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1) PMM2-CDG  CDG1A  (MIM #212065)
2) MPI-CDG CDG1B  (MIM #602579)
3) ALG6-CDG  CDGIC (MIM #603147)
4) ALG3-CDG CDGID (MIM#601110)
5) DPM1-CDG CDGIE (MIM #608799)
6) MPDU1-CDG CDGIF (MIM #609180)
7) ALG12-CDG CDGI1G (MIM #607143)
8) ALG8-CDG  CDGIH  (MIM #608104)
9) ALG2-CDG  CDGII  (MIM #607906)
0) DPAGT1-CDG CDGI1J (MIM #608093)
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11) ALGI-CDG CDGIK  (MIM #608540)
12) ALG9-CDG CDGIL  (MIM #608776)
13) DOLK-CDG CDGIM (MIM#610768)
14) RFT1-CDG CDGIN  (MIM #612015)
15) DPM3-CDG CDGIO (MIM#612937)
16) ALG11-CDG CDGIP (MIM#613661)
17) SRD5A3-CDG CDGIQ (MIM #612379)
18) DDOST-CDG CDGIR (MIM #614507)
19) ALG13-CDG CDGIS (MIM#300776)
20) PGM1-CDG CDGIT (MIM #614921)
21) DPM2-CDG CDGIU (MIM#615042)
22) NGLY1-CDG CDGIV (MIM #615273)
23) STT3A-CDG CDGIW  (MIM #615596)

24) STT3B-CDG CDGIX  (MIM #212066)

25) TUSC3-CDG (MIM #611093)

26) MAGT1-CDG CDG1CC (MIM #301031)

27) SSR4-CDG CDGIY (MIM #300934)

28) CAD-CDG CDGI1Z (MIM #616457)

29) NUS1-CDG CDG1AA  (MIM #617082)

30) DHDDS-CDG CDG1BB (MIM #613861)

31) ALG14-CDG (MIM 616227, #619031, #619036)
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MOGS-CDG
SLC35C1-CDG
B4GALT1-CDG
COG7-CDG
SLC35A1-CDG
COG1-CDC
COG8-CDG
COG5-CDG
COG4-CDG
TMEM165-CDG
COG6-CDG
SLC35A2-CDG
SLC39A8-CDG
CCDC115-CDG
TMEM119-CDG
COG2-CDG
ATP6AP2-CDG
ATP6AP1-CDG
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CDGIA (MIM #212066)
CDGIIB (MIM #606056)
CDGIIC (MIM #266265)
CDGID (MIM #607091)
CDGIE (MIM #608779)
CDGIF (MIM #603585)
CDGIG (MIM #611209)
CDCIH (MIM #611182)
CDGII (MIM #613612)
CDGIIJ (MIM #613489)
CDGIK (MIM #614727)
CDGIOL (MIM #614576)
CDGIIM (MIM #300896)
CDGIN
CDGIO (MIM #616828)
CDGIIP (MIM #616829)
CDGIQ (MIM #617395)
CDGIR (MIM #301045)
CDGIS (MIM #300972)
CDGIT (MIM # 618885)
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1) ATP6V0A2-CDG ARCL2 (MIM #219200)

2) ATP6V1A-CDG (MIM #617403)

3) ST3GALS3 (MIM #611090,#615006)
4) MAN1B1-CDG (MIM #614202)

5) PGM3-CDG (MIM #615816)

6) GMPPA-CDG (MIM #615510)

7) GMPPB-CDG (MIM #615350, #615351, #615352)
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10) CSGALNACT1-CDG (MIM #618870)

11) SLC37A4-CDG (MIM #232220)

12) FUTS-CDGF1 (MIM #618005)

13) FCSK-CDGF2 (MIM #618324)

14) OGT-CDG (MIM # 300997)

15) SLC35A3-CDG (MIM # 615553)

16) GFPT1-CDG (MIM #610542)

17) GNE-CDG (MIM #605820, #269921)
18) B4GALT7-CDG (MIM # 130070)

19) NANS-CDG (MIM  #605202)

2 0) EXTL3-CDG (MIM#617425)

2 1) GFUS-CDG

2 2) POFUT1-CDG (MIM #615327)

2 3) VSP13B-CDG (MIM #216550)



HERET Y a v AR EE:
Congenital Disorders of Glycosylation (CDG) #4-&&
KIREEFEEE 2 —BR2BER - ey B AR e A =

CDG I #

1) PMM2-CDG [B4% CDG1A (MIM#212065)

9% € : Congenital disorders of glycosylation type Ia (IH % # CDG IA) 1% .
phosphomannomutase-2 (PMM2) B R ICEHERRHEFT THDH, PMM2 i
Man6P % ManlP ([ZE#i3 HE TH 5, CDG OH Tk PMM2-CDG 235 6% < . CDG
2IRD 60%LL L& H D,

Jaeken et al. (1980) W&AHINC 2 FER] &4 L7-, Matthijs &1Z PMM2 B E(TEE 7T
b5 Z LAl L (1997), WYL E RN (1) B2 X 5, 3 —w v /3Tl p.Argl41His
BN 40% DIEFITH H L%, p.Phell9Leu ALK CTLWARTH 5,

MAENDO L T VEEAMAREZ Y I KRN A BN 5, Man3-GleNAc2 .
Man4-GlecNAc2 . NeuAc-Gal-GleNAc2 2381 L T\ %,

NeuAc-Gal-GleNAc2/ Man3-GleNAc2 @ tkid PMM2-CDG 72y L MPI-CDG Ti3fK< 72
%, ALG1-CDG TIZZDthim< 78 %,

FEAR : PMM2-CDG O EZZRAER & U TIEFLIEII b O BRI T, EEINA R, FfE
VRN FEREBERN DD, T A, R CIRBHE . BEIRNILAE - FLEEk,
B7p EREREIR, (OFERATR - DIRED L,

BRSO T—HoFITRIEKE, FRiws, BREEEL 25, RERIEZER
T OBRHEOTEIE (Mirror JEWERE) 23HE STV %, HAEREIT k& ENR,

AL OMFLAA R, WErE, REHIR R, EERMAREREN, HEREET (Try -
A 77 b)) BEREHET, REki, REE, BEORE LEOBIILE (4 TR L
DHBL L, s & & BITIHAT D), FLEAMAE (inverted nipples, NNt & & HIZIHET D),
FLrVERORE, FRER (AR, 7—F > FEOR, HAoBKREV»,
ERE, E<KHEELETH, RSMWEZRE) Y, WA, REIREKES), MR6EL
P EOIRFHHR T 2580 5, BRTIHERHERELZON D,

FESRENENR K TIX PMM2-CDG 72 £ D CDG SRR DG AN H D, PMHIEIEE, O
i SO ML MR 20 D B FRICER D SETH D,

OFERITH . IERTRLODAE, ANEEIR, DA, OF URT—7 ) SRR E e EYEER
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WROGIHEIIEERLETH D, BERHROBDHEIXZ PMM2-CDG DJER & 7 5565
Do LT A=K OIEBRAFROFMALETH D,

HILEDOEOHE S LT, MILRERE., THERD L, Ta— 7 RELZHETDIHHZL,
KEEHIL PMM2-CDG OEFZEHTEXDOOTEETHS, CDG TIIFHREEZETHHD
M, NFIER, ITHAMESE, AH-8m. PR EOMREZES FlH 5, JFIKABHO
A EEIRAK FHLIE T AST ° ALT 728 EH- L TW 554, CDGIXEHER]Th 5,

AR, MEEEARENE, RIR, T2 EORBMRE N H 5, M8 AR ME LR ERT
R T, MIEEMEREN RSN TS, BEEAOMIL H 0 . HEER OFFE 21T
IWMEND D,

OEEIRITRE . MK, JEOK, B RVAIE, BSEM: S 3 » 7 BSEIICET L TP %A R OEA
HEZIDBINHHIL TS (extravasation crises), [MLIFH /X7 IXEMMICIK T T 5, 2%
VCRIE SRS T 2 B 23MFAET % (acute inflammatory crises) ,

ZRERIE . IRAVERER T e CBEWRGBRICOREFTRZRBD L, F U RTRNLHRT
n—PERELIAbHH D,

FRATFT L« ITRRRE S MG K FIEMEIR T (RRICEEXUR 72 £, TR 5 5 0% [E K]
T OFEEEF 12X 5,) . ProteinC, ProteinS, Antithrombin (LLF AT) OJEMEK F7a &,
SO MRS > 7 B a L xATo—/UKE, 2 X575 —8RF, 7us”s
Fo b @A R ERIEE, FRIREREIR FAE O F123 & %, Thyroxine-binding
globulin (TBG) AR T IFABEE 2 @Y, Z I TIHR =TT B h o & P RBERE AR T C k%
S RINT 25601380 5,

TPE TR IERERIK T L 2 B YA — OB TR 5, BHMLEREA . U N
B BT~ a7 ) CER EERD D,

SHESMRIFTRZ £ L 05, IV UElEE (XU 2R 2 PE 005 R O
B )L IR, ISR K. Dandy-Walker variant 72 & & R L 95,
Pontocerebellar atrophy @ 1 fi & $ % % Hi1 5, CDG OFFE L L C/NM I IL58FH S 41T
WD S AFETIEZR W,

FUZEHIRFEME (Stroke like episodes : SLE  SHFIAMESCEWER BOBRIZA ULT <, [\
BT %) 2EC 20385, M/IMROEBEETTERRKE S 2 LT\ 5, EIRER, Bk
KRB, SRIPRrE, EERRE (EBREL, FRREL) . B FINEE, TV AR EEZRD D, e
FEICR L CTOBET AV Y U ERIICERS L=, BREBTFrolztn ) HENH 5,
Rk 72 PRI 711X 720, SLE WX A LARE OFIERFTA 720, £ < @ SLE (T8I EE
DM, BBIEZRDDHHIH H 5, Stroke like episode [FNFFEZE & IXBIOREF THRAET D &
DERG DD, MFEZE, I 72 EMMmE RO RFEF S & 25, /NEDOFIEA D Stroke like
episode JEFI TiX CDG Z /&8I < LB B H, MELAS & O 4 M2 Ch 5, Serrano
I% SLE I OWTREMIZGm L 2 FRK L T D,

IINIEEERE X 95% DIEFI TRRD D BHEEFT R CTh D, /MK HEATEE, /IMRM-ER & B o 2k



HIZEHE QEOIEKR) 2 PMM2-CDG IS CTH 5, /IMHBEFIZ L HAERE LT, IRERAR
BEEGESE), RO, EESED), REEBREIK T, KRERR BN D, BBEE=
a2 — N F =7 EREMREEOH S H Y | BRAEHPMA L KT 5, PMM2-CDG ©
I3 NIRFRAE R T THE T IX 20, Il & & bickE T A8 b s S hTn b,

HIMBEE A 2% < OB TRO DM, BN EE F TSR, MPEEZZBD 206 H
WESNTNWD, MBEEICES2WEINZ WS, BIEFITESL Z L bAETH D, WD
<o NBEZWHERSAIE L TALND, T AR D 20,

Fln it 0 & ME%RER S OFMELTE, B&ERd ., BEEhnER, ML L DR
ARG OHEZRD D, KRS (A ZEMEETT) . SRR ERETE ()
WA U, MUBREEC 72 5, B B HEREICHER T 5, 60-70 MO EiEE b b T
B BIESEROFEMIIMNEG & & bICEEMEA T,

JRIRASB OIS (FRZ/MKEE . KIMAERY) (3428 CDGIA Z##h+ X% Th
%o WIEFNIRERI 22T LA K <,

HRRAET — % & U CIF®biEEE EH. 2V v =27 7 —BEE, ATIHEEIXSE 127
Do

BIRE R CHAEWNTIZ PMM2-CDG 23 b2 < #E SN TND R, BCK &L LD7
W, JEERCTOA R 1/20,000 TH Y . p.R141H 2 Fi% 40%DIEF TRIE S v, RINHE I
— A B D 1/60-80 H\ 5, Vaes HiE (2021) ZH LRI O REE I SWTHAE L7z,

1R - XHERIEZ1T 9. mannose D FRFIEITNR DB RN E Wbt TV 523, Taday i
AT — & OWEE T LG LT 5, ManlP fifmBERFES T 5 (Hardré et
al.), SCRRICRT L D ICERIR T A R 7 A VU MER S 7= (Altassan et al.),

Witters 1%, D-galactose i & CEIERI A T OEFIKIISGEZ RO - LA LT,
aldolase reductase inhibitor T& % Epalrestat 72 & D ¥ X1 ¥ iEIL PMM2 Ot %
FR XS ARENN D D, Ligezka 1%, Epalrestat {EEICEB W TRF VL E F—/LDOH|
EIE T AT =) ORI OB L H O TIRIROFEIEIZ R 5 LA LT,

Epalrestat (= VL 2% v 8 (3HERIFHEMRIEEOBRIE S L TRKRBINTWD,

TRZ YT I FIIMEERICS L THEREIH D,

extravasation crises X° acute inflammatory crises |ZHEFIEENBMETH H MR, TEAN
BOEHEZIRD Z &7 ey,
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2) MPI-CDG CDG1B (MIM#602579)

JHE : phosphomannose isomerase deficiency

Fru6P % Man6P [ZAMT HEEEDORE TH D, WHORLEMERMRIZ L D, MO R I1X
PMM2-CDG & [Algk/ "% —> Th %, MPIBIEIZERNRZ GV, BERIEEMET LT
Do

SER - FRRREIR 2 R & . FFIER, FFHEREREE (SERMEATHHERE) . WL EHRRERE L 27 5,
JEBIPENRME CRIES 2 Z L 03 & 5, HHAME TR, RifbE, & >R Y e, i,
g Ny RREGE, B Y ooV LR, LA 235, ks - SREBMRDIE
BINZEHENDATREMED B 5

Protein C, Protein S, AT, FactorIXKME T HZ &b, MABIED Y R 7 13d 5,
BNy BESTRIEIEIC LY | ART VT I VIEEZ RS D,

Mm4% aspartylglucosaminidase (AGA)FfE, ICAM1 UK FL CDG1 DA F~—
#1—"C& 573, mannnose fifi it CET 5,

MPI-CDG (THHIEE 2 (L 72 k7 CDG Th D, ARk O RE D HIHIC T D,

1A% : mannose i FEFIEN AR TH 5, CDG TIHH AIHE/efi/e % A 7 CTd %, mannose %
HIZX Y, MPI 241 & 7712 Man6P 235 415, mannose DN 720 VI T4 O
EHERH D, Ll Ha REIERZERE STV 5D,

Girard 5! mannose fiFRFIEDRHIME (F 14 4F) 2 Lo, BRETICMIRE T
e, MARE, BHREET Z2ROTHRH -7, RFETE THERA LT,
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3) ALG6-CDG CDGIC (MIM#603147)

5 HE : Dolichyl-P-Glc : Man(9)GlecNAc(2)-PP-dolichyl-glucosyltransferase O 5 T 5,
Man(9)GleNAc(2)-PP-Dol 2. dolichyl phosphate glucose (Dol-P-Glc) 7'&”1#73!]?5@?%%
a— RT5 ALGEBIE T RFEThH D, WHEERLHEELETH D,
Gle O L 7B E T RADN AR T 5

