010). ©] £]o% PST& 2174 A
X S2rE7)e vA AT kst Qs (Naftelberg et al., 2016;
Seidel et al., 2015), AM¥E9F& FAGAA Ak} MiEvte] giolx #
o] 3kt (Williams et al., 2009).

PSt head group® /22 &3 phosphatidylcholine (PC) &

phosphatidylethanolamine (PE)Z4%E A ®Et. I HFoA  PSE
Phosphatidylserine synthase 1 (PSS1)¥} Phosphatidylserine synthase 2
(PSS2)ell 93l A=W, PSS1 PCE, PSS2%& PEES 7Zh7 7|dA= A}
£3}e] PSE A3t} (Vance & Steenbergen, 2005). ©] & &
Al =l EAlstH, 53] AXxA 7 nEZ=glolel WA At Q)
+ mitochondria-associated membrane (MAM)®l| $1*]3}31 ) TH(Stone
& Vance, 2000). &AF PSE= MAMe| oJ&] nmEZ=golz o] 53|
Phosphatidylserine decarboxylase (PISD)¢] 7|2 & #83o] PEZ A
H 3 (Dennis & Kennedy, 1972; Choi et al., 2005).

EZfFolA PSS1¥ PSS2& A= AHAFo=Z 7]estt, Pssl &
Pss2 2 & stuelwt 715 A EARolE 7H v A,
oAt B EdWel7E dojd HA = ol AHelA X AbstA
(Arikketh et al, 2008; Bergo et al, 2002). o|&3 ArA &3}
(redundancy)® <& EFFolA PSS 7|5 tist A4S Zsst+= d
olelwol UATH

HbH - % 3}2] = Phosphatidylserine synthase (PSS)E 9433}st+=

2



At FAA] PssE 7ML Atk 29ke] 9] PSS+ PC == PEE 714
=2 Abgstel PSE @A st 29tg] o] PSS+ Abghel PSS1v A A A4
o] A 53%, & HEH PSS domainol A= 61%9 dsdS 7HA a1, PSS2
= AA AdolA 35%, PSS domainol A+ 40%9 HsAS 7HHT
of PSS+ PSS2KH.th= PSS13 © 7HA Aa=o] 7] witel 7Is
o2 PSS17 ¢ FAHEl PCE 7|E =2 PSE AT Aol It
ATh(Park et al, 2021). 2y %3}g]¢] PSS7} PEE 7142 PSE &
A%thi= Yang et al.(2019)9] A4 ZA3x TR EFHA Z3pg]e] PSSV
PCe} PE T oj@W <A AL 7|47 dlo] PSE dAs=A= o7 =¢
ol vk EFFe =Y PS ¥4 A= B MAMO x+= [1¥ 1]
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PC—PS ==PE

PSS2

PS synthesis in mammal

B PC _Pss PIsD
oo — P§ —
PE

PE

PS synthesis in Drosophila

29 1 E4F% 2329 PS 34 2 2 MAM
4 7

Endoplasmic Reticulum

2. B: 2989 PS &4 A=, C MAMY T%. MAMS A¥A7F nEZCgofe}
o2 PS @AHEAE AXA T MAMA A PSE T4 st}



Al 3 4 PSst FAe A TH

PS+ Zf+7 BA ko] =4 34, A 4 s 7404'3}04 "ﬂ
Aol JFS =k PSe Aoldlar FEAol A= Ao #Hy F
o =FHo] Uth PSY =52 FALE T3 AR olF HA F<k

78*—12& = 7kskH, ng} W x=E=¥ PSE oWl FAo] gAH

. & 8491 BAIL, CD36, Tim—4,
Mer-TK7} SlaL, o] F8AE2 FA ¥t E3h BAII/BAIZY
Ad HA sl de= AxEFe] ELMO1 X+ RAC19 7]se] 2

HEAEZA M= el 1) Aol o] o] ARtk whebA 4rofg)
= AR PSeF dRAMES] PS ¢4 FE&A= AAS dA 3 3
Al @ Aol (Rival et al., 2019).

Ak Gare] MlEere 910l we} 5744 domainS 2 A FH o] 9lal,
QAo Mautol M PSE E3E XA 9o mE v A EE=
A G e Axolth. Annexin-V/PI ¥4 & Tall PSe #%] ol #
At g4 oAFS &3 Ay dotd= AAet =2 ARl A PSTH
o] &3t domaine] F&H g Zo]E UELWTE o]ig PSe 5A ¢
domainell thdt H &g o5 7|54 Sold= HEhd v (Kotwicka et
al., 2011).

PS¢ 9% - Z=(Externalization of phosphatidylserine, EPS)<2 A X
A8 f-Ab(apoptotic-like) HApoll A= dojupm o8t B A2 T2
ol &2 FAe) de A7V sl EPS AAE AAS = v
Aol d& 7EA R v 4, dHE VIToE FYHY, BE
g EZ=gol A MMP)E ssllAE 54T 5+ vk Annexin-V
9} Hoechst ol 9AME T3 AlEAE (apoptotic)#} Al 3 3] A (necrotic)
AAE FE 33, Annexin V-conjugated microbeadS &3k 22 o] &
A EZEZH(MACS-ANMB) .2 EPS A AFe} v AL A< MMPE 2t
AAE AN A3 A =R gl ST WA EPS+=
A2 A AxEE E8E 5 doH, EPS AA9 AA= ot HxA
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A7)zl A BY e AATHE =Y F Udti(de Vantéry Arrighi

et al.,, 2009).
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A 4 d nEZ=8 9} dynamicse AT H

U]EE’—EE] olx= TCA 3|2, A4t wlel 23 (B oxidation), A+3}%]
AN ZANA A 27F dojuhr, apoptosistt Ca®' @4
3 Oﬂ J?ﬂroq b= Fa% AlXA7]#e]t(Nunnari & Suomalainen, 2012).
nEZ=gole] 7|5 fusiond} fissione] W3} F nEIZ=go}
dynamicsel 93] 2dH = vEZ=gole] HEjol UHTE Aol 9l
Mitofusin (Mfn)¥} Optic atrophy 1 (Opal)& Ztz} mEF=gjo} 94t}
ekl fusionol] #os| F wEFZ=goprt stubE A A g (Chen
et al., 2003; Cipolat et al., 2004). ¥WF#, Dynamin-related protein 1
(Drpl)2 P EZ =g ol s F5A1A st nEFZ=goprt + JHE
2] 5+ fissiono] dojyAl thH(Smirnova et al, 2001). 443 fusion
I} fissiond] ZHL2 vEFZE=gol YELAE &3l 74 847 4=
T UeF sta, AE7ZE YA 8y 2EY A A8 ged ¢ U=
2 3t (Mishra & Chan, 2016).

