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fitiffise s A 7 OMRBERIIT~ T 22 W 2720, BAEMBA AR USSR REE CHEA LTz &
B2 b, & ZTARUE CIIMHTES A ZI1230) il AR 0 pl B RE % 38 fn -5 B ON
P RIFRAT 2> DR L7,

(7] @5 BT AT » b4 2 HEl E19.5) & HHAER (cE21.5) Offilc
WT 70 RNA v— 7 = U AR AT, %h%h@ﬂ#ﬂ;@@ﬁmiﬁﬂﬂﬂ’ﬂ“@m%‘élﬁL,“Cb\éL
Bfaiit L, 51T, v U AFAATFON LRI 5V CHRERHC M3 81T 5 2 & i &
NTWDHEEFENZT, AFF 12 HOBEEAFIZONWTY 74X A 5 gPCR I THILE AT L
TR DT ZAT o T AREAAOAENT - AT » RO rE19.5 725 rE21.5 £T 1 H Z L Ofifi & i
HTEX A T OOMFRE A O HE YetaZ2 170 ilaA &5 6 5 OB SISOV T, B Y 7 b

ZHWTERIL LT, rE21.5 OBAR T » MIB L CTIEFFROA I L0 il b Telz OffE
il & fFAEHR D 2 ffF 21T o072,

[HER L2228 Bin RN - e A 71385458 T v FoARTH (rE20.5) SFEEILT
FEBLZ R Uiz, RERSAOMEAT - IifisESx 2 713 rE19.5-20.5 OO E R LT,
LI E DRSS B E 2 Iiflse 6 A 7 Ofifi ERAIIRIZE AR T » o rE19.5 L0 BB L TV AT
HEMEDS R ST,
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JEEEERRE T /L ZFDM T v kOB RIERIEIC T B HEZE DA
—HEEDOHEL L OB TFRBRICET AR —

O Ok Hhizs 1, H EiF1 B B L E T L kS B BYE B2 BUR A
U R R B A ER BERE 05, 2 (D) RERBREYE T

5 L HAY) Zucker fatty diabetes mellitus (ZFDM) 7 v M, V7' F o2 BIKEL T (Lepr)
DI A AER (fatty, fa) =43 HIEGEE TV Zucker fatty (ZF) 7 v }‘%i{ﬁk L CHEENL &
NI EHEIRIFET VT D, A AD faffa REREK (BT fada B8R 1320507551 E OFERFN
BIIET D DK LT, XWDm@@%imﬁ%ffé%mﬁéfﬁﬁr%%rbﬁw SACIR
ZFDM 7 v b OFERIFIIEIZI T DMEAEDOMA Z & HIEE L LT, FEOEEL X OEET5E

BT DHAEITOWTRE L7,

Uﬁf] SR 1) WEED fasta IR L OFEIEG R IR O fal+EK (% n=3) 1225\ T 5 Wi o &
1 EHAE R KO E 2 JE Uiz, M+ ERIT 7 8l C. fada (8T 9 ilm CHES 2 BBt L .
48 IR R IR R 2 MIE U 7o, BEIRIPFEIESLYET, FARF MBEEAY 300 mg/dL LL & L7z,
Ehr 2) EROEE S Total RNA Z it L. RNA-seq (2 & 2 MR R - BUENT 2 566 L
7o BERBTRELDRBD OGN T R TOBGBTFORIREDT — X ZHWTERD I EITR o7,
Flo, Bin I L IHEEM CTRIAZEDOH 5857 (DEG) it L. KEGG pathway fi#tT 3
LTV GO (Gene Ontology) fEtT 2% L7=, S HIZ, —HOBMLE FORBREIZ OV TIIERE PCR
(qPCR) IZ XV HER LT,

[K5R] EBr 1) 420 faka f@AIL 9 Bl CRERDPEERFIIE & 2l s, MfEZzhzhic
BT, falHEER & i U T fada [BIRORER DR KL BHE Th > 7o, Bin 78 2 & ITHERER T
g5 L, AAD fafa ffik L LA AD fafa [FIRO G RIE KR L72BER OEIE R E -
Too FEER2) BIRTRELT — & 2 W BRI ORER, BEFRB X ORI Z 2y F A4 —
DI S, BIo FRELT e 7 7 A NVNERD Z ERBI N, £z, Bin 74 T L2 DEG &
i L7255, A 2O fal+HER L i L CTA 2D flHEKIZ BV TIREL A 200 f3 L OFEH
T2 22l 2 Hav, KRS WA BT 2 B FREN A A THRILLH LTz, —FH, AAD
fa/ta BRI L TA A D fakfa EIRIZEB W THIBL LA 176 fHk LORBK ~ 2y 202 E4 5
I, FRZ LT > 7 T R 78 EORIEIC D A BIE TR A A THRELER LTz, E512
(B F RN 030 & T MERER CHE R BB ENH DN BIn X 24 HH Y . 2O HIC iﬁwwd%
Uty 72 D Y Yetff EOBIR TR EEN TV, U EDZ Enn, AAD fafa BIRTIIES O
JERAED B ZFRBD DL, A ARFRI e Y et lk EO G 7 ER L O AR RIS R BN L
TOBEMBTHEOFBIC LY RIENER S, A VAV VA RE & UHERBRIEICED &5
Z b,
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Study on the role of glycosylation in embryogenesis

(O Shuang Li, Chie Naruse, Heng Wei, Kazushi Sugihara, Masahide Asano

Institute of Laboratory Animals, Graduate School of Medicine, Kyoto University

YL H] The Beta-1,4-galactosyltransferase (B4GALT) family have seven members in
mice and humans, and are enzymes mainly involved in transferring UDP-galactose to terminal
N-acetylglucosamine, playing a pivotal role in various biological processes. However, the
specific impact and underlying mechanisms of BAGALT'Ss on placental and fetal development
remain underexplored. This study marks the first discovery of embryonic lethality in double-
knockout (DKO) mice of B4galtl and B4galt3, although each single KO mice were not

embryonic lethal.

[ }51%] We performed comprehensive dissections and analyses conducted at diverse embryonic
stages (from E7.5 to E18.5). Tetraploid rescue experiments helped us to identify the potential
causes of embryonic death. Through RNA-Seq experiments, we analyzed the genes that were

significantly changed in the placenta on the DKO fetal side.