Man9G1eNAc2-P-P-dolichol 23 ERFARHMEFANAL THIM L T 5,

FRIR 1« FEPEEN RN N EER Th 5, CDGTA LERRIICEET 208, OCRUE
DM 8 5, BEFUTFFEAI T, BIMEAL, IREBREE, EFREEZBOLH0LRH L, FIA
HIFIEONRR, EIRIG O RAEVETRIE, SAEMERGYE, HFEET, T (90%LL E
TEOFL, —HEEEANE) . BB, WIRAREER S 22T 5, BRI XBERED
BHEEHGH D,

ALG6-CDG X B EIEKRZIED Z WS TH S, HE, 5 Dk & DJEHrY 72178 k-
DEALPAREE 72 5,

MRI TR, /NHZEHE 278D 5, WMERBOFNH 5, PMM2 O X 5 72/ NEEZ AR
DRV, MRREHETIER Th 5, MIEEEERZEFE1H Y, AT < Factor X 1K T 2789
Do Z U7 RHEMERGE, BIGE, (TWIVANIER & 2256018 D,

CDG O H Tl mery 232\, EWN TS Ichikawa 5 ORI D 2,
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4) ALG3-CDG CDGID (MIM#601110)

5 HE : Dolichyl-P-Man : Man(5)GlcNAc(2)-PP-dolichyl-mannosyltransferase
Man(5)GleNAc(2)-PP-dolichol {Z dolichyl-phosphate mannose (DPM) 7> Mannose
BT OMRORT TH D,

BRIR M« REEEN RS RN (R IX RN L) . SERIK T, AE, M 3R 28k

JNEESE, HATERE . W coloboma, #RMZEA (R N2 . (RAPRRENE, SEVEDU B RREL, A

FHCAM A, RREEEE), NHEIER. MRRIEKR &2 23 2, ITHEREEEIZZ2V,
% 1% burst-suppression pattern 720> L hypsarrhythmia 732\,

Disialotransferrin 334 2 5723, asialotransferrin (37T 7 ThH 5,
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5) DPM1-CDG CDGIE (MIM#608799)

J%HE :  DPM1: dolichol-phosphate-mannose synthase-1

DPM1 i&f{5+¥1% dolichol-phosphate-mannose synthase % =2— K425, Z OEEFEIT
dolichol-phosphate-mannose (Dol-P-Man)% GDP-mannose & dolichol-phosphate 75 &
4 %5, DPM2 & DPM3 &/MafkBIZFE L THERZZEN S5, Dol-P-Man (X
Kz 7270 2 2 ALIBFRIZ BV T mannose DFRTR & 72 5,

DPM2 /X CDG 1 U OE{Ti& {51 CTh 5, Dystroglycanopathy #2735,
DPM3 &5 128 # 13 Muscular dystrophy-dystroglycanopathy (limb-girdle), type C, 15 ®
JRREE T CH D, ZD X912 DPM O 3 s 113 A L BET 5,

BRR M - FEemEEN R S, DNEE (B NREIZER) . KT, e NN, EatETA,
o (W, NN RE) . REE. RAREE, FEBREGELEER L5 (GOT, GPT.
CK). FactorX 11K ATHMK T, AREGEHIMAE YL, 2B & ALEEH O M EE2 R 7,
29 WEHAEDOHITIZ, WBIRKIE, kg, HEEN, PDA, BFET (IRFEBIRE. &0,
BRI, SARER) . DR Cj:ﬂifﬁ?ﬁﬁ (R . TNEERZ LD /NS 72T IR
i, SRR R & DRI A R

Y A ha 7 4 —kEpT Al D, DPM1 1L o -dystroglycan @ O-mannosylation IZHE
BILH-HEBEZH5H, MRI TRIMEE, /NKERT ., BREREE 2R

Disialotransferrin |33 2 573, asialotransferrin [X1E & A EF8DH 720,
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6) MPDU1-CDG CDGIF (MIM#609180)
Mannose-P-Dolichol Utilization defect 1
MPDU1

J5ifE : dolichol-phosphate-mannose (DPM) 1% N BUpESH 7'V =2 > Akizd, O BUpEEH 7 U =
T S %72 mannose DEFEIR ToH 5, DOLK-CDG, DPM1-CDG, DPM2-CDG,
DPMS3-CDG & DPM AE&RBREORFICIH2HERATHY CDGI BB LEHbE, o
a-dystroglycan (aDG)® O-mannosylation &35, D=, CDG 1 B o Fig b
muscular dystrophy-dystroglycanopathy % 23 5%,

Mannose-phosphate-dolichol  utilization defect 1 (MPDU1) (X DPM ¢
dolichol-phosphateglucose (DPG) 7% il &8l 5> & /N AR O NAINZ BOfis & & 5 B HE O i &
THDH,

HEE H A~ mannose #FE DFIHEEN A LD,

AR - AERORAKTE, PASIRONE, IRIR. [EEAR. R amaurosis, FEHUEEFE N
BERMET A A, ERIEINZER, IR K. BUEHR. ALt (R . fLRUER 2 2
T5, Thdi, KHEEIFEEER, SFFREN 3 EMTH D,
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7) ALG12-CDG CDGIG (MIM#607143)

7 HE : dolichyl-P-Man : Man (7) GleNAc (2) -PP-dolichyl-alpha-6-mannosyltransferase
ALG12 (X 8 % H® Man #fINT 2EFE Th 5, WHREOKEME (S BTk,

BRIRAG - FEerEENRE RN, B R AR E, FLIRMIOMRLEE | (KRR, 5 RRIK
T, /NBE, B (B SLORERE, KRESr. =MiaE. WIRAER), FLEAME, WNRUE.
TVt KIEMORGERYYE 852 RD 5,

DU BTG 2 1 O B BICAUE., FMESRRERT MR, FRER) . OE, BT~ r>
U ULE & F IS E b O RE R BYYENEORE S H D,

ENTH Hiraide > OHEDRH 5,

SCik
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8) ALGS8-CDG CDGIH (MIM#608104) ALGS8-CDG

9 RE : dolichyl-P-Glc : Gle(1)Man (9) GleNAc (2) -PP-dolichyl-alpha-3-glucosyltransferase
DHEFETH D, Gle()Man (9) GlecNAc (2) -PP-dolichyl (2%} L T, dolichyl-P-Gle 75
TN A— RS T DR RE Th D, ALGS BTN OfEE 2— RT 5, WAk
SRR TH D,

BRR - FENREERIE, AROKERMAR, BEEs. ¥ o7 nHrERIE & B 5E T
TR, VRNE &K, B S X SE, R EEE FE (Factor XI . protein C . AT K
). BEFER . IFER. BRNE, B0 BXLORER EBRHRTH D,

GHER MRI HH . FSrEE) R EER, MEBRIKT (FREAAR) . K. TuinA (D
HRTE) T2 EOMBRTFRIRT 2D, M), BECTREBECHOMER H o 72h3, BIEG]
LI TS,

SR
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9) ALG2CDG CDGII (MIM #607906)
e 1 ALG2 13 GDP-Man : Man(1)GlcNAc(2)-PP-dolichol mannosyltransferase % =t —
N4 258FTh oD,
Z OF#F# X Man(1)GleNAc(2)-PP-dolichol |Z%} L C GDP-Man 7>6 Man ##5f S+ 5,
kit (M) B Th o,

BRIRME - B coloboma, FIWNFE, HELSHUEENIREER . Wil (RETANA), B
bk (MRI CHEJRD) . BEAFEKR, FactorX [IEHEK TR EE2BD D,

&%& HoOTEFNLAY URRKTIEINEZ NI PEERR I TH LD,
ALG2-CDG. ALG14-CDG. DAPGT1-CDG. GFPT-CDG 73 F I3 e RMfrESFEL £ 5 5,
e Rl REEYE, BAETHMEIE D% E 0 B RARIEDOHI £ TELE Th 5,
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100 DPAGT1-CDG CDGIJ (MIM#608093)

JRRE: DPAGT1 i&{s1-1Z UDP-GlecNAc: dolichyl-phosphate GlcNAc phosphotransferase
a— KT 5861+ ThbdH, NESENEHS K (Dolichol cycle) DD EMEIZ/EHAT 5,
KU 22—/ 22 UDP-GleNAc 75 GlcNac ZHaB T 5 EDRE Th 5,

HEYZR @?' E@Ei*%$$f§%b§§‘ PEWE, HEEAHEE &Eﬂi1<\ RIACAMNA EHAMETADA) . /NA
iE | VNG SMRHEL 5 b feNE . FEE R, KBREE dimples MRI TH
ﬁﬁwﬁiﬁﬂfﬁ%ﬁ?ﬁﬁ%%#ﬁ%nto

HEDOTAUNAIIEND THRABROFIEE & 25665 5,

R T2 2 LT, BREHENEERE L L GESh 25605 %, DPAGTL 1%
TEFLA) URFEOY T a=y b ) a v UICEER O TH D, HERTER
Mg DEFZFRD D, %%i:)/12?3~?miﬁﬁﬁﬂfﬁé
728, ALG2—CDG, ALG14—CDG b i M JJEAR DAEIR 2 785
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11) ALGI-CDG CDGIK (MIM #608540)

JHE © S -1,4-mannosyltransferase
GDP-Man:GlecNAc2-PP-dolichol mannosyltransferase
GlecNAc2-PP-dolichol mannosyltransferase (2 GDP-Man 726~ > /) — A &7 5 [
DERETHD, WHRGEELHMERIZTH D,
MAENO T TNV ARE 7Y J1 2 OB TH D, NeuAc-Gal-GleNAc2 & \»
D REIED 4 BEIX ALG1 @ biomarker T&b %, HE/HTIZ LV MG\ LIVETHETE 2,
Man3-GleNAc2, Man4-GleNAc2 H1L T\ 5,
NeuAc-Gal-GleNAc2/ Man3-GleNAc2 D thix ALG1-CDG TiE&< 725, PMM2-CDG
72 L MPI-CDG TIiEZ MRS 72 5,

BRIRAG - FErREEN I N, R RIR T, RWIIE T A A, /NEESE, RIMZEHE72 £ O MRI
B2 EOMRRFRIRE N LV, BITEMEES R EER O OB H 5, BEIEM TIIHBIE
JKIE - FFER & D . RHEBECH S H D, FHE, IRIR, HAREN 2 & ORBHET . B
Fow (OREMYER, IRMBAEE, /N5E) CTADA (ZEEVETADAMEIRE) . PEIREREIS T,
BEEfiffE, MR, (OAE, /NEERE, PERRBEREIR T 7 & MUiREEE 25 (A BEm), =
7u—tE&0E, Beell H., IgG XEHHV, HLEREOHLH 5,

AT B A EE N L BCK Tk PMM2-CDG Ok 1Z SRD5A3-CDG & A CHEEE 3 i,

Pseudogene 734 < | BIsF2WiixREETH 5,
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12) ALG9-CDG CDGIL (MIM#608776)

it : ALGY BinF#FIZL D,

dolichyl-P-mannose:Man (6) GlcNAc (2) -PP-dolichyl-alpha-6-mannosyltransferase
dolichyl-P-mannose:Man (8) GlecNAc (2) -PP-dolichyl-alpha-6-mannosyltransferase
ALG9

NEE I RARIC 7 % B3 KOV % H O Man Z (04 2 B3R 0 55

BEIRR - AEeEEh R R, EE/NE, PERIRIRT. TWivA, IFIER, KB SN E
KANZEHE, B EEE, B ERRE S Tn5s,

BRI 2L S FN 5 5, Gillessen-Kaesbach-Nishimura & B IEEIX ALG9 B8 0E TH
%,

SCik
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13) DOLK-CDG CDGIM (MIM #610768)

JRHE : DOLK : dolichol kinase deficiency
DOLK 1% Dolichol & U »fi&{lk, L C. Dolichol-phosphate (Dol-P) %&h%d 5, Dol-P i%
Dolichol cycle IZAY | HEAREEER DIAICIEA LT NS ABEHAARE LT <,

IRFTAL - ABaRIR T, BB Mkt flifie, TArA, BIECTRENIETT 2, RE
DHEGIH VO, REECAD AR EEEETADABI L B 5,

Lefeber & /3HEHRALLMAE T DOLK 2% 2 [FE L7, Rush &ILOFAEZ & OF L CTHRINIIE
C L7zl L,

Komlosi & (2021) 133874 e BaEM: o fa i iE (51 2 s L 7=,

=
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14) RFT1-CDG CDGIN (MIM#612015)

JRHE : RFTI BinfDRHIZL %5, RFT1 I Man(5)GleNAc (2)- dolichylpyrophosphate
(PP-Dol) & T T = 728 2 /NMa iR o 4Mil GREIRED) 2> B /AR o NN iz & & 5 %R
(flippase enzyme) T 5,

BPRAG - BRSO RRREEE . HBORICT,. FFECR, Wit A, MUHEEES SR, i
A, FEREHL, BUERE S, FrCEE RO SO 20,
FE B3R A RN PR PR E TR 5,
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15) DPM3-CDG CDGIO (MIM#612937)

JHE: DPM3 1% dolichol-phosphate-mannosyltransferase 3 # = — R 5151 Th 5,

dolichol-phosphate-mannose (DPM) & N BpEEH 7" U 2 o 4kicd O BUpESH 7' ) =231
Bz 272 mannose O TH 5, DOLK-CDG, DPM1-CDG, DPM2-CDG,
DPMS3-CDG & DPM A&HBREORFICLIA2ERATHY CDGI HoEE L HbE, o
a-dystroglycan (a DG)® O-mannosylation HiE/V 95, TD7=H, CDG1 B EE L
muscular dystrophy-dystroglycanopathy % %23 5%,

Mannose-phosphate-dolichol  utilization defect 1 (MPDU1) (X DPM &
dolichol-phosphateglucose (DPG) 7 fific & 7> & /M ik oo NN Siis S 5 B RE O g
Ths,

HEE H A~ mannose #FEDFIHEEN A LD,

BEpRAg B ks E, A T, JERRLLE CK AST ALT B&
HYA MR T 4 —DEZH, HEEPERBIENA LT,
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16) ALG11-CDG CDGIP (MIM #613661)

R : ALG11 Bi5 11X R Y 2 — A BPESZ GDP-mannose 226 4 FH & 5 FH DO~
) — 2B AMERE I — KT 5, ZOBETRETHD,

B PRAG - LI O AL R R SRR, 7 BRI T #EATE T A2 A (burst suppression
pattern) . FEFEEIFEEEN, EATH/NIUE, FrREFE 2T 5, BEEEOMN LV, &
i, BHARZ EORBREF G H 5, EIEFIITFEHRARTH D,

FT U AT 2 ) U OBEHBENRETE WL H D, GP130 OREHR Z 2334 F~—
N—ER5,
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17) SRD5A3-CDG CDGIQ (MIM #612379)

JHE : SRD5A3 1X steroid 5-alpha-reductase % = — K4 5i&{5+ CTd 5, polyprenol
reductase I polyprenol % dolichol (23 5E#58 CTd ¥, dolichol ZE AR D EHEIMFE TH 5,
Dolichol /& N-glycosylation, O-mannosylation, C-mannosylation, 3 X T8 GPI anchor &
BAZFI &5,

ARY 7L —n(PolyprenoDid, E#HDA V7L /A4 KT Ara—LThHb, nk (VT
JA Ra=y bO¥L LT, —HRiL H-(C5H8n-OH THY , 4 DL EDOA VT L=
Y MO RDTV ) —RRY) TV =L BTN D,
polyprenol

H‘\)\/\
X ~OH

BRI « M ERIRIR T, CTAD A, FEMEENR RN, FPRER., DINEMER L,
FalliE 2 11 O B3 8 5.