238 Ax FA4 FAHAAM mEZ=go} x
(germline stem cell, GSC)9] Ao T3 &S 3}, Fusiono] 3
&= dMh 5 Opaldl EdWol7E dojup A oA TORZF &4
3% 31, SREBPol 93k # & gAdo] 718l lipid droplete] % %o A3
AZz7 M Ee] 7 ANAHoR GFXHA Ea A4S (Demarco et
al, 2019). ¥H¥, Z9e] 39 FFo AR A HAHCAA HEZ=got

= A R ABAAEL 35S -3 Fissionol] ¥
dojubd HA4 ) AAAEY 44T F
7bstell wel F¥ A A ES] EGFRol &A4sts L, AAE7IAxe] &4

2 G A R o] FEE %J_C’.ﬂE]r(Demarco & Jones, 2019).

fusione A2 = 7| A X

_

fissione A2

L&
ol
rlr
S
S
N
9
i
e
(& b
o
N
N
O

3, nEZEol dynamicst ¥ o] WA g4 s = A4
Z7VAES 5, Al W, 43 MAES 24T 4 A ET
AEe] MEZEgots dAE eV A duAE AFsta, A
A A= MEZ=goke 93 E(poolel 7= strh. A Z7| A2



o] orAAQ FAE WA= Marf Opal, Drplo) o& AAsA =4
=g ol fusion¥} fissione] EF LFEHH, wEZZgo}
dynamicsell ©]/go] A7 REAM¥X P, dAe W 2 2o

A 7F A 71 tH(Garcez et al., 2021).

A
i
=)
w4
rl

S Egs kAT



5 o
#d 2dd e gy =3 "éxﬂo oA
o] % ROS (reactive oxygen species)® <7}, autophagy%
apoptosis7} =713t £3], A A NUAME Eo|H o7 Psse WS o
AstAY FTAAZAS o] AWz JA, 5249 A, T o H
27 Ha xddF ol dERT oleld RdF S AAME SolHo=
Pss® HdS 24S "= YA Zdth(Park et al, 2021). HE3H
Pss¥7ol A=A n 5§E(indirect flight muscle)o| A% v EZ=¢ o}
dynamics®] o= st o (Hshe, 2021), AAUAEL Fol®
E3] cortex glia 590|422 Pss TS AATAS w FA Ao o]
Jol A7 A& gl th(abdtor 2021). 1 9olE Pss TS A
¥ Soldom AAlstAE W WUyl 2 AAY AV Ao a(H
4, 2021), Pss =dWolx= op ol Hlaf A ZEF o HogS &
1A THFEHA, 2021).

olel gt MPA+ AH}E B3l Pssv= AA
P, T, A, == A T UdESd £
o] tpHwd f-4 AH(pleiotropic gene)gh= A
1€ AYATE dREE Pss”, Pss”, Pss”¢t 2o] 5 UTRel
P-element’} A9 ® #AgAQl Pss EAWo] alleletrS A&t g

AZF S

W

oft 4

olo] & AFrelA e HaAAFNA AREA & F7HA Pss =9
Ho] allele59] heterozygote % trans—heterozygotes &-g3lo] A3l
TFoll A Bolst Al H maAFe AEZS thkd Pss alleled] A 3ol s}
i1, Pss allele 7+e] A5 28 w3l golslaxt o w3k F712 ¢ Pss
allele®] 415 Fa 7I£9] AdFAFoA FletA] AW Pss =AW
ole} AHE MEE EAo] JEAE Fdstaxt st pget Pss 59
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& X (cornmeal/yeast) ¥l Ao dry yeast® F7I=
AFrk QFwlolE FEE 50%, day/night 57+
Aol wet 25T 29T &% oA vjtst
To 2= ofA¥ %9 Canton-SE AFHESFATE Pss
mutant allele=+ #11632, #22115, #76627, #104172, #5479, Ex2-1
#[-14], #115456& AF&38tATHE 1). Pss” Pss” Pss™= P-element
Aol Zdwolola, Pss”S transposon AtY] =4

piggyBac¥ P-elementE ZA%3 PBac A4Y =

EMSel] 93 G:IC7F ATE FAME @71A18ko] dojd EdAw®olo] i,
Pss™= CRISPR-Cas92. & AZe EdWololtt, Pss¥s Aele RE
Pss allele> homozygous lethal®|t}. ZF Pss alleleo| A s W o7} dof

¢ AHE (2" 2]eF 2

¥ 1. AH&3F Pss allele %33

Stock Stock
number | center

Mutagenesis Genotype Remarks

11632 | BDSC P-element P(PZIPss™ 1"/ TM3, /"% SH' Ser’ Pss”

22115 | BDSC P-element WS PIEPg)Pss"™ 1/ TV 3, SH Pss

76627 | BDSC transposon VW Mif Trojan-GAL4.2)Pss™ 2 642 Ty rs Sp! Sert Pss”

104172 | Kyoto P-element W, P{GawB)Pss"'?,/T\M3 S Ser! Pss”

5479 | BDSC EMS Pss"0/TM6C, SH' Ti Pss”

Ex2-1 GD B 2 2 . Exo-1 #9[-14] 7 7 2

wrod] | Lap | CRISPR-Casy V chd? VI Pss” VTM6C, Sb' Th Pss®

115456 | Kyoto I%i?eglgrlflgg{ WIS, PBact802.P.SVS-2}PssT % TNIGC, Sh Pss™
_ 12 _



[Jutr fcos
I PSS domain CRISPR-Cas9

Target site
(+23) (+30)

Pasi? Pest o

(+36) (+761) Pss#2 (+2557)
'ss*

|Pss??  Pss®® Pss?7

! ] |
| - 1
Obp 373;5 bp

19 2. Pss alleled] EdWo] {2 A A

Psse= Z3g o] 30 GAA Fao X8 daL, F+A2Y £ Zolx 3735bpolth. Pss¥, Pss’”, Pss“= 5
UTRe®| P-element’} A ¥ 3, Pss¥e A WA intronol PBaco] AEom Pss”e Al WA intronol
transposon®] A YEH AT Pss= F HA exone CRISPR-Cas9 target siteoll Al 14 bp7} A A% frame shift
Edolo|th Pss™= EMSel 93] &Y A oz GC7F ATE v = point mutationo] dojyrorm g wz 1

7184 skt

- 13 - : i
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A 24 AEE A (viability)

Pss allele®] trans—heterozygote®] WA Ao AEES =43}
7] 918 25CeF 29TCe =% oA Zt alleled] Y& HpHo] 71

Wujstd et o] % Ejolt Fy A Aol Al balancerdl Z3E Sh'e #
dPA #HS TEY FFE VIeo®E AAZ Aod BE JNAY FE
M AT Pss allele®] trans—heterozygote?] viability AAHA & the-3 7+
=

o ™ol A g2 7 .

