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CDG 17
AR R4 R MIM number

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)

—

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 1616227, #619031, #619036)
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CDG 1%

1) MGAT2-CDG
2) MOGS-CDG
3) SLC35C1-CDG
4) B4GALT1-CDG
5) COG7-CDG

6) SLC35A1-CDG
7) COG1-CDC

8) COG8-CDG
9) COG5-CDG
10) COG4-CDG
11) TMEM165-CDG
12) COG6-CDG
13) SLC35A2-CDG
14) SLC39A8-CDG
15) CCDC115-CDG
16) TMEM119-CDG
17) COG2-CDG
18) ATP6AP2-CDG
19) ATP6AP1-CDG
2 0) GALNT2-CDG

CDGIA
CDGIB

(MIM #212066)
(MIM #606056)
CDGIC (MIM #266265)
CDGID (MIM #607091)
CDGIE (MIM #608779)
CDGIF (MIM #603585)
CDGIG (MIM #611209)
CDCIOH (MIM #611182)
CDGII (MIM #613612)
CDGIIJ (MIM #613489)
CDGIK (MIM #614727)
CDGIL (MIM #614576)
CDGIM (MIM #300896)
CDGIN (MIM #616721)
CDGIIO (MIM #616828)
CDGIP (MIM #616829)
CDGIQ (MIM #617395)
CDGIR (MIM #301045)
CDGIS (MIM #300972)
CDGIT (MIM %#618885)
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Z Do CDG

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)
8) SLC10A7-CDG (MIM # 618363)

9) XYLT1-CDG (MIM #615777)

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)
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SRS MRI /M L o0 KRR LIRTZ 2 780 5
KA A SO ZE . il 72 ol b & 5,

[CDG Dia¥E]

CDG DR ITa 5 & PO F MG/ & OXHERIEN T & 72 5, —FBORIHERFEHRIE
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NEHTHS, CDGI1b (PMI—-CDG) I~/ —AMRFEENEN THD, CDGIlc
(SLC35C1—CDG) %7 22— A FERIEN A ThH %S, SLC35A2—CDG, PGM1—CDG
8. T N ARFIFRIEDER NS H, SLC39AS-CDG, TMEM165-CDG (280>
THYHT7 7 b—AMFEOEMNH NS 5, SLC39A8-CDG 1L Manganes-(ID)-sulfate 73
co-factor & L THMITH S,
PMM2-CDG Tidy v ~m ik E LT Epalrestat 23R S 40T\ 5,
TRIIZOW TR D L 5 i’ d 5,

Witters P, Cassiman D, Morava E Nutritional Therapies in Congenital Disorders of
Glycosylation (CDG). Nutrients. 2017;9. pii: E1222

Park JH, Marquardt T.

Treatment Options in Congenital Disorders of Glycosylation.

Front Genet. 2021 Sep 10;12:735348. doi: 10.3389/fgene.2021.735348.
eCollection 2021.

PMID: 34567084

[£ 0]

CDG (ZENTORBIE LR < 2V, RigWrOBIEFl b2 W2 LR FHRIND, =7 Y
— LENT O3 J CIRIR AR OJERF T CDG AVHIBIT 2 B3Rk 2 128N L T 5, JRIRARB O
FEPREEN R IR, BRI T, ITHERB R T . /MIMIERRE . CTAd A (EIEE 72 &) JEG]
R ETILRHAICBMLETH D, CDG DEEKIGIZTZ DD TEERTH D, ZWITIE T A
7= U, ApoCllZ AWT-EESTENGHTH D, —HOKRITIRFELARETH Y, IE
e 72 ZWriskd b s,
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X 3

BEDH (MS)IZ&5HCDG I BUHEFH R K& H 5

i Tetrasialotransferrin
Normal v R
—

Disialotransferrin

-2200Da

- — - . Asialotransferrin
~

. ——
— — e
| Ei ‘ \\
1 4
: 5
| i i

\
! -4400Da

Fo o272 L OEsY tetrasialotransferrin  (FEATY)

disialotransferrin (PEEHI)
asialotransferrin (HESH /R 8)

cDGII &
T IVBHBEDRFLHOND,

AR AR A

Trisialotransferrin monosialotransferrin
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X 4
NERORA (FEHR)
FSURTTUVATF D2 I {!3 3‘_
| b — |
B i CDG-ITIZNE D R & [ l‘
‘ ERTHFEONENHTF ] —— | |
ABHENFET. A |
' ] A %
lt e L _
{. apoCII
gp1 gp2 OB (LFUEN AR TVET ., CORD &SI, BEEHLLELSF
f ) T ) DEMHL T ILE M FOREN-EE (KH) IZL>TCDG-I4
VAT I ORI MR i HROCDCEROHHILATEES
HEFCARTFF (gp1égp2 P - =, == R (o
e e i\é O #545k—R; ON-FEFLAHSIHI; @N-FEFIL/ASSUE (ST ILEE)

207 .:;-,'.';' 7 | L{gm F g0 6000

HEEEEDEM(TOIFAIL) KO EDT
CDG-NIZHEENBW OO DFEREZEHTEE
T.EERERKBELVLFBNBETY .

B N-PEFATNIYID; 0T /—R; OHSHUM—R
O N-FEFIL/AFIVE(CTILE: B 7a—R

8700 8960 9220 9480 9740
Mass (m/z)

10000
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RRKMT Y a v VAL R EE:
Congenital Disorders of Glycosylation (CDG) £
KRR EHEE & —BAR2EEL - e F B8Rty A =

CDG I %

1) PMM2-CDG [H4&# CDG1A  (MIM#212065)

J% BE : Congenital disorders of glycosylation type Ia (IH 4 #* CDG IA) % .
phosphomannomutase-2 (PMM2) B& B IC L 2 RRHEFE THDH, PMM2 T
Man6P % ManlP |[ZA#T HEERZE TH D, CDG OH Tk PMM2-CDG 2t %< . CDG
EIRD 60%LL a5,

Jaeken et al. (1980) 23T 2 JERI 27 L7z, Matthijs 513 PMM2 NE(LEE T T
b5 L aWE LT (1997) B YRl (B1) BIalI2 L 5, 3 —w v /3 Tld p.Argl41His
ZEEN 40% DIERF| TH 5315, p.Phell9Leu |TILEFRCTEZWERTH 5,

MAENO R T VEAMARE 7Y I RN 6 5, Man3-GleNAc2 |
Man4-GleNAc2 . NeuAc-Gal-GleNAc2 231 L T\ 5,

NeuAc-Gal-GleNAc2/ Man3-GleNAc2 @ kbid PMM2-CDG 72\ L MPI-CDG Tidfk< 72
%, ALG1-CDG TIZZ DA E < 725,

SEAK - PMM2-CDG O FEZ7fiEdk & U CTITFLEHIN O OF BRI T, REBEIIAR R, FfhE
BN, FEER D H D, T, WRHEZ CIRBHER . BRI TEE - FLEAM
Be7p EREIEIR, DOFEIRATH - DAEDRZ U,

BrAERMIZISW T Mo CHRIEAKE, ¥R, BREEZ 235, REREZ TR
HORMEDEZIE (Mirror SEERE) MG S TWD, HAKREIL kL 23780,

AR OAA R, W, (REREINR R, B EER, HREET (Fryb—
AT 7 M) BEREHE T, (Repdcill, pRIEE ., BRI E (£ FRF X
DHHELL ., Ils & & HICiERT D), FLEAKAEE (inverted nipples, it & & HIZHIT D),
FV o VERORKE, BREHR (BB, 7 —F 2 FEOIR, BEoAREwn, #Hn
ERE, K<RELLETHE, BE<HWERE) H0, AR, BREIREKESR), #EEGHEZE
P72 EORBRE 2RO 5, BRTIIEEEELRZLND,

e MERR R KETlZ PMM2-CDG 72 £ @ CDG MBRROHZENH D, MK, O
i SR P MR AP D . FRICIEE D LETH D,

ORI . BRALLAGE, AR, OAR4E, DX AT —7 e RMLER ClER
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WROBGIHEIIEERLETH D, BERHROBDHEIXZ PMM2-CDG DJER & 7 5565
Do LT A=K DIEBRAROFMALETH D,

HILEOEDHE S LT, MFLRERE, THEZRD DL, Ta—7REZETLHHZ,
KEEHIL PMM2-CDG OEFEHTEDOOTEETHSH, CDG TIIFHREEZETHHD
ML, IR, FFRRAMEE, IHHHE . LR EOREZE S Fld 5, JRIKABHO
A EEIRAK T LT AST ° ALT 728 EH- L TV 554, CDGIEEERTh %,

PR, MEERAME, BRI, TR EOIRBREE N & 5, MG FRZNEE I LR
B2 Tl MEEMXBRENSHEIE SN TS, IS0 H Y, RERE OFG 21T
IMEND D,

OFERATE . MK, MK, B FVRIE, BUmSErES = > 7 NRMICHET L T TR AR O
HZTD BN HIL TS (extravasation crises), [MIFH /X7 IXEMICIK T T 5, S
VCRIE SIS EEIT 3 2 B 23 F(E T 5 (acute inflammatory crises) ,

2N IRAEPERER T 7o CEWIRAFRICO BEFTREZR O D, T RN X T
n—BEZRELIAbH D,

FRATFT L « PR RE R . Mk EeE KSR T (RRICEEXIR 72 £, R 5 5 0% [E K]
T OREHEE 2L 5, ) . ProteinC, ProteinS, Antithrombin (BAT AT) OJEMHAK T2 &£
ZFEOMIGHEZ X7 BE, av 27— lHEl, 2 2 x77—8KTF, rnJ7”
Fo b mA R ERIEE . FRIREREIR FAE O #1723 & %, Thyroxine-binding
globulin (TBG) DX FIFAEE @Y, LW TIHK T T K b o & PEMERRBERER N E C© ik
R RINT 2560130 5,

TPE T RE | ERERK T L 2 GG — OB TR 5, BHIMLEREA . U N
BRI, KA v~ a7 ) siER EERD D,

B MRIFTRA L L DD, IV AalEE (U 2T 2 0E AR SR O
B ). IR AL, /NIK B ERTE K. Dandy-Walker variant 72 &2 HF M E 95,
Pontocerebellar atrophy @ [ fi & © % %2 b5, CDG OFFE E L C/MKE S IIMEH ST
WD DT TIER W,

FMZEFIEFEVE (Stroke like episodes : SLE  SHIAMESCEWEE B OBRICA LT, |
BT 2) #EL 200355, M/ IMIOEETENRREEZ b TWD, HIRME R, &k
e, SyRrE, EEh R (HRREL, FRREE) . WETINEE, W AR EZRD D, MR
AR L THOBET AV Y Y EARIINCERG LR, BREBITRrolzbn s HERNH D,
Rk 72 PRI 71513720, SLE IZRAMICAE OFRIEF T 720N, 2 < @ SLE (35822 EE T
DM, BBIEZRD DL H 5, Stroke like episode [TANFFZE & IXBIORE T THRAT D &
DHEZH D, WHZE, i 7 ERNIE R OREH S & 25, /NROREARR O Stroke like
episode JEF] TiE CDG Z/&FHICEH < MENH H, MELAS & ORI S LE TH 5, Serrano
[T SLE 2o\ TRl eim L2 R LT D,

/INIEEERE X 95% DIEFI CTRD S HEEFT R ChH D, /MK BERATHE, /MHEER & o 2%
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HIZEHE QEOIEKR) 2 PMM2-CDG (2SI CTH 5, /IMMBEFIZ L HAERE LT, IRERAR
BEEESE), FAEAL dEESED), TREUEEREIK T, KRERR ENRH N D, D=
2 — B NF =7 EREMREEOH S H Y | ERAERTFIRAE LY ZET 5, PMM2-CDG T
I3/ NIRFRAE R T THE T IE 20, Il & & bickE T A0 bl S hTn b,