[#E R & %5%22] The DKO embryos began showing apoptosis at E9.5, ceased development around
E10.5, and eventually died by E11.5. Compared to control counterparts, these embryos were
smaller in size with abnormal heart morphology. Crucially, the DKO placentas on the fetal
side was significantly thinner and had poorly developed capillaries. The tetraploid rescue
experiments indicated that embryonic lethality originates from placentation defects.
Immunostaining experiments demonstrated that DKO placental trophoblast cells (TCs) had
early differentiation disorders. This research uncovers the essential role of B4GALTSs in early
placental development, offers novel insights into the biological mechanisms underlying

placental abnormalities and spontaneous abortions.
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Optimizing CRISPR Precision in Mouse Embryos
via MMEJ-Dominant Targeting

O Khanui Lkhagvadorj!, Eiichi Okamura!, Yasushi Itoh2, Knut Woltjen3, Masatsugu Emal

1Department of Stem Cells and Human Disease Models, Research Center for Animal Life Science, Shiga
University of Medical Science, Otsu, Shiga, Japan

2Division of Pathogenesis and Disease Regulation, Shiga University of Medical Science, Otsu,
Shiga, Japan

3Department of Life Science Frontiers, Center for iPS Cell Research and Application (CiRA), Kyoto
University, Sakyo-ku, Kyoto, Japan

[Background and Purpose] CRISPR/Cas9 has become a powerful tool for gene editing due to
its ability to cleave DNA with high efficiency. However, subsequent DNA repair, particularly
via non-homologous end joining (NHEJ), often leads to uncontrolled mutation patterns,
including in-frame mutations and diverse allelic outcomes. In recent years, in silico programs
have emerged to predict the genotypic outcomes of CRISPR editing. By leveraging these
predictive tools, it may be possible to prioritize targets that favor microhomology-mediated
end-joining (MMEJ) pathways, which tend to produce more predictable and homogeneous
mutation patterns. The aim of this study is to use MMEJ-dominant target sequences in
mammalian embryos to produce animals with homogenous genotypes, thereby reducing the

number of animals required for genetic studies.

[Methods] The ¢yr gene in mice, which affects albino phenotype, was initially targeted. Using
InDelphi, we randomly selected 14 gRNAs. To validate the efficacy of genotype prediction, we
also used a competing method in mouse ESCs. Edited ESCs and C57BL/6Jms embryos at the
blastocyst stage were analyzed by next-generation sequencing and compared with InDelphi
predictions. Edited embryos were then transplanted and dissected at E11.5 for retinal
pigmentation. In a follow-up, the fgf10 gene was targeted and analyzed at E15.5 for the
limbless phenotype. Next, we targeted the WRN gene in monkey embryos and used T-vector

cloning to check the mutation pattern.

[Results] The Pearson correlation between InDelphi predictions and blastocyst results was
moderate (r = 0.57), while the correlation between mESC and blastocyst was higher (r = 0.81),
indicating greater reliability of mESC-based predictions. At E11.5, seven gRNA3 embryos
achieved nearly 100% editing efficiency, resulting in a complete loss of pigmentation. In the
offspring, all eight gRNAS3 pups showed albinism. Targeting FGF10 resulted in all six embryos
exhibiting the expected limbless phenotype. In monkey embryos, 10 out of 23 alleles have the
desired mutation pattern consistent with InDelphi expectations.

[Conclusion] Our approach generates gRNAs through InDelphi based on desired mutation
outcomes. Testing in cell culture provides editing efficiency and mutation patterns for gRNA
selection in animal studies. This information allows us to select the most effective gRNAs for
animal studies, increasing the accuracy of genotypic results and minimizing the number of

animals required.
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75 ) BEfE 7 A VR % V= Trophectoderm &R A& G FEAE DB

O "Il k12, AR TRk OYII IEA L2
VRBR R EWIRIETERT, 2 KREIRRZF3E20FIER B et 4 B

Tl BRY)] W IRIIR O S & Y (Trophectoderm : TE) 1, ABREFICRHA L B3 2 fif
ThY, ERBITREEZER L. BHELIBFOM TREOMLE, T ALK L2 5 B FORE
IZRDEROERE 2 RO LR A Olifigs Th 5, R OWREARZITBIFREARERE, ik
FECR T okc RBE A5 R ZTIREIZR Y 5 5, TE R OHREDMENTIZIL TE FriY
RBAEFWENEE LD, — QB FRETMIL, I TR FREZT 72 TE L
HNDT ) AbBEINLIMERH -T2, ZNETIZL T UANVRE AW TE FrREy 70 BE T
BEEPH OO TE N, ERHELRET LOLENH Y, MEILNEEE LT <20, — I
L2 OREWLIT 25 Z ERFEL VY, £ 2 THx L, TEEVT A @R L CRBINCOER T 5 2 &
WA S, b FOBBAREICBWTHAIEHEINTWD T 7 Y A LA (AAV) % H
W BT 7270 TE R 07208 5 5 AL O 2 A T,

[51£] mTmG ~ 7 A (G@EFIL tdTomato 238l L, Cre 238 L 7-#ifaiX EGFP O%BUIE]Y
BbblLR—4—<7R) O 2 MRz EIL 2 HEE#E L-IREies . 1x1010vg/ml (23R
L7 CAG 7rE—#—TCre za— NI 5% ErZ A7 (1,6,9, DJ, DJ/8, PHP.eB) ® AAV
e T b IR L7z, R 1) IMA TR, E5.5 £ THiE LD 285 Lo, #Eh2) &£
Bh 1 ClE TEASERE D572 AAVL & 6 12O\ T, IREHE%. E2.5 OBITE~ 7 22
L, E14.5 THZED ML THRIFLBBROECEZBIE LT, S OITHRBRU A OhEa ot eIz
XU AAV EISHIRL DO A~ D % 5- 2 i L 7=,