Viability = Selo] S A 2=9] & /2 x 100(% )

1. &% =X (Life span)

25 Col A HAAIA Aot A 24X 7F o] o] FHle #uitt 107}
T 207 F 10709 #Wel go] 29TeolA A AT
HA transferg stHA #AYnitr 2 JiA & 7| S8t & AEE
S agzE e, 7} #HelA 50% olste vt de E s
TH0o. 2 sto] 71 Hvt& T8l vl st

2. £%5% 9 =4 (Climbing assay)

25Col A A A 7ot A 24417 o] o] FAE 29CT=E %A =
stA AT AA7IE st =327 29 E
7} 204 Lo HHXV} o= A #HoRE F7a, wHVE E
I 2o AHSs wjzbA 25TCoA] 308 F
o]9] climbing assay & vialol v}# ¢lo] transfer ¢ & 1A|7F &<

2
5Tl FHAM M= 4o A "7tA 7uit. o f s9ds &

<
jus)
=
o2
ol
it
£
12
\®)
o
A

=

1IN
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NucleoZOL (Macherey-Nagel)S ©]83}o] w3} 19 A 73 x4
ol 1 RNAES %3t F, 5X All-In-One RT MasterMix (abm)Z o] &
ste 7b #Qld 1000nge] RNAE cDNAZ 4 3kith. TOPreal qPCR
2X PreMix (SYBR green with low ROX, enzynomics)®}t Rotor-Gene
Q (QIAGEN)E o] g3}l gRT-PCR (quantitative real-time PCR)< %
&) 39 oF. Normalizations 93t F A2 = Actin 42A (Actd2A)E A&
ehitt. AH8-= primer R (3 21sh 2.

¥ 2. A}8-3 primer

Az T' primer A &

Actd2A forward 5-AAGAGGTTGCAGCTTTAGTGG-3
Act4ZA reverse 5-TCCCATTCCTACCATTACGCC-3
Pss forward 5-CATCAGTTGGGATCGCGTT-3
Pss reverse 5-CACAGAAATGGCCCACAGA-3

A5 AEd x4 g5 % uF

1. A9

=3} 39 A9 7 29EE CO.E AN 9 948 AASL v
E EEoA doluidd. PBST (1X PBS, 0.1% Triton X-100) Aol A
forcepe  ©]-&3le] wEle] FEFS AA}L HE AW FH 4%

_15_



295 COE A7l 5 1X PBS el A
o foldAM Wi x2S Yoz wigl
ot A2 Zo] A+ testis, seminal vesicle, accessory gland, ejaculatory
of & A=Y gt AUt #ree 14 3

}_?4
e AXNA g3 A AvAL ol gt Bt

1. A& A

12} A

mouse anti-Strep-tagll (GT661, 1:2000, Abcam), rabbit anti-PSS
(96-58, 1:2000, GD Lab)

22 A

Alexa Fluor 488 goat anti-rabbit (1:1000, Invitrogen), Alexa Fluor
594 goat anti-mouse (1:1000, Invitrogen)

Al
et nAS ¥ ZA A DAHNS AASL PBSTE 1024 33
washing F3itt. &A| o] W] 5o]% A WA s} %éﬂ PBST® 3] 4]
sk 5% NGS (Normal Goat Serum)E 30+ &<t A s %, 5% NGSel
Hlgo sHA Mg 1z FAE AgskAth 13+ ?%M]: 4Tl A
overnight©.2 A gttt 12 FAE #A|AS § PBSTZ 204 33
o] washing sttt 3 IS i zd=2 WUS Adstil, 5%
NGSell H] =<l “*741 Al gt 274 FAE Aol A 2A17L
gA =2 AA% & PBSTRE 2024 33] o4 washing 31, o] FdN<



A3 gl HAES W& g2 12 dA 23 FAE A2 o
Aol A5 W Fluoromount-G &S ¥o] 4T HAsATE o] %
] Z:Z‘l% mounting 3¢ LSM 830 %7 dvn|d oz #zst)

A7 SR AN ® BE

LAY R AR
E-3 HAYES 1X PBS Aol A forceps o83t Hre FW Wi

o AFFH AW A&=d Azt wroz B oA stk o %
bridge $1©] mounting dte] LSM 830 & %% dw|ZFdo=w #z3s9]
A WHEel A FFE= Soulavie et al.(2014)2] A+ A= %516}04

Aashgic,

2. A2 YWHAAN FAEFH+= early round spermatid®] "l EE
= g o} (nebenkern)
sl -3k A9 onion stage’t AT level 2 YA E forcepo = EH =Y
Wi Axsg & =S + XS bridge §1°] mountingst ¥ LS
A dAnFdos FESATE A dFolA dojv= Az P4
o] g WA T HFEL o]F 9 early round spermatidol A T+ 2
haploid 3 Al vEFZ=gol7l 5 HA 4% 9 nebenkerno] b=

= P A3 onion stageE &3}

=

lﬂ e

FN

_17_



A3 2 3

Al 1 A Pss trans-heterozygoted] <&

Pss®] homozygous lethal mutant allele 7+e] A& 28-S &<2lst7] ¢
gl 7hd A 7t allele®] ¢bE wHHto] 7hm 25T 9 29C 9] &% =7

ol 5] urjsle] Pss allele®] trans-heterozygoteZ} A @A o A x| A} &}
Al g AL AAR st AE st Ad A3 25Tl A
Pss” alleles Z3tsle] wwjdlS wo vk trans—heterozygoteZ} A A=
$-3}sto] oyt PsstE X FeA] @2 wwE)  AoAE
trans—heterozygote’} E5F WA Ao A X ALste] A A2 $-3)skA] E
b, e ww) Al PssPE A oZ ALEEAS W] AEZ] Pss”
s o7 AEa S wrYg o =4 YERGTHEE 3A).

25C el A trans—heterozygoteZ}t Blold Pss™S E3Fet= aujol o &l
< Z2E#f 2R Afsts 20CoA Fr7l= wulE xdste] A&
o1ttt 29C oA w3l trans—heterozygoteE A7l A
RS F7 0% AFERE A EFolA 25T Haf v A

. 53], 29Tl Pss¥et Pss”, Pss”, Pss™& wat S
o trans— heterozygote«] A EEo] 5% o]tZ g vtA YEFY ALY, of
of JAZ §3stH] Eeta FA dACNA XALet= Ao E YESTHA
3B).