IREE (551, IR= v AR —~ | AR, B ECRRNEE, AIRHR) 732 < | oculocerebellar
syndrome & HE5 X L5,

SCiR
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18) DDOST-CDG CDGIR (MIM #614507)

5T : dolichyl-diphosphooligosaccharide-protein glycosyltransferase

DDOST., STT3A. STT3B, TUSC3. MAGT1 (X & (2. Oligosaccharyltransferase (OST)
complex A% %5, STT3A & STT3B (% OST complex @ catalytic subunit T 5,
OST complex (% F U 2 —/WZHEE Lo Z /NN TH /X7 E O Asn IZHERE S 5 5%
HE & FFD,

BRRER - (REEINAR R, FERIRIRT. TAdA., fEMEE S RN, R, ITHRESE
IR EERE R 7525 . S ERE 72 & 238wz, CDG I MO AKX —Tholz,
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19) ALG13-CDG, EIEE36 CDGIS (MIM #300776)

JRHE : Asparagine-linked glycosylation 13 homolog (ALG13) | uridine diphosphate
(UDP)-N-acetylglucosaminyltransferase % 2— K9 %,
lipid linked oligosaccharide precursor D& FIZRIE- L. N ABEHARICEETH D,

RS« BHIRIED TANAUBIEN A 515, Early infantile epileptic encephalopathy-36
(EIEE36) DE(LEIE T Th D, BT AT VRXI TR EMERE 2805, SEIERHT
PP AIERT N BIFREDMT O DD, BIEITEHAMEICRRB T 26810320,

X EgHMEE (X EHEE LRI VR B REAL H D)

REIIAR R, BRI A rEE R iy, RS /NBUE, MRI CREF LA
MREEE R WEKR 22T 5,

DVAXRUT BT T M NEEZRD LB B D,

N7 272 OB CIIAEEZRBOICL | BT CZICEBHIR 2N\ E
Z HiD, ¢.320A>G; p.(Asn107Ser) ZRNLZFBO LD, Ng HI% 29 il & Lz,
TADAIZKH L TIFATCH RS L R=Y a U BERTH D &#iss LT, Alsharhan 5% 53
Bl% £ LD THRE L, BED N-glycan B 2 L7,

SCHER
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20) PGM1-CDG CDGIT (MIM #614921)

JRHE : PGM1 : phosphoglucomutase 1 X{EIETH D,

PGM1 1T glycogenesis DES#EESFE T U | Glycogen storage disease X IV & L T X
nNi=m, Zlav b ey b 29 50T CDG O —fETHdH oD, PGML X glycogen
phosphorylase 2 & ¥ glycogen 7 & 4 U 7= glucose-1-phosphate ( G1P ) &
glucose-6-phosphate (G6P) ZFHAZHd 5, G6P Ik CHIH &5, G1P IX uridine
diphosphate (UDP) -glucose ®#'E & L T glycogen %27 U 2 L ALICHW LS,
UDP-glucose pyrophosphorylase (UGP) % G1P % UDP-Glu (2§ 5EE TH 5,
PGM1-CDG D#ESH/IATTIE  CDG 1AL L ROl 5 OFFE N P 535

T

BRRER  AERRV L oy A B, PHEOR & ITHRE SR . IR MpE, RS &, W -
BEE, EEVAME, CK LA BURUmH@EE, ErEEE, RO AE, (K= Fhres
PERRFEREAR T . MIREEE JH 722 EOIER ZF8D 5, FRIEFIIERO 20, (DFFIEICHE D

IREED WL 138 % 6

=
=

>f?} B3

179% : D- Galactose fiFEFIED R D U, 1R FTEEZL CDG D& D Th D, Galactose 1%
GALK OfEH T Gal-1-P (2 & #: X 41, Gal-1-P I Gal-1-P uridyltransferase (GALT) |

> TCUDP-Gal £ 720 | N-7U a i fkicfIH S5,

Conte HIIHERMOR Y V—= T 2Bt Uiz, 2021 FICAIED T A RT A U RFELS
e,

SR
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21) DPM2-CDG CDGIU (MIM#615042)

JiHE : DPM2 3&{5¥1% Dolichyl-phosphate mannosyltransferase-2 # 21— K425, KV
a—)L Y “EEIZ mannose Z 549 5% CTH 5, Mannose L GDP-mannose & L CHEEH
EBRICHIH SIS,

BRIk - & CK MEZ 1 O i BaRIR T (TREIESCIRAF T 2) . fErnEE R EER. Ao
i (BEBRFEUNCRIET D). EITH/NBE, A /SF—EH, /N, ZRMERETHE, /)
MEMER 22T 5, AST ALT & EF-75,

iy’ A b7 4 — muscular dystrophy-dystroglycanopathy syndrome T& %,
HEOMRIERE 27 5,
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22) NGLY1-CDG CDGIV (MIM#615273)

NGLY1 (N-glycanase) gene

JFBE : congenital disorder of deglycosylation (CDDG) 723 IEX A4 #+C CDG1V X biv7e,
misfolded proteins (Z%f9" 5 /Mafd TOREEAFIRRICE T 2 BEHICBEL 2 5T+ Th
Do WEZ R EIPONEBEHAZN TR CTH D, O, 77 IX—EDORINT LV bE
BHOFER LT=T ANRTH (N) 27 ARTX UM (D) (AT 2,

Yoshida &%, FIEHFIZRET 28 521T> 72, NGLY1 OB~ 7 A%, JRESK
WTHHM, NGLY1 Ba 1L, PFHHZER L T2 X F U HE N4 585 FBS2 Oi#fx
T RIRFCEE U —EA R~ AL, MAELTHEETLHZ La2HE L (Yoshida et al
2021), NGLY1 R FBS2 2B S5 & DRy 7N Th 52 B F L SHMR
B LIERERIEZ o7 flaIc SR L, MEEZAE TS, MdoFICER LR
BRaeXFANESY RV EIE, T aT T Y — AORERREFFET D T L BAIEDRE
Td 2, FBS2 OIEMAMEIT 2 2 L1k, NGLY1 KBIEDIEFRIZD72H 5 AlREME D & %

(Yoshida et al.),

HHT 100 FILL EORERH D, HKORENRZ WA, FETHEHRERH D, EANTIER
BN ND EFRREND,

BARMG - mFLR R, BREE, HRORET., KMeETR RN, REAMEED (&
B, YAL=T, bab T, 77 M8 KRR L) RIEMREE, BRE (RESWR
£) LAREE
NESE, EEATE T A A, FRIRERES), ATHkRESR S GRBIEESR L) . PR,
Fritgpl (IRFEBAEE., L& ofde, BRKEE, M, IR TE, FHEARHEHE BZo8
H)
INS TR
BARE DD 72 MER

PP ZEME, M RZNE, cone dystrophy, ‘HAFHRIELE, BIEN Al BT, ZoFRRFH 2L
TRAF=NTFREIED, HEFEEOKS I BLCRERT VT I B Y 7 F %
DT 2 LAl 5
FAm - A PR S R E 22 e
MRI : RMEAE W& HEELR S ERE R ERALND,

Bt : CDG TIThD F T A7 =2 U OO TIREE ZRETE 2V, A A~——
& LT, MIERLR D N-acetylglucosamine-asparagine (GleNAc-Asn) DEMMAHHTH 5,

169 - BUEITSHERIEICH £ 523, Yoshida & OWFFRITIEIE FIEIC D720 5 FIREMED &
50
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2 3) STT3A-CDG CDGIW  (MIM#615596)

JpifE : DDOST (% 1828 DDOST-CDG, [H4:#: CDG1R), STT3A, STT3B (5 24 1) |
TUSC3 (5 25 1) . MAGT1 (58 26 1) IZ & $ 12, Oligosaccharyltransferase (OST) complex
AR T 5, STT3A & STT3B % OST complex @ catalytic subunit T 5,

FRIR 1R« EEOREEB RN, REEE . REEINAR, NEEE, SARARIEAL. /M
Zia, TnA, BERERRETREZRT D,

Wilson 5% (2021) 1% STT3A @ catalytic site D2 T, EMHERIFN TRIET 56 %
W Lo, SERITERRERE, (R R, KB, BREJRETHoT,
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24) STT3B-CDG CDGIX (MIM#212066)

k& : DDOST. STT3A. STT38B, TUSC3. MAGT1 i & b2, Oligosaccharyltransferase
(OST) complex %1% 3 5, STT3A & STT3B iZ OST complex ® catalytic subunit T

»H5,

BRGSO IEB IS, REMEE . REHIRR, NEAE, SARRRIER, /N
Zii, A, BERIET, SMESIIEAK, IFRERERT . M/ Misidb 72 E2ilo %,

il

2 5) TUSC3-CDG (MIM #611093)

Mental retardation, autosomal recessive 7

JpifE : DDOST. STT3A. STT3B, TUSC3, MAGT1 /X & £ 12, Oligosaccharyltransferase
(OST) complex Z#§p%7 %, TUSC3, MAGT1 /% & & 12 Magnesium A 4> O #E)IZES
54%, NTUAT =Y OO TIRRE 200,

FRRAG « IR E S TADNAZRD D,
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26) MAGT1-CDG CDG1CC Magnesium transporter 1 (OMIM#301031)

J/HE : DDOST, STT3A. STT3B. TUSC3. MAGTI iX & %12, Oligosaccharyltransferase (OST)
complex Z AT %, TUSC3, MAGTL IX & $1Z Magnesium A 4 OBEICH G 5,

MAGT1 ¥ X-Linked Immunodeficiency with Magnesium Defect, Epstein—Barr Virus
Infection, and Neoplasia (XMEN) DFELEITFTHH D,

BERMG - XSRS O LA 255, TADLALEDT 5,
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27) SSR4-CDG CDGIY (MIM #300934)

J5iTE . SSR 4 13 signal sequence receptor & 2— R T 5@z ThH D, H L BRI - bE
% 737 1% translocation core Z il CTHIE/MaAIZ A%, SSR1, SSR2, SSR3. SSR4
IZ 4 1K L L T Translocon-associated protein (TRAP) complex A5 9 %5, TRAP
complex (% OST complex & &1 5, TRAP complex IE core DT IZFET D, CDG D
PR ENR X EEHETH D,

HEAR /NG, PRRBEE, REEREEh N, SRR T, T, FEREFICHE, H
HRE PEARIBZ ), B TARGBEEAN, JRIE TR, H5WER L, IREE, BB
DEIG B D, BIEITEZD 720,

Castiglioni Hid, RRIEE, PAFIMEE, FEMI, WEIETZR EORT R238 0 % 62 H
&L, AR & ORI 2R LT,
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SSR3  Signal sequence receptor TRAPy-CDG

JHHE : P T AT = U U ORERIT 432 FH L 630 FEFHDOT ANT X UITHRAET D,
PMM2-CDG TIIH DR RITZ D 2 ATCHSIc3 44 %, TRAPY-CDG D4, 432
FTHDOT AT X AEGHEHD BB LTV,

SEAK - RN EEIE, FRREAS, REEE, OIE, R TR, MEEREEZET D,
O REIEEN I EER A5 5,
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28) CAD-CDG CDGIZ (MIM#616457)

JHHE : CAD gene

Y I VUARRKICE DD 3REAFFORBERE O R TRLOIAFT CAD
Carbamoyl phosphate synthetase,

Aspartate transcarbamoylase

Dihydroorotase

BRI - RS EEh R EER . HERIKT. TArA
pan-disaccharidase deficiency, renal tubular acidosis

B ST ' =7 MUE

AFH M. : anisopoikilocytosis, acanthocytes, and schistocytes

‘B : dyserythropoietic
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Ng, B. G., Wolfe, L. A., Ichikawa, M., et al. Biallelic mutations in CAD impair de novo

pyrimidine biosynthesis and decrease glycosylation precursors. Hum. Mol. Genet. 24:

3050-3057, 2015.

44



29) NUS1-CDG. CDGlAA (MIM#617082)

NUS1 (Nuclear Undecaprenyl pyrophosphate Synthase 1)
NGBR (NOGOB receptor)

CDG1AA [ TH Yt bk RInd 5,

A7 UNVOEEBIZOSREGH 5, BRERTAUNAVMIEEZ 2T 5,

JiifE : cis-prenyltransferase %7 == Tk 5, DHDDS & IL[F L T Dolichol & A%IZ
B D,

FRIRM RSBV I ZEW . CAd A, ERMENE, MR, FHEERE,

F7 VNWVEROEMBIEOLE, /N—F 2 Y VIR TAN A, IMRKTROEE RS 5,
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30) DHDDS-CDG CDG IBB (MIM #613861)
Developmental delay and seizures with or without movement abnormalities
(MIM#617836) ML S

Retinitis pigmentosa 59 (MIM#613861) %HERR

Dehydrodolichol diphosphate (dedol-PP) synthase D ¥4 T 5,

T F N CoA B ANm UEE% S L C. Farnesyl diphosphate <° Isopentenyl
diphosphate 73 &% X415, Farnesyl diphosphate 7% Isopentenyl diphosphate & 5t L
T Dehydrodolichol diphosphate & FEAE T HBER O RE Th 5, FERAIC KU 23— VO EAE
WS D,

Allelic disorders & L TCIRD 2 HEEDRH 5,
Developmental delay and seizures with or without movement abnormalities

Retinitis pigmentosa 59

Farnesyl diphosphate + Isopentenyl diphosphate
l DHDDS/NGBR (NUS1)

Dehydrodolichol diphosphate
l

Dehydrodolichol
| SRD5A3

Dolichol
! DOLK Dolichol kinase

Dolichol-phosphate (DolP)

l KU =Y of 2 b~
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31) ALG14-CDG

J%5 BE& . UDP-GlcNAc transferase @ %2 & T & 5 . ALG13 & ALGl4 X
GlecNAc2-PP-dolichol (2% 2 fl H @ N-acetylglucosamine (GleNAc) Z #5495,

ALG14 ZRIT TR 3 RBDRK & 725,

D Myasthenic syndrome, congenital, 15, without tubular aggregates
@ Intellectual developmental disorder with epilepsy, behavioral abnormalities, and
coarse facies

@ Myopathy, epilepsy, and progressive cerebral atrophy

BEpktg « e RMEEIPEAS 245, BRI, #ITrEmMZENE, e TAN AN T RIER
ThbH, BEMMEELRALND,
N7 A7 2 O TIERE ZRD2,

SR
Cossins J, Belaya K, Hicks D, et al. Congenital myasthenic syndromes due to
mutations in ALG2 and ALG14. Brain. 2013;136:944-56.

Schorling DC, Rost S, Lefeber DJ, Brady L, Miiller CR, Korinthenberg R, Tarnopolsky
M, Bonnemann CG, Rodenburg RJ, Bugiani M, Beytia M, Kriger M, van der Knaap M,
Kirschner J.

Early and lethal neurodegeneration with myasthenic and myopathic features: A new
ALG14-CDG.

Neurology. 2017 Aug 15;89(7):657-664. doi: 10.1212/WNL.0000000000004234.

Kvarnung M, Taylan F, Nilsson D, Anderlid BM, Malmgren H, Lagerstedt-Robinson K,
Holmberg E, Burstedt M, Nordenskjold M, Nordgren A, Lundberg ES.

Genomic screening in rare disorders: New mutations and phenotypes, highlighting
ALG14 as a novel cause of severe intellectual disability.

Clin Genet. 2018 Dec;94(6):528-537. doi: 10.1111/cge.13448.
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CDGII #!