(RS & B] 5 1) EGFP #0t2 ~ T A i b2 < Bl SN2 DIX AAVL & 6 YR T 99%
DIET EGFP OHOEA R B 7-, AAV9 <° DJ, DJ/8, PHP.eB ® EGFP [BIHEIRRITZ 1 Eh 48%,
95%, 5%, 656% C, EGFP Bl Iimo & < —#HofMiai o 7=, X512, AAV6 &Y SH7-
—EH ORI TIX TE 7207 T2 <, fERBIAC T 2 NEHIARSEIZ & EGFP O3 Blgg S
7oo FEBR 2) AAV1 EYR> EGFP OHEE1E 86% DIRICHEIEZR TE 72, b DR EGFP #¢
T THBEOHIBE S, IBECITBE SR o772, AAVE KGO EGFP #6134 D 2
D5 75% ., MafT & Meigim 7 EGFP O@ DR SN2 b DIL 9% Th o7z, £/, AAV1I L 6 DL
55 b RS EGFP M MGl Sz, BLEX Y . AAVL Z W iuXE & 2Rk
T52 &7 TEREMICEBTEATELZEZHLNE LT,
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B RBICRA LIRS O

O mfk HE 1 A G L A K— 1 K5 IEXK L2

VERBERRT: BWEmBeiisit s 2 — 2RlRT mEnsEle e N AT s S AL

(5l HRY]  WHIELEMW ORI I W TR AANIZIZ AL S 3 5 Il Cd 2 TR B ks - T4
M I U THEIROMEFFCIRF DR B 9, ~ U R &S T ATHIEN B S2AEIR BIEAEN
HE A T2 PR R IR CIIAMAN AL E T 5 S 2 2FHE  (Trophectoderm; TE) 23a#xICBRR L CTorfb
L. Nz H 2NEHIESE (Inner Cell Mass; ICM) 13, MeFOE2TOMIBICE@ T2 =877
AN E 72D . RERICIEER LW ER 00 o T D, BEHEICE W T RO/ X
fad TE @ 6RAET L Z RSN TV DA, FERIJLRIRGET STV, & 2 TR
TiX, b MIRbITBRRERIM TCHL V=7 4 P52 HNT, BRFEVHIROHISERD 2B 5
MZTHZEEHBE LT,

[J71%]  #t# > /32'E (Kusabira Orange; KuO) #8451 F v AL A (LV) R H
— &N =7 A POV S| TE & O A 2 80tk LB SBMERIc K0 Bl L, £72
Yo — MEMBEE RN T A TA A=V 7LD =7 A P AEIaIZE T 5 TE 3 L ICM
DOFREIRE A it Lo, S HIT LV X7 2 — IR Z B =7 A P ~BRE L. b7 bk
B L OB /RO KuO 8Bl &2 — o Zfifht LTz,

[FEREEBLE] LV X — @R LR Z8BleE Lz 2 A, ICM (289 % Polar TE
J& D KuO BE#2, ICM 1282 L T Mural TE BIZHARTHEIEWNZ EXxbooTz, 7
ATAA=TUTIZEY, =074 VPLIERO ICM (2B W THNCE F /iR Tl <,
TE J@~B# L TWHMIELFEL T\ o, 2RO DOFREEMND =7 4 FLERIZE T 5 ICM
DO—EOMIIEL TE ~3{k L7223 5 Polar TE E~G S Tnd 2 &¢nBFx bz, 72, LV
R B — YR DO BAE LR T O N BT Tl KuO ORBUIEL R b 7=08, R TIX
KuO MR 72 T < B b Z <Ml Sz, 2hE TO~ 7 AMFFRIC L0 L Bk
T 5 TE & Bfraad 2 ICM OfffuEm IR OB CIRESN TWND EEZ LT
To 3, ARRFTE D b B BFA T AR T 2 Ml X oo TE 720 T/ < ICM IZ b kT 5
Z RSN, A% BEREO ICM ITHAET 5 2 LAVRie S 2 TE FilskHld o MR 2 H—
AR L~V DBIR TR BUEATIC L D BV A T TETH D,
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1 )L7 F =712 K % ROS1 &ML EIX
He~ v 2 DAFERES) & RIS D

O =l BE' Kl #wEL OUII IEAY
VRBR R A IR TERT s RERERRT 3 B

HE L M) R EERICBT 2B i, S CRN S 0 ariny i BT o f
YURIENTEEBEZ LN TWD, SRET a3 —8Ths ROSTITHEE LR BRSOk
TREGRFRIZE S L, i~ 7 AOAFERENNICHETH D, Lov L7 h, ROS1T OFHEN M~
ADAEFERES) Z AT WENEIT 2 DI ARHTH - 72, ABFZETIE, ROST [HEAIOE 513~
A DKGTHERE & ATHAE N AT T B SV TIRET LT,

[FiE)] 2 v 5 F =7 1Z ROS1 = & T HHNAKTH 5, 10 WO B AR~ 7 2 lca L5
F=T7 % 3WEMPHE L, BB, MR, ROV, v A2 T a sy MENT AT T2,
Fo, AT F=T o2 IR LT 3 BRI S RO 21T o 72,

[fEREEE] vl T F=7% 3 MG L~ 2ADEEAPIH Sz, rLTF=
TG~ U ATITRBRICHA L D2 BFITRO b oo, R R/ =y L8 A D
FROBHMEERDT, VA2 T ay M RTS8 2 AR ERTHRILL T\ 5 OVCH2,
RNASE10, ADAM28 O % > RV BEMET LT\, £, r VT F =TG5~ 7 2D 11X

IFDE D IZH L Mis~ Y v 7 2 (B ICHAET 2 IE2 K-> Tz, 6T, Mo
s 7 EThDH ADAM3 O 7t v o FBEFE 2RO, Zh bR ~2IL, FEA®R G2
1IELC3EM%ICIXEIE L, YEOFENL, v T7F =128 5 ROS1 OFRET, FE LK
FRDOSERORE R ER . BEMEAGERE ) A ATRICHNE] TS 2 & 34D 72, ROS1 X ROS1
VT IRER I A R RN E T 50 T2 RET 5 2 LT EHIRTRIEIRS & 0 Aniny 2 Sk

WELESE D BRI D703 2 FIREME D R STz,
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F/VBEABNGLY1REBIET T VB ORI SL & IREHIEDBR %%