A3 Ay glojt trans-heterozygoted] AEELS o] EF O & viable
Q1 100%0°l wvlall StA YESEE = Blo]u= Pssel trans-heterozygote
52 BF ¥e AE&(low viability)S ROtk 53] EE A
Pss”¢t Pss™& wwlatdS Wl Blojuhi= trans-heterozygote® A E& ]
M = 28 98 = JAT =3, 2BTolA Psss grloz A

o wHjstH Ejo]u}E= trans-heterozygoteE 9l A E=80] 25% o]

oo N

—_

&l

S

_18_



o2 SR o Ay AL&3}r] &o]shal,
A& backgroundE ofAP o R FAT 5 Q. mEkA] o]F A |
o A= Pss trans—heterozygote lineS. 2 25Co|A Pss“E g o=

AAAA 18 gAA e £
A

x?‘sgff

T

Agared il F AN Posl Pss?Y, Pss? Pss?, Pss g

A3 o,

_19_



d' | . :
A Pss?2 | Pss’® | Pss?” | Pss’? | Pss” | Pss*?

Pss?2 | Lethal 56.26%

0.00% 0.00%

0.00%

Pss'5 |35.25% | Lethal

0.00%

B Q | pssts ‘ Pss?7 Pss’? Pss’ Pss*2

Pss32 | 28.19%

g ? | pssts ‘ Pss?” Pss’? Pss”? Pss*?

Pss32 | 28.08% [eNs[op 0.00%

¥ 3. Pss trans—heterozygoted] AE&

A: 25Tl A A7l Pss trans—heterozygote®] AE=4. B: 29T ol A]
WA X171 Pss trans—heterozygote®] AE&. 25T olAE Pss” alleles
E3slo] wwjdle wo Wt trans—heterozygote’t A A2 $-3}3}e] Ejof
WTh 29T o A+= 25T w8 ejojy+ trans-heterozygote’} < A=
&5 HYth

_20_
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Al 2 A Pss heterozygote®t trans—heterozygote?]
E| 3

Pss alleledl Al ety 2174 5 2d8 9 allele 7Ho] A28
3l7] 98 AEdMA T shEe vt Pss mutant alleleS %Y
S oAl 2l heterozygote} A E TFE Pss mutant allele
oz ztz}h 3 7| zkE trans-heterozygoteES A ZEto] A o
ALE-3L T Pss heterozygote linel Zi= 25Co A ofAdE A Z}
Pss allele, & Pss”, Pss”, Pss”, Pss™ Pss” Pss“Z 1lujslo] wAA]
71 Pss”¥ Pss” Pss”? Pss”7 Pss”” Pss”?Z A£349th. Pss
trans—heterozygote line. 2 25Co| A Pss” ¢t tt& 57FA] Pss
allele 55 wujste] AN Pss™ Pss?Z pss®” Pss? " Pss?
£ Ab&eslt

A ofA&E I} Pss heterozygote, Pss trans—heterozygote® S-S
Z2A3t7] & 22+ life span 1#Z 2 223, zF @A AAFIF
50% olst® Aok @<l TH0 #ha SAHSATHZH 3). ok F 8 T50
e 31.8YUol 2T} Pss heterozygote?] S T50 gko] Pss”#= 4119
Pss"™= 4179, Pss”“= 3639, Pss”7= 3759, Pss”™= 4599
Pss”# = 3489 % YEbwth o] F Pss”Yel Pss"#E A 9gk thE Pss
heterozygote®] TH0 #= ok I Fongt xto]lE EAT. =, Pss
heterozygote®] TH0 %t oFAH I} Fowust Aol7F gAY 23y <
7bete Ao ® yelgtH( ¥ 3B). Pss trans-heterozygote® TH0 FL<
Pss¥= 949, Pss¥7= 66Y, Pss¥PE 459, Pss¥P= 519,
Pss®#= 1592 et oA Eel T50 #<l 31.8%Uel nlg & Zow

HaE A2 BAT & AATHIH 3D).

rol o
r

1%
2 IR

OFO
<l
N
N

2%k

2oz ofA¥E I Pss heterozygote, Pss trans—heterozygote
HS =A37] 9él climbing assay 23%E v skl =3 109 29
ofAHE L Hit 1448cmE 2Eztth w=3F 109 A Pss heterozygoted]
A9 FHEgAoRZ Pss”P= 1169cm, Pss”= 1590cm, Pss”=

_21_



12.78cm, Pss”” &= 11.98cm, Pss”™= 11.0lem, Pss”™= 13.09cmE &
g2kt o] F Fond ZFUtE ®Wel Pss"PE AYE dE BE Pss
heterozygote= ©FA ol H|s] 55 Ho|] AASIATHIH 4A). =3} 1
d 2ol oYL H 1558cmE Y. =3 19 A Pss
trans-heterozygote®] A% HEAHoZ PssP= 14lem, Pss¥ =
0.57cm, Pss™™= 042cm, Pss” ™= 0.18cm, Pss™”™ = 0.82emE &217)
R of gy wlE] &EsHol wg & FOoE FHASATH LR 4B).

Psse] homozygous lethal mutant allele®] mRNA <ol 419 Ao 4
d Pss HdFS FAdstr] sl qRT-PCRE  HastAtt.  Pss
heterozygote®} trans-heterozygote =5 oFA&o] H]s] Pss 3 o]
o sAl Zastglth. Pss" s 67%, Pss”= 73%, Pss”“= 31%,
Pss”™= 64%, Pss”"™= 43%, Pss"™= 42%= ZHAstdvh(1d 5A).
3, Pss? = 58%, PssP e 55%, PssP e 44%, Pss¥ e 41%,
Pss?# = 62% = 2tadtgti(1# 5B),

_22_



Surviaval rate (%)

Surviaval rate (%)

100~

Pss heterozygote Life span

100+

80+

60

404

204

Pss trans-heterozygote Life span

0

3

9 12 15 18 21 24
Days

27 30 33 36 39 42 45

i

wT
Pss
—~ Pss*1®
Pss™?7
Pss
Pss
Pss

i

i

{

}

wT

Pss
Psgd¥27
Pss?¥7?
Psgi279
Ppggi¥2

32/15

S EEE R
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a9 3. Pss heterozygote®} trans—heterozygote? %

A: Pss heterozygote®] 9. (n=200) B: Pss heterozygote®] TH50. (n=200) C: Pss trans—heterozygote® <.
(n=100) D: Pss trans—heterozygote®] T50. (n=100) Pss heterozygote®] T5H0 #< oFAA 3} f-elnst =}o]7}
AAN(Pss”, Pss”), 9388 Z7}8tAtH Pss” . Pss”” Pss”” Pss”™). Pss trans-heterozygote?] T50 Zk

o B oA HlE] & XoF 7FAF T

_24_



Pss Heterozygote Day10 Pss Trans-heterozygote Day1

20- " 20-
15.90 .
14.48 * s

12.78 »  13.09

15.58

*kk

1.41

*dek ke ek

Climbing Height (cm)