BEBI T/ IR T AR A9 T & . oligosaccharyltransferase D&k » T, EEHED—
EOFERDT 2T X ANHEET D, TO%L, HHIT IR TT et vy v I E2ZT,
ST MBBRES LCEET 5, 207 Rt vy ZVBEREOREN CDGIETH D,

1) MGAT2-CDG CDGIIA (MIM#212066)

e« MGAT2 BAnF 13TV URICAEIET HB%%E UDP-GlcNAc:alpha-6-D-mannoside
beta-1,2-N- acetylglucosaminyltransferase I % =— K3 %, UDP-GlcNAc 75, GleNAc
RS T 5,

BRARR  BEEDRSPREBNREEN . BPE, FIRWERERES) SEEESR L,
FrEs (W E &, BOAH, W EAE, RES) ., DEPRRXRE, /NBE, RS,
WERZETE ., EEHEME T A A, HilfE R (f/ Mok S 55, AT, FactorlX, X IKT)
RIS e < B IR D, BERERSIIFENTH S,

MRI (& T HEEIIR, =V U TERRBAE & 585 2 03 /MM I IE |,
Tetrasialotransferrin [Z1E & A 58D LR,

Poskanzer O35 PRI FIZ OV TEGIHE L7,

SCiR

Tan, J., Dunn, J., Jaeken, J., Schachter, H. Mutations in the MGAT2 gene controlling
complex N-glycan synthesis cause carbohydrate-deficient glycoprotein syndrome type 11,
an autosomal recessive disease with defective brain development. Am. J. Hum. Genet.
59: 810-817, 1996.

Poskanzer SA, Schultz MdJ, Turgeon CT, et al.

Immune dysfunction in MGAT2-CDG: A clinical report and review of the literature.

Am J Med Genet A. 2021 Jan;185(1):213-218. doi: 10.1002/ajmg.a.61914.
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2) MOGS-CDG CDGIOIB (MIM#606056) glucosidase I

J5HE : MOGS : Mannosyl Oligosaccharide Glucosidase KIEJE
Glc(3)-Man(9)-GleNAc(2) oligosaccharide (% RV =2—/L 2 U U FRICHES LTIRREDNS U R
V= LTEHEREINTE N TEDOT ANRT X AT 5, £0%, HEHOEMIZH D
alpha-1,2-linked glucose % Fr £ 9 2 B # 28 MOGS T & % . ¥f #4 1%
Glc(2)-Man(9)-GleNAc(2) & 720 . & 512 glucosidase 1T R2/MRASe 2L CIRICHFEIET S
mannosidases glycosyltransferase (2 & &% 9 i} 5,

MOGS-CDG TiZ IgG IZ TEE 3 FIHD 7Y I 38 L T\ %,

14-saccharides (Gluc3-Man9-GlcNAc2)

13-saccharides (Gluc3-Man8-GlcNAc2)

12-saccharides (Gluc3-Man7-GlcNAc2)

MOGS S FJETIEMmME M T A7 = ) O TREFIHRE TS 20, RIS
Gle-Gle-Gle-Man @ 4 FERSEEINT 5 2 & M3 2 HiER H 5,

glucosidase II /% o subunit & Bsubunit 225725, «subunit /¥ Glucosidase «
neutral AB (GANAB)IZ X > C=— F&# 5, Bsubunit | Protein Kinase C Substrate,
80kD, Heavy chain (PRKCSH)IZ L » T a— K& 5, GANAB #&is 1B iEIX CDG T2
<, Polycystic kidney disease 3 DE{L&s 1 Th b, PRKCOSH i&fn1 R EIX CDG T
72 < . Polycystic liver disease 1 DEEE& T TH D,

BRRMR BRI L 0 IR EESIT VWA ZRD, EIEORIEEY & 5, LIERHITANA
PERRIED S &b o5, HEIRIKT, 25, N (REERZEN,. ROWESE, BEAW
B NHEIE, BOAT, FHREOEZRY | W) | TR, RREESR BA ERY (SR
Gutk) . Bire E, AREIRENIEC T 5616 5 5, Anzal HIXEWNEIZHE Lz, Mg b
TUAT 2 ) UTIERFEIIRHTE R o), HEOTEZHWTRY 4 PRI 4
HT&E7,

MR EEREIXELET S5, MRI TIEMEMOMBIERELRD 5, ik T
Suppression-Burst pattern 28 5,

SR

De Praeter, C. M., Gerwig, G. J., Bause, E., et al. A novel disorder caused by defective
biosynthesis of N-linked oligosaccharides due to glucosidase I deficiency. Am. J. Hum.
Genet. 66: 1744-1756, 2000.

Sadat MA, Moir S, Chun TW, et al. Glycosylation, hypogammaglobulinemia, and
resistance to viral infections. N Engl J Med. 2014;370(:1615-1625.
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Anzai R, Tsuji M, Yamashita S, Wada Y, Okamoto N, Saitsu H, Matsumoto N, Goto T.
Congenital disorders of glycosylation type IIb with MOGS mutations cause early
infantile epileptic encephalopathy, dysmorphic features, and hepatic dysfunction.

Brain Dev. 2020 Nov 28:30387-7604(20)30290-4. doi: 10.1016/j.braindev.2020.10.013.
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3) SLC35C1—CDG CDGIC (MIM #266265)
GDP-fucose transpoter
Leukocyte Adhesion Deficiency II (LAD-II)

JHHE 1 SLC35C1 1% GDP-fucose ® 7 v AR —HF —% a— FT 585+ TH D,

W& X7 O—EIT fucose Z ME LT 503, fucose KM THZ LN TE WD, £
DEEREARENAEL D,

BRR M - FEehEEh R, FPRES (R EHEZRBARES, SEHREE ., ROREE) .
JNGEAE, DA 2 S IR B, FEDIAW, TWilA, HBRK T2 5,

Sy BE (IEFE B2 PERESEIN, PP EREERINT) 23h 0 MK Z KET 5,
FLEHI RN R, R TIEWERNA L5, Leukocyte Adhesion Deficiency 1T
(LAD-II) & FEiE L 5, Fucosylated selectin ligand 73 K429 5 72 ¥ . Leukocyte
adhesion deficiency 2342 U, AFHRERDNEGLRBICERE TE v, AFHRERIEIE 258 5,

Fucose 1Z H HURDO—ETH 572, ABO MLIFAHIE N TE 720 (Bombay ), H HiJ5
IZ Acetylglucosamine, Galactose, Fucose NfEa L T TETW\W5, WFIL, A -BA -
O - ABHRDOWTNTH HHURIIFET D, 2D HHURIC A FURS BHUEDFE, O 8
TIIARFEM) DT <, Fucose BRZT 5 &, FEHHIC A BPE TH 5 Acetylgalactosamine
. BAWE TH % Galactose DfEH TE RN oD, MR O B L HESND,

COFEBITMIE N T AT = U & WO T A TITR B T & vy,

169 : Fucose ffi R BIEG B H 0 ,

SCHk

Liuhn K, Wild MK, Eckhardt M, Gerardy-Schahn R, Vestweber D.

The gene defective in leukocyte adhesion deficiency II encodes a putative GDP-fucose
transporter.

Nat Genet. 2001 May;28(1):69-72. doi: 10.1038/ng0501-69.

Lubke T, Marquardt T, Etzioni A, et al. Complementation cloning identifies CDG-Ilc, a
new type of congenital disorders of glycosylation, as a GDP-fucose transporter deficiency.

Nat Genet. 2001 May;28(1):73-6. doi: 10.1038/ng0501-73.

Dauber A, Ercan A, Lee J, et al. Congenital disorder of fucosylation type 2c¢ (LADII)

presenting with short stature and developmental delay with minimal adhesion defect.

52



Hum Mol Genet. 2014;23:2880-7.

Cagdas D, Yilmaz M, Kandemir N, Tezcan I, Etzioni A, Sanal 0.
A novel mutation in leukocyte adhesion deficiency type II/CDGIIc.
J Clin Immunol. 2014 Nov;34(8):1009-14. doi: 10.1007/s10875-014-0091-7.

Knapp KM, Luu R, Baerenfaenger M, Zijlstra F, Wessels HJCT, Jenkins D, Lefeber DdJ,
Neas K, Bicknell LS.

Biallelic variants in SLC35C1 as a cause of isolated short stature with intellectual
disability.

J Hum Genet. 2020 Sep;65(9):743-750. doi: 10.1038/s10038-020-0764-4.
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4) BAGALT1-CDG CDGID (MIM#607091)

JHE : B4GALTI 1'% UDP—Gal : N-acetylglucosamine— 8 —1, 4—galactosyltransferase [ % =
— NI 2B+ THD,

ANVERBERORE T, NPEHOGHIEFE T galactose MR AEL S, CDGI
BREZ 2T D, HROEHEEIZTH D,

R : Dandy —Walker @/, #EATMEAKSBHAE, SHPHALR, FREASRIXT. AST L& —@MER
W, MIREEER R, MY Y — K, K k5. myopathy, IEEhRERW, 15
FRIE B 72 £ 2580 D,

trisialotransferrin, disialotransferrin, monosialotransferrin, asialotransferrin
NDNF BB L T 5, tetrasialotransferrin 1345, URZAIELS DY =21
ERFELHDND,

HL =2V AFa—)v kH . JE HDL B2 v X7 v — VREDN RS TH 5D, cholesteryl
ester transfer protein (CETP) ®E ¥ 3G XT3,

SCHR

Peters, V., Penzien, J. M., Reiter, G., et al. Congenital disorder of glycosylation IId
(CDG-11d)--a new entity: clinical presentation with Dandy-Walker malformation and
myopathy. Neuropediatrics 33: 27-32, 2002.

van den Boogert MAW, Crunelle CL, Ali L, Larsen LE, Kuil SD, Levels JHM, Schimmel
AWM, Konstantopoulou V, Guerin M, Kuivenhoven JA, Dallinga-Thie GM, Stroes ESG,
Lefeber DdJ, Holleboom AG.

Reduced CETP glycosylation and activity in patients with homozygous B4GALT1
mutations.

J Inherit Metab Dis. 2020 May;43(3):611-617. doi: 10.1002/jimd.12200.
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5) COG7-CDG CDGIE (MIM#608779)

JHE : COG7 : conserved oligomeric Golgi complex 7 DR THD,
Golgi trafficking RE TH D, /NEENS TN IR~DFEE, TV IERNEOB LD 5
WHRRKTH D, NANESE & O BPHHOM FICBRENH D,

MR « FENFEHERE, NEE, FHEEOEI (HMRAL, B acRE . /NeE. )
RO <DLV (cutis laxa)  LEFRRBLE, FHEBE T, SFMELR, IFER
F.ART SO LOETIEORIE, BER KT, TAni, CK LR 24 BERRE: &
DEFIRFTRN D .,

Atk 1-2 7 HTHE (BRYYIE & DAE) IZELBIRH D,

EREE EIEE OB, WEENEGS S5, NEBERREPFERNTH D,

SR
Wu, X., Steet, R. A., Bohorov, O., et al. Mutation of the COG complex subunit gene
COGT causes a lethal congenital disorder. Nature Med. 10: 518-523, 2004.

Spaapen LdJ, Bakker JA, van der Meer SB, Sijstermans HdJ, Steet RA, Wevers RA,
Jaeken J.

Clinical and biochemical presentation of siblings with COG-7 deficiency, a lethal
multiple O- and N-glycosylation disorder.

J Inherit Metab Dis. 2005;28(5):707-14. doi: 10.1007/s10545-005-0015-z.

Ng BG, Kranz C, Hagebeuk EE, Duran M, Abeling NG, Wuyts B, Ungar D, Lupashin V,
Hartdorff CM, Poll-The BT, Freeze HH.
Molecular and clinical characterization of a Moroccan Cog7 deficient patient.

Mol Genet Metab. 2007 Jun;91(2):201-4. doi: 10.1016/j.ymgme.2007.02.011.

Frappaolo A, Sechi S, Kumagai T, Robinson S, Fraschini R, Karimpour-Ghahnavieh A,
Belloni G, Piergentili R, Tiemeyer KH, Tiemeyer M, Giansanti MG.

COGT7 deficiency in Drosophila generates multifaceted developmental, behavioral and
protein glycosylation phenotypes.

J Cell Sci. 2017 Nov 1;130(21):3637-3649. doi: 10.1242/jcs.209049.

55



6) SLC35A1-CDG CDGIF (MIM #603585)

e : SLC35A1 X CMP-sialic acid transporter # 2 — R4 2ELF Th D, T/LIHEN
SO T NVEEOMIGIZ R 2 2729, N ABPES - O BFESH Ol 5 ISR T 258D 5,

BRAG . FEMEEN R RN, TA AL /MR BB i fgn 2580 5, 1
MBS R 20T 2 2 D D,

SCiR

Martinez-Duncker, 1., Dupre, T., Piller, V., et al. Genetic complementation reveals a
novel human congenital disorder of glycosylation of type II, due to inactivation of the
Golgi CMP-sialic acid transporter. Blood 105: 2671-2676, 2005.

Ma X, LiY, Kondo Y, Shi H, Han J, Jiang Y, Bai X, Archer-Hartmann SA, Azadi P, Ruan
C, Fu J, Xia L; Jiangsu Institute of Hematology, Soochow University, China.

Sle35al deficiency causes thrombocytopenia due to impaired megakaryocytopoiesis and
excessive platelet clearance in the liver.

Haematologica. 2020 Apr 17-haematol.2019.225987. doi:
10.3324/haematol.2019.225987.

Szule B, Zadorozhna Y, Olczak M, Wiertelak W, Maszczak-Seneczko D.

Novel Insights into Selected Disease-Causing Mutations within the SLC35A1 Gene
Encoding the CMP-Sialic Acid Transporter.

Int J Mol Sci. 2020 Dec 30;22(1):304. doi: 10.3390/ijms22010304.
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7) COG1-CDC CDGIOG (MIM#611209)

J5ifE : COG1 : conserved oligomeric Golgi complex 1DHEFTHD,
cerebrocostomandibular like syndrome (i « i'E « /N FREIEMERERR)

COGE 8HDY T 2=y 15721, COG1-4|XlobeA COG5-8 (% lobeB I/ E S 4
%, COG1 & COGS8 (L] lobe DFEEIZIGT %, T/ RN TORIES Z /L RO KEEIZ
59 %,

BRIRAG RN B, BT B SR ANE 2 1 O R R RSP Eh I8 SR
INBRSE, PRI, BRI & RR D,

/INF5H (Robin sequence) (ZE BH Z {4 5 il & 5, cerebrocostomandibular like
syndrome (I - B'E - /N FEEIEBERAR)

Huang 5 /3R IMAE 2 S8 U726l 2 855 L7z,

SCR

Foulquier, F., Vasile, E., Schollen, E., et al. Conserved oligomeric Golgi complex subunit
1 deficiency reveals a previously uncharacterized congenital disorder of glycosylation
type II. Proc. Nat. Acad. Sci. 103: 3764-3769, 2006.

Zeevaert R, et al.

Cerebrocostomandibular-like syndrome and a mutation in the conserved oligomeric
Golgi complex, subunit 1.

Hum Mol Genet. 2009.

Haijes HA, Jaeken J, Foulquier F, van Hasselt PM.

Hypothesis: lobe A (COG1-4)-CDG causes a more severe phenotype than lobe B
(COG5-8)-CDG.

J Med Genet. 2018 Feb;55(2):137-142. doi: 10.1136/jmedgenet-2017-104586.

Huang Y, Dai H, Yang G, Zhang L, Xue S, Zhu M.