HIEEZZ < OB TRO DM, BENGEEE TIENE, HHEEZZBD 2V S
Wl SN TWD, MBEEICESZ2WEINRZVR, BIEFIZES Z L LAETHS, HD
<o NEZWHERAIEE L TALND, ITWIVAITEERD 720,

Flnz it & MERER EOFHELE., FaEr . FinEER, WEZR L EOEE
AR EDHEZRD D, RAYMREETE (TR ZMRETT) . R EHRER (k%)
AT, MBREEIZ e 2, BB, BHRECERT 5, 60-70 O EmEEE HE ST
B BEEARERHEIINE & & I EEME AT,

JRRARBH OMRRREE  (FRIC/ MR, KIMAERE) 1328 CDG LA 28T & Th
%o BRIEBNIFRR 72T R A K <

R T — % & U ORGSR FA, 2V =27 7 —BIRE, ATIHEEIZSE 1278
%y

BRE R T HAENTIE PMM2-CDG 23 b % < #E SN TWD M, K &R D Eb7
W, AEERTOAIFRRIL 1/20,000 TH Y . p.R141H Z B 1T 40%DIER] TRIE S v, HRAE T
— A D 1/60-80 H W 5, Vaes HiE (2021) ¥ & REAIOBLEIZOWTHE LT,

1R - XHERIE AT 9, mannose O FEFIEITIRB 20 E Vbt TV 523, Taday o i
RET — X O EE H1T- L5 LT 5, ManlP fifmEESFES T 5 (Hardré et
al.), SCHRIZRT KO IR A R4 VU BMERKR S 7= (Altassan et al.),

Witters ©1%, D-galactose #fi 78 CRIERID & T DERIKAILGE A RO - &l LT,
aldolase reductase inhibitor T& % Epalrestat 72 & D ¥ X u ¥ iEIL PMM2 O %
FHRXELAEEMNH D, Ligezka HlE. Epalrestat ¥V TR YL E F— /LD
ENL N T AT = U OFEHRT OB E o THRROFRIEIC e 5 LS L,

Epalrestat (/3L L 2% » N (3HEREHEAREE OJREIEE L TRRIN TV D,

TEEY T I RIIMEERICR L THDIBID B 5,

extravasation crises X° acute inflammatory crises |ZHEHFIBENMLETH H MR, THEA
B O ZID Z L3770,

SR
Jaeken J, van Eijjk HG, van der Heul C, et al. Sialic acid-deficient serum and
cerebrospinal fluid transferrin in a newly recognized genetic syndrome. Clin Chim Acta.

1984;144:245-247.
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2) MPI-CDG CDG1B (MIM#602579)

JHE : phosphomannose isomerase deficiency

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

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

Protein C, Protein S, AT, FactorIX2ME T HZ &b, MBIED Y R 7 13H 5,
BNy BGTRIEIEIC LY | AR VT I VIEEZ RS D,

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

MPI-CDG (XIS 2 D7\ WRiER7e CDG Th 5, LR O B ARIHIZ TS,

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

Girard 5! mannose fiFRFIEDORMIZIR (FH 14 4F) 28 Lz, WWREPICMIREST
HE, MARIE, BHREET Z2ROTHRH -7, RFETW THERA LT,

SCik
Niehues, R., Hasilik, M., Alton, G., et al. Carbohydrate-deficient glycoprotein syndrome
type Ib: phosphomannose isomerase deficiency and mannose therapy.

J. Clin. Invest. 101: 1414-1420, 1998.
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3) ALG6-CDG CDGIC (MIM#603147)

7 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 RFETh D, WHEELHEELETH D,
Gle O L 72 IEE T RADN AR T 5

Man9G1eNAc2-P-P-dolichol 23 R EARHMEF AL THIM L T 5,

R R IEE) SR S TAEIRTH D, CDGTA EERRRNICHLIS 52038, ORE
DA D 5, BEFUTFEET, HMEAL, IRFEPEE, ESRE2R00608H %, IR

WZIEDONRAL, EIRMR O SAEVERIE, RAEVERGYE, FERIET. TA»A (90%LL 1
TEPFL. —EEANE) . EERH, WIRARELENR L2245, EECIHEE KER LD

HREFOL D5,
ALG6-CDG (T HREM A E D Z ENREATH D, BIIE. 5 DiER & DM 22178 I
DIEAEMRRTEE 72 5,

MRI TR, /NHZEHE 278D 5, MERBOFNH 5, PMM2 O X 5 72/ NEEE AR
DRV, MRREHETIER Th 5, MIEEEERZEFE1H Y, AT < FactorX 1K T 2789
Do Z U7 RHEMERGE, BIGE, (TWIANSER & 2556018 D,

CDG O H Tl tmry B3 2\, EWN TS Ichikawa 5 ORI D 2,

SCHR
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HC, Vorster BC, Jaeken J.
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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,

BRI - RSREEN R RN (BEITRENE L) . FERIRIE T RE k. fﬁﬁ%@%&“f

/NERSE, HOTEVE . ML coloboma, KA ZEA (mHH) ., HARRRZENE, b %lﬂ]ﬂirﬁﬁ\

BT, REEEES), /DIMETER, MRARTER E2 25, IR E LR,
i 1% burst-suppression pattern 72\ > L hypsarrhythmia 732\,

Disialotransferrin 334 2 5723, asialotransferrin (377 Th 5,

SCiR
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5) DPM1-CDG CDGIE (MIM#608799)

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

DPM1 i&f{r+¥1% dolichol-phosphate-mannose synthase % 21— K45, Z OEEFEIT
dolichol-phosphate-mannose (Dol-P-Man)% GDP-mannose & dolichol-phosphate 75 &
4 %5, DPM2 & DPM3 &/MafEBIZFE L THERZZEN S5, Dol-P-Man (X
Kz 7270 2 ¥ LIBFRIZ 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 ®
JAREE T CH D, ZD X912 DPM O 3 s 113 A L BET 5,

BRR M - FEemEEN R N, NEE (B NREIER) . KT, W NN, EatETA,
o (W, MM RE) . REE. RAREE, FEREGELEEE L5 (GOT, GPT.
CK). FactorX 11K ATHMK T, AREGEHIMAE LR, 2B & AALEEH O M EZ2 R 7,
29 WEHAEOHITIZ, WBIERKIE, kg, HEEN, PDA, EFET (IRFEBIRE. &R0,
BRI, SARER) . DR Cj:ﬂifﬁ?ﬁﬁ (R . TNEERZ LD /NS 72T IR
i, SRR & DRI A R

Y A ha 74— EpT Al D, DPM1 1L « -dystroglycan @ O-mannosylation IZHE
BILH-HEBEZHN5H, MRI TRIMEE, /NKERT ., BREREE 2R

Disialotransferrin |33 2 573, asialotransferrin [X1E & A EFRDH 720,

SCHR

Kim, S., Westphal, V., Srikrishna, G., et al. Dolichol phosphate mannose synthase
(DPM1) mutations define congenital disorder of glycosylation Ie (CDG-Ie). J. Clin.
Invest. 105: 191-198, 2000.

Dancourt J, Vuillaumier-Barrot S, de Baulny HO, Sfaello I, Barnier A, le Bizec C, Dupre
T, Durand G, Seta N, Moore SE. A new intronic mutation in the DPM1 gene is
associated with a milder form of CDG Ie in two French siblings.

Pediatr Res. 2006 Jun;59(6):835-9. doi: 10.1203/01.pdr.0000219430.52532.8e.

Yang AC, Ng BG, Moore SA, Rush J, Waechter CJ, Raymond KM, Willer T, Campbell KP,
Freeze HH, Mehta L.
Congenital disorder of glycosylation due to DPM1 mutations presenting with

dystroglycanopathy-type congenital muscular dystrophy.
Mol Genet Metab. 2013 Nov;110(3):345-351. doi: 10.1016/j.ymgme.2013.06.016.
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6) MPDU1-CDG CDGIF (MIM#609180)
Mannose-P-Dolichol Utilization defect 1
MPDU1

7T : dolichol-phosphate-mannose (DPM) % N BUpESH 7'V =2 v A4kiz d, O BUpEEH 7 U =
TIBIZ H M E 7 mannose DA TH 5, DOLK-CDG, DPM1-CDG, DPM2-CDG,
DPM3-CDG (%X DPM AA&IEROBFIZLAHERTHY CDGI HoBRE L HbE, o
a-dystroglycan (aDG)? O-mannosylation L3 %, TD7=H, CDG 1R HE &
muscular dystrophy-dystroglycanopathy % 23 %,

Mannose-phosphate-dolichol  utilization defect 1 (MPDU1) (¥ DPM ¢
dolichol-phosphateglucose (DPG) % il B> & /N & oo NN B S+ 5 e
Thbd,

HE'E R A~ mannose #+& OF|AEEN A LD,

B - ERORAKTE, PASIRME, IRIR. EEAR. B amaurosis, FEHUEEREEIEN
BERMET A A, EREINZER, IR R, BUERR, AT (R . FRUER E 2 2
T 5, Thmi, FEHETFEZER, RERED 3 EETH D,

SCik

Schenk, B., Imbach, T., Frank, C. G., et al. MPDU1 mutations underlie a novel human
congenital disorder of glycosylation, designated type If. J. Clin. Invest. 108: 1687-1695,
2001.

Thiel C, Wortmann S, Riedhammer K, Alhaddad B, Mayatepek E, Prokisch H,
Distelmaier F.

Severe ichthyosis in MPDU1-CDG.

J Inherit Metab Dis. 2018 Nov;41(6):1293-1294. doi: 10.1007/s10545-018-0189-9.

van Tol W, Ashikov A, Korsch E, Abu Bakar N, Willemsen MA, Thiel C, Lefeber Dd.

A mutation in mannose-phosphate-dolichol wutilization defect 1 reveals clinical
symptoms of congenital disorders of glycosylation type I and dystroglycanopathy.

JIMD Rep. 2019 Sep 30;50(1):31-39. doi: 10.1002/jmd2.12060.
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7) ALG12-CDG CDGIG (MIM#607143)

7 HE : dolichyl-P-Man : Man (7) GlcNAc (2) -PP-dolichyl-alpha-6-mannosyltransferase
ALG12 (X 8 % H® Man #f/INT 28FE Th 5, WHEOKEME (S BTk,

BRIRAG - FEerEENRE RN, B R AR E, FLIRMIOMRLEE | (KRR, 5 RRIK
T, /NBE, B (B SLOREEE, KESr. =M. WIRAER), FLEAME, WRUE.
TV, KIEMORGERYYE 852D 5,

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

ENTH Hiraide > OHEDRH 5,

SCiR

Chantret, 1., Dupre, T., Delenda, C., et al. Congenital disorders of glycosylation type Ig
is defined by a deficiency in dolichyl-P-mannose:Man-7-GlcNAc2-PP-dolichyl
mannosyltransferase. J. Biol. Chem. 277: 25815-25822, 2002.

Kranz C1, Basinger AA, Gugsavag-Calikoglu M, et al. Expanding spectrum of congenital
disorder of glycosylation Ig (CDG-Ig): sibs with a unique skeletal dysplasia,
hypogammaglobulinemia, cardiomyopathy, genital malformations, and early lethality.
Am J Med Genet A. 2007;143A:1371-8.

Tahata S, Gunderson L, Lanpher B, Morava E.

Complex phenotypes in ALG12-congenital disorder of glycosylation (ALG12-CDG): Case
series and review of the literature.

Mol Genet Metab. 2019;128:409-414.

Sturiale L, Bianca S, Garozzo D, Terracciano A, Agolini E, Messina A, Palmigiano A,
Esposito F, Barone C, Novelli A, Fiumara A, Jaeken J, Barone R.

ALG12-CDG: novel glycophenotype insights endorse the molecular defect.

Glycoconj J. 2019;36:461-472.

Hiraide T, Wada Y, Matsubayashi T, Kadoya M, Masunaga Y, Ohkubo Y, Nakashima M,
Okamoto N, Ogata T, Saitsu H.