O FAS W2, BRI B s, FI 5AALs, RIR i, 88K [Eus

1 Takeda-CiRA Joint Program (T-CiRA), 2 i H 35 TEMEXSAEY —F5,
s B SRR BRPLBE S A AL Af ot

[#55: & H] NGLY 1K IZ20124F 125 AL I /- iR C100 ARREE D DI BT BB A4,
VRO MK T, REEEER), TA A, IR HEE, AR ERESE L ST
HEREB TH D, C5TBL/6~ 7 A TNglylZ KT 5 LIRAEBS AR L, TFT VEW) BN TE
T FIEDFEM R A T = X L OFRHIIERIEDOBFE DIEE L 7e > T b, Alal, NGLY1IREE G
FHOFER R L= RB 2 m T BT V&R L. AAVE FWIZBIR IR O FIREMEIZ DV
TR L7,

[k &RER]
FhR1) BEHMENglyl R~ T X « 7 v h ORI
C57BL/6T mNglyl~7 m K~ 7 X LIJF1E 5Nglyl~7 v KIA~ U A 2420 S, MR
KV RRAEBIEZ L, JF1B6F1 Nglyl R EXRE~ YV AEXWMETHZ LTI LT, £/, 7=
—ARar=—0SD7 v Frb7 ) AREFNITNIZ L VU Nglyl R EXRET v M E2/(L5Z LITHIIL
7oo ZHUONglylKIE~ T R - T v ME, BEARL, AEE, EBERERE, i - FEEH 0K
T, B R TANARRKITE), REEEES) e EBF L RRROERZ R Lz, E7mBRARTIC &
O AR SRIC L B F A OTLE Y, BURIMUEZ & IR T HESEMEIR A, Sk, AFERER I
B, 277V A=V ABLORA= 2 —a OF LWL, BEMRICEROEREIEE S
7o M T, NGLY1IXEEFEIZB W TRREMICEIZ SN 5 MK - JRH Aspartylglycosamine® |-
FHNglyl REE~w T R « T v MZBWTHZEI T,
FHR2) AAVE W85 TR O rTREME O Mt

3B ONglyl REXRET ~ FiZ1.6E10 vgDAAVI-hNGLY1 % M=ENE L L=, 5, 8, 10##EIZ
FV TRota-rodX°Gait analysis CIEEMERE A7 L7 & 2 A, AAVO-hNGLY1#:5-Neglyl A E X
7> ME, 22 Fa—/VAAVIE 5Nglyl AR EXRIET » b & L8l AR |2 B e 7 B A RE D
KEER LT, hNGLYHUIE L L T=a2—a > T, MR TREE L, NGLY 1SRG AR &
Al L~L&E CEIE LT,

(it it
® Nglyl TIIHERARMEMIEIIT 5 LRAEBIELREETE 5 Z LRSI,
® NglylR#E~ U X+ T v MMt MEEER BRI LKA R L, NGLY1IXIBIEET /L &
L THhL &7,
® AAVZ MW B R FIEHEIC K U NGLY IRHSE~DIRF O Al RetE VR S 47z,
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Filobacterium BE DY ] DI %7 D)2
i SAY VI DT ) AEDHBNOR25Z L

O b A, RE R, AE I, BINE frz?, AR S
VERE BRC, [ UERLRFEEAAE, Cor B R R BN IR FE A

YT ART b ORISR GERFA Ch D @FE CAR (1 —) NF LR 7 T LYt
DT 4T Ay MERER L, YL ToH 2 PR LRI DR E & FEEL L TR EIC L <R
%o ABITFEREEH CHGEE T EXN D BITENL T, Fx 3T v b ol o BIRIRE: 12
B L. RE % 2016 FIZHTE Filobacterium O¥ifE Filobacterium rodentium & L CHE L7z
(B SMR-CT), F. rodentium D7 ) MIAER 1.44 Mb L 7T LEME & LT Ta
7 R THY (RIBED 13), 77 —URA 7 77 —E EONKBRIZFRADEINIR S 72
[

BT 21X, MR R CEBHMERF SN TV BHAR KXY 2 ¥ — 1 F 3 X I (Microtus
guenther) \Z F. rodentium 7 HREGE L T\ 5D 2 & & ROTHEEOARMIE S TRE Lz, AEIX

M- g R D Jps BEAR A TR DM ERAIIL BIC38D B, FRICRIEMM S EE L T, 2
NHILLY, a2 —=nERXAXIOD F. rodentium &Y% 16SrRNA @ PCR B LU 7Y =
> BB (F~~72 1,045 b 1220 T 100% 80 . ARISH T D PR, £ U CTRBEMRAIC L0
THZENTE L, ZZTHMALEVDIEL, FarF—nEXAXAILvUR, Ty MeEhZEh
i EN TR D OIEYeT 5 Filobacterium JBE @ 16S rRNA FF TV TR HRILZ & Th D,

T A Ty b TR EEYUE 28 i N2 L T (Rodentibacter J&TH) D56, &Y+ %
fi & L T genomospecies & MEIIN Db D ED 10 L ERMbNDL, ERROICRYE
Filobacterium J&H ClIE R FIIEYL T 5N F. rodentium \ZIR G5 DIEAHH 2

Rodentibacter JEHE DA FEERD 7 ) K EGite & (77 LR 2-2.5Mb) , KJBE CIXFMENT
o THHRICE - TT ) DZEBEERR T 7 — VBT L BHA T 7T — B2 R FIR
BB D 5 AT BISIE TR ZEFRA SN TN D Z ENbho Tz,

Rodentibacter JEFEIINENEW O bEE S 5708 F. rodentium 1IFFREFARD S L
HE e, FAEIWE | Rodentibacter J& W OART 2 I5E O X 5 7835 (FEMECA i8R 1
Wrh 23U v F) LIZERR Y | F. rodentium |FEEYLBREL D MR ER DR ETALIZIR 51 5 W 2 ITEAR
FIENDFS < (B D WITKERIB T 22 T AN LB AL FF>Z L 672 <) F rodentium 3=
YR NIRRT ) MEEEERF TS O TRV E B XL TN D,
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77 sk~ U AEREAR OB R