*kk

057 042 0.8 082

Climbing Height (cm)
=

\& u{;b ;(\l.\‘J x\‘i\ x«l’ ,‘\g x‘!‘q' Qé 'l)\‘o qs'i\ v qs\g qg“"]’
9 =] =] ] =] -] - Y o ) o
T QT QT QT ¥ ¢° Qé Qé Qr,‘-' Qé Qe"

19 4. Pss heterozygote$} trans—heterozygoted %55 %

A: =3 10¥ A Pss heterozygote®] %552, B: =3 19 % Pss trans-heterozygoted] €558, =3} 10
2 2} Pss heterozygote®] 4% Pss”Z A3 thE Pss heterozygotet ok dol vl &5 5o 23]
b =3} 1Y 2 Pss trans—heterozygote?] - E5F oA o] H|3] &5 Ho] vl & oz AU

B 2 A <



A Heterozygote Pss expression level B Trans-heterozygote Pss expression level
1.00 1.00
1.0+ 1.0-
*kk
_ Fkk 0.73 o _
g 0.3+ 0.67 0.64 g 0.8- e e ek
@ I 0.58 55
c 0.6 ok ok = 0.6- * okk i
-g *ekck 043 42 'g 044 o041
2 04- 0.31 S 0.4
| a— L
o o
> >
w 0,24 W 0.2
0.0- . 0.0-
A R R A S R L S
) S S o S ] 23 3 3 S
SR SR IR SO LA O & & & & ¢

1Y 5. Pss heterozygote$} trans—heterozygote®] Pss Td &
A: =3} 19 A} Pss heterozygoted] Pss Wa = B: =3} 19 2} Pss trans—heterozygoted] Pss &&=, Pss
heterozygote®} trans-heterozygote =7 oFA ol H]d Pss @& Fo] FoustA #ashsit
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A 3 A Pss? alleled) A

1. Pss?® AA ¥ A9 Strep-tagll = PSS @& =

Psse piggyBac/P-elementZ &-83F protein trap 712 <1& %<l
exons 7FA+= AoldAE A WA introno] A A3 reading frameo]
=2 AFQlsle] PSS @l A o] multiple taggingS A7l alleleo]t}h. AF <)
H Zo]AAF1 PBac{802.P.SVS-2}&= YFP?Q! Venus®t Strep-tagll, 7
23k splice acceptor % donorg Zt=t}(Lowe et al, 2014). w2}4 tag

Eol Al FAE AFESIA PSS @i o] -y Y S (g o= g
e = Uk 7)o & AFAdA AA A o wm FE ALE AR R
anti-PSS &7} AWz FEsksA EFlE wirl glSly] wiEoel
anti-Strep-tagll A2} anti-PSS A& AL&3)o] o]TF A3k & -3}
39 2} Pss” 7 299 Hol A Strep-tagll ¢F PSS vl g o] uky
ES dAstA T A A3 A =] 9 H(cortex) FE2 cell body
rindo| 4] Strep-tagl ¢ PSS ©@¥id o] &g sjeo] HAX&= AS AT

T AAHZH 6).

3

o~

2. Pss?’S FA 02 3§ Pss trans—heterozygotes] ¥E&

MEE Pss” allele®] BAS 918 Pss™it oAl ALEE T 6714 <)
homozygous lethal Pss alleleES wHjste] 1 A3} elojy= Pss
trans—heterozygote®] AE&S ettt Pss¥S homozygous viable
allele=Z, 3 ANAY HFsdNA T +Z% AAA| o balancer’t U+
heterozygote (Pss™/TM6C)SF %% M Aol RF Pss? alleles 2HeE
homozygote (Pss””)7} stock el B5F FA AT =S A
AbS 98] balancerE 2zt Pss%/TM6C A £ S Abgsto] 25T
o A WHjE &P, A ZAI oy trans-heterozygoted] A<=
£o] 719 100%°] 7FA UEbY 25 viable?l A #F91E £ gt
(% 4).
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Anti-Strep-tag ll Anti-PSS

1Y 6. Pss® AA Ho| A9 Strep-tagll 2 PSS 2@ #H€

A: Pss”9] anti-Strep-tagll 34 92 A3} B: Pss? anti-PSS 34 A A3t C: Merge. A o 14
(cortex) H-<l cell body rindolA Strep-tagd ¢} PSS wai o] wtd sjeo] velwttl. Scale bar, 100um.
(n=6)
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Q ‘ Pss32 Pss™s Pss?7 Pss”2 Pss?? Pss#2

¥ 4. Pss%& FA 22 3 Pss trans-heterozygoted AE&
Pss?S A 02 3 Pss trans—heterozygote®] A&, ww] A3 g o
U Pss?S FAo 2 & trans-heterozygoter™ HF AE o] AA
el 100%°l 7F7F-$-2 2 viable©] t}.
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Psso ThE Pss homozygous lethal alleles ¥+ 22| heterozygote

3. Pss” heterozygote$t homozygote2] A4
9} homozygote’} E5 Elojumes olE5e MaLwe 7tz ol n

a2t skt ok A I Pss/TM6C, Pss¥ o] A B} $2S 25T ol A
747 vk vhe gk Ay, ok AP Pss/TMEC AR el AL
39S W AEo] AHow gy @A, Pss’ FAE )
of ALgtH S wWE k&) ofe] Ejojiutx L%MEHJ%. 5). &, Pss%
AL WAy A A BES] HAR L8 £ o A5 Hol flE
Bolgte AS gl
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Q g WT Pss®6/TM6C Pss56/56
WT Fertile Fertile Sterile
Pss®6/TM6C Fertile Fertile Sterile
Pss6/56 Fertile Fertile Sterile

¥ 5. Pss” heterozygote®} homozygoted A4 % #

Pss” heterozygote® homozygote® 215 2. FertileS vl A3 2p&

o] AYHOT Holg e

ojm]glt}. Sterile2 uHf A} zF£=o] Ejoju}

A P ou ek PssP AL AT gl Eolth

_31_
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A 4 A Pss” 9 Pss trans—heterozygote A ¢
459

1. Pss®”*3} Pss trans-heterozygote &3 A2 71%

T 2o AT A FRe [" 713 2ok A A(testes)
+ A d(seminal vesicles)s &3l A ¥ (ejaculatory duct) A2 ¥ o
Aar, 3 Bol FEAM(accessory glands)® ARG o] Eo] At} A Ao

Ae 9=z A= 4 349 G4 7 dojuth A2 level 1 93

.

e A F4 Ao 7] G, 5 Hol-TFHH 4GAE AAH AA
EIEIS st T4 T AFsE AEEC] U, level 2 A= F
w8 YA spermatocyte R AT olF @AY early round
spermatid’} AL, level 3 fIXdl= ZoXa /MEsH A3 AR}
ATH(Sitaram et al., 2014). o= HaiolA wrE sk A7t

A Azpe} FEAlo A whEo] R accessory gland proteine] 49 <1
AR o] AAHAES F3 wlE=E(Ravi Ram & Wolfner, 2007).