Novel ALG12 variants and hydronephrosis in siblings with impaired N-glycosylation.
Brain Dev. 2021 Oct;43(9):945-951. doi: 10.1016/j.braindev.2021.05.013. Epub 2021 Jun
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3.
PMID: 34092405
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8) ALG8-CDG CDGIH (MIM#608104) ALGS8-CDG

i RE : dolichyl-P-Glc : Gle(1)Man (9) GleNAc (2) -PP-dolichyl-alpha-3-glucosyltransferase
DEFETH D, Gle()Man (9) GlecNAc (2) -PP-dolichyl (2%} L T, dolichyl-P-Glc 75
TN A— RS T DMREORE ThH D, ALGSELT NI OMHEE 2 — RT 5, HYak
SRR TH D,

MR« FENETEE, EROEERINAR, REEs, ¥ o7 REEGE & BE T
. TRIE & K, BRI S VN ME, MikEER S H (Factor XI | protein C . ATII {X
™). BFIERE, FEAR, BNEE, B0 HSLORER ERRETH 5,

SRR MRI B, FEmEEHREEN ., HRRIKT RRCEALf) . &, A (5
HIAYE) 72 EOMRRFRRE 2D, M), EECTRUECHOBMENH -T2, BAES]
LA SN TND,

SCik
Chantret, 1., Dancourt, J., Dupre, T, et al. A deficiency in
dolichyl-P-glucose:Glc-1-Man-9-GleNAc2-PP-dolichyl alpha-3-glucosyltransferase

defines a new subtype of congenital disorders of glycosylation. J. Biol. Chem. 278:
9962-9971, 2003.

Hock M, Wegleiter K, Ralser E, et al. ALG8-CDG: novel patients and review of the
literature. Orphanet J Rare Dis. 2015 Jun 12;10:73. doi: 10.1186/s13023-015-0289-7.

Kouwenberg D, Gardeitchik T, Mohamed M, Lefeber DJ, Morava E.

Wrinkled skin and fat pads in patients with ALG8-CDG: revisiting skin manifestations
in congenital disorders of glycosylation.

Pediatr Dermatol. 2014 Jan-Feb;31(1):e1-5. doi: 10.1111/pde.12233.

Vuillaumier-Barrot S, Schiff M, Mattioli F, et al. Wide clinical spectrum in ALG8-CDG:

clues from molecular findings suggest an explanation for a milder phenotype in the

first-described patient. Pediatr Res. 2019;85:384-389.
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9) ALG2-CDG CDGII (MIM #607906)
JHEE . ALG21% GDP-Man : Man(1)GlcNAc(2)-PP-dolichol mannosyltransferase % = —
NI 25861+ Thod,

Z OE%FE 13 Man(1)GleNAc(2)-PP-dolichol (2% L T GDP-Man 7>6 Man Z 5/ S ¥ 5,
WRERENE (B BaTHD,

FRIRMG « WLF coloboma, HIWNEE, HEEDREHHEEIREEN ., TWhA (REATANA) ., B
#fplEE (MRI THERAD) . BEATEKR, FactorX I EMR N2 EZ2780 D,
MRFEASHOT EF L a ) U FERTEIE S RN PEERE S TH DD,
ALG2-CDG, ALG14-CDG, DAPGT1-CDG, GFPT-CDG 72 L I3 RIEMHEHFE L £ 5.
SRR R IEEAE, BIERPIMEE DS B0 D IRAFIEDBIE TER TH %,

Thiel, C., Schwarz, M., Peng, J. et al. A new type of congenital disorders of glycosylation
(CDG-1i) provides new insights into the early steps of dolichol-linked oligosaccharide
biosynthesis. J. Biol. Chem. 278: 22498-22505, 2003.

Novel pathogenic ALG2 mutation causing congenital myasthenic syndrome: A case
report.

Ehrstedt C, Liu WW, Frykholm C, Beeson D, Punga AR.

Neuromuscul Disord. 2022 Jan;32(1):80-83. doi: 10.1016/j.nmd.2021.11.012. Epub 2021
Nov 27.

PMID: 34980536
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100 DPAGT1-CDG CDGIJ (MIM#608093)

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

B IR T% : ETE%@E%M\%‘ PEWE, HEEAHEE 9§1EET\ R CAD A EHEETADA) . /IR
iE | VNG SMRHEL 5B b feNE . FEE R, KBREE dimples MRI TH
”ﬁfcﬁb\b) PET THREHME TS R A LT,

HEDO TANAIIEND THRABROFRIEE & 256565 5,

ERIE T2 2 LT, BREHENEERE L L GESh 256035 %, DPAGTL 1%
TEFLaY y%ﬁ{z{x@#ff;: v hDOT Y a I EE 272 Th D, HERTEIR
& DR Z B0 D, %%inuyix%i%ﬁmiﬁﬁﬁ%?%éo
723, ALG2—CDG. ALG14—CDG b 5 S ERR DIEIR &2 58D

SR
Wu, X., Rush, J. S., Karaoglu, D., et al. Deficiency of UDP-GlcNAc:dolichol phosphate
N-acetylglucosamine-1 phosphate transferase (DPAGT1) causes a novel congenital

disorder of glycosylation type Ij. Hum. Mutat. 22: 144-150, 2003.

Selcen D, Shen XM, Brengman J, et al. DPAGT1 myasthenia and myopathy: genetic,
phenotypic, and expression studies. Neurology. 82:1822-1830, 2014

Yuste-Checa P, Vega Al, Martin-Higueras C, Medrano C, Gamez A, Desviat LR, Ugarte
M, Pérez-Cerda C, Pérez B.

DPAGT1-CDG: Functional analysis of disease-causing pathogenic mutations and role of
endoplasmic reticulum stress.

PLoS One. 2017 Jun 29;12(6):e0179456. doi: 10.1371/journal.pone.0179456. eCollection
2017.
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11) ALGI-CDG CDGIK (MIM #608540)

JHE © S -1,4-mannosyltransferase
GDP-Man:GlecNAc2-PP-dolichol mannosyltransferase
GlcNAc2-PP-dolichol mannosyltransferase (2 GDP-Man /"6~ > /) — A #5875 iR
DERETHD, WHREELHMERIZTH D,
MAENO T T VAN ARE 7Y J1 2 OB ToH D, NeuAc-Gal-GleNAc2 & \»
O REIED 4 BT ALG1 @ biomarker Tob %, HE/HTIZ LV MiER2 W 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 TIEZ MRS 72 5,

BRIRAG - FEPREEN I N, B RIR T, BWIIE T A A, /NEE, RIMZEHE7: £ 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, IRMBEEE, /N5E) CTADA (ZEEVETADAMEILE) . PEIREEEI T,
BEEfiffE, WA, (OE, ANEERE, PERRBEREIR T 7 & MUiREEE 25 (A BEm), =
7u—tE&0E, Beell H., IgG XEHHV, HILEREOBHLH 5,

AT B A EE N L BCK Tk PMM2-CDG Ok 12 SRD5A3-CDG & 3 A CHEEE 3 i,

Pseudogene 734 < | BIsF2WiixREETH 5,

Schwarz, M.,  Thiel, C., Lubbehusen, J., et al Deficiency  of
GDP-Man:GlcNAc2-PP-dolichol mannosyltransferase causes congenital disorder of
glycosylation type Ik.

Am. J. Hum. Genet. 74: 472-481, 2004.

Ng BG, Shiryaev SA, Rymen D, et al. ALG1-CDG: Clinical and Molecular
Characterization of 39 Unreported Patients.

Hum Mutat. 2016;37:653-60.

Zhang W, James PM, Ng BG, Li X, Xia B, Rong J, Asif G, Raymond K, Jones MA, Hegde
M, Ju T, Cummings RD, Clarkson K, Wood T, Boerkoel CF, Freeze HH, He M.

A Novel N-Tetrasaccharide in Patients with Congenital Disorders of Glycosylation,
Including Asparagine-Linked Glycosylation Protein 1, Phosphomannomutase 2, and

Mannose Phosphate Isomerase Deficiencies.
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Clin Chem. 2016 Jan;62(1):208-17. doi: 10.1373/clinchem.2015.243279. Epub 2015 Oct
1.

Bengtson P, Ng BG, Jaeken J, Matthijs G, Freeze HH, Eklund EA.

Serum transferrin carrying the xeno-tetrasaccharide NeuAc-Gal-GlcNAc2 is a
biomarker of ALG1-CDG.

J Inherit Metab Dis. 2016 Jan;39(1):107-14. doi: 10.1007/s10545-015-9884-y.
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12) ALG9-CDG CDGIL (MIM#608776)

it - ALGY BinFHEFIZL D,

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

NEE I RMARIC 7 % B3 KOV % H O Man & (04 2 B3R 0 525

BERMR - ASeEEL R N, EE/NE, PERIRIKT. TWuivA, IFIER, KB SN E
KA ZEHE, B LEE, BEER ERHRES T 5s,

BB A2 L S FlN 5 5, Gillessen-Kaesbach-Nishimura & 2 IEIEITX ALG9 B 5E TH
%,

SCiR
Frank, C. G., Grubenmann, C. E., Eyaid, W., et al.
Identification and functional analysis of a defect in the human ALG9 gene: definition of

congenital disorder of glycosylation type IL. Am. J. Hum. Genet. 75: 146-150, 2004.

Weinstein M, Schollen E, Matthijs G, Neupert C, Hennet T, Grubenmann CE, Frank CG,
Aebi M, Clarke JT, Griffiths A, Seargeant L, Poplawski N.
CDG-IL: an infant with a novel mutation in the ALG9 gene and additional phenotypic

features.
Am J Med Genet A. 2005 Jul 15;136(2):194-7. doi: 10.1002/ajmg.a.30851.

AlSubhi S, AlHashem A, AlAzami A, Tlili K, AlShahwan S, Lefeber D, Alkuraya FS,
Tabarki B.

Further Delineation of the ALG9-CDG Phenotype.

JIMD Rep. 2016;27:107-12. doi: 10.1007/8904_2015_504.

Tham E, Eklund EA, Hammarsjo A, Bengtson P, Geiberger S, Lagerstedt-Robinson K,
Malmgren H, Nilsson D, Grigelionis G, Conner P, Lindgren P, Lindstrand A, Wedell A,
Albage M, Zielinska K, Nordgren A, Papadogiannakis N, Nishimura G, Grigelioniene G.
A novel phenotype in N-glycosylation disorders: Gillessen-Kaesbach-Nishimura skeletal
dysplasia due to pathogenic variants in ALG9.

Eur J Hum Genet. 2016 Feb;24(2):198-207. doi: 10.1038/ejhg.2015.91.
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Davis K, Webster D, Smith C, et al. ALG9-CDG: New clinical case and review of the
literature. Mol Genet Metab Rep. 2017;13:55-63.
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13) DOLK-CDG CDGIM (MIM #610768)

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

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

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

Komlosi & (2021) 133874 W BaEMt: oD fa i i 151 2 s L 7=,

=

SCiR

Kranz, C., Jungeblut, C., Denecke, J., et al. A defect in dolichol phosphate biosynthesis
causes a new inherited disorder with death in early infancy. Am. J. Hum. Genet. 80:
433-440, 2007.

Lefeber DJ, de Brouwer AP, Morava E, Riemersma M, Schuurs-Hoeijmakers JH,
Absmanner B, Verrijp K, van den Akker WM, Huijben K, Steenbergen G, van Reeuwijk
dJ, Jozwiak A, Zucker N, Lorber A, Lammens M, Knopf C, van Bokhoven H, Griinewald S,
Lehle L, Kapusta L, Mandel H, Wevers RA.

Autosomal recessive dilated cardiomyopathy due to DOLK mutations results from
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PLoS Genet. 2011 Dec;7(12):¢1002427. doi: 10.1371/journal.pgen.1002427.

Helander A, Stodberg T, Jaeken J, Matthijs G, Eriksson M, Eggertsen G.