Component of oligomeric Golgi complex 1 deficiency leads to hypoglycemia: a case report
and literature review.

BMC Pediatr. 2021 Oct 8;21(1):442. doi: 10.1186/s12887-021-02922-7.

PMID: 34625039
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8) COG8-CDG CDCIH (MIM #611182)
COG 8 : conserved oligomeric Golgi complex &8

J7ifiE : Conserved oligomeric Golgi (COG) complex (X 8 fHlDV 7 2= b HRHH, £D
H1> COG8 BInFREIC L D, WHAKSLMERIZTH D,

B - X - e - N TR BERAR OB 5 5,
AMEIMIESIE, FEAEEN R RN, B WAL IE, NI, NERE 2R D,
MRI T/MMZEHE 2 780 5, Dandy-Walker JEMRE, Z3MREEHFEEOH S B 5,

SCHR

Foulquier F, Ungar D, Reynders E, Zeevaert R, Mills P, Garcia-Silva MT, Briones P,
Winchester B, Morelle W, Krieger M, Annaert W, Matthijs G.

A new inborn error of glycosylation due to a Cog8 deficiency reveals a critical role for the

Cog1l-Cog8 interaction in COG complex formation.

Hum Mol Genet. 2007 Apr 1;16(7):717-30. doi: 10.1093/hmg/dd1476.

Kranz, C., Ng, B. G., Sun, L., et al. COG8 deficiency causes new congenital disorder of
glycosylation type ITh. Hum. Mol. Genet. 16: 731-741, 2007.

Yang A, Cho SY, Jang JH, Kim J, Kim SZ, Lee BH, Yoo HW, Jin DK.
Further delineation of COG8-CDG: A case with novel compound heterozygous

mutations diagnosed by targeted exome sequencing.
Clin Chim Acta. 2017 Aug;471:191-195. doi: 10.1016/j.cca.2017.06.010.

Arora V, Puri RD, Bhai P, Sharma N, Bijarnia-Mahay S, Dimri N, Baijal A, Saxena R,
Verma 1.
The first case of antenatal presentation in COG8-congenital disorder of glycosylation

with a novel splice site mutation and an extended phenotype.
Am J Med Genet A. 2019 Mar;179(3):480-485. doi: 10.1002/ajmg.a.61030.
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9) COG5-CDG CDGII (MIM #613612)

J5iHE : COG5 : conserved oligomeric Golgi complex 5 DR THD,

COG HEMRIZ AN VIRITIFE L, BEEBIEREORMEICED 5, COGL, COG4, COG5,
COG6, COG7, COGS8 X CDGI ! L4 5,

O 7UBEEH T % ApoCII DR A58 5,

BERME . SREFEEEN 2 M O FIRERTE . (R, MEBIRIN T 2880 5, /NIIE, (RE &,
Thhi, FTHERERE . FREFZBO LG H D, FHEB) R B ) 5 IEH IS
HEDFIE TENH D,

MRI T/ = ir DBHRE 72 ZE i 2 780 .

Paesold-Burda P, Maag C, Troxler H, et al. Deficiency in COGb5 causes a moderate form
of congenital disorders of glycosylation. Hum. Mol. Genet. 18: 4350-4356, 2009.

Rymen D, Keldermans L, Race V, Régal L, Deconinck N, Dionisi-Vici C, Fung CW,
Sturiale L, Rosnoblet C, Foulquier F, Matthijs G, Jaeken J.

COG5-CDG: expanding the clinical spectrum.

Orphanet J Rare Dis. 2012 Dec 10;7:94. doi: 10.1186/1750-1172-7-94.

Fung CW, et al.
COG5-CDG with a Mild Neurohepatic Presentation.
JIMD Rep. 2012.

Palmigiano A, Bua RO, Barone R, Rymen D, Régal L, Deconinck N, Dionisi-Vici C, Fung
CW, Garozzo D, Jaeken J, Sturiale L.

MALDI-MS profiling of serum O-glycosylation and N-glycosylation in COG5-CDG.

J Mass Spectrom. 2017 Jun;52(6):372-377. doi: 10.1002/jms.3936.

Novel compound heterozygous COG5 mutations in a Chinese male patient with severe
clinical symptoms and type IIi congenital disorder of glycosylation: A case report.
Yin S, Gong L, Qiu H, Zhao Y, Zhang Y, Liu C, Jiang H, Mao Y, Kong LY, Liang B, Lv Y.

Exp Ther Med. 2019 Oct;18(4):2695-2700. doi: 10.3892/etm.2019.7834.

Wang X, Han L, Wang XY, Wang JH, Li XM, Jin CH, Wang L.
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Identification of Two Novel Mutations in COG5 Causing Congenital Disorder of
Glycosylation.
Front Genet. 2020 Feb 27;11:168. doi: 10.3389/fgene.2020.00168.

Ferrer A, Starosta RT, Ranatunga W, Ungar D, Kozicz T, Klee E, Rust LM, Wick M,
Morava E.

Fetal glycosylation defect due to ALG3 and COG5 variants detected via amniocentesis:
Complex glycosylation defect with embryonic lethal phenotype.

Mol Genet Metab. 2020 Dec;131(4):424-429. doi: 10.1016/j.ymgme.2020.11.003.
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10) COG4-CDG CDGIJ (MIM #613489)
Saul-Wilson syndrome  (MIM # 618150)

J5iE : COG 4 : conserved oligomeric Golgi complex 4 DR THD,
INMER & IV ROEED N T AN T, TR E LR B,

BRARM - plEE . SRR BERCHTTE, NINEREAERD D,
p.Gly516Arg 2 F D4, Saul-Wilson syndrome & 9 R RS & K E K0S BEE 72 B
PREBEET D0, MIEHES /7 OERFITFRD 2, Saul-Wilson syndrome [T B & {5 T

3
o

o

SCHK

Reynders E, Foulquier F, Ledo Teles E, Quelhas D, Morelle W, Rabouille C, Annaert W,
Matthijs G.

Golgi function and dysfunction in the first COG4-deficient CDG type II patient.

Hum Mol Genet. 2009 Sep 1;18(17):3244-56. doi: 10.1093/hmg/ddp262

Ng, B. G., Sharma, V., Sun, L., et al.
Identification of the first COG-CDG patient of Indian origin. Mol. Genet. Metab. 102:
364-367, 2011.

Ferreira CR, Xia ZJ, Clément A, et al.

A Recurrent De Novo Heterozygous COG4 Substitution Leads to Saul-Wilson Syndrome,
Disrupted Vesicular Trafficking, and Altered Proteoglycan Glycosylation.

Am J Hum Genet. 2018;103:553-567.
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11) TMEM165-CDG CDGIIK (MIM #614727)

JRE : TMEM-165 : transmembrane protein

VDRI AFIE Y DI EET- Al < TMEM165 % 21— R 5 n T OERTH D, &
Pt p B THSH, TMEM165 1L Ca A AL DR T U AR—Z—THY

Ca2+/H+ antiport (& &% /L UKRD pH OFEFMEHERFICED S, FAVIUERTO~ T
DIEFMHIZHEETH D,

ATP6VO0A2 <> SLC35A1 & [rlkk, N AUES L O BUESHOMGIZRE 1A b D, Tri-
Di-. Mono-sialotransferrin 233 2L H M L. ApoCIIZ IS 1T 5 O Bk D 7Y =23 04k
HIK T 5,

MRk - RErEBEEEN . REE. ®ERSE, HERERET. BUILE, #oZ vk
G722 E xR D,

AST ALT LDH CK L&, HXRKT. EXIKFET

e, IR, SRM/NGE, TR, AR EoBRd %,

BRI iR, REE & FFHERE . B 25080 281038 E ST,

VB 0T 7 b—RFTEEENHRET SN TW5 (Morelle et al.), —EDIEIRIZE RN, Mn2+
DOFFRIBELREI N TN D,

SCHR

Foulquier, F., Amyere, M., Jaeken, J., et al. TMEM165 deficiency causes a congenital
disorder of glycosylation. Am. J. Hum. Genet. 91: 15-26, 2012.

Zeevaert, R., de Zegher, F., Sturiale, L., et al. Bone dysplasia as a key feature in three
patients with a novel congenital disorder of glycosylation (CDG) type II due to a deep
intronic splice mutation in TMEM165. JIMD Rep. 8: 145-152, 2013.

Zeevaert R, de Zegher F, Sturiale L, Garozzo D, Smet M, Moens M, Matthijs G, Jaeken
J.

Bone Dysplasia as a Key Feature in Three Patients with a Novel Congenital Disorder of
Glycosylation (CDG) Type II Due to a Deep Intronic Splice Mutation in TMEM165.
JIMD Rep. 2013;8:145-52. doi: 10.1007/8904_2012_172.

Bammens R, Mehta N, Race V, Foulquier F, Jaeken J, Tiemeyer M, Steet R, Matthijs G,

Flanagan-Steet H.

Glycobiolo Abnormal cartilage development and altered N-glycosylation in
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Tmem165-deficient  zebrafish  mirrors the phenotypes  associated  with
TMEM165-CDG.gy. 2015 Jun;25(6):669-82. doi: 10.1093/glycob/cwv009.

Schulte Althoff S, Griineberg M, Reunert J, Park JH, Rust S, Miithlhausen C, Wada Y,
Santer R, Marquardt T.

TMEM165 Deficiency: Postnatal Changes in Glycosylation.

JIMD Rep. 2016;26:21-9. doi: 10.1007/8904_2015_455.

Potelle S, Morelle W, Dulary E, Duvet S, Vicogne D, Spriet C, Krzewinski-Recchi MA,
Morsomme P, Jaeken J, Matthijs G, De Bettignies G, Foulquier F.

Glycosylation abnormalities in Gdt1p/TMEM165 deficient cells result from a defect in
Golgi manganese homeostasis.

Hum Mol Genet. 2016 Apr 15;25(8):1489-500. doi: 10.1093/hmg/ddw026. E

Morelle W, Potelle S, Witters P, Wong S, Climer L, Lupashin V, Matthijs G, Gadomski T,
Jaeken J, Cassiman D, Morava E, Foulquier F.

Galactose Supplementation in Patients With TMEMI165-CDG Rescues the
Glycosylation Defects.

J Clin Endocrinol Metab. 2017 Apr 1;102(4):1375-1386. doi: 10.1210/jc.2016-3443.
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12) COG6-CDG CDGIL (MIM #614576)

J5ifE : COG6 : conserved of oligomeric Golgi complex 4 OEFTHD,

COG6 (T =/ RPN T ORI D 2 A RO ERE Th 5|
BRI - AR R HIRE OB T W LA, TRM:, BEZEN L, R R @R R R
NERE, RE R, mALERMAE, ¥R, CK LA REZEBD 5, RERA2OHLH 5,
SMRERBLE, (IRVTRE, BRI, MAiboitE, w72 LE) 1L COG6 THREMI Th 5,
Restrictive dermopathy #lOWENH 5,

ik
Lubbehusen, J., Thiel, C., Rind, N., et al. Fatal outcome due to deficiency of subunit 6 of
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13) SLC35A2—CDG CDGIM (MIM #300896)

JRE : SLC35A2 1% UDP-galactose % /L UIRIZEET D F T U AR—F—%a— KT 5
Bl TdH 5, UDP(uridine diphosphate)-galactose stk o F w12 )L UARA
DFEHHE R D 720 @D galactose it (UDP-galactose) & N3 %, galactose @*'Jﬁﬁﬁﬁiﬁli
C 5,

MR Early-infantile epileptic encephalopathy (FLVE R TAMWANERIE) OHINSH 5
%< O CDG X HF R B MHEIR Th 575, SLC35A2—CDG 1% X HSHEMEEMRICL 5, ~
IEEFIREIBREESE L 2 @E, MEBRIILEREY A7 ThH L, i, KIZREL
'Y A 7 R EORBRFEIDBMEN TN D,

FLIRRHITANAMERE L L TRIET 5, RETANAZRD D, MIEE, 7 RIEK

T /NEE, REREEN T 2580 5, SRR 2 W TIZRMR/NMZENE . MG IR ke &
DT RZRD D, EHROHFHEELEAEEIC B EENLETH 5, WEENER & EkR
RE G2,

MIENE S R 7 BTSN WGEELH D | TANAVBILT 2RI 5 72
ELRWEZENIIREETH 5, EIEE 0S8 TANASES TIXEIZ CDG Z #5113 2 LB
&%, Exome T CEIB T O GERIZZH S NDBI08H 5, EASEE DRV CDG T
HY ., ENTHIEFRENEES 5,

169 : galactose MIFRIFIED A HMEIC DWW TG THOIL TV 5, galactose ffn 2 H5-0H
I% UDP-galactose & MIRAIICHINT %, ERIRAVIZ b AT HEGER A DI &V D #H
ERHD,
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14) SLC39A8-CDG CDGIN (OMIM#616721)

JHE : SLC39ASBIZTITHih7 ED N T UV AR —F — 2 a— RTHBIE T Th D, Hit
EEMERIRIZ X D,

SLC39A8 [IMEEEEZ o /37 Td V. Mn, Zn, Cd, Fe RED NG U AR—F—Th b, ¥
YA LR OEIEEEEZRD L, P~ HEER IR T, SR ~O P 2 T
WD,

TIIVIROFEHE AT 883 B -1, 4-galactosyltransferase % Mn 2% co—factor
CLTHETHD, F7-. Mn IE Mn—dependent superoxide dismutase \[ZHEHPH Y . FDIE
PR TIZI ha N 7%#3%@&“%72;{2@&

BRI - RSrEEh RN MBI T, EatET WA, B j(ﬂ“lél"d‘ﬁ“lél’%%\
GEE VS IN Eﬂﬁ?”%%f#ﬁﬁﬁ’ﬁ G, R E 2RO 5, HEIXBHE ITEN,
ITRESEAHZE 5 22 I, MRT CEEERZIC T2 SERG N H LD,

Leigh SEMRFERDOFE 2 DB S & 2,

169 - Mn & galactose D FEFIENEROUFE A $, 725 L7z (Bonaventura et al.),
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15) CCDC115-CDG CDGIOO (MIM #616828)

J5ife 1 CCDC115 B Th D, ANIROEF HMERFICBE Db 28I T Th b, TRy
MEEIC XK D,

BRORET L - ETTYERTRERERE S, FMUIE, FStmEE R RN, MpufEE ., HRRE T RS0
TERZRD D,

RAEFTR L LCAST ALT FH EBEE KT, a2l AFa—iiE, Era 5 23
VIKT R L a5,

N-linked #E#{ O-linked ##H{ & HIZHRFEHV, U4 LY IR E OERINNLETH D,

SCiR
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16) TMEM199-CDG CDGIP (MIM #616829)

JifE : TMEM199 ODORE TH 5,

VIR OIE F AR IC B D DB FOERTH D, WAL EERTH D,
B  BRFERFSRERE S . AST ALT ALP EH BEEKN KT, @2 L AT v —/LfE,
AT ITAI KT R EELRD D,

N-linked #58{ O-linked #84{ & & ICHRHFE 2580 5,
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17) COG2—CDG CDGIOQ (MIM#617395)

J/HE : conserved oligomeric Golgi (COG) complex D% 7 2=y hDBELFLERTH D,

ERARAR - B OBRRM/NIVE, AFAEE RN, T oA, FAEEERE . (fE, X
TABRTTAIVIIEEZRD D, MEFHFICENLTHD,

Kodera H, Ando N, Yuasa I, et al. Mutations in COG2 encoding a subunit of the conserved

oligomeric golgi complex cause a congenital disorder of glycosylation.
Clin Genet. 2015;87:455-60.
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18) ATP6AP2-CDG CDGIIR (MIM#301045)