Pss™ o ] vebd A9 Belolgtes f2e x@Pd il 54
o2 Basy] 93 kAP I Pss¥ Pss trans-heterozygote 57 9]
A7 T AL AdS W= Feste 1 JEHE #Esidd. Ad
A3t byl Ble] Pss®He] Hre A7)} wol wA olxa, WA
A2l et dehg i d 8G). Pss¥ S A3 Pss¥ oy thE
Pss trans-heterozygotes< P E I vy W ALY A7|= 2
Aol kAl ki (1Y 8A-F). & H, Pss™¥ @ Pss?¥ Pss?, Pss®*
v ofAd Y Hl3] A A7I7F AP THIE 8A-G, 19 9A-G).
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Level 3

Level 1

Level 2

a9 7. ok AE 23 £33 AAVBY +=E

Z9g] FAH 9 A A(testes, vellow)s A (seminal vesicles, red)S £3] AF4 @ (ejaculatory duct, blue)® 2
wo] 9lar, 3k o] RZEa(accessory glands, green)®= ARG To] Eo] Atk A A9 level 1 YXolE= AR A
HAe] 7] @A MEE] level 2 A= AFEd 2 AFED olF A AAAHEIL, level 3 A0

= A5 AA7F ) Scale bar, 50um.

5 &8 i



Pss>6/56

Pss..?-.?/ 72 Pss.?a?/ 79 Pss.?z_/ H2

—

E E

a9 8. Pss®31} Pss trans-heterozygoted] A2 739 &)
A: ok E . B: Pss C: Pss? D: Pss??. E: Pss?7” F: Pss?7” G: Pss?% ofA & nla] Pss¥*9)
Qo] A7) 7 ZropA| an, vl dA 1 FEj7F YEFS T Scale bar, 50pm. (n=6)
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2. Pss??3 Pss trans-heterozygote $A AW UF9o A
S AR 75

Pss??3} Pss trans-heterozygote 57 2] A2 337 3]
OFAH I Pss™® Pss trans-heterozygote FA 9 AES forceplZ E
oA A yiol AFEel Y Asth A Hem HA U A
sto] stk A WE-o A= A 5= Soulavie et al.(2014)
o A+ A¥E FaLsto 54‘“’}3}9?\‘4. N9 Ay oYY B <ol
At ARV 7S A A, S HEgw Wil Ao Y A
=% AR wew HA ‘/]rgr At Azxlel ARV RIATHIY
9A-A). Pss™? Pss® 7 mak A ol A& AATE BTt
(198 9C-C, E-E). ¥, Pss™ = Aol wat A o] He &
o] At S AY, AA7F otd Qi lipid droplete® Hol= W&
el oA E EolA & A Hlo A= AEES JHA L AT
A 9F-F). Pss¥™ Pss®¥ Pss¥# = A W¥ol A7} ofd fla
lipid droplet®. 2 Hol:x= WEw 9= & ¥ AYS 7HA 1 AL H
9B-B’, D-D’, G-G"). £33, Pss% Pss¥? Pss?? pPss?el ko]l A
g ol AA7E A ZE& ofd glo] Hlo] = A HES FH e}
HAANME el A7]7F 2o WE7F vkol PBS Aol A heherA
G HoUE 258 Bt v, ok oy Pss® P Pss™ o) A A
ool AA7E Bofde AW AV|7 A3 WEVF EokA PBS A

ol A 7}eh ettt

rr

&1

3. Pss trans-heterozygote &R A4 5
oFAE oFZ ¥} Pss trans—heterozygoted FAH S 25TCeolA z+ZF alnj
g Ax} Pss®P 7S mujol] ALEEl S wWE Aol FAHow
ojwbth A, Pss¥Y Pss¥ P Pss AL mulo] AFEEtYlS wl=
Ap=o] ofdl BlojuA] LATHGEE 6). F, s AV AUER wrEo A
A g Aol A& AAIE AL B2 ofd AFE A ¢k Pss?
E

3
Pss™7, Pss™” w71 e wolth &4 A 3 AlA MESAR PesP
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g% o ot 4@

>,

9B-B'). Pss™7e 75 A WF-ole A& A7)

gdoll A=t AATE ofd AFE AA @

3 Soj9lon (1
OE-E), 441 ob4E e wul Az Aol Holu e ¥

°]

L.

Aoz e
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P$$55/ 56

Pss32/ 27
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1Y 9. Pss®®3} Pss trans-heterozygote &R A W3 A& AR #F

A, A oFd. B, B Pss¥% C, C: Pss”% D, D: Pss”? E, E: Pss”” F, F: Pss*” G, G': Pss*%.
oA ol A Qo= At AAVE 7S A A, AdS HEgW YR Sodd A= AxEe HETL
Bty Pss™P, Pss®” wat And el A% AAE ok Pss® e Al waEt A o] A
Feol BA7F EoAAY &2 A7 glo] lipid droplet #2 Wt Soldvh. PssY, Pss™¥, Pss? i A
3 Y Hol A7t old 9lal lipid droplet #2 ®#&9 Sojql= ® Wl AYS 7}x 9t} Scale bar, 50um.

(n=7)
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9 d P5555/ 56 P5532/ 15 P5532/ 27 P5532/ 72 P5532/ 79 P5532/ #2

MAl==21  Sterile Fertile Sterile Sterile Sterile Sterile

o o o =) (=) (=)
i RF 8BS US 19y A Hesls t=

o] Pss trans—heterozygote T A sHS st
th Aes Azt A= u}cqx] ] 23 Ao AL A7 AFEA L= Pes Pss)’2/79’ Pos* 2=
Ao BT Bolo|th P AS AW uiol= Hd Ax Sojglo) wH] A xbimo] Elojupx 9
ket

- 40 - L _,,;gﬂ
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4. Pss?”% £R A i A A F9 early round spermatid
o] H|EZ =g ol(nebenkern) ¥ Hj