Dolichol kinase deficiency (DOLK-CDG) with a purely neurological presentation caused
by a novel mutation

Mol Genet Metab. 2013 Nov;110(3):342-4. doi: 10.1016/j.ymgme.2013.07.002.

Lieu MT, Ng BG, Rush JS, Wood T, Basehore MdJ, Hegde M, Chang RC, Abdenur JE,
Freeze HH, Wang RY.

Severe, fatal multisystem manifestations in a patient with dolichol kinase-congenital
disorder of glycosylation.

Mol Genet Metab. 2013 Dec;110(4):484-9. doi: 10.1016/j.ymgme.2013.09.016.
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Rush ET, Baker CV, Rizzo WB.
Dolichol kinase deficiency (DOLK-CDG): Two new cases and expansion of phenotype.
Am J Med Genet A. 2017 Sep;173(9):2428-2434. doi: 10.1002/ajmg.a.38287.

Komlosi K, Claris O, Collardeau-Frachon S, Kopp J, Hausser I, Mazereeuw-Hautier J,
Jonca N, Zimmer AD, Sanlaville D, Fischer J.

Fatal Neonatal DOLK-CDG as a Rare Form of Syndromic Ichthyosis.

Front Genet. 2021 Dec 8;12:719624. doi: 10.3389/fgene.2021.719624. eCollection 2021.
PMID: 34956305
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14) RFT1-CDG CDGIN (MIM#612015)

JRRE : RFTI Binf DRI L %5, RFT1 I Man(5)GleNAc (2)- dolichylpyrophosphate
(PP-Dol) & T T = 7= &2 /NMa R o 4Mil GREIRED) 2> B /Na ik o NN f iz & & 5 %R
(flippase enzyme) T 5,

BPRAG - BRSO RRREEE . HBORICT,. FFECR, Wit A, MUHEEES SR, i
A, RSB, BUTERE T, FrCEE RO SO 20,
FE BT A RN PR PR E TR D,

SCHK
Haeuptle, M. A., Pujol, F. M., Neupert, C., et al. Human RFT1 deficiency leads to a
disorder of N-linked glycosylation. Am. J. Hum. Genet. 82: 600-606, 2008.
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Jaeken J, Vleugels W, Régal L, Corchia C, Goemans N, Haeuptle MA, Foulquier F,
Hennet T, Matthijs G, Dionisi-Vici C.
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J Inherit Metab Dis. 2009 Dec;32 Suppl 1:5S335-8. doi: 10.1007/s10545-009-1297-3.
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Epileptic Disord. 2016 Mar;18(1):92-6. doi: 10.1684/epd.2016.0802.

Abiramalatha T, Arunachal G, Muthusamy K, Thomas N.

A family with floppy neonates with severe respiratory insufficiency: A lethal phenotype
of RFT1-CDG due to a novel mutation.

Eur J Med Genet. 2019 Apr;62(4):248-253. doi: 10.1016/j.ejmg.2018.07.023.
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15) DPM3-CDG CDGIO (MIM#612937)

JHE: DPM3 1% dolichol-phosphate-mannosyltransferase 3 # = — R34 51&5 1 Th 5,

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

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

HEE H [E A~ mannose #FE DFIHEEN A LD,

WEpRtg - B ks E, A T, JERRLLE CK AST ALT B&
HYA MR T 4 —DEZH, HZEPERBIENA LT,

SCHR

Lefeber, D. J., Schonberger, J., Morava, E., et al.

Deficiency of Dol-P-Man synthase subunit DPM3 bridges the congenital disorders of
glycosylation with the dystroglycanopathies. Am. J. Hum. Genet. 85: 76-86, 2009.

van Tol W, Michelakakis H, Georgiadou E, van den Bergh P, Moraitou M, Papadimas
GK, Papadopoulos C, Huijben K, Alsady M, Willemsen MA, Lefeber Dd.

Toward understanding tissue-specific symptoms in dolichol-phosphate-mannose
synthesis disorders; insight from DPM3-CDG.

J Inherit Metab Dis. 2019 Sep;42(5):984-992. doi: 10.1002/jimd.12095.

Svahn J, Laforét P, Vial C, Streichenberger N, Romero N, Bouchet-Séraphin C, Bruneel
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novel pathogenic variants in the DPM3 gene.

Neuromuscul Disord. 2019 Jul;29(7):497-502. doi: 10.1016/j.nmd.2019.05.004.
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16) ALG11-CDG CDGIP (MIM #613661)

JREE : ALG11 B+ F U oa— 458800684 GDP-mannose 725 4 &% H & 5 HFHDO~
) —ABEBT AR E I — T 5, ZOBLETFEREETHD,

BRR 1« FLIEH o Lo AR 5 L SRR 5 BRI T | A PE T A0 A (burst suppression
pattern) . FEHIEENFE BN, BT/ NEE, FrREFE 2T 5, BEHEEOFNR LW, &
i, BREARZ EOIRBEEF G H L, EIEFIITEHEARTH D,

N7 U272 ) COREHEEPRETERWALH D, GP130 ORHRZ N AL A~ —
=L,

SCiR

Rind, N., Schmeiser, V., Thiel, C., et al. A severe human metabolic disease caused by
deficiency of the endoplasmatic mannosyltransferase hALG11 leads to congenital
disorder of glycosylation-Ip. Hum. Mol. Genet. 19: 1413-1424, 2010.

Regal L, van Hasselt PM, Foulquier F, Cuppen I, Prinsen H, Jansen K, Keldermans L,
De Meirleir L, Matthijs G, Jaeken J.

ALG11-CDG: Three novel mutations and further characterization of the phenotype.
Mol Genet Metab Rep. 2014 Nov 25;2:16-19.

Haanpaa MK, Ng BG, Gallant NM, et al. ALG11-CDG syndrome: Expanding the
phenotype. Am J Med Genet A. 2019;179:498-502.
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17) SRD5A3-CDG CDGIQ (MIM #612379)

JRHE : SRD5A3 1X steroid 5-alpha-reductase % = — K4 5i&{5+ CTd 5, polyprenol
reductase I polyprenol % dolichol (23 5E%58 CTd ¥, dolichol ZEA LD EHEIMFE TH 5,
Dolichol /& N-glycosylation, O-mannosylation, C-mannosylation, 3 &X' GPI anchor &
AR &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 VY T L=
Y MO RDT V) —RR Y TV =L BTN D,
polyprenol

H‘\)\/\
X ~OH

- -n

BRIRFT R « A ERIRIN T, CTAD A, FEMEENRE RN, FRRER. DINERER L,
FaldiE 2 11 O B3 8 5.

IREHE (551, IR v R —~ | GRARTE R, APNBECRRINEE, BRIR) 232 < | oculocerebellar
syndrome & H &5 2 L5,

SCik
Cantagrel, V., Lefeber, D. J., Ng, B. G., et al.
SRD5A3 is required for converting polyprenol to dolichol and is mutated in a congenital

glycosylation disorder. Cell 142: 203-217, 2010.

Khan AO.

Early-onset retinal dystrophy and chronic dermatitis in a girl with an undiagnosed
congenital disorder of glycosylation (SRD5A3-CDG).

Ophthalmic Genet. 2018 Oct;39(5):628-630. doi: 10.1080/13816810.2018.1498529. Epub
2018 Jul 18.

Kara B, Ayhan O, Gékcay G, Basbogaoglu N, Tolun A.
Adult phenotype and further phenotypic variability in SRD5A3-CDG.

BMC Med Genet. 2014 Jan 16;15:10. doi: 10.1186/1471-2350-15-10.
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Taylor RL, Arno G, Poulter JA, Khan KN, Morarji J, Hull S, Pontikos N, Rueda Martin
A, Smith KR, Ali M, Toomes C, McKibbin M, Clayton-Smith J, Grunewald S,
Michaelides M, Moore AT, Hardcastle Ad, Inglehearn CF, Webster AR, Black GC; UK
Inherited Retinal Disease Consortium and the 100,000 Genomes Project.

Association of Steroid 5a-Reductase Type 3 Congenital Disorder of Glycosylation With
Early-Onset Retinal Dystrophy.

JAMA Ophthalmol. 2017 Apr 1;135(4):339-347. doi: 10.1001/jamaophthalmol.2017.0046.

Wheeler PG, Ng BG, Sanford L, Sutton VR, Bartholomew DW, Pastore MT, Bamshad
MJ, Kircher M, Buckingham KdJ, Nickerson DA, Shendure J, Freeze HH.
SRD5A3-CDG: Expanding the phenotype of a congenital disorder of glycosylation with

emphasis on adult onset features.
Am J Med Genet A. 2016 Dec;170(12):3165-3171. doi: 10.1002/ajmg.a.37875.
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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 ZA#% 7%, STT3A & STT3B (% OST complex @ catalytic subunit T 5,
OST complex (% F U 2 —/WZHEE L7 Z /NN TH /X7 E O Asn IZHERE S 5 5
HEZ FFD,

BRRER - (REEINAR R, FERIRIRT. TAdA., fEMEE S RN, R, ITHRESE
MR EERE R 7525 . B ERE 72 £ 258wz, CDG I MO AZ—Tholz,

Jones, M. A., Ng, B. G., Bhide, S., et al. DDOST mutations identified by whole-exome

sequencing are implicated in congenital disorders of glycosylation. Am. J. Hum. Genet.
90: 363-368, 2012.
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19) ALG13-CDG, EIEE36 CDGIS (MIM #300776)

JHE : Asparagine-linked glycosylation 13 homolog (ALG13) | uridine diphosphate
(UDP)-N-acetylglucosaminyltransferase % 2— K9 5%,
lipid linked oligosaccharide precursor D& FIZRIE- L. N AMEHARICEETH D,

BRIR 1« BHIFIED TAMNAMNIEN A B4 %, Early infantile epileptic encephalopathy-36
(EIEE36) DEATEIZF+Th D, B T AT U XIT R EMIERFTZRDD, SEIERHT
PINIIERR T N U BIRIEDM TN D 2N, BIEIXERAE IR T 2 HI08 %0,

X M EE S (X #HEEE TR B R L H D)

REHEIAR, AEIRIET, RES R RN, RS, /NE, MRI CHEf L2
MREERE S R EE2 BT 5,

VAXR VT ROMEE T T N A RiES) & @5@%%6

N7 272 OB CIIAEEZRBOICL | BT CZICEBHIR 2N\ E
Z bbb, ¢.320A>G; p.(Asn107Ser) W;‘%#%< RO HILD, Ng bl 29 il Lz,
TADAMZH LTIZATCH 7' L F=y a U RNAE%TH D &L #iE LT, Alsharhan 511 53
il LD THE L, BED N-glycan 25 &M L7,

SR

Timal, S., Hoischen, A., Lehle, L., et al. Gene identification in the congenital disorders of
glycosylation type | by whole-exome sequencing.

Hum. Mol. Genet. 21: 4151-4161, 2012.

Ng BG, Eklund EA, Shiryaev SA, et al.

Predominant and novel de novo variants in 29 individuals with ALG13 deficiency: Clinical
description, biomarker status, biochemical analysis, and treatment suggestions.

J Inherit Metab Dis. 2020 Nov;43(6):1333-1348. doi: 10.1002/jimd.12290.

Alsharhan H, He M, Edmondson AC, Daniel EJP, Chen J, Donald T, Bakhtiari S, Amor DJ,
Jones EA, Vassallo G, Vincent M, Cogné B, Deb W, Werners AH, Jin SC, Bilguvar K,
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ALG13 X-linked intellectual disability: New variants, glycosylation analysis, and expanded
phenotypes.