JKEF BRER
WP RT: ERERER AR —F —ERP 2 —
R REE IR 2 — EBREWE S

B2 TR R FEMB PRI ER ¥ — CIEB B T SE Y ADZ R ERF L F ML TRY,
[ N DO BIFZEH% B0 B AR 26 1300 & KOS O TR BRI D DK IHA S T O B F e ~Y
ZEAFRHEL TOVET, B F WA~V AERO EFRITZREING  LRETHY, DT ) LRk~
U ADVERIIREL 31T 57 ) MRERIS O T A | @5 MRER 1R —DNA O~ A5k
IN~DEANEZDIRBHE, @B fn T BAIELIZMNBR A FEAE LT~ ZADOBER D 3 SO TEBHY
F1, FHxIFTD 3 OO TREEETEMTHILICEY, BOBEmWBE AL ~T AOERE HEEL TV
7

T2 13 2018 4E715 2024 ARV T, FAET 100~150 BHATEHL COET, ZOZFEERFET
IXHlZ /o 7 T ORI Tl RA R~ T A1 kb X% DNA 777 A ND ) I ~<T) A
flox <7 ALIEH AIRE T 28, KO B LT 4 Blix /v Ao~ A ERC¥, Biflile /v TR~ 20D
(KIED D72 NBL L RIRORFIEE DIFAFE LT BN TSGR ARtE 1L Td D TAKE 5 ' X° GONAD
W5 2 NEED, [ENOELOFFEEBN AL T AT KO v ARERICEDI o7zt E 2 b
7

L7 bR —a B ERA LIS ) MRE TIIEH T AZENEEL N /v 7 A< T AR flox =T A&
DOYERUZREIL, k4 1L SRINT-CRISPR? % X — AL L7 BAMIE ANIEEZ R AL COVET, ZORERIIZ DN
TUIFx OETAFHIL 4 222 HLTZS, ZOFEZHNWHIET, C5TBL6] DB ST T/ v/ A
RTADK) 8~40%DINZ T, flox VT ALK 2~20%D N TIEHTETWET, RAER~T (2o
TETLZharRL — g A ARITTEHL T ET, AR RITIERE S A DRI AT R NI REL
EARSNETN, ZERFBEDRITH 10~80%E @\ TT, ML R~ ZDB\IERENTIZIBVTIE, Y
A7RLE L7720 small indel 225D H)0 H O SERZ RN T 20 ENHVES, ZOREA RS
D7 Bx TR DRy — 7= — 2R AL TOET AN S Te 300 HIEXILL T O
PCR EMIDT TV i — I AT, £ DT —H % CRISPResso2 THEHNTT 5 5 2L T, BARMEIZ A
BRTVNVERFETDIENTEET,

S CUVZEZ 2024 FEFEICRB W T, el T VB K4 7T 7 4 — 2452 AMED-BINDS
728 DNRTRBAR T S~ U AMER SRS BHEN TR, B ERBMII IS DS B ORI
NWELT, BIEZORRRIED TR R RGNS 20T, o, BRI B CTHER T L
<~ ZONERITIT CRISPR-Cas9 DFIMAHENIZ DWW THRF T RETHAH-0, THFITHE Thh-o
THEEADEHP UYL T ESNDT / LE~T AAEHESNS5E 1213, £D CRISPR-Cas9 D
TAY L AT HEREMW BEA E A~ DU R T2 BT IO LET,

AR OIEY 7 BFREE~T AERUZIT 3 SO TENHVET M, Fx 132N IUBI T DN BRI
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FEFEMLCNET, TTOF ARERIEOT FANONWTHENLET, 7/ AREICTERIE K
fH(Knock-out, LL T, KOy~ AEAEHTDEE )X 0 Ea—TF 7B S small indel 28 B8
AT DI, A bz E En 2R AP AR BUER 20714, iii)eritical exon(s)EKITNDHZ
DG DOREREE R T DT DI IAD =XV D B a4 5 J7 150380 £ 6, 1) small indel A
TIE KK AT DESNE FRTHIENTERN20D, 3 OFFH small indel 2 F (357 /BRI
ADPRFLDFHERET | R/ E OB AT NEME TH LR EDRIENRHET, i) D-Is 42
BRETIHENEE T OARRLT, ZOEHFBE T ORBUIHEE KIFL TLEI LT 2 b
LTHEY I, ZHOTX Y PO SN AR ERBE F AR T 058 IR METHLEEZRET,
HD )& i)DFIRERHIDD i) D critical exon(s)ZARHNZTHTIETT, LLEnD, SRR T
23155 critical exon(s)% IEL<EIRT 57223 M E R B AR FHIERR DS LB L 72 E T, 22T 4
MBI E IR 2 — OB LB R T4 &2 A T)T5HE critical exon(s)x HE Tt 357~
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Nishie T, Hikimochi, Y et al. P4-galactosyltransferase-5 is a lactosylceramide synthase
essential for mouse extra-embryonic development. Glycobiology 2010

BAGalT-5RIEBT I R (TR EMEAIZEIE
' #®_ -

Table 1. Genotype of embryos from B4GalT-5 heterozygous matings

Age No. of embryos No. of each genotype
+/+ +/= =/=
E6.5 47 16 23 8
E7.5 95 30 49 16"
E85 35 8 21 6"
E95 29 7 16 6"
E10.5 13 5 8 0
Postnatal 43 16 27 0

The genotype was determined by PCR as described in Supporting information.

*Abnormal
14
VOAREEDEERK
A7 4 VOEEEDES
GalCer GM4 .
Cer = (OQ-Cer — - A Glucose XEN#A2(Z & 1+ B LacCer& BUEM
g—c O Galactose
| — B GaNAc % 30
GleCar v 2,3 Sialic acid
A Cer 00 SM4OO'CCF 2 ZZ.K S::li: :zhﬂ é 25 T T
B4GalTs? — Laccartmie OOAcer Q sulfate S
LacCer / GA2 ) g' -
OAC" .'OACer [ o-un'es_: g
GMIBRBER . £ 10
GM3 ¥ V2
Cer s ( H,,u, / 8 5
GoeREE & —_— J &
v g2 —1y 30
b2 ¥ g p + +- - --GTSF --GTSR
Cer g L b-series J : Genotype
! | ¥
GT3 U esarianl) GT5F: B4GalT-5 cDNA (EEA[E) £8A

GT5R: B4GalT-5 cDNA G#AMA) #BA
E1 R4 THIEE D& RS

XEN: Extra-embryonic endoderm
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Tetraploid recued

E9.5
Table 2. Genotype of fetuses from tetraploid experiment
Stage Total No. of nomal embryos /total
+/+ W D)
E95 24 4/4 1/ 779
E125 5 0/0 3/3 22
E185 11 1”1 10/10 0/0 E9.5

The genotype was determined by PCR as described in Supporting information.