A UFdA dojus AA A HAHL A2 E7]AH E(germline
stem cel)ollA ®¥FEo]R gonialblast’} AAEEE, FZAFEDe] dAE
AA spermatidZt ¥, HFAHom g ZA7E vbEoA= RAPo|t
(Sitaram et al., 2014). ©o] #A F AT o] $ < onion stagedl 3%
3}+= early round spermatidol A= T3 €] haploid & -39l U]E—?’—Eﬂ
ol7F S HA A A 2 AVIE Y9 nebenkernol vt TFEE F
dgth. Deng et al.(2008)¢] A& Aol HEZ=2 o} fission? 0]”

o] A7 pinkl EAWHo]o nebenkerne W o & 3¥(vacuole)”’} A7 T}

_

Wb - ) E 2= 2o} fusion factor?]l MMl %32l homologuel] £o &
IWol= nebenkerno] TE& FAEHA Hstal ZhHZF ZEbA A AL
A AL A] HE YERAT

s pss?T psg?® pesPHol A UERG Ao 2o @ A
U5 gt Axpe] BAlet 22 A2 nd o] e A oigh
7Fegk dds AA A HAHAA AFHo= B fe i
2 PssPe Az d4 BAolMe mEZEeol P o]y oRrE 3

olatdtt. sl -3k Ao A onion stage’} U= level 2 YA Z forcepl
2 Heey yie AxES & #3723 4 J%E mountingdt $ LSM
830 &x4d dunAo =z #AsYTE A Ay ofAldH o AAioA]E 3
H) 58t Z7)9] 89| nebenkern®] #TEEF YO} Pss 0] Ao
A& nebenkern°o] ¥ FAISHA] FEetar JheUlzt ZAekA AAVE A
70 v AAAl He 7 ey t(29 10). =, Deng et al.(2008)2] 413}
Aol A fusion factorql £o EAWole} 22 HAYP o] ved Aot
ol5 Bal Pss A A Aol vEZE=eo} fusionol ©]4ol

%

xgﬁ%% §J.o 51— _/l: ohq_

=

B
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a9 10. kAP F PsP? A AAoA A F92 early round spermatide v EZE & ol (nebenkern)
=

A-A”: okAl 8 9] mEZ =g o) (white asterisk). B-B’: Pss®9] nEZ =g o} (yellow asterisk). Onion stage
o 4 YEl= 39 haploid 32 black asterisk® 3 A]gIth ofA o] W EZE ] ok (nebenkern)= T3 o] L,
Pss®¥e] mEZ=gol fusiond] ©]4te] WA nebenkernol T&ES fAEHA Esta szt Zed A A7)
A7 v Al el 7 YERY Y. Scale bar, 10pm. (n=4)
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PS& Alx9S 748k 78 XA T stuE, 2= 74
g PS A E A4S PSSell o8 8 ET. & dA7AY AldT A
h2W PSSE dEststE Psst A4S Ve, MEZ=E o] FH,
AL A, S5 A T gy 28 TS vAE dF o
k3] {7 ZF(pleiotropic gene)©] tH(Park et al.,, 2021; A ¥, 2021; 73}t
o T

2, 2021; ¥bgkol 2021; F=d A, 2021). & AFolA = APAFAA AR
SHA] g F7FAHQ Pss =AWl alleleE9 heterozygote %
trans-heterozygote® &-&3ato] HyAT oA Glatdd 44 H&A %
Aol A2 thYdt Pss alleled] A #elslal, Pss allele 7+9] A3 %t
£ E£ gt =3, 7] AdAFA sk XA Pss
EdWole} AAHE A2 FdPo] A=AE T3

&S g3t A1 Pss” Pss’” Pss”,
Pss” Pss” Pss“= X% homozygous lethal alleleo]™, Pss*E *Z3}s}
A eFo wH) A} A= trans-heterozygote’t EF WA wrAo A X
Abete]l A= ¢-3tebA] e skt ol & Ed Pssve @A #A
of Ta3%t J9&aS = FHAAYE & 4 At Pss trans—heterozygote
7} AAEEA] Al BjolueE Psst S ¥3He ww) Ao ASole BE
ZAA Psset Pss™e] wnl A# gloui= trans-heterozygote] A
TE&o) M =2 AE FAT F ATk

__C'L

Pss heterozygote® W, +&9, Pss Wdwd A3 A3} Pss

Pss trans-heterozygote®] &4

heterozygote®] W opEI  §oud  Hol7t IAH(Pss"Y,
Pss”) 938 Z7AH(Pss” Pss”? Pss””?  Pss”™).  Pss
heterozygoted] $E5%58HL  Pss”Pu opAFHT Z7tda, UE
heterozygotet= X7 oI RT Ss55Hol A4 Floz Yehy

Pss @& &S EE Pss heterozygoteZ} oA & Bt} 7FAs it £33}
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H, A5 dAA 5 dFF9 Pssollvt ool i thE gEFo= ofAH 9
AAA Q] Pss copyE Z+E Pss heterozygote:= 417 3 #Fa o] &
kst A YERSET

r]I.

™ Pss trans—heterozygoteo] A A5G M A FZo] Pssol] EEF O]
Aol WAL W= 1, L= Wy g BE ZJoa] Azbe 4
5 %3880l el Pss trans-heterozygote A= B3| Pss¥ P
9} Pss™77} AEE, o9, L85, Bd ] RE AF Ay gE
lineol Hl&) Aoz 318 TAFS ebdlty Pss@Pol A9 o]
3l A3li= A Pss heterozygoteo] 217 H3 T A3 Ao &
18 AAH Pss?7} Psse] EE homozygous lethal allele 5 718 <3}
Hmild) EEF S HERH &= alleleo] 7] WY Aoz dAd 4 gt}
Pss?#0] 2318t £33 S transvectiono] o&] Al B & gl
Lewis(1954)2] Aol A Ubx allele & A2 HE = Zo] Avks
Agoz wHE o]F olE allele 749 RS 3 & AFAANA

dAA ] HA G wRAS HstE Jow
o

Ir
2
o

I
32
ol

1986). ol# 3t allele59Y AaR A FAo] uHIZ  transvection©] T}
Pss™= 5 UTRel P-element’} A% 9lal, Pss“= F HA exond
CRISPR-Cas9 target sitedl4] 14 bp7} A AE frame shift &AM o]o]
t}. webA transvectionol 9dH Pssel A<l 5 UTR Hiol ¢
3l Pss™el AAA<Q exonol WAL allele 1Fe] H.gho] dojd & gl
S Zoltf. 1# Y transvectione FH FAAANARE =EA YERYE
Farolm R PP oA AAZ transvectiono] UolHEAZ F<laly)
A F7HAQA A7 28E Aot