J Inherit Metab Dis. 2021 Mar 18. doi: 10.1002/jimd.12378. Online ahead of print.
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20) PGM1-CDG CDGIT (MIM #614921)

JRHE : PGM1 : phosphoglucomutase 1 X{EIETH D,

PGM1 X glycogenesis OES:#EESE TH U | Glycogen storage disease X IV & L Tt X
nNr=mn, Zlav b ey 29 50T CDG O—fTHhdH oD, PGML X glycogen
phosphorylase 2 & ¥ glycogen 7 & 4 U 7= glucose-1-phosphate ( G1P ) &
glucose-6-phosphate (G6P) #Z#tHAZHLT %, G6P [Tk CHIH S5, G1P I uridine
diphosphate (UDP) -glucose ®#'E & L T glycogen &2/ U 2 L ALIZHW LIS,
UDP-glucose pyrophosphorylase (UGP) % G1P % UDP-Glu (2§ 5EE TH 5,
PGM1-CDG OFEH/3H7Cix CDG 1 5 & RO W )5 DRFEA A H AL D

MR  AERRV L oy AEE, PHEOR & ITHRE SR . MIRMERMmpE, RS &, W -
REIE, EENRMA, CK LA Buiimig, ErEmE JRALOHE, (K= Fheey
PEVERRFEREIR T MREERE 52 722 E DR 2780 5, MBIEFITFRO eV, ORFEICHE D
FIRBED WL 138 %

179% : D- Galactose fiFEBRIED IR D U, 1R ATEEZL CDG D& D Th D, Galactose 1%
GALK O/EF T Gal-1-P (2 Z&#a < 71, Gal-1-P |Z Gal-1-P uridyltransferase (GALT) Z &
> TUDP-Gal L7220, N-Z7'V a U LiZFIH &5,

Conte BITHAERMDO A7 ) —=0 T HF LTz, 2021 FITAIED T A RT A U P3HERS
e,

SCik
Stojkovic, T., Vissing, J., Petit, F., et al. Muscle glycogenosis due to phosphoglucomutase
1 deficiency. (Letter) New Eng. J. Med. 361: 425-427, 2009

Tegtmeyer LC, Rust S, van Scherpenzee M, et al. Multiple phenotypes in
phosphoglucomutase 1 deficiency. N Engl J Med. 370: 533-542, 2014

Conte F, Morava E, Bakar NA, et al. Phosphoglucomutase-1 deficiency: Early
presentation, metabolic management and detection in neonatal blood spots.

Mol Genet Metab. 2020 Sep-Oct;131(1-2):135-146.
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Grunewald S, Honzik T, Jaeken J, Krasnewich D, Lam C, Lee J, Lefeber D,
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Serrano M, Sykut-Cegielska J, Thiel C, Tort F, Vals MA, Videira P, Voermans N, Witters
P, Morava E.
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J Inherit Metab Dis. 2021 Jan;44(1):148-163. doi: 10.1002/jimd.12286. Epub 2020 Sep
15.

PMID: 32681750
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21) DPM2-CDG CDGIU (MIM#615042)

JiHE : DPM2 3&{5+1% Dolichyl-phosphate mannosyltransferase-2 #=2— K4 %, KU
22—/ LY B2 mannose % 5T 543 Th 5, Mannose | GDP-mannose & L THiH
BRUICFIHE NS,

BRIk - & CKMAE A1 O M BaRIR T (RESIESCINIIRAET 2) . MErEEV R EEN,. TA
i (BEBRFHNCRIET 2), EITH/NEE, A/ 3F—EF, N, ZRMEREETRHE, /)
MZERMER 2235, AST ALT b EF-7 5,

Y A hwa 74— muscular dystrophy-dystroglycanopathy syndrome T& %,
HEEOMRIERE 275,

SCiR

Messina, S., Tortorella, G., Concolino, D., et al. Congenital muscular dystrophy with
defective alpha-dystroglycan, cerebellar hypoplasia, and epilepsy. Neurology 73:
1599-1601, 2009.

Barone R1, Aiello C, Race V, et al.
DPM2-CDG: a muscular dystrophy-dystroglycanopathy syndrome with severe epilepsy.
Ann Neurol. 2012;72:550-8.

Radenkovic S, Fitzpatrick-Schmidt T, Byeon SK, Madugundu AK, Saraswat M, Lichty A,
Wong SYW, McGee S, Kubiak K, Ligezka A, Ranatunga W, Zhang Y, Wood T, Friez MdJ,
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Expanding the clinical and metabolic phenotype of DPM2 deficient congenital disorders
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doi: 10.1016/j.ymgme.2020.10.007.
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22) NGLY1-CDG CDGIV (MIM#615273)

NGLY1 (N-glycanase) gene

J7HE : congenital disorder of deglycosylation (CDDG) 3 IERX 4 #C CDG1V (X b7z,
misfolded proteins (233 % /MEE TORBLIRRICI T 2 MEHICBAOLIBETTH
Do BEZ NI BN NEPEH AN TR TH D, TOBE. 77 IX—EBORINT L b
OB LT ANTEL (N) 27 ANTX U (D) ITEHET S,

Yoshida Hi%. FIEMSTIZBET 298 21T 272, NGLY1 OBk~ v A, FREK
WCTHDHMN, NGLY1EAT L, BEHAZFRHR L T2 X F VA INT D% FBS2 OiEfs
TERIRF IO U AR~ AL, MAELTHRET D2 E&2#HE L7z (Yoshida et al
2021), NGLY1 RAEMIIEIZ FBS2 #REL S5 &, i 7 Th b2 X F U EHAE
B LTCRE 2 7 BT ERE L, ML AL D, Mo TIZERLRE
IRACXT ALREZ R EIE, TaT T Y — LADOEAEEFHET D T L NARIEDHIRE
Th D, FBS2 OiEMEEMHIT D Z L1X, NGLY1 KIBFEDIRRIC D7D /I HEMEN 5 5

(Yoshida et al.),

AT 100 GILLEOWMENRDH B, HKEOBENZOD, PETHREND S, HNTIEHR
BB D L FHENS,

RS (i

BRAG - LRI HREE, HRORIT, KBeERREER., REAMEE
RAE  (RAR ST A

x

), PAR=T, bal T, 77 =B, KR, RRRES, ERE
&) L AEES
NEEE, BERMET A A, BEIREGER), TR CRBEEE ) . IFEX,
FrEE (IRMIPAEE. bmZofde, BEmiKEE, Mo, IR TE, SFHRME B 28
H)
INS TR
BEEE DD IR IR

FRAPRE 2 . MR 25, cone dystrophy. “BAFEHEEIE, BEET nfEhkTHE, Z2FrEEE
T AN —=NFR LR, HEHERORE X7 BRI VT I MBY 7 F %
DI 22 HUAE 5
FFAERR « MM N B SRR B 22 e
MRI : KMEE Mg EFEBILR B ERE R ENHLLND,

it : CDG TITON D F 7 v A7 2 U O TIERF ZFRETE 2\, N A~ —H—
L LT, MmIERLK D N-acetylglucosamine-asparagine (GleNAc-Asn) DN H HTH 5,

189« BUEITHERIEICE £ 2753, Yoshida & OBFEITIRIFE FIEIZ D72 BN D AIREMED B 5
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23) STT3A-CDG CDGIW (MIM#615596)

Jjpifi& : DDOST (% 1828 DDOST-CDG, [H4:#: CDG1R), STT3A, STT3B (£ 24 1) .
TUSC3 (58 25 ) . MAGT1 (38 26 1H) I% & £ (2. Oligosaccharyltransferase (OST) complex
YT %, STT3A & STT3B iE OST complex @ catalytic subunit T&H 5,

BRRAG « EEORMOEEN I EEN . REREE, KREHINAR, NEE, HAAREIER. /M
ZEfg, TWilA, BHRERTREELZRT D,

Wilson 5% (2021) 1% STT3A @ catalytic site DR T, EMEBIFN CTRIET 5 6%
Wi LT, SERITERERT . KK, KB, FFREHREThoT,

SR
Shrimal, S., Ng, B. G., Losfeld, M.-E., et al. Mutations in STT3A and STT3B cause two
congenital disorders of glycosylation. Hum. Mol. Genet. 22: 4638-4645, 2013.

Wilson MP, Garanto A, Pinto E Vairo F, et al.

Active site variants in STT3A cause a dominant type I congenital disorder of
glycosylation with neuromusculoskeletal findings.

Am J Hum Genet. 2021 Nov 4;108(11):2130-2144. doi: 10.1016/j.ajhg.2021.09.012. Epub
2021 Oct 14.

PMID: 34653363
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24) STT3B-CDG CDGIX (MIM#212066)

J%WHE : DDOST, STT3A. STT3B. TUSC3, MAGT1 i% & $1Z, Oligosaccharyltransferase
(OST) complex ##&E3 5, STT3A & STT3B i% OST complex ? catalytic subunit T

»H5,

BPRAG - BRSO IEE) I I, RERREE . (REHINAR, NEAE, SARRIERR, /N
Zi, A, BERIET, SMESIIERK, FFERERT . M/ Misid 72 280 %,

A L

25) TUSC3-CDG (MIM #611093)

Mental retardation, autosomal recessive 7

JHE : DDOST, STT3A. STT3B. TUSC3. MAGT1 (% & 12, Oligosaccharyltransferase
(OST) complex A7 %, TUSC3. MAGT1 (% & £ 12 Magnesium A 4> OB #ENIZE
5425, N A7) OHSHT TIFEFE 2RO,

FRRMG - FIAFREEFE L T AN RO D,

SCHR

Molinari F, Foulquier F, Tarpey PS, et al. Oligosaccharyltransferase-subunit mutations
in nonsyndromic mental retardation. Am J Hum Genet. 2008;82:1150-7.

Garshasbi, M., Hadavi, V., Habibi, H., et al. A defect in the TUSC3 gene is associated
with autosomal recessive mental retardation. Am. J. Hum. Genet. 82: 1158-1164, 2008.
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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 & 12 Magnesium A 4 OBEICH 5T 5,

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

BERMG - XSRS O LA 255, TADALEDT 5,

STHR

Molinari F, Foulquier F, Tarpey PS, et al. Oligosaccharyltransferase—subunit
mutations in nonsyndromic mental retardation. Am J Hum Genet. 2008;82:1150-7.
Blommaert E, Péanne R, Cherepanova NA, et al. Mutations in MAGT1 lead to a

glycosylation disorder with a variable phenotype. Proc Natl Acad Sci U S A.
2019;116:9865-9870.
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27) SSR4-CDG CDGIY (MIM #300934)

JiTE . SSR 413 signal sequence receptor & 21— R 55+ CThH D, H L ARINT-HE
% 737 1% translocation core % il CHIE/MaAIZ A%, SSR1, SSR2, SSR3. SSR4
% 4 &K & L T Translocon-associated protein (TRAP) complex % %4 %, TRAP
complex (% OST complex & &9 5, TRAP complex IE core DT IZ/FET D, CDG D
PR ENR X EEHETH D,

HEAR o /NERE, PRRREE, REPREEIRE RN, SRR T, TAdA, FRREFCNE. H
FRE B ARISRE), BT ARIGBHEN, JRIE TR, F5BMNER L, MRS, W &EE
DL DD, BIEUTETZD 730,

Castiglioni Hid, RRIEE, PAFIMEE, FEME, MEIEITZREORT RA23 0 % 64 H
B L. AR & ORI 2 R LT,

SCiR

Losfeld, M. E., Ng, B. G., Kircher, M., et al.

A new congenital disorder of glycosylation caused by a mutation in SSR4, the signal
sequence receptor 4 protein of the TRAP complex.

Hum. Mol. Genet. 23: 1602-1605, 2014.
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Expanding the Molecular and Clinical Phenotype of SSR4-CDG.
Hum Mutat. 2015 Nov;36(11):1048-51. doi: 10.1002/humu.22856.

Ng BG, Lourenc¢o CM, Losfeld ME et al.

Mutations in the translocon-associated protein complex subunit SSR3 cause a novel
congenital disorder of glycosylation.

J Inherit Metab Dis. 2019 Apr 3. doi: 10.1002/jimd.12091.