Without tetraploid
El12.5
E9.5
G Embryo "% Embryo o
958958 958 958
o -£GFP
wit | 18
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Yoshihara T, et al. Lactosylceramide synthases encoded by B4galt5 and 6 genes are
pivotal for neuronal generation and myelin formation in mice. PLOS Genetics 2018
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Wei H, et al. Beta-1.4-galactosyltransferase-3 deficiency suppresses the growth of
immunogenic tumors in mice. Front Immunol 2023
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Takagaki, S., Yamashita, R., et al. Galactosyl carbohydrate residues on
hematopoietic stem/progenitor cells are essential for homing and
engraftment to the bone marrow. Scientific Reports 2019
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Table 1. Survival ratio of recipient mice after IV-BMT and IBM-BMT of B4GalT-1-defici

BMCs

BMT method Survival raio (No. of survival/No. of total)
Donar BMCs __ Recipient mice 0* 5% 10* 15* 60*
IV-BMT (B4GalT-1-/- C57BL/6 (wt)) 33 33 03 03 03
[B4GalT-1+/- CS7BL/6 (wt)) 4/4 4/4 4/4 4/4 4/4
B4GalT-1-/- B4GalT-1 -/ 22 272 02 02 02
(C57BL/6 (wt)  B4GalT-1-/- ] 33 33 33 33 3
C57BL/6 (wt) 33 33 03 03 03
IBM-BMT (B4GalT-1-~-  CS7BL/6 (wt)) 4/4 4/4 0/4 0/4 0/4
B4GalT-1+/-  CS7BL/6 (wt) 5/5 5/5 5/5 5/5 5/5
CS7BL/6 (wt) 414 3/4 0/4 0/4 0/4
IV-BMT [B4GalT-1--  NOD/SCID ] 4/4 4/4 0/4 0/4
B4GalT-1+/-  NOD/SCID 4/4 4/4 4/4 4/4
NOD/SCID 212 12 072 02
*; days after BMT
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PAN, X., et al. Critical role of the potential O-linked glycosylation sites of CXCR4 in cell
migration and bone marrow homing of hematopoietic stem progenitor cells. Stem Cells 2025
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Naruse C, et al. New insights on the role of Imjd3 and Utx in axial skeletal formation in mice.
FASEB Journal 2017
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Transformer (2017)
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Making sense of these activations is hard because we usually
work with them as abstract vectors:

a;,=1[0,0,0,923,275.3,0,92.2,0,0,0,0,0, ...]

With feature visualization, however, we can transform this
abstract vector into a more meaningful "semantic

dictionary".
2 . s —
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{ X , h = s . 439.' @ . 371 @ « 360. ...}

There seem to be detectors for floppy ears, dog snouts, cat heads, furry legs, and grass

Olah, et al., "The Building Blocks of Interpretability”, Distill, 2018.
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To understand multiple layers together,
we would like each layer's factorization
10 be "compatible"—to have the groups

of earlier layers naturally compose into
the groups of later layers. This is also
something we can optimize the
factorization for.

== positive influence
negative influence
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Olah, et al., "The Building Blocks of Interpretability", Distill, 2018.
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TuE—F—&iE T 5 2 L, SPIB KB~ T AZEBNTTLRT/9 Y T FiZ &5 pDC 7
5O T A TFN pEAFERCMmHF T A IFN L~V EADRE LI EEIN TS Z L2 /ML

(¥ 1), 9725, SPIB L pDC 726D I H IFN pEAFFEICVNEDOEEIZ R L TND Z
EBALMNERSTD,

AN EERE Y — 2 N UM E A~ 2 7 7 — O D ORIEES A bAoAV —
oA L -18 pEAE R E AR

~ a7y —UIIREREERET D LRI BRAx RRIEMEY A N A & PEAE L RIERUG
ZolEEIT, 42 —8u A F%2-18 (interleukin-18: IL-1B) X, v~ 7 v 7 7 —UDEAT
LREWVLRRIEMES A R A TV, 7, FREE Y —ThH D Toll BREZAMKRR & DR
B L0 IL-18 AR ASE S T O RN TUHE L, IL-18 ARk # o X7 L LCREE SN D, L
L. 2O IL-18 RiBEER S 2 A7 IIRIEFHEIEEZ Ff > TOW R WRIEHERTHY . 17T~
V—AZE0EE S TI LD TEMER O IL-1pE U TRIEFEEMEEZ BT L H Ik
Do A7 T —I%, WEEYE Y —, X EUWiEESE (Pro-caspase-1). B L%
Dt 2 #E S5 7 472 —01 ASC otk ah, WEEAE P —04 %27 L T
NLRP3 A > 75~ Y —L% Pyrin A 7 5~/ — LR ELFREN, FDO® o —03ilik
T ORPIINE UHREET D, A v 7 T~ Y — AT, FIFRIEEROERR Y CwmRIEN D T
<, BEERNORBEN TH L IREE, a L ATa—)b, EEHRRXTTF NCbIGET D2 &1
U BAEWEGA~ OO, JHE - BRI - BEIRP 72 & O RIEVEZ B DO FRRETE I
HE5T 5, £lo, A 7T~ Y — LOERIKNFOBGFER NV T M) Ik, 72V F
U B E BV RO F R Py e EO B CRIEMIREBNAE LD 2 E bbb TE
TWo, EHIT, a AT o—/UREONRHEER (A \m g —18) SHiflaNz X7
% & I A RERES T (Cded2) 7o EA v 7 T~ Y — D LISNOMRE S+ DB T
MZEoTH, A7 TV =20 EMH LS, BOREMEREZ KT Z LR bhoTET
BY., FHOA 7T~ — MBEDRH OGN 5obh b, ZOLHIT, AT T
Y — LOIEMACITER & 7o R RBICEHEIZB G- LTV A28, 00 T-HEfa IR 12 B L CIE R 72
/A AR