PSS @il Ao multiple tagginge] % allele$! PSS%% 283t o
A Strep-tagIl ¢F PSS @A o] W& sjel s vk A3 A ¥ 9
A (cortex) F#21 cell body rindol 4] Strep- tagHg‘r PSS whull 2 o] dbg
Helo] A= AL el 4= 9t Cell body rindi= A7 Al 3 A 7}
ANBAES] AAEAR o] AAEH= A Go]tHCantera &
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A7 LA E L] 3

of\

#<! cortex gliaZ} A1

QI
of I 4 W

= 1= 7]%

Technau, 1996). % 3}&]of A]
BAIEAE AR Qlo] Al d
S = Aow 4y drtH(Freeman, 2015). =, cell body rind=
cortex gliaZ7} #+33] v A9dS & 5 3, o]& cortex glia 59|
Aoz Pss PSS AASAS W DA dA ool AVlE AS g
gk 2 A AgdAg Ad(ubgtof 20219 Ado] v 579
cell body rind TAA%E AA 2 $Zd A= SLP (superior lateral
protocerebrum), LH (lateral horn)9} <13 3sF X992 rSLPd (dorsal to
SLP), rLHd (dorsal to LH)olA PSS wruld el dtd sjeo] ZslA o}
Ebtth(Ito et al., 2014). %2 oA superior protocerebrum< $-2}
st 7]9de] #oddE mushroom body 9 7@l o] central complex 2}
AR AAEE Ao By 259 e e AAS= H T 85
tHILi & Strausfeld, 1997, 1999). Lateral horn 9 4] mushroom body %}
A#H Ja, 7 2 HHdA @ (innate behaviour)ol o gk}
(Dolan et al., 2019). W&} Pss o] alleled]l 5/ mushroom body £+
A 24 g5 2 g HtE AFAow g Ha Ao Ak

Pss?& T2 Pss homozygous lethal allele?t wwjglS w Ejojydt
trans—heterozygote?] AE&o] EF 100%° 7H7F: Aoz YElyt
T35 T2 Pss allele5S homozygous lethal allele?l ®FH — Pss¥e
homozygous viable alleleo]t}h. oS %3] Pss” alleled Zubg] o] wHA
B3 AEsol= & I T4 Feves s EAT + AYH 9]

£ PssP0] 71& Pss9l exoneolt ZHFLI7L B Aol ofyE, Q¥
A9l exond 7FAE HMolelxatE A WA intronol % &3 reading frame
Hes AYT alleleo]2® d XA ol7] Wj&d Aol T
ATH.

g Pssel A A9 BYlolgte v|Ed dEAA Fdd A=
& FFFHol LAY, olYdd FIHS Pss?Y, Pss¥¥ Pss¥?
Pss¥#9} 222 T2 Pss trans-heterozygoted| 1= FEA o2 UEG
. PSv= Axpel kel 8 3, Ao A sol wosty AT

BMEES A8t

o2

_4
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I Aol Stk o Ma A Aol o5 FHe EUH Pss =4
o] Alo]o] A#AAMS wpeld 4= Qti(de Vantéry Arrighi et al., 2009;
Kotwicka et al, 2011; Rival et al, 2019). =79 E<lo] YEld line &
Pss™ Pss??? Pss® 7 pss?P= B AW YR AL Gt o)
| =2 Ao A= YA FR7] Wil Axp A HAAA o]l
AR Aolgt F= £ gk #H, Pss™o A9 A WielEs A
= A7 oot AA wa 734'& Aol Boj A
?l Ao g vehytth mEkA PssPe A9 AR Qe AL5E AR
A7 = AT A FA, A Jﬂrxo, Hfj o} A o]l
s A 53 g o] o] AN FAZE A= Aol 549

Pss 0] alleled] 4 712 &<
2= Pss‘)é/”‘ﬂ]’ﬂ UEeld A& UFdA 2 F<Ql early round
spermatid®] "] EFZ =7 o}(nebenkern)o] HE] o] AS AAE = Y& A
o]t} Pss o A= mEZ =g o} dynamics & E3] fusiond ©]Fo =z
HetA FdE P wEZ=gobrt yERT AXA o] PSSl ¢
d FAHE PSE MAMS 58 wEzcgolz dohso] PISDe o3
PEZ HA&Hd. PEx= mEZ=dol viwe] St 2 nEIZ=golo
715 #o]3tH(Choi et al., 2005; Schenkel & Bakovic, 2014; Tamura
et al, 2012, Vance, 2014; Baker et al., 2016). %3l PEE 3ol
PISDE W EFZ=Z o} fusiong ZFZ3}3(Chan & McQuibban, 2012),
PA<¢} CL(cardiolipin)< "|EZ=g o} dynamics®l| ¥ 3}H (Kameoka et
al., 2018), <1x] & o] AgAL v EZ=g o} fusion, division, mitophagy
I #Hdo] YthHZhang et al, 2014)+= o2 AdPFA4 T3k AA A 7
EZ=g9} dynamics Alole] A#AAF S AAIS o mEkA Pss &
Holo] &gk PS §HAdel ool A7WH PE @FAolx o]ito] 471
Ad x4 Wgto] oaf mEFZ=2ole dynamics ool W& FEf %
715 ool UehE F Ae Aolgt ;M E & Ut

F < ZagolA mEFZE=Zol dynamicsol ool A7W 7ol A
Asgd dFE Toe AT A7 AAE A (Demarco et al., 2019;

oyr- H o
5 ﬁt]z

!
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Demarco & Jones, 2019). wehA A Edo] yEhd ©E  Pss

trans-heterozygoteo| A == B EFZ =2 o} dynamics % AR FA Ao

o] o]ag seld FHQart vk wEH Pss allele?}t trans—heterozygote

Z AR Jined| Autk FA Eolo] UERY o427} allele] EA A
S

A
allele 7+ &3 2H& Halo] AEHorg dAxst Hart 9 Aol

Lo
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Abstract

Interaction and Characteristics

of Drosophila Pss Alleles
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Phosphatidylserine (PS) is one of the major phospholipids in the
cell membrane. PS is involved in the maintenance and growth of
neurons, as well as the movement and activation of signaling
proteins, which 1s important for synapse formation. PS is synthesized
by PSS, Drosophila’'s only PS synthase, and the Pss, which encodes
PSS, is a pleiotropic gene that affects various phenotypes in addition
to neurodegenerative phenotypes when mutations occur. The purpose
of this study is to confirm the allelic interaction and characteristics of
Pss alleles. For this study, heterozygotes and trans-heterozygotes of
the six Pss homozygous lethal alleles were used. As a result of the
study, more severe neurodegenerative phenotypes were found in /Fss
trans—heterozygotes compared to Fss heterozygotes. Pss?  and

Pss™# showed relatively mild phenotypes among trans-heterozygotes,
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whereas Pss®? Pss®7”, and Pss” showed severe phenotypes. The
allelic interaction was confirmed by comparing the degree of the
phenotypes. In addition, a new phenotype of male sterility was found
in Pss® and some Pss trans-heterozygotes. Abnormality of
mitochondrial fusion was observed during spermatogenesis in Pss™” 0
and this result shows mitochondrial dynamics might be one of the
reasons of male sterility. This study demonstrates the allelic
interaction of PFss depending on the degree of neurodegenerative
phenotypes, and first proposed a possibility of Fss mutation as one

cause of the male sterility.
Keywords : Phospholipid, Phosphatidylserine (PS),
Phosphatidylserine synthase (PSS), Allelic interaction,

Neurodegenerative disease, Male sterility
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