Castiglioni C, Feillet F, Barnerias C, et al.
Expanding the phenotype of X-linked SSR4-CDG: Connective tissue implications.
Hum Mutat. 2020 Dec 10. doi: 10.1002/humu.24151.
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SSR3  Signal sequence receptor TRAPy-CDG

JHHE . T AT =V CORESHIT 432 FHE 630 FEHOT ANRTFUICHEGT D,
PMM2-CDG TIIHH DR RITZ D 2 ATCHSIc3 44 %, TRAPY-CDG D4, 432
FHOT ZRT X U REEFEHDNEIRAYICARZ LT,

SR RN EEIE, FRRES, REEE. OIE, R TR, MEEREEZET D,
HEDORMERN R ERR LR 5,

Ng BG, Lourengo CM, Losfeld ME, Buckingham KdJ, Kircher M, Nickerson DA,
Shendure J, Bamshad MdJ; University of Washington Center for Mendelian Genomics,
Freeze HH.

Mutations in the translocon-associated protein complex subunit SSR3 cause a novel
congenital disorder of glycosylation.

J Inherit Metab Dis. 2019 Sep;42(5):993-997. doi: 10.1002/jimd.12091.

Dittner-Moormann S, Lourenco CM, Reunert J, Nishinakamura R, Tanaka SS, Werner
C, Debus V, Zimmer KP, Wetzel G, Naim HY, Wada Y, Rust S, Marquardt T.
TRAPgamma-CDG shows asymmetric glycosylation and an effect on processing of
proteins required in higher organisms.

dJ Med Genet. 2020 Apr 24 ymedgenet-2019-106279. doi:
10.1136/jmedgenet-2019-106279.
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28) CAD-CDG CDGIZ (MIM#616457)

JHHE : CAD gene

Y I VUARRKICE DD 3REAFFOBEFE 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

ARFH M. : anisopoikilocytosis, acanthocytes, and schistocytes

‘B : dyserythropoietic

SCik
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.
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29) NUSI-CDG. CDG1AA (MIM#617082)

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

CDG1AA [T H Yt lhkHMEind 5,

A7 UNVOEEBIROSGGH 5, FRERTAUNIVMEEZ 2T 5,

JHHE : cis-prenyltransferase %7 == kT& 5, DHDDS & 3£[F L T Dolichol & %IZ
b5,

B ARG RSP B R, CAA. ERMENE, MEEEAREE, HETRT,

7 VNVERDEBHELGEOSRE., N—F 2 Y RSP T AN, NREROBRE N %,

Park EJ, Grabinska KA, Guan Z, Stranecky V, Hartmannova H, Hodanova K, Baresova
V, Sovova J, Jozsef L, Ondruskova N, Hansikovd H, Honzik T, Zeman J, Hulkova H,
Wen R, Kmoch S, Sessa WC.

Mutation of Nogo-B receptor, a subunit of cis-prenyltransferase, causes a congenital
disorder of glycosylation.
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High Rate of Recurrent De Novo Mutations in Developmental and Epileptic
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Zhang FY, Xia K, Liu CY, Zhu XW, Yue ZY, Li SC, Cai HB, Zhang ZH, Duan RH, Tang
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Coding mutations in NUS1 contribute to Parkinson's disease.
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NUS1 mutation in a family with epilepsy, cerebellar ataxia, and tremor.
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Epilepsy Res. 2020 Aug;164:106371. doi: 10.1016/j.eplepsyres.2020.106371.
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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) %MER

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

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

Allelic disorders & L CTIRD 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 oA 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 {l H @ N-acetylglucosamine (GleNAc) Z #5595,

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, Miller 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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CDGI#

BEBI T/ IR T AR A9 e & | oligosaccharyltransferase D&k~ T, EEHED—
EORIDT ART R NFEAT D, TOHS, HBIZIALDETT R v v 7 2%,
ST ABBRES LCEET 5, 207 Rt vy ZBEROREN CDGIETH D,

1) MGAT2-CDG CDGIIA (MIM#212066)

e« MGAT2 B FI1X TV VIRIZIEET S B3 UDP-GleNAcialpha-6-D-mannoside
beta-1,2-N- acetylglucosaminyltransferase I % =— K4 %, UDP-GlcNAc 75, GleNAc
ZPEHICEERE T 5,

BRIRMG - HEDRSMOEENIE RN, BE, FURVRRERES) SEEESR L,

FRMAIBEg (D E &, ROATR, B0 ERE, KE) DEFRRREKE, NEE, RRREE,
MRS EEEME T A A, HlfE R (f/ WOk 25 AT, FactorIX, X K T)
KIEREE TR < BRI D, BERERESIIFENITH D,

MRI 2 CHERR g, =V BRI A 788 5 3/ MM I IE

Tetrasialotransferrin I1E & A ERE 0 B2,

Poskanzer & (35005 PR IZ OV TREGIHE LTz,

SCHR

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

59: 810-817, 1996.
Poskanzer SA, Schultz MJ, 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— L2 U U RICHES LTIRREDNS U R
V= LTEHEREINTZ N TEDOT ANRT X AT 5, £0%, FEHOEMIZH 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 X2/MRASe 2L CIKICHFEIET S
mannosidases glycosyltransferase (2 & &% o i} 5,

MOGS-CDG TiL 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 FETIEMmME M T o A7 = ) O TREFIHRE TS 20, RIS
Gle-Gle-Gle-Man @ 4 ¥ERSHEINT 2 2 & 235 FiEDR & 5,

glucosidase II /X asubunit & Bsubunit 7205725, «subunit X Glucosidase «
neutral AB (GANAB)IZ X > T=— RK&Z1 %, fBsubunit/E Protein Kinase C Substrate,
80kD, Heavy chain (PRKCSH)IZ L > Ta— K& b, GANABEG - #EEIX CDG T2
<. Polycystic kidney disease 3 DEIL&s T Th b, PRKCSH &nTREEIX CDG T
72 < . Polycystic liver disease 1 DEEE& T TH D,

BRIR M BT AR 0 FERBEE ST WILA ZFR D, EHIEORRE & 5, AR TANLA
PERIEDSG A b & 5, MEBERIKT, Y FE, NFE (BEHEL, ROESE, KAV
S NHRIR, HOAT, FHEOERD O AE) | ITER, bR LA, RERE (SR
Gutk) . B L, AR T T 5616 5 5, Anzal HIZENGIZHwE Lz, Mg b
FUAT =2 CTIREFIIRETE R oo BESWZAWTRT 4 FEPEHN
HT&E7,

R EEEILEET S5, MRI CIHMEMSOMBERFERRBD 5, ik T
Suppression-Burst pattern Zi2H 5,

H—;c

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)

JRE : SLC35C1 1% GDP-fucose ® h 7 LV AKR—%—% a— RT 5B ThH D,

W2 X7 O—HT fucose ZMFE LT 578, fucose KB T H 2 LN TERWIZD, £
DEBER RN EL 5,

BRI - RSEED RN . FFERAES (B A < SFHEZR SR, SFHAREE ., BWREE).
ANBRAE, UEEIAE 2 0 IR R, FEDIRV, TWihA, HRERTZ2ED 5,

Ty B ([EFE B P EREUEIN, 4P EREERRIKT) 23H 0 . MEERE KET 5,
LIRS, FE TIXwEERNA B 5, Leukocyte Adhesion Deficiency 11
(LAD-II) & iEiE 30 %, Fucosylated selectin  ligand 23 K4H 3 % 7= % . Leukocyte
adhesion deficiency 2342 U, 4FHRERDNEGLRBLICERE TE AoV, PP ERIEIE 238 5,

Fucose 1Z H FURO—FTH 572, ABO ILEHAHIEN TE 720 (Bombay ), H HUJR
IZ Acetylglucosamine, Galactose, Fucose NfEA L T TETW5, lEIL, A% - B -
O - ABBOWTNTH HFURITAMET D, 20 HHURIZ A HURLS BHURAFE, O R
TIIAFZEM)DA(F <, Fucose WRZT5H &, HEHIZ A BWE TH % Acetylgalactosamine
. BEIWE TH 5 Galactose 23FHE TE 22\ od, MK O B & HE S D,

ZOFBITMIE ST AT =V &2 WO A TITR B T E Uy,

1A% : Fucose i fRIEAIBIH Y

SCHR

Luahn 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.

Luabke 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 2¢ (LADII)

presenting with short stature and developmental delay with minimal adhesion defect.
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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 Dd,
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 1Y UDP—Gal : N-acetylglucosamine— 8 —1, 4—galactosyltransferase [ % =
— NI 28BEFTHD,

FNVRBERORE T, N PEHOGHIERE T galactose fIIIARERAEL S, CDGI
BREZET 5, HROEHEEIZTH D,

FRIR1 : Dandy —Walker a7/, MEATMUKEE, ZAPHILNR, FHEEIRIKT. AST L& —i&EAE
W8, MR EEE K725, ek~ v Y — R, CK L5, myopathy, HEENFSEEER, K
FRIE RN 72 L B D

trisialotransferrin, disialotransferrin, monosialotransferrin, asialotransferrin
NDNF BB L T 5, tetrasialotransferrin 1345, URZAIES DOFTY =21
ERFELHDND,

HDL 2L A7 a— v k& 9 DL Bla L 27 o — U EEAFHMATH S, cholesteryl
ester transfer protein (CETP) ®EH 3G I T35,

SCHR

Peters, V., Penzien, J. M., Reiter, G., et al. Congenital disorder of glycosylation IId
(CDG-IId)--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)

J5HE : COG7 : conserved oligomeric Golgi complex 7 DEFTH D,
Golgi trafficking RHETH D, /NEKENS TN IR~DFEL, TV ERNEOB LD H
WRNRINTH D, NEEH & O BBEH O FIZBE R H D,

MR « FENFEHERIE, NEAE, FHEEOEI (HMRAL, BIAcRE . /NeE. )
O <DLV (cutis laxa) | /DEFRRBELE, FHERIET, FFMECR, FFHhER
F.ART SO LOETIEORIE, BEERNFIEKT, TAni, CK LR 24 BARER £
DEFIRFTRN S B,

A% 1-2 7 HCHE (RUYE & DAE) IZEDLBMRH D,

EREE EIEF O FmAE, BG5S, NERRSREITH 5,

SCHK
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.
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6) SLC35A1-CDG CDGIF (MIM #603585)

BE#E « SLC35A1 1% CMP-sialic acid transporter % = — R4 58+ Th D, TILIHEKRN
OV T NEEOHAGIZ B 2 X 723, NEUESH & O BUBESH O M H ICFEHE E 2580 5,

ARG  FEMEEN R R, TAM AL /MR BB i fgn 2580 5, M
HENRSRE 2502 2 8D 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 SLLC35A1 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)

J5iHE : COG1 : conserved oligomeric Golgi complex 1DHEFTHD,
cerebrocostomandibular like syndrome (i « I)'E « /N FREIEMERERR)

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

BRIRAG AR B, BT B SR ANE 2 1 O R R RSP s I IR
INBRSE, PN, BRI & RR D,

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

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

SCik
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

J7fi& : Conserved oligomeric Golgi (COG) complex (£ 8 fHlD V7 2= EMHRHH, £D
1> COG8 BIn T RFICK D, WHAKAHMERIZTH D,

BERE « - IE - N PR OGN S B
AR RE . REEE R R, AU, AL IUE. NZCTE. NI B,
MRI C/NMZEfE & 325 5, Dandy-Walker FEERE. 25 PEBIRHRHE DB S & 5.

SCiR

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
Cogl-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 I.
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)

J5fE : COG5 : conserved oligomeric Golgi complex 5 DERFTHD,

COG BEEIRIL TN ARITHEAE L, RIS O R{EICR P %, COGL, COG4, COG5,
COG6, COG7, COGS8 X CDGI ! L EoH4 5,

O B C % ApoCII D B 2788 5

BRIRG © SREFE IR 2 1F O FlEE . (Kepdcil, MBRIK T 2380 5, /NBUE, KRS &,
Thd i, ITHERERE | FrREREZRBO L6 H D, FErEENFE EIEI TR L) B IS
HEOHIE TEAS 5,

MRI T/ b 0D BH 2 72 ZE i 22 385D

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 E IV ROEED N T AN T, IAVTERBDNE LR B,

BRARMR - FneglEE . SRR MERCHTTE, NINEREERD D,

p.Gly516Arg A H D54 Saul-Wilson syndrome &\ 9 FrEEEG & KT BN BHE 72 B R
PREBEET D0, MIEHEY 37 OERFITFRD /2, Saul-Wilson syndrome [ 3B & {5 T
b5,

SCHK

Reynders E, Foulquier F, Leao 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)

JHE : TMEM-165 : transmembrane protein

VDRI AR D IEET- Al < TMEM165 % 20— R 5B T OERTH D, &
P KB THDH, TMEM165 (£ CaA A DT U AR—F—THDY .