IR : ATPBAP2 (ZEEE S /X7 TH Y | T4 VY — L TORFRIESLA — b7 7 — Tk
B7p vacuolar ATPase OfHINKFTdh 5,
multi-subunit vacuolar—type H+-translocating ATPase (V-ATPase)

HIRIPY pH OTEF MR, L=0 T ¥ AT v R WD 7 P e B 5+ 5, 2
VRO WA Z o OFFFITHEHERRICKE L, 74 Y Y =LA — 7 7 AV — AN H+
AT ORENIA— N7 7 U—ITEET S,

X WM TH 5, Ramser HITHIIEE & TANAZ BT 5 XHSMEF R T ATP6AP? Ein T
IR G LTz, Korvatska HI%, XEEM R—F 0 Y = XA Lt fE 5 Bl 2 8585 LTz,

Rujano HIEA— 7 7 U—DREEEI HRMET U 2 LB EE & L T ATP6AP2 5 E
WS Uiz, FLRHIBRIEDOIFHERER . SRR IRy a7 ) U lE, RREERIE
R 5, MEE, FRRREFROEG H D5,

Hirose 513 ATP6AP2 FL4Z 1 5 BIE /2 iR A ME 23RO T2 5 L 7=,
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19) ATP6AP1-CDG CDGIS (OMIM #300972)

JifE : ATP6AP ¢ ATP6AP2 LI[RIERIZ, T A VY — A TONREERESA— N7 7 ¥ — T
Fi7¢ vacuolar ATPase OfIINECToh 5, MilAN pH OIEFMHMR:, L= 7 47
k. WNT > 7 nie BICB54 5,

Immunodeficiency 47 & [fl UiE{a 1 CTh b, XEEHMETH 5,
BRI RE . Ky e 7Y VIE, REAREENE RN TR E R AR D,
FEHARIE, B~ =7 Ol b MG ST 5, IFEREREEN B | B2 03 L
L7l &5,

SCiR
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20) GALNT2-CDG CDGIT (MIM#618885)

JifE : GALNT2-CDG 13 O #5&8M 27 ) a3 UL REFETH 5, GALNT2 Ei5113aLy
{RIZ/F7E£3 % . N-acetyl-D-galactosamine-transferase 2 isoenzyme % 22— K9 %,
GALNTZ (3% < ORSOMAICIEI L. AF L4 280 O O-glycosylation 1B L
TUM%. M CH apolipoprotein C-1TI 0 O-glycosylation MU F7i7% H11%, N IS
RIS DN, FROESIERE TS,

BEARMR : JEMR & U CIIrsMEE S RN, SER OB BN Z 4D mikEE, B E
R TENE Y. BEAREDO TANA., 1BMEARIRGE, E5 MRI CToO HE R, FrREHR. (K
HE. HDL a2 VAT — KT, Z2EnAbins,

SCiR
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Novel congenital disorder of O-linked glycosylation caused by GALNT2 loss of function.
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F Do CDG

1) ATP6V0A2-CDG
Autosomal recessive cutis laxa type ITA (MIM #219200)
Wrinkly skin syndrome (MIM #278250)

JARE : ATP6VOA2 Bin T BE X D HREERBIEERMEREE TH S, vacuolar—type proton
pump (H(+)-ATPase or V-ATPase) D% 7= N TH 5, HMIEHN/NGE D pH @‘fﬁﬁ"@%@%
BB, FAVIERNERTO pH gradient [Z—EIZRTENDEFRH DD, T
HEL 5,
N A & O REA O ST OFESHIZ T S BT 5,
CDG & L TOEFEITDNTULRN, .WVCYB@@@T’ DRI TERY, CDG OH TI
FEREROBREE DS W RIE T D,

BRIRf% : Cutis laxa (ARCL type2 YRS MEBIZD X A 7 2) [ZRGFRES)HE 2
Wi RIEPBHR. /NEE, RBVBIET, REJEeE. ZAROB OV, KN E TE R
WErRET 5, ENTOHMEDBAIND, =—T & « ¥ ru REGRER ERE Rk 5
LN LETH D,

<H.F

E%

SR
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2) ATP6V1A-CDG
Autosomal recessive cutis laxa type IID  (MIM #617403)
Epileptic encephalopathy, infantile or early childhood, 3 (MIM# 618012)

JiHE © ATP6VAL1 Efn+ R %12 X 5, vacuolartype proton pump (H(+)-ATPase or
V-ATPase) DY 7= Tl %, MIAN/MRE O pH OEFIERERFICBID B, =L
T pH gradient |E—EITRTZN DTN H D0, ZHITEENEL D,

ARCLID 13H R EH B aMERE TH 523, LR RHIRIE CADAMERIE DS E1X
B EERIETH D,
CDG & L TOEE T DOV TZRLY,

FEpkf% : Cutis laxa (ARCL type2 WY LEMEEMLDZ AT 2) i*ﬁqﬂﬁﬁ@b?ﬂééﬁ*—
W, R RERE, AVESRIKRTT . DAVE, K IIEM AR, FRRES E 2R
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Van Damme T, Gardeitchik T, Mohamed M, Guerrero-Castillo S, Freisinger P,
Guillemyn B, Kariminejad A, Dalloyaux D, van Kraaij S, Lefeber DdJ, Syx D, Steyaert W,
De Rycke R, Hoischen A, Kamsteeg EJ, Wong SY, van Scherpenzeel M, Jamali P, Brandt
U, Nijtmans L, Korenke GC, Chung BHY, Mak CCY, Hausser I, Kornak U,
Fischer-Zirnsak B, Strom TM, Meitinger T, Alanay Y, Utine GE, Leung PKC,
Ghaderi-Sohi S, Coucke P, Symoens S, De Paepe A, Thiel C, Haack TB, Malfait F,
Morava E, Callewaert B, Wevers RA.

Mutations in ATP6V1E1 or ATP6V1A Cause Autosomal-Recessive Cutis Laxa.

Am J Hum Genet. 2017 Feb 2;100(2):216-227. doi: 10.1016/j.ajhg.2016.12.010.

Fassio A, Esposito A, Kato M, Saitsu H, Mei1 D, Marini C, Conti V, Nakashima M,
Okamoto N, Olmez Turker A, Albuz B, Semerci Giindiiz CN, Yanagihara K, Belmonte E,
Maragliano L, Ramsey K, Balak C, Siniard A, Narayanan V; C4RCD Research Group,
Ohba C, Shiina M, Ogata K, Matsumoto N, Benfenati F, Guerrini R.
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3) ST3GAL3 (MIM #611090) ST3GAL3-CDG

Mental retardation, autosomal recessive 12
FREGEREE RS, TADAEZRD D, REACANALR ERMIRIEDO TANAZRD 5,

Hu, H., Eggers, K., Chen, W,, et al. ST3GAL3 mutations impair the development of
higher cognitive functions. Am. J. Hum. Genet. 89: 407-414, 2011.
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4) MAN1BI-CDG MAN1BlEEZTEERE  MIM#614202)
J/HE : MANIB1 : mannosyl-oligosaccharide alpha-1, 2-mannosidase

Mental retardation, autosomal recessive 15
Rafiq syndrome & % KiZivd,
Z @ mannosidase % Gle (3-Man (9-G1cNAc (2 oligosaccharide M¥E™ mannosel 431 % kR
# (trimming) L T. Glc(3Man(8-GlcNAc (20ligosaccharide &%, FD# ., HHIX
X 512 endoplasmic-reticulum—associated degradation (ERAD) pathway ¢ H'C mannose
M 5—6 HDOIZEEZ HD,
Misfolded glycoprotein 2/MaKIZERT 5 2 L2 <2 DOBREMKEICEID 28R T
Th b,

BEIRAR - pREE . FPRPUHE. KRR E 2RO 5, HRTHHRERIH Y (Okamoto et

al.), CDG2ATIIZ L ME SN TNDHLODOVEDTH D, R M EEER D= 7

Y — LENT TR R D HIR S\, RN D ZOREEE RS> TR T5Z L IXRETH Y |
ZWHINRZ N EEBEZ B,

SCHR
Rafiq, M. A., Kuss, A. W., Puettmann, L., et al. Mutations in the alpha 1,2-mannosidase gene,
MAN1B1, cause autosomal-recessive intellectual disability. Am. J. Hum. Genet. 89: 176-182, 2011.

Rymen D, Peanne R, Mill6n MB, Race V, Sturiale L, Garozzo D, Mills P, Clayton P, Asteggiano CG,
Quelhas D, Cansu A, Martins E, Nassogne MC, Gongalves-Rocha M, Topaloglu H, Jaeken J,
Foulquier F, Matthijs G.

MAN1B1 deficiency: an unexpected CDG-II.

PLoS Genet. 2013;9(12):1003989. doi: 10.1371/journal.pgen.1003989.

Hoffjan S, Epplen JT, Reis A, Abou Jamra R.

MAN1B1 Mutation Leads to a Recognizable Phenotype: A Case Report and Future Prospects.
Mol Syndromol. 2015 Jul;6(2):58-62. doi: 10.1159/000371399.

Balasubramanian M, Johnson DS; DDD Study.

MAN1B-CDG: Novel variants with a distinct phenotype and review of literature.

Eur J Med Genet. 2019 Feb;62(2):109-114. doi: 10.1016/j.ejmg.2018.06.011.

Okamoto N, Ohto T, Enokizono T, Wada Y, Kohmoto T, Imoto I, Haga Y, Seino J, Suzuki
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T.

Siblings with MAN1B1-CDG Showing Novel Biochemical Profiles.
Cells. 2021 Nov 10;10(11):3117. doi: 10.3390/cells10113117.
PMID: 34831340
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5) PGM3-CDG
JAHE : PGM3 : phosphoglucomutase 3
Immunodeficiency 23 (OMIM#615816) O H L& {1

PGM3-CDG DOFESH T Tix CDG I B & TWARID Ml 5 DRFEN I H a5

% FE : PGM3 X N-acetyl-glucosamine-6-phosphate ( GlcNAc-6-P ) %
N-acetyl-glucosamine-6-phosphate (GlcNAc-1-P) (22 4#i9 %, UDP-GlcNAc DA [KIZE
BREETHD, GEP XM TR &5, UDP-GleNAc 13 N-glycan, O-glycan,
proteoglycan, GPI-anchor (ZH\W\ 5415,

FRRMG  BRUMERIE, 7 BRI, m IgE fUE, e Ri07Ze B iERED (U ERs D |
B flfaisd . T M) | B i 27 EaiE iR 2780 5, Desbuquois dysplasia (U
edfe, BASMEE, EITHRNE, B3 — Lo FRRMEE) . R E, S, BREHN.
RS (PHXeRRIEE) 2RO, BB NG 2R FNHmE ST D

SCHR

Stray-Pedersen A, Backe PH, Sorte HS, et al. PGM3 mutations cause a congenital
disorder of glycosylation with severe immunodeficiency and skeletal dysplasia.

Am J Hum Genet. 2014;95:96-107.

Garcia-Garcia A, Buendia Arellano M, et al.
Novel PGM3 compound heterozygous variants with IgE-related dermatitis,
lymphopenia, without syndromic features.

Pediatr Allergy Immunol. 2020 Oct 23. doi: 10.1111/pai.13398.
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6) GMPPA-CDG
Alacrima, achalasia, and mental retardation syndrome (MIM#615510)

J#f&: GDP-mannose pyrophosphorylase A |& Mannose-1-P & GTP 7% GDP-mannose
Z a3 5, GDP-mannose (MG AICHIH S D,

GMPPA & GMPPB (ZIZIEFEFAET 525, BERIENEIT GMPPB 043 F ¥ %, GMPPA
X GMPPB OF#E 21T 5,

HBRIG  BERIE, TS VT MR A T BRI TH B,

RGN

Koehler K, Malik M, Mahmood S, et al. Mutations in GMPPA cause a glycosylation
disorder characterized by intellectual disability and autonomic dysfunction.

Am J Hum Genet. 2013;93:727-34.

Diaz J, Kane TD, Leon E.
Evidence of GMPPA founder mutation in indigenous Guatemalan population associated
with alacrima, achalasia, and mental retardation syndrome.

Am J Med Genet A. 2020 Mar;182(3):425-430. doi: 10.1002/ajmg.a.61476.
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7) GMPPB-CDG
J7iHE : GDP-mannose pyrophosphorylase A {3 Mannose-1-P & GTP 75 GDP-mannose

ERET %o

Muscular dystrophy-dystroglycanopathy (congenital with brain and eye anomalies),
type A, 14

Muscular dystrophy-dystroglycanopathy (congenital with mental retardation), type B,
14

Muscular dystrophy-dystroglycanopathy (limb-girdle), type C, 14

SRR ESEDOMEDRH D,

SCHR

Astrea G, Romano A, Angelini C, et al. Broad phenotypic spectrum and
genotype-phenotype correlations in GMPPB-related dystroglycanopathies: an Italian
cross-sectional study. Orphanet J Rare Dis. 2018;13:170.

Mutations in GMPPB cause congenital myasthenic syndrome and bridge myasthenic
disorders with dystroglycanopathies.

Belaya K, Rodriguez Cruz PM, Liu WW, Maxwell S, McGowan S, Farrugia ME, Petty R,
Walls TdJ, Sedghi M, Basiri K, Yue WW, Sarkozy A, Bertoli M, Pitt M, Kennett R,
Schaefer A, Bushby K, Parton M, Lochmiiller H, Palace J, Muntoni F, Beeson D.

Brain. 2015 Sep;138(Pt 9):2493-504. doi: 10.1093/brain/awv185. Epub 2015 Jun 30.
PMID: 26133662
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8)SLC10A7-CDG

Short stature, amelogenesis imperfecta, and skeletal dysplasia with scoliosis

Dubail J, Huber C, Chantepie S, et al.

SLC10A7 mutations cause a skeletal dysplasia with amelogenesis imperfecta mediated
by GAG biosynthesis defects.

Nat Commun. 2018;9:3087.

Ashikov A, Abu Bakar N, Wen XY, et al.

Integrating glycomics and genomics uncovers SLC10A7 as essential factor for bone
mineralization by regulating post-Golgi protein transport and glycosylation.

Hum Mol Genet. 2018;27:3029-3045.
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9) XYLT1-CDG

Baratela-Scott syndrome (BSS)

JiHE : XYLT1 &
BEIRE © A

fFHEEIc k%, GGC @ 3 v— MEIER A BN D,
il
75,

DRAERISIR TH D, RS R, FFRES. FHETREER, §RPKz 2

i

LaCroix HiX BFH D> — 27 = ATIE/R T VNV OZERSKIK LDBOIRNFINZ N0,
Bisulfite sequencing #1757 & Z A, ®HMAlO 7 U uiZ XYLT1 {51 ® exon 1 [ZiFE 72
AF b E B L7z, XYLT1 a0 7 at—

=3

A —fEIIC GGC O =HgIL Y v — N EIE N
OB, TR IR A F AL L BEIUX T DOJRINTH -7z,
SCHk

Bui C, Huber C, Tuysuz B, Alanay Y, Bole-Feysot C, Leroy JG, Mortier G, Nitschke P,
Munnich A, Cormier-Daire V.
XYLT1 mutations in Desbuquois dysplasia type 2.

Am J Hum Genet. 2014 Mar 6;94(3):405-14. doi: 10.1016/j.ajhg.2014.01.020.