FrlZonE T, alL IEBRkDFESE, oL F3FHFE (Cholera toxin: CT) DR (%
BTV anN ) BREICER L, TOERREICA 7 I~ Y —2n3fl53 52 L2 60
IZLT&7z 29, abIERIT, BE LRMRICERAL THZ5IEEZT A 372 =y K
(CTA) &, MilafE EOEIRE A > 7V A3 K GM1 (LLF, GM1) 12854 L CT Z /R
WMAZSHED BYH72=v bk (CTB) oI TW5D, CT 1L, v~V ADEEICHEIET S
~rn7y—v (LN, BEFEE~ e 77 —2) I/EH L, U ARZHE (lipopolysaccharides:
LPS) LWL CIL-1BoEAEZHFET 5, 0 IL-1p0EAFEIC, NLRP3, Pyrin %55
Ko =L LTEDR 20,7 T~ Y —2REE5ETLZE2HLMNI L, LrL, CT
MEDXINIA T TV —LufEHET 2ONIAYREE TH o7,

Al ZOREWHLNNIT L7280, LPS THRR LZBERTE~ 7 v 7 7 — V2B T,
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B 5T 28R 0 T HEOBIE FRELDNTTET 272 L /IMUER b U R SE & FETI 2 B 0NE
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W~ 77 7= TiE, CT 2/MaER~MRA L, /MaER b L A RE B FREO IR BN
B ICHE SN, GM1 XEEERE~ 7 v 77— YT, CT IMaERNIZidmt s
T NAER L RASEBEF OB L 2RO bR ol U EORERNL, CT I
BENRE GM1 24t L CT/MatERN~RA, EEL, DMaEA ML ZASEEZFELTND 2 EN
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Wiz, /MaEA s A2 —PERK & IREla ® 86 508 CT 12 L5 IL-1BEAFEIC
BET2NEHLNNIT A, 220t —0flEREZ AW THRE Lz, £k
K. PERK FAEAITIZ72 < IRELla FHREHR ORI LY . CTIC XL % IL-1BEAGSENBEE T
LESN7z, 2oz &5 PERK Tix7e< IREla 28 CTIZ L % IL-1BEAREICE 545
ZEWRB IR, E6IZ, EENTO IREla OEEIZH LT 572D, ~7u 7y
— VKFEAYIC IREla 75:9(1’,5\?67 S %145% L, @EEfE~ s a7y —Va it LTz L 2
A, CTIC L2 I BEAFENARICEE SN T, BLEORER G, CT TRl ST
fEREEE~ 7 v 77—V 7‘54\5@12!:1 N L AREOFHEIZIL IREla BUETH D Z
&, ZO IREla OIEMALN CTIC L5 IL-1BEAFEICKLETH DL Z ERH LN E o7,
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IPEAFERELABEICHEESND Z ENPALMNIR -T2, TNHLDOFERENS, /IEkA L
A% % —IREla iZ. NLRP3, Pyrin i DA > 7 T~V —LADIEHALICKETH D Z &
NbmoTz (K2) 9,

IR N VRGBT, ERICE o THERMERT 2 R0 B2 Bm LR+ 2 2 L1
F0E R EONEEERTHEETHY IREla X2 OJREICHNAEDOREES - Th b,
ARFFEIC LY, AN~ 07 7 —DICBWTH V87 B VS R & TL-18 PEAEGR ER
N7 B2 N—27 LTWD AR RIR SN, AR THE Lo~y AEEEE~ 7 a7
7=k, EVEEBEA TRASNTEY ., B MOEEIZOINT 5~ 7 07 7 —UNRHETE
LTW5 9, AlEl, ZO~7 a7y —IIZBWT, RIEWTA A OEAIZBT 5 /Mafk
ARV AR —DEENH LN EnD, A%, B hOFE A OBMERIEMER B
H CRIEMER B OTRREARI S A, BTHIIERIESEOBIRIZEN 5 Z LR SN 5,
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BETHE~ T AZHWTITIZ LY, WIS o —2 0 Lict A NI A Ve RS
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FOVBLEFER (NVT R BAUZAOEREAREE 2D | flix OHCORIEMEBET
= g ABRER - T SIS KO R Y | RIEREE U —OREER B 60T D 5D
B b, IPSHIBICA VAT 7 A4 REARHHER L, #kx 7ot bHESRO B RGEHY M 23 E R S
nNTWb, L, ZhoOENCEERE~ I r 7 7 =0 X9 RifkEE~s v 77—
VEAERT D ZLITMEARE LTE LY, ZOBUREZEARD & RO~ 7 v T 7 — 0k
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EThHY | e RERMERBOFHIREELZHET 2 ECREFHTH L LEDND, Fix
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UMK TR IERE - 453 e 2
FLAERTZET - % BRI E

1. I XIC®HIT

SFEMEVEHTTETHETH D, ZHUIA =X 2 DR/A L VORAEZRD DS [FL Y
BAEF) 2 XEER EICFAET S 2 EICRERT 2 (R 1-3), 7725, MEX X Raks—ARL
DFFZ WD BIUTA L o Y D= ORI T LDFF D 2 720, ~T a5 RO ML )7
DEAZFRITDHZENTE D, 1961 4, Mary Lyon (X, HEOHMIE CIIREDOHMIZ—FH D X
QRN T o DTRITNVTCAREE SN D &35 [T 0 F A XRNIEHEE ZEL, 20K
HIZESTIEV BB 2 R/IA L POBROBA Y — U NETED & Lz (O 4), L
Nl AL VBIETFORBILR 120 4, T & L X REELOIRENDS 60 F2RTH, A4
Lo vBint (KPa—RT5% 0" 7HE) O FRRFEEREIFI LN TRl £2THRA T
ATFaDF VL VB FERETIEOOT a7 NERG L, B, KEOWNRITRIT
BRLUEFEZERUELOVOT, SOV TIEHZELLEZB L TCWEETNEENTH D (L
ik 5) .