Ca2+/H+ antiport (&L % /L URD pH OEFHEHERFICED S, SAUKRTO~ T
DIEFMIZHEETH D,

ATP6VOA2 <° SLC35A1 & [rlkk, N AUESH L O AUESHOMGIZRE 1A b D, Tri-
Di-, Mono-sialotransferrin 233 4L G AN L, ApoCIIIZ I 1T 5 O BfES D 7Y =23 14k
HIK T 5,

iR - REEB RN, RRRE. ®EREE. HRRET, BHLE, Bo vk
&7 EERBD D,

AST ALT LDH CK k&, HXRHT, HEXIKFEKTF

Frsgign, IREE . %RM/NEE, T, BAMRELR EofRd 5,

BRRCE LR, REE & FHERT . HIE2R0 208 HE ST D,

VB 0T 7 b—RFTEEENHRETENTW5 (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
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12) COG6-CDG CDGIL (MIM #614576)

Jpifle : COG6 : conserved of oligomeric Golgi complex 4 D% Th 5,

COG6 [ L = /L VRN COHEIZ B D E AR OERERTH 5,
BRS04 R HIRIE O BRI W LA, TR, BEZEN ML, RSB RS R, R R E,
NBESE, IRE R, mELBRMIE, TFHRERE . CK LA Z2EA2R DD, RERA2OHLH 5,
SRR (IRVTHE. @R, AT, ERF 72 L) 13 COG6 THEHI TH 2,
Restrictive dermopathy DL 23 & %,

SCik
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13) SLC35A2—CDG CDGIM (MIM #300896)

JRE : SLC35A2 1% UDP-galactose % A/VURICEET S F T U AR—F—%a— KT 5
{51 Td %, UDP(uridine diphosphate)-galactose HishtED BE 2LV, T UfE~
DOFEHAB R D 72D D galactose fil#E (UDP-galactose) MK T4~ 5, galactose OF| [ E 234
C%,

WER Early-infantﬂe epileptic encephalopathy (FLVEF-HITADAMENIE) OB S %
%< @ CDG 135 iR i@fﬁf%éﬁl SLC35A2—CDG i X #HEHEIEERIZ L B, ~

SEEFIREIBREEFE L 2 @E ., REBRIILEREY A7 ThH D, i, MIZREL
TZEYA 7 EDORRBIBFENTND,

FLRRIITANAMERIE L U TRIET 5, R TANAVZRD D, MRS, i 8RIEK
T /NBE, IREREEN T 2580 5, FHEREG 2 W TIZORMMR/ MM ZENE . MG IR ke &
DT RZRD D, EHROHFHAEELEEEIC B EENLETH L, WEENER & EkR
B 2aT 2,

MEHE S R 7 BEIIBE SN2 nGa b H Y . CANABIRT & MR 5 72
ELZWEZENIREETH 5, BEIEE 0B TAMNAIER TILHEIZ CDG % #5117 2 2 EA
&5, Exome it CRIZF DI NBRICZMIESN D603 H 5, HEHIBHEO SV CDG T
HY ., ENTHIEFRENELED 5,

189« galactose fiFRFEIEDAHMEIZ DWW THREIATHOIL TV S, galactose filfn 201
I% UDP-galactose & X SRAIZHINT %5, ERIRAIC D AEMFEMICLEER A NTZ LWV D #H
HERH D,
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14) SLC39A8-CDG CDGIN (OMIM#616721)

JHE : SLC39AS AL ITHgh 72 ED T v AR —F —% a— R HEIa 1 ThH D, Wkt
REVEBIRICL D,

SLC39A8 [IHE @YX > /%7 THY . Mn, Zn, Cd, Fe 2 ED TV AR—Z—Th D, ~
VA N DEEEEZRD S, M~ A, BENIRE T, R~ OPEE 2 T

WD,

TIIVIROFEHE AT 8% B -1, 4-galactosyltransferase % Mn 2% co—factor
CLTHETHD, F7~. Mn IE Mn—dependent superoxide dismutase \[ZHEHH Y . FDIE
PR TIEI ha N 7?*%@%%%&@&:

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

Leigh SEMRFER OB 2 DB S & 2,

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

J5HE 1 CCDC115 B Th D, ANIIEROEFHMERICBE Db 28I+ Th b, TRy
MEEIC X D,

BRORET L - ETTYERTRERERE S . FIUIE, FStmEE RN MpufEE, HRRE TR ED
FER 2780 5,

BAETR E LTAST ALT BH BERAET. ma L AFa—/UmiE, tra 75 23
R T 7R EERRBD D,

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 I D DB FOERTH D, WROARSLEELRTH D,
B  BRFERFSRERE S . AST ALT ALP EH  BEER KT, @2 L AT v —/LfE,
AT ITAI VKT R ELRD D,

N-linked #E8{ O-linked #84{ & & ICHRF 2580 5,
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17) COG2—CDG CDGIQ (MIM#617395)

5T : conserved oligomeric Golgi (COG) complex ®OH 7=y FDOBEIEFERTH S,

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

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.
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18) ATP6AP2-CDG CDGIIR (MIM#301045)

JHE : ATP6AP2 (ZEENE 2 > X7 TH Y | T4 YV — A TONMERERSA — F 7 7 V— Tk
B7p vacuolar ATPase OfHINKFTdh 5,
multi-subunit vacuolar—type H+-translocating ATPase (V-ATPase)

AN pH OfEFEMEHMERF, L =0T X AT R WT 7 v BT 5, 2
NPIED WA A OFREITIHEHERICEER L, T4 VY — A4 — F 7 7 IV — LD H
A A OHRENTA— N7 7 O— TS S,

X WM TH 5, Ramser HITHIIIEE & TANAZ ST 5 XHSMEF R T ATP6AP2 & ixT
R WE LTz, Korvatska HI%, Xo#M R—F Y = XL L2 5 &2 85 L=,

Rujano BIEA— K7 7 O—DRFELED LTS U 2 S LR EE L LT ATP6AP2 i
W Lo, FLIIRIEOITERRE SR, SR Z O Ky 70T U VIE, BURBIARIE
%wuy)é %DE/JIKEIZI\ tﬁ:ﬁ%féﬁ%ﬁ@fﬁj%%éo

Hirose 513 ATP6AP2 S5 X 2 B 7o it M 2RO - 2 i S L 7=,
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19) ATP6AP1-CDG CDGIS (OMIM #300972)

JifE : ATP6AP ¢ ATP6AP2 LI[RIERIZ, T A VY — A TONREERERA — N7 7 ¥V — T
Fi7¢ vacuolar ATPase OfIINECToh 5, MilAN pH OIEFMHMR:, v =7 47
vk, WNT v 7 nie BICB53 5,

Immunodeficiency 47 & [fl UiE{m 1 CTh b, XEEHMETH 5,
BaRAG - SR Ky e 7Y UE, REHOEEEEEN, TR E R E 2R 5,
FEHARIE, B~ =7 OFl LG ST 5, IFEREREEN R . B2 03 L
L7l 5%,

SCiR
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Staufner C, Hoffmann GF, Hackenberg A, Paramasivam N, Wiemann S, Eils R,
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Liver failure and x-linked immunodeficiency type 47.
Pediatr Transplant. 2020 Dec;24(8):e13808. doi: 10.1111/petr.13808.
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20) GALNT2-CDG CDGIT (MIM#618885)

JifE : GALNT2-CDG 13 O #58M 27 ) a3 UL REFETH D, GALNT2 Ei5113 =Ly
{RIZ/F7E£3 % . N-acetyl-D-galactosamine-transferase 2 isoenzyme % 22— K9 %,
GALNTZ (3% < OROMAICIEI L. AF L4 280 o O-glycosylation 1ZH15 L
TUM%. H#CH apolipoprotein C-1TI 0 O-glycosylation MU 17 H11%, N IS
RIS DN, FROESIERE TS,

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

SCiR
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F oo CDG

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

JARE  ATP6VOA2 Bin T BE X D H R BIEERMEREE TH D, vacuolar—type proton
pump (H(+)-ATPase or V-ATPase) D7 = hTh D, MIEHA/INEE O pH O MEHER?
BB, FNUENERTO pH gradient (F—EITHRTZIVDHETFRH DD, ZHUTERFEN
AL 5,

N #EEH L O fEER O M G OFEHICRFE DB 2,

CDG & L TOEFITON TV, ENTHEEGI RS T, CDG OHTiX
FEBSHIBREE DS VR Th D,

BERM% : Cutis laxa (ARCL type2 YRR SHMEERD Y A 7 2) | LIEFIERREE
W RRPIBAR, /NBEE, fBVBAEL. BUEMEE. EAROB OV EE, KIMECE TR
Ha2d 5, BENTOREDNBAEIND, =—TF X « ¥ REBRE R &Gk R 5 e
EERNRMEETH D,

SCHR
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Genet. 40: 32-34, 2008.

Hucthagowder V, Morava E, Kornak U, et al.

Loss-of-function mutations in ATP6V0OA2 impair vesicular trafficking, tropoelastin
secretion and cell survival.

Hum Mol Genet. 2009 Jun 15;18(12):2149-65. doi: 10.1093/hmg/ddp148.

Bahena-Bahena D, Lopez-Valdez J, Raymond K, Salinas-Marin R, Ortega-Garcia A, Ng
BG, Freeze HH, Ruiz-Garcia M, Martinez-Duncker I.
ATP6V0OA2 mutations present in two Mexican Mestizo children with an autosomal

recessive cutis laxa syndrome type IIA.
Mol Genet Metab Rep. 2014 Apr 25;1:203-212. doi: 10.1016/j.ymgmr.2014.04.003.
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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 © ATP6VAL & fn+ 2% 12 X 5, vacuolartype proton pump (H(+)-ATPase or
V-ATPase) DYV 7 2= N CTh 5, MlAN/NEE O pH OIEFEMEMERICED D, G TUEN
T pH gradient (I —EIZRIZNDHETF R H DD, ZHICEFENRAEL D,

ARCLID 3# YRS IEB MR E TH 503, LR RHIRIE CADAMERIE DS E 11X
Yt (BEIEBETH D,
CDG & L TOEE IOV TNZRLY,

A1 : Cutis laxa (ARCL type2 HWYEMAKREIEEIZDHX AT 2) i*ﬁ%@@]%\é%ﬁ@
Wi, BESERIE, AVERRIRT . OAE, B NIEM AR FFREF 2R

SCiR

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.

De novo mutations of the ATP6V1A gene cause developmental encephalopathy with
epilepsy.

Brain. 2018 Jun 1;141(6):1703-1718. doi: 10.1093/brain/awy092.
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3) ST3GAL3 (MIM #611090) ST3GAL3-CDG

Mental retardation, autosomal recessive 12

HEREMRREMERIAIPEE . TAMNA TR D, REHTANAR ERBIRIED TANAZED D,

Hu, H., Eggers, K., Chen, W, et al. ST3GALS3 mutations impair the development of
higher cognitive functions. Am. J. Hum. Genet. 89: 407-414, 2011.
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4) MANIB1-CDG MAN1BLBfmFHEFIE  MIM#614202)
J/HE : MAN1B1 : mannosyl-oligosaccharide alpha—1, 2-mannosidase
Mental retardation, autosomal recessive 15
Rafiq syndrome & & XiXiL 5,
Z @ mannosidase 1% Glc (3) -Man (9) —GlcNAc (2) oligosaccharide MD¥E mannosel 43+ % [
#% (trimming) L. Glc(3)-Man(8)-GlcNAc (2) oligosaccharide &%, =Dk, FEgHIX
X 512 endoplasmic-reticulum—associated degradation (ERAD) pathway ¢ H'C mannose
B 5—6 HORICIEZ HiILD.