LaCroix Ad, Stabley D, Sahraoui R, et al. GGC Repeat Expansion and Exon 1

Methylation of XYLT1 Is a Common Pathogenic Variant in Baratela-Scott Syndrome.
Am J Hum Genet. 2019 Jan 3;104(1):35-44.
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1 0) CSGALNACT1-CDG

b

-0}

J7HE : Chondroitin sulfate N-acetylglucosaminyl transferasel (CSGALNACT1) @
BEIZL D,

BRRMG - A R, AR TUE L MO RS K. FrREI. SREEN

Skeletal dysplasia, mild, with joint laxity and advanced bone age

SCik

Mizumoto S, Janecke AR, Sadeghpour A, Povysil G, McDonald MT, Unger S,
Greber-Platzer S, Deak KL, Katsanis N, Superti-Furga A, Sugahara K, Davis EE,
Yamada S, Vodopiutz dJ.

CSGALNACT1-congenital disorder of glycosylation: A mild skeletal dysplasia with
advanced bone age.

Hum Mutat. 2020 Mar;41(3):655-667.
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1 1) SLC37A4-CDG

Glucose-6-Phosphate (G6P) transporter |% SLC37A4 &Il — K& b, /MMafkiz
FEL, HEOBEE®B N AL V2T D, Za—ARREDORET, THECBIET G6P
Ze /AR HE S DR B D,

Z DA DM T ) L ORERETE IS BT glycogen storage disease (GSD) 1b Al L
THHATVD (GEP BIEDRT A GSDla B TH D), SLC3TA4 DT UL OHERESE
AR (p.Argd23*) (BVEELR) 25 G6P OMMENRIERFE ZHE, Ly CDGIOAIC
5T RS ST,

R RE B A O IR ERE K KT 2580 5, DEFRRIESL T 7 v — 0l &

Lo MIBIEHE Z LTV,

FFURT2 U UDHHTTiL type2 D CDG Z2 L. ApoCIIIl b EFEIZ2 5,

Marquardt T, Bzduch V, Hogrebe M, Rust S, Reunert J, Griineberg M, Park J, Callewaert
N, Lachmann R, Wada Y, Engel T.

SLC37A4-CDG: Mislocalization of the glucose-6-phosphate transporter to the Golgi causes a
new congenital disorder of glycosylation.

Mol Genet Metab Rep. 2020 Aug 21;25:100636. doi: 10.1016/j.ymgmr.2020.100636.
eCollection 2020 Dec.

PMID: 32884905

Wilson MP, Quelhas D, Ledo-Teles E, Sturiale L, Rymen D, Keldermans L, Race V, Souche
E, Rodrigues E, Campos T, Van Schaftingen E, Foulquier F, Garozzo D, Matthijs G, Jaeken J.
SLC37A4-CDG: Second patient.

JIMD Rep. 2021 Jan 6;58(1):122-128. doi: 10.1002/jmd2.12195.

Ng BG, Sosicka P, Fenaille F, Harroche A, Vuillaumier-Barrot S, Porterfield M, Xia
ZJ, Wagner S, Bamshad MdJ, Vergnes-Boiteux MC, Cholet S, Dalton S, Dell A,
Dupré T, Fiore M, Haslam SM, Huguenin Y, Kumagai T, Kulik M, McGoogan K,
Michot C, Nickerson DA, Pascreau T, Borgel D, Raymond K, Warad D; University of
Washington Center for Mendelian Genomics (UW-CMG), Flanagan-Steet H, Steet R,
Tiemeyer M, Seta N, Bruneel A, Freeze HH.

A mutation in SLC37A4 causes a dominantly inherited congenital disorder

of glycosylation characterized by liver dysfunction.
88



Am J Hum Genet. 2021 Jun 3;108(6):1040-1052. doi: 10.1016/j.ajhg.2021.04.013. Epub
2021 May 7.

PMID: 33964207

Raynor A, Haouari W, Ng BG, Cholet S, Harroche A, Raulet-Bussian C, Lounis-Ouaras
S, Vuillaumier-Barrot S, Pascreau T, Borgel D, Freeze HH, Fenaille F, Bruneel A.
SLC37A4-CDG: New biochemical insights for an emerging congenital disorder of
glycosylation with major coagulopathy.

Clin Chim Acta. 2021 Oct;521:104-106. doi: 10.1016/j.cca.2021.07.005. Epub 2021 Jul 8.
PMID: 34245688
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12) FUT8-CDGF1 (OMIM #618005)

JRE : a-1,6-fucosyltransferase % 22— K95 FUTS DRE TH 5,

Congenital disorder of glycosylation with defective fucosylation 1 (CDGF 1) & m# &1
TWa,

iR : GDP-fucose 725 L-fucose % N-fiAAUMESH O & ITALE N-acetylglucosamine
(GIeNAc) [T 2l CTh 5, core fucosylation DR TH 5,

BRRAG - FENFEEELE, REHEE R RN, NEUE, FrRETE. WL & OF R
HLOHEERR, PERERREN . WA EEE, HBERIEKT, TADLAREEZRD D,

169 . L-fucose i FSIEIEN B TH 5,

SCiR

Ng BG, Xu G, Chandy N, Steyermark J, Shinde DN, Radtke K, Raymond K, Lebrilla CB,
AlAsmari A, Suchy SF, Powis Z, Fageih EA, Berry SA, Kronn DF, Freeze HH.

Biallelic Mutations in FUT8 Cause a Congenital Disorder of Glycosylation with
Defective Fucosylation.

Am J Hum Genet. 2018 Jan 4;102(1):188-195. doi: 10.1016/j.ajhg.2017.12.009.

Ng BG, Dastsooz H, Silawi M, Habibzadeh P, Jahan SB, Fard MAF, Halliday BdJ,
Raymond K, Ruzhnikov MRZ, Tabatabaei Z, Taghipour-Sheshdeh A, Brimble E,
Robertson SP, Faghihi MA, Freeze HH.

Expanding the molecular and clinical phenotypes of FUT8-CDG.

J Inherit Metab Dis. 2020 Jul;43(4):871-879. doi: 10.1002/jimd.12221.

Park JH, Reunert J, He M, Mealer RG, Noel M, Wada Y, Griineberg M, Horvath J,
Cummings RD, Schwartz O, Marquardt T.

L-Fucose treatment of FUT8-CDG.

Mol Genet Metab Rep. 2020 Dec 5;25:100680. doi: 10.1016/j.ymgmr.2020.100680.
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1 3) FCSK-CDGF2 (OMIM #618324)
Fucose kinase FK (FUK) Bi=FEEIZLD

Congenital disorder of glycosylation with defective fucosylation 2 (CDGF2)

J5ifE: L-fucose % fucose-1-phosphate (23 5 kinase T& %, F1P (X GDP-fucose & 720 |

9T D fucosyltransferase O N —HEH L 725,

BRIR MR B EOROEBN RN, E. CAD A, /NBEE, MiERIRIKT . MRS,

DREGE RO D, LRFHTADPABIED —HTHH 5, IRFHEE GEBERE .

H.OBREE. RN, FHEL IRIRR L) oflbH 5,

Bk

MRI /iR ZEME (R NIHETZRR) . B BRI R 72 LR, RIMEE S 70 & 2380

Do

FEREXKINCLD N7 A7 =) ORI TIRREZFETE RV, HESHT T

7 aA—ADRZEHRETE DN H D,
|fucose salvage pathway|
B L-fucose
| FUK
F1P : fucose-1-phosphate
l  FPGT
GDP-fucose
l
TR T RTO fucosyltransferase ® K F—IEH & 72 5

|fucose pathwayl

a -D-mannose, «-D-glucose

l
GDP-mannose
| GMDS

GDP-4-keto-6-deoxymannose
I FX (TSTA3:Tissue specific transplantation antigen 3)
GDP-keto-6-deoxymannose 3,5-epimerase, 4-reductase
GDP-fucose
l
TV VR T RT D fucosyltransferase O K —FE & 72 5

SCHR

Ng BG, Rosenfeld JA, Emrick L, Jain M, Burrage LC, Lee B; Undiagnosed

Diseases
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Network, Craigen WJ, Bearden DR, Graham BH, Freeze HH.
Pathogenic Variants in Fucokinase Cause a Congenital Disorder of Glycosylation.
Am J Hum Genet. 2018 Dec 6;103(6):1030-1037. doi: 10.1016/j.ajhg.2018.10.021.

Nezir Ozgiin, Yavuz Sahin

A case with congenital disorder of glycosylation with defective fucosylation 2 and new
mutation in FUK gene

Brain Dev. 2021 Nov 18;S0387-7604(21)00206-0. doi: 10.1016/j.braindev.2021.11.001.
Online ahead of print. PMID: 34802815
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14) OGT-CDG
O-linked N-acetylglucosamine (O-GlcNAc) transferase (OGT)
Mental retardation, X-linked 106  (MIM #300997)

RHE S EIFERT AT E D serine/threonine FEEi~D 0-#5681 7V =22 AICE D 5
% Toh 5. 0-GlcNAc transferase (0GT) BHE TH D, 0 AWM HI T L THB
—N-acetylglucosamine (0-GlcNAc) DERFEIN TE 7200,

X et RIZEEAL N B D . X EEIMEFEFE O~ Th 5,

BaR R - ArRES . FRREZRD D,

FENFEERIE, RHAERE, KR, HRRIET, WEiEE s, MERIETE) %
W, B R RESA RO S, R E LT, ZARORE, JROATEE, IRFEBREE, RV
B, BWAH, BEWOE, BRI TRE S BHLo, SMESRREE D LIZLIERED 5,
FHRBNZITE S HENE. RVIEDFHETH D,

CNS H[f§ CI3/NERE, MRS R, IM==E P AR, KIMZERE 2780 5,
ThANAIDEN b HBID,

SCHR

Willems AP, Gundogdu M, Kempers MJE, Giltay JC, Pfundt R, Elferink M, Loza BF, Fuijkschot J,
Ferenbach AT, van Gassen KLI, van Aalten DMF, Lefeber DJ.

Mutations in N-acetylglucosamine (O-GIlcNAC) transferase in patients with X-linked intellectual
disability.

J Biol Chem. 2017 Jul 28;292(30):12621-12631. doi: 10.1074/jbc.M117.790097.

Vaidyanathan K, Niranjan T, Selvan N, Teo CF, May M, Patel S, Weatherly B, Skinner C, Opitz J,
Carey J, Viskochil D, Gecz J, Shaw M, Peng Y, Alexov E, Wang T, Schwartz C, Wells L.
Identification and characterization of a missense mutation in the O-linked beta-N-acetylglucosamine
(O-GlcNAC) transferase gene that segregates with X-linked intellectual disability.

J Biol Chem. 2017 May 26;292(21):8948-8963. doi: 10.1074/jbc.M116.771030.

Pravata VM, Muha V, Gundogdu M, Ferenbach AT, Kakade PS, Vandadi V, Wilmes AC, Borodkin
VS, Joss S, Stavridis MP, van Aalten DMF.
Catalytic deficiency of O-GIcNAc transferase leads to X-linked intellectual disability.

Proc Natl Acad Sci U S A. 2019 Jul 23;116(30):14961-14970. doi: 10.1073/pnas.1900065116.

Pravata VM, Gundogdu M, Bartual SG, Ferenbach AT, Stavridis M, Ounap K, Pajusalu S, Zordania
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R, Wojcik MH, van Aalten DMF.

A missense mutation in the catalytic domain of O-GIcNAc transferase links perturbations in protein
O-GIlcNAcylation to X-linked intellectual disability.

FEBS Lett. 2020 Feb;594(4):717-727. doi: 10.1002/1873-3468.13640.

Pravata VM, Omelkovd M, Stavridis MP, Deshiens CM, Stephen HM, Lefeber DJ, Gecz J,
Gundogdu M, Qunap K, Joss S, Schwartz CE, Wells L, van Aalten DMF.

An intellectual disability syndrome with single-nucleotide variants in O-GIcNAc transferase.

Eur J Hum Genet. 2020 Jun;28(6):706-714. doi: 10.1038/s41431-020-0589-9.

Konzman D, Abramowitz LK, Steenackers A, Mukherjee MM, Na HJ, Hanover JA.

O-GIcNAc: Regulator of Signaling and Epigenetics Linked to X-linked Intellectual Disability.
Front Genet. 2020 Nov 23;11:605263. doi: 10.3389/fgene.2020.605263.
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1 5) SLC35A3-CDG  (OMIM #615553)

Arthrogryposis, mental retardation, and seizures

JRAE : FMIE N CTE B X 4172 UDP-N-acetylglucosamine (UDP-GlcNAc) & =L AN CHIH
TRHEDICWMYIAL F TV AR—F—Th D,

@R : Edvardson H1E, HPEE, TAnA. LRGSOV CESEEIT & =27 v
— AT SLC35AS WIRTARRZFIE Lic, /A, THgIE, /NIE, FERIET 2307,
FEREERN R N, BPE. CTAMAERHFLT,

NI A7 2 ) OB TIIRE 2R TE 20,
arthrogryposis, mental retardation, and seizures (AMRS) DIEBLZ 3 HAHH, CDGC DOF
CAESCIANSAY AN

SCHR

Edvardson S, Ashikov A, Jalas C, Sturiale L, Shaag A, Fedick A, Treff NR, Garozzo D,
Gerardy-Schahn R, Elpeleg O.

Mutations in SLC35A3 cause autism spectrum disorder, epilepsy and arthrogryposis.

J Med Genet. 2013 Nov;50(11):733-9. doi: 10.1136/jmedgenet-2013-101753.

Marini C, Hardies K, Pisano T, May P, Weckhuysen S, Cellini E, Suls A, Mei D, Balling R, Jonghe
PD, Helbig I, Garozzo D; EuroEPINOMICS consortium AR working group, Guerrini R.

Recessive mutations in SLC35A3 cause early onset epileptic encephalopathy with skeletal defects.
Am J Med Genet A. 2017 Apr;173(4):1119-1123. doi: 10.1002/ajmg.a.38112.

Edmondson AC, Bedoukian EC, Deardorff MA, McDonald-McGinn DM, Li X, He M, Zackai EH.

A human case of SLC35A3-related skeletal dysplasia
Am J Med Genet A. 2017 Oct;173(10):2758-2762. doi: 10.1002/ajmg.a.38374.
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16) GFPT1-CDG  (MIM#610542)
Myasthenia, congenital, 12, with tubular aggregates

J% HE : glutamine:fructose-6-phosphate amidotransferase (GFAT) I& 7 /v % I v &
fructose-6-phosphate, % 5 it~ & C glucosamine 6-phosphate & 7' /v 4% X VR & PEAT D, ~F
VW R A ~T UDP-N-7 &2 F /L7 a I VT, ZAUATEO SLC35A3 24 L
THESEHG IR SN D,

~F VP I R hexosamine biosynthesis pathway

1. 7LV h—2-6-U g — a3 -6-U B RSB, SAV¥I0 700 b—
A-6-UVVBT7TIRNTI AT 2T —E)
ORI OERENGEFPT (L-Z VX Iy :D-7VT h—2-6-U VEET I KT
A7 x7—E8) Thd, GFATLE HEtHEL

2. JNhavI6-U i - N-TEFALTLat -6

3. N-TEFnrrnratI6-Y o — UDP-N-TEF Lo a3

FRIRAG © e RPEREETE 12 OJFR & 722 %, AL MET . BMTIREEE 295,

SCHR

Senderek J, Mdller JS, Dusl M, Strom TM, Guergueltcheva V, Diepolder I, Laval SH, Maxwell S,
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Hexosamine biosynthetic pathway mutations cause neuromuscular transmission defect.