2. fER

A xxaXEEREOFT LV VBIE L MDD A = ALTHEFOZ T AT =0 (BE
D) LT7x2AAT=r (FLrVORE) ODRREEZ D@ ETIEEZLND, BED
WFFRIC LD, Lo VBEFIE X @A LD 1.5 Mb IEEDEBNICH D Z L AVRENTVAHNR
(3CHik 6,7) . & OFEIEIZ EAH DG HCRFNTBEES L B OBAS FITAE L TWRnoTo, x
IR TTNOBMWIRRE O 1215 T, Hax RBAOX a2 18RO ) 2y —lrov 7 L,
ZORER, AV TEE SO (ZFM S, e LR, ALY LK) 1TV TRR
Bz, X Yk D ARHGAP36 #in1- DA > kv N DNA BLFIA% 5.1 kb 12D R LT
5L xR, BIRENZ £1Z, Lyon A PRI L7 =FM & Y eMiTeT I OXRKIZET
LHATUEGER TCh T, T2 X=X LOWHN OO T — 2 THR—DRENP RN, S5
(2, 40 fERLL E 255 Lz PCRIEIZ X 2BMBEHTICB VT, ZORKOFHER AL V15
DEMALHISNIRL BT D2 LRSI, BBRENT L1, M2RlEo =FMo 16Tk, B4E
BOELF & ZDORKEWT T L bFF->TEBY (AT aEAR) X REAEKROBEENEMNT b,
RGCTEII I XETE 28 2 CEBEIRE S N-ES] (ultra-conserved element & L CTHIHND)
DEENTEY, ZORFINEFOEEHI#EER E U THET 2 Z LRI,

WIZEL o le ZRMO RGO A Z T 5 2 LN TE DT, BiedBAOFEREZN
ENHEEBEFT AT RNA =7 v U I 21T o 72, ZORER, BEBEOFEHBIZB W T
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ARHGAP36 BAG I3 ABEME T BEAYICIS U BBA e R 501k L, AL UED
P CIX LV EENRRAEZ R T I ERNDNnolz, EHICINDLOEBHEEICEVT,
ARHGAP36 D¥BLEWMBE L TRA T =V ERGBEFREPMEI STz, ZO/REND
ARHGAP36 L (a3 A5/ E ORBSEN WD TH LM R o T2, b b A L v PR O K HEK Tk
HIEBCS DR KA K> T ARHGAP36 D REIRFBENET . TR0 X T = AR {s
HORBKTEZHE, ARESNDIBEN T oA AT =~ 7 M5 809 U U ARHERI S
iz, ARHGAP36 ¥ /"7 EIZ7 a7 A %7 —¥ A 28+ 21EMAzHE L MESLTW5
2 (LR 8), 7 m T A X —F AlXA T = BRI AR NVE 2 BRRO TR0 Y 7 F s

EXFTHDHZ LS, ARHGAP36 ¥ 237 B OMEFERIRIFEN LT A T = Ak B E s
REOMENEDN 2 WREMENHER S L7z, 7B, B FORE (T =4 AT =UBA) OFRIZEND
TIERA 7 = A BGIIRIR A VT 2 REOBANZRNHE SN TRY . AR X A T OREICE
T Z DY T FIREREOEEMITERENORNE ZATH D,

%I, X%é%t’%é%z*nAM%MH%E&%%%’%i%&ﬁﬁﬁk%%fé@#
it ikl £, A TR XV DFLULOEREA TS E FEN~ T ATH Z DEG
FIE X PR Eich D720, TTICABRENTWAE FER~T A0 RNA > —Fr oo v 75—
B EFMNTTHZLICED . 2D O T I OBE O AR RIS A =T 5 2
L EMER LT, T OIS, D —%t 0> ARHGAP36 &+ DMNAFAET D —Hi 7 % 51|
Liz, LU, &z liz, x DA =xadV 7 A v Y v —RNA OH K% X5
TE L EESLRIHFIE Lo T,

I T, &Y 5L~ T DNA AF LA T 2 A YV T 7 A b—b o v T &
17272 CpG 7 A 7 RO DNA A F/UkiE, RNEHELES N7z X ek EOBIRF 2RI TE 5
Fnw~—h—Thd, ITOER, ARHGAP36 &5 1D CpG 74 7> FA, X YafRo RiE
B TREIZATF AL EZ T2 Z EBH LN o7, T72bbL, ZOBGBTOAF T
mmﬁﬁzhf\%EHK$Ué:&\it%m%wrmx%w&%m%kmmﬁﬁfkéz&
(Hﬁ@X%é%@%?wm&Aﬁ) BICARTEMH LR D Z MBI TV D X Yefaff |

m%iﬂbm®%/7wff%wm%%iﬁw L R ENS ARHGAPS6 & 5113 X Yt
RORNFMEACITIR T2 A F AL B2 T D Z RSNz,

IRk, BEOHTH 24 Ly VB DOIEERIT ARHGAP36 &in1Tbh 5 & im0
7=, 728, K[E Stanford K% Barsh #id% H O TF — L03, Tk L IFMNLICA L VB a T
N ARHGAP36EIG T CTHHZ &, 5.1 kb ODRIENPA LU VEOFRNTHD Z EEFFEL, Fix
L [Fl U5 @ Current Biology #&12%83% L7z (GCHK 9),

3. BE

ARG ORERD B, BT W3k Th oA TH2OF Ly VBIETOERD ARHGAP36
BERFTHDLZ L, FA VU VEORRERLIERIT 51k DRKETHD Z LB 3roTe, F
t_xmawrﬁim_&oAMﬂMH% 50 DNA A F/ALD /S — 13, 60 fFHillC Lyon
C X VIIB SN T v H DX R DIEE SN R —2 & —H LT, T7abb,
ESNIZRRONT 2R T b DB BT REOYIIC— 7O X Yetafh 0> ARHGAP36
BHR T T ¥ & BMSRIENTRIEML S 4L, AL D QMBI RIEIEL S 2 — 2 AR L= £ 4
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— 0. FESNIEREIENL—RAT =V EkE T 24 AT =0 OEE~EU0 2 DO 25
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DNERFET DTN 2D 5703 Fivz i,

%2, ARHGAP36 Bin 113t MIBIFET 523, & hTIHILOBSERAICED S L) #

FlX < ERMEDOWEE, REBE, KR ORI, Rirtka biE/e EoRR bbb 2 & n
wWhEIN TS (OCHk 11,12), 2F 0, ZOBERFOFEN & MRE OISO FIHEMEN &
HZ b ERRTEEEBL,
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