Misfolded glycoprotein 2/NMafRIZERET 5 Z &2 <7D DREHIRICEED 28T
TH D,

Bkt - ks, RrRER. RRENe CEARO D, BATHLHERBH Y (Okamoto et
al.), CDG2AITIIZ L MESNTNALDDVDEDSTH D, HFRARMAEEG DT -
Y — NRNT CRENCE D BINZ N, I ZDOREEE - TEWr§+2 Z LIIR#EETH Y |
2R NEEZ LD,

SCik
Rafig, 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, Millén 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.

PLo0S Genet. 2013;9(12):e1003989. 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
YRYE : PGM3 : phosphoglucomutase 3
Immunodeficiency 23 (OMIM#615816) O E{Ti&{s 1

PGM3-CDG DHEHI T Tix CDG I B & MR DM ORHEN B D

% & : PGM3 X N-acetyl-glucosamine-6-phosphate ( GlcNAc-6-P ) %
N-acetyl-glucosamine-6-phosphate (GlcNAc-1-P) (22414 %, UDP-GlcNAc D& %I E
EREETHLH, GEP 1Tk THIH S5, UDP-GleNAc 1 N-glycan, O-glycan,
proteoglycan, GPI-anchor (ZH\W\ 5415,

h=n

GRS  RYWERCE ., 7 M E—MERE R, @ IgE ME, Je K7 B EkisD (AF ek
AR . T M) | B ERE R R 288 %, Desbuquois dysplasia (M4
et ., BASMEE, EITHHRNE, B3 —L o FRRMEE). KR E., S, BREHN.
RS (PIRARIEE) 207, BRBEN AR R FNRE SN TN D,

os}

SR
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)

JHE . GDP-mannose pyrophosphorylase A /% Mannose-1-P & GTP 75 GDP-mannose
AT 5, GDP-mannose [IHESERKICFIH 5,

GMPPA & GMPPB (HIZIXFEAFET 525, BERIEM:ITX GMPPB O 403 G795, GMPPA
IZ GMPPB D% %17 9,

MRRtG - BEFE, T T VT, HMREEEZRE L TORETH D,

SCik
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
JHE : GDP-mannose pyrophosphorylase A % Mannose-1-P & GTP 75 GDP-mannose
AT D

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

ERUEHEAEDOREN D 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 Td, 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)

e : XYLT1 EiaFR2EIc L5, GGC o 3LV v — MEEA A LD,
Bkt : D RAMERISR Th D, RS K. FrREH, MrEEE =R, §RPk T 2
T2,

LaCroix &I lH DY —7 T A TIEAT VNV DOERSKE LDRBDR2WBINRZ N0,
Bisulfite sequencing #{7->7-& Z A, x0T U iz XYLT1 #Eis+ D exon 1 (ZiEFl7e
AF At ZE B Uiz, XYLT1 Bis 107 rE—% —fHikic GGC O =R Y v — MEEN
R B, ZNERE A F AL ERBUK FORIKTH - 72,

SCHiR

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}

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

ERRMG - BEE R, AR TLE L MO RS K. FrREHR. SREEN

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

SCiR

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 J.

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 iEinFIla2— K&Nb, /MUIRICTHE
fEL, EBOBEEB NAL L 2HT 5, ZVa—ARREORET, FESHIET G6P %
/NERIZERIE T D HERED B D,

Z OB OM T UL OMEEEIEIZ BT glycogen storage disease (GSD) 1b L LT
MHNTWD (GBP HIRD R A GSDla B THh D), SLC3TAL D17 U /L OFEREMSA
5 (p.Argd23*) (MEEIR) 28 G6P OMlLNBIERE 2 &, HrLv CDGOMIC/2 % =
EERE ST,

JFHSRE 2L | B O iR EEE R K T 258D 5, LDEFRKIBIESCY 7 20— 6 & 5,
BIBE HE Z LT,

FFURATZ 2 UDHHTTiX type2 D CDG Z2 L. ApoCIIL $ EE I3,

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 ZdJ,
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.
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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— K925 FUTS DR TH D,

Congenital disorder of glycosylation with defective fucosylation 1 (CDGF 1) &4 4
W5,

AR © GDP-fucose 725 L-fucose % N-fEGHUBESH O H b ITALE N-acetylglucosamine
(GIeNAc) T3 2% CTh 5, core fucosylation DB TH 5,

BRRAG - FENIEEIELE, REHEE R RN, NEUE, FrRETE, WL & OE R
HLOHEERR, ERERRER . WILREEE, HBRIET, TADLAREEZRD D,

169 . L-fucose i FSIEIEN B TH 5,

SR

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 % 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.OREE. SRS, BHEL IRIRR L) oflbH 5,

Bk

MRI /MR ZEME (/NI RR) . B BRI R 2 LR, RIMEE S 70 & 2380

Do

FEAERKIICED P T AT 2 ) O TIERE 2 FETE 2V, HESH T

7 aA—ADRZEHRHETE 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 R —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) DERFEI TE 7200,

X Gt RIZEEAL N D . X EEIMEFEF DO~ Th 5,

BaR R - ARlES . FRREFZRD 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,
FHRBIZITE S HENE. RVEVFETH D,

CNS Hf§ CI3/NERE, MR R, M= AP A Rs . KIMZERE 2780 5,
ThANAIDEDN S 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-GIcNAC) 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, Desbiens 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

JRRE  FARE N TA R S L7z UDP-N-acetylglucosamine (UDP-GlcNAc) % =/L KN CFI A
T OOV AT TV AR—F—Th D,

BERM% © Edvardson %, BEAME, CTANA, ZIMEREERMEGNIC I W CHllgifigT & =7 v
— LT SLC35A3 AT AR A RIE Lic, /N, TotkiB, /NEIE, FiBRIKT 25807,
FErEE R R, B PE, Thﬁ)h%A{ﬁbf:o

NI AT 2 ) OBEESHT TR 2R TE 20,
arthrogryposis, mental retardation, and seizures (AMRS) DIREBALNH H03. CD6C DOF
FIEDNTNRNY,

SCiR

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 jits & C glucosamine 6-phosphate & 7' /v 4% X VR & PEAT D, ~F
VW VR A ~T UDP-N-7 2 F /L7 a I VT, ZAUATHEO SLC35A3 # 4t L
THESEHG IR SN D,

~F V8 I R hexosamine biosynthesis pathway

1. 7LV h—2-6-U g — a3 -6-U B RSB, SAV¥I0 700 b—
A-6-UVVBT7TIRNT AT 2T —E)
ORI OERENGEFPT (L-Z VX Iy :D-7V7 h—2-6-U VEET I KT
A7 x7—E8) Thd, GFATLE HEtHL

2. JNhaVI6-U i - N-TEFALTLat-6-U

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

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

SCHR

Senderek J, Miller JS, Dusl M, Strom TM, Guergueltcheva V, Diepolder I, Laval SH, Maxwell S,
Cossins J, Krause S, Muelas N, Vilchez JJ, Colomer J, Mallebrera CJ, Nascimento A, Nafissi S,
Kariminejad A, Nilipour Y, Bozorgmehr B, Najmabadi H, Rodolico C, Sieb JP, Steinlein OK,
Schlotter B, Schoser B, Kirschner J, Herrmann R, Voit T, Oldfors A, Lindbergh C, Urtizberea A, von
der Hagen M, Hiibner A, Palace J, Bushby K, Straub V, Beeson D, Abicht A, Lochmdller H.
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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Helman G, Sharma S, Crawford J, Patra B, Jain P, Bent SJ, Urtizberea JA, Saran RK, Taft RJ, van
der Knaap MS, Simons C.

Leukoencephalopathy due to variants in GFPT1-associated congenital myasthenic syndrome.
Neurology. 2019 Feb 5;92(6):e587-e593. doi: 10.1212/WNL.0000000000006886.

Szelinger S, Krate J, Ramsey K, Strom SP, Shieh PB, Lee H, Belnap N, Balak C, Siniard AL, Russell
M, Richholt R, Both M, Claasen AM, Schrauwen |, Nelson SF, Huentelman MJ, Craig DW, Yang SP,
Moore SA, Sivakumar K, Narayanan V, Rangasamy S; UCLA Clinical Genomics Center.

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)

&P % : Nonaka myopathy « GNE myopathy  (MIM#605820) & Sialuria (MIM#269921) BAM: &
R0 2 FEEIX GNE BIE FARNFKTH 5,

Nonaka myopathy GNE myopathy (MIM#605820)
%%E& 0 ZEfa A fF O AR X /3 F—distal myopathy with rimmed vacuoles & % LKL
o WHGBAREBNEBRLETH D, EAHTLOBIETEZ2RD D, rfi%ﬁﬁ AR %
0 ZEfuafEd Z EDRRHETH D, 20-830 RTHIET D Z L N£L <, EIRTH D,
1/ RO BERR s SE IR DA 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 &fn+D~7 a OERIZ L 5, BEMEEE

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

T 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

I NANP: NeuNAc phosphatase
NeuNAc

| CMAS:CMP-sialic acid synthase
CMP-NeuNAc

l
INVETHES o7 BERECRHASRD
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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 NVBROEEETH D,

SER - RS eEEN RN, RIS, MR T, KSR, DBEHE, FREETR. B R
LR W bE R 20 5,

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

T VEEDOHIBIMATH % N-acetylmannosamine (ManNAC)HE MMM S 41, EIEE & ARSI 5,
ZOIRFHRIEINIZ W ERDE H 5,

HOAX R R CIRE R SRR . KIMZENE, M=K &2 5880 5,

Tran DILY T IVEBHIFEIRIE 2 REt Lo, ¥ T VERITRIN S5 233 ISR HC B S g,
RAHEHEICA BT, ManNAC HIINIEZE(L Lig o e & 9,

LT NVBA RBE
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
! NANP: NeuNAc phosphatase
NeuNAc
I CMAS:CMP-sialic acid synthase
CMP-NeuNAc
1
INVERTHESZ 7 | BIREICRIAEShS

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
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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  FE I B 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, Zufiga-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

118



CDG ZWkr#AR— Tk & CDG i

2 1) GFUS-CDG
GDP-L-fucose % & %7 % fcf& B 12 & %3, GDP-L-fucose & pkl#E DR ThH 5, Nl
BAPESE. O #E TSI T, Fucose DATIIARET 5,

B TCIEMmIE, AfEk, fik, BRAEFHIIRIC 3V T fucose DRZBHHID,

SEAR O NPEEI SN, WAL RREE, RRREL B0 5, HERERERD S, MR
T Armnold-Chiari &2 RO T-HIRH 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 |% O-fucosyltransferase 1 % =— N § 585+ Th V., EGF U E— F®D O-fEAH 7
a—2ADEERIZED S, O-fEM 7 o — A&l Notch 72 EOMIfaERE DI S /37 |2

A &5, Notch OV 7 FNMRETIE Y a— A2 GpdE N EE CTH 5,

FER « MR ERUEAE 2780 D, M. 20, FLB T, AR/ £ o0 i EBALIZ HER A 3R B

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

JEHFEM A~ NHIEIZ HBL U CREIRICHEI T3 5, 7233, 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 K#EJE

NGLY1 KHEJEIZ#E < . congenital disorder of deglycosylation (CDDG) T %5, NGLY1 (%5 7
LH—BORIGIC L VHHORES LT AT X (N) 2T AT X U@ (D) 104
LT, WX _7 806 NRIBES A2 44, 40T U7z Free oligosaccharide (fOS)iffifiaE
\Z& D MAN2CL IZ X » THLEEX D, MAN2CL i al2-, «l3-, alb-