Am J Hum Genet. 2011 Feb 11;88(2):162-72. doi: 10.1016/j.ajhg.2011.01.008.

Issop Y, Hathazi D, Khan MM, Rudolf R, Weis J, Spendiff S, Slater CR, Roos A, Lochmiiller H.
GFPT1 deficiency in muscle leads to myasthenia and myopathy in mice.
Hum Mol Genet. 2018 Sep 15;27(18):3218-3232. doi: 10.1093/hmg/ddy225.

Matsumoto C, Mori-Yoshimura M, Noguchi S, Endo Y, Oya Y, Murata M, Nishino I, Takahashi Y.

Phenotype of a limb-girdle congenital myasthenic syndrome patient carrying a GFPT1 mutation.
Brain Dev. 2019 May;41(5):470-473. doi: 10.1016/j.braindev.2018.12.002.
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Leukoencephalopathy due to variants in GFPT1-associated congenital myasthenic syndrome.
Neurology. 2019 Feb 5;92(6):e587-593. doi: 10.1212/WNL.0000000000006886.
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M, Richholt R, Both M, Claasen AM, Schrauwen I, Nelson SF, Huentelman MJ, Craig DW, Yang SP,
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Congenital myasthenic syndrome caused by a frameshift insertion mutation in GFPT1.

Neurol Genet. 2020 Jun 30;6(4):e468. doi: 10.1212/NXG.0000000000000468.
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1 7) GNE-CDG
UDP-N-acetylglucosamine 2-epimerase/N-acetylmannosamine kinase (ManNAc kinase)

& PR % : Nonaka myopathy + GNE myopathy  (MIM#605820) & Sialuria (MIM#269921) SAM: &
R0 2 FEEIX GNE BIE A RNFKTH 5,

Nonaka myopathy GNE myopathy (MIM#605820)
%%E& 0 ZEfa A fF O AR X /X F—distal myopathy with rimmed vacuoles & % JiEiL
o WHGBAREBNEBRLETH D, EAHTLOBIETEZ2RD D, rfi%ﬁﬁ AR %
W0 ZEfua D Z LRI TH D, 20-830 RTHIET D Z L N£L <, EIR T D,
1/ RO RHERR s SE R D5 A3 8 5

Nonaka I, Sunohara N, Ishiura S, Satoyoshi E.
Familial distal myopathy with rimmed vacuole and lamellar (myeloid) body formation.
J. Neurol. Sci. 51: 141-155, 1981.

Eisenberg I, Avidan N, Potikha T, Hochner H, Chen M, Olender T, Barash M, Shemesh M, Sadeh M,
Grabov-Nardini G, Shmilevich I, Friedmann A, Karpati G, Bradley WG, Baumbach L, Lancet D,
Asher EB, Beckmann JS, Argov Z, Mitrani-Rosenbaum S.

The UDP-N-acetylglucosamine 2-epimerase/N-acetylmannosamine kinase gene is mutated in
recessive hereditary inclusion body myopathy.

Nat Genet. 2001 Sep;29(1):83-7. doi: 10.1038/ng718.

PMID: 11528398

Sialuria (MIM#269921) GNE &Efn+D~7 1 OERIZ L 5, BEMEEE

FFROLAE . FHEF 7R BESA. RS rEE S EEN 2580 5, Sialidoses &7, A T I =H—
PIEMIZER TH O . Free O 7 LR OZERE & R HEIE NN CH 5,

ST NVBRA B
UDP-GIcNAc

| GNE:UDP-GIcNAc 2 epimerase/ManNAc-6-kinase
ManNAc

| GNE:UDP-GIcNAC 2 epimerase/ManNAc-6-kinase
ManNAc-6-P
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' NANS: NeuNAc synthase
NeuNAc-9-P

}  NANP: NeuNAc phosphatase
NeuNAc

| CMAS:CMP-sialic acid synthase
CMP-NeuNAc

l
INVERTHEY 7 BEIREAA SRS
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1 8) B4GALT7-CDG
Galactosyltransferase |
UDP-galactose: O-beta-D-xylosylprotein 4-beta-D-galactosyltransferase
Ehlers-Danlos syndrome, spondylodysplastic type, 1
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1 9) NANS-CDG N-acetyl-D-neuraminic acid synthase deficiency (OMIM#605202)
Spondyloepimetaphyseal dysplasia, Camera-Genevieve type

T NVBROEREETH D,

SER - RS eEEN RN, RIS, MR T, KSR, DBEHE, FREETR. B R
LR W E R 250 5,

AL AT LTI/ s, LDL-2 L A7 1 — Wi 238 5,

T VIR DOHIBIMATH % N-acetylmannosamine (ManNAC)HE MM A S 41, EIEE & ARSI 5,
ZOIRFHRISEINIZ W ERE H 5,

HOAX R R CIRE  R SR . KIMZENE, MR &2 5880 5,

Tran DILY TIVEBHFIRIE 2 T Lz, ¥ T VIR S5 233 ISR HC B S g,
RAHEHEICA BT, ManNAC HIINIEZE( L Ligdro e & 9,

LT NVBRARBE
UDP-GIcNAc
}  GNE:UDP-GIcNAC 2 epimerase/ManNAc-6-kinase
ManNAc
}  GNE:UDP-GIcNAC 2 epimerase/ManNAc-6-kinase
ManNAc-6-P
! NANS: NeuNAc synthase
NeuNAc-9-P
I NANP: NeuNAc phosphatase
NeuNAc
}  CMAS:CMP-sialic acid synthase
CMP-NeuNAc
l
INVERTHEY 7 BEIREAA SRS

NANS-mediated synthesis of sialic acid is required for brain and skeletal development.
van Karnebeek CD, Bonafé L, Wen XY, et al.

Nat Genet. 2016 Jul;48(7):777-84. doi: 10.1038/ng.3578. Epub 2016 May 23.

PMID: 27213289

The fate of orally administered sialic acid: First insights from patients with N-acetylneuraminic
acid

101



synthase deficiency and control subjects.

Tran C, Turolla L, Ballhausen D, et al.

Mol Genet Metab Rep. 2021 Jun 26;28:100777. doi: 10.1016/j.ymgmr.2021.100777. eCollection
2021 Sep.

PMID: 34258226

NANS-CDG: Delineation of the Genetic, Biochemical, and Clinical Spectrum.

den Hollander B, Rasing A, Post MA, et al.

Front Neurol. 2021 Jun 7;12:668640. doi: 10.3389/fneur.2021.668640. eCollection 2021.
PMID: 34163424
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2 0) EXTL3-CDG (MIM # 617425)
Neuro-immuno-skeletal Dysplasia Syndrome
N-acetylglucosaminyltransferase
EXTLI I~ T VBT 0 T4 7 U I v DAEESRICEET %,

REIR © EARSH
FRREIEAR R Eh 2
HIEE GG A4 (SCID) T Ml KIEHIH v

Oud MM, Tuijnenburg P, Hempel M, van Vlies N, Ren Z, Ferdinandusse S, Jansen MH, Santer R,
Johannsen J, Bacchelli C, Alders M, Li R, Davies R, Dupuis L, Cale CM, Wanders RJA, Pals ST,
Ocaka L, James C, Muller I, Lehmberg K, Strom T, Engels H, Williams HJ, Beales P, Roepman R,
Dias P, Brunner HG, Cobben JM, Hall C, Hartley T, Le Quesne Stabej P, Mendoza-Londono R,
Davies EG, de Sousa SB, Lessel D, Arts HH, Kuijpers TW.

Mutations in EXTL3 Cause Neuro-immuno-skeletal Dysplasia Syndrome.

Am J Hum Genet. 2017 Feb 2;100(2):281-296. doi: 10.1016/j.ajhg.2017.01.013. Epub 2017 Jan 26.
PMID: 28132690

EXTL3 mutations cause skeletal dysplasia, immune deficiency, and developmental delay.

\Volpi S, Yamazaki Y, Brauer PM, van Rooijen E, Hayashida A, Slavotinek A, Sun Kuehn H, Di
Rocco M, Rivolta C, Bortolomai I, Du L, Felgentreff K, Ott de Bruin L, Hayashida K, Freedman G,
Marcovecchio GE, Capuder K, Rath P, Luche N, Hagedorn EJ, Buoncompagni A, Royer-Bertrand B,
Giliani S, Poliani PL, Imberti L, Dobbs K, Poulain FE, Martini A, Manis J, Linhardt RJ, Bosticardo
M, Rosenzweig SD, Lee H, Puck JM, Zuadiga-Pflicker JC, Zon L, Park PW, Superti-Furga A,
Notarangelo LD.

J Exp Med. 2017 Mar 6;214(3):623-637. doi: 10.1084/jem.20161525. Epub 2017 Feb 1.

PMID: 28148688

Spondyloepimetaphyseal dysplasia EXTL3-deficient type: Long-term follow-up and review of the
literature.

Akalm A, Taskiran EZ, Simsek-Kiper PO, Utine E, Alanay Y, Ozcelik U, Boduroglu K.

Am J Med Genet A. 2021 Oct;185(10):3104-3110. doi: 10.1002/ajmg.a.62378. Epub 2021 Jun 4.
PMID: 34089299
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2 1) GFUS-CDG
GDP-L-fucose % & %9 % Fcf& B P12 & %3, GDP-L-fucose & pkl#E DR ThH 5, Nl
BAPESE . O #E TSI\ T, Fucose DFTIIARET 5,

B TCIEMmIE, AfER, fik, SRAEFRIIRIC IV T fucose DRZ B HID,

SEAR - REREBN R IR, WL RN, REMEERD D, MELFRERD D, MRI
T Arnold-Chiari &7 EZ D 7T-HI0H 5,

169 : fucose M FEIEIEN B TH 5,

Congenital disorders of glycosylation with defective fucosylation.

Hullen A, Falkenstein K, Weigel C, Huidekoper H, Naumann-Bartsch N, Spenger J, Feichtinger RG,
Schaefers J, Frenz S, Kotlarz D, Momen T, Khoshnevisan R, Riedhammer KM, Santer R, Herget T,
Rennings A, Lefeber DJ, Mayr JA, Thiel C, Wortmann SB.

J Inherit Metab Dis. 2021 Nov;44(6):1441-1452. doi: 10.1002/jimd.12426. Epub 2021 Sep 15.
PMID: 34389986

A spoonful of L-fucose-an efficient therapy for GFUS-CDG, a new glycosylation disorder.
Feichtinger RG, Hillen A, Koller A, Kotzot D, Grote V, Rapp E, Hofbauer P, Brugger K, Thiel C,
Mayr JA, Wortmann SB.

EMBO Mol Med. 2021 Sep 7;13(9):e14332. doi: 10.15252/emmm.202114332. Epub 2021 Sep 1.
PMID: 34468083
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2 2) POFUT1
Dowling-Degos disease 2 BB

POFUTL i% O-fucosyltransferase 1 % =— N§ %8s Th V., EGF U E'— F®D O-fEAH 7

aA—ADAEEICED D, O-#EEH 7 22— A iEX Notch 72 iR O /3712

A &5, Notch OV 7 FNMRETIE Y a— A2 GdE N EETH 5,

FER : MR ERUEAE 2780 D, M. 20, FLB T, AR & o0 i B ALIZ HER A 3R B

oA REEE (BAREC) CHRMMEREES BT 5, BRSO, 25 CHERT 5
BAEbLH D, HE L?%%{#D%/\#%é

JEHFEM~ R NHEIC HBL U CREIRICHEI T3 5, 7235, Dowling-Degos disease 1 1% KRT5 &=

FRFIZL D,

Li M, Cheng R, Liang J, Yan H, Zhang H, Yang L, Li C, Jiao Q, Lu Z, He J, Ji J, Shen Z, Li C, Hao F,
Yu H, Yao Z.

Mutations in POFUT1, encoding protein O-fucosyltransferase 1, cause generalized Dowling-Degos
disease.

Am J Hum Genet. 2013 Jun 6;92(6):895-903. doi: 10.1016/j.ajhg.2013.04.022. Epub 2013 May 16.
PMID: 23684010
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2 3) MAN2C1 K3EIE

NGLY1 KHEJE(Z#¢ < . congenital disorder of deglycosylation (CDDG) T 5, NGLY1 135 7
RH—BORIGIC L WHHORES LT AT X (N) 27 AT X UE (D) 1A
LT, WX 780 NRBESH A4, 40T U7z Free oligosaccharide (fOS)! 3 e &
IZ& D MAN2CL IZ X » THLEEES N D, MAN2CL i al2-, «l3-, alb-~vr/—A%&Y)k
TOMRTH D,

ARG - FrSRERL (—EBCOREA, /NG - TRRIRIR) | RSB, MAIREE . HiEa
7 8200 %, FHED MRI TiX, Z/NEL FEREZE N, SUR FEEEE, R i
/MM REB DIRTERR 2588 5

Maia N, Potelle S, Yildirim H, Duvet S, Akula SK, Schulz C, Wiame E, Gheldof A, O'Kane K, Lai A,
Sermon K, Proisy M, Loget P, Attié-Bitach T, Quelin C, Fortuna AM, Soares AR, de Brouwer APM,
Van Schaftingen E, Nassogne MC, Walsh CA, Stouffs K, Jorge P, Jansen AC, Foulquier F.

Impaired catabolism of free oligosaccharides due to MAN2C1 variants causes a neurodevelopmental
disorder.

Am J Hum Genet. 2022 Feb 3;109(2):345-360. doi: 10.1016/j.ajhg.2021.12.010. Epub 2022 Jan 18.
PMID: 35045343
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2 4) VSP13B-CDG (MIM #216550)
Cohen JEfERE

Cohen JEMEHEITFLAN A & OFFEIRIK T, AAIBEE . eI, R, R
MY A b a7 ¢ —7p EOIREE | BRI P ERBUDE 2 F2RER & 975 e KRB HE R
HTH D, 1973 HIT Cohen b WEANT S &t Lz, WYL IEREMIRE T
bHbH, FD%., BEAEEE T VPSI3B (Vacuolar protein Sorting 13B) Tdh 5 Z &A%

MIBH U7z, VPS13B 13PN/ N E T 2/ Mk 20 U= & B Ok lc B+ 5 8ix
T TH D, RIEGERETIIEFA O HE R B E N 55 (Duplomb et al.),

Cohen MM Jr, Hall BD, Smith DW et al : A new syndrome with hypotania, obesity,

mental deficiency, and facial, oral, ocular, and limb anomalies.

J Pediatr 83 : 280-284, 1973.

Kolehmainen J, Black GC, Saarinen A, et al. : Cohen syndrome is caused by mutations in

a novel gene, COH1, encoding a transmembrane protein with a presumed role in

vesicle-mediated sorting and intracellular protein transport.

Am ] Hum Genet 72:1359-1369, 2003.

Duplomb L, Duvet S, Picot D, et al. . Cohen syndrome is associated with major

glycosylation defects.

Hum Mol Genet. 23:2391-9,2014.
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2 4) O-mannosylglycan 27 3D CDG IZH N2\ T2, Fisk % b 5D,

Walker-Warburg syndrome
O-mannnosyltransferase 1

Muscle-eye-brain disease
O-mannosyl- 5 -1,2-acetylglucosaminyltransferase

Fukuyama type congenital muscular dystrophy
fukutin IIFFEERBIESR & L COMREZ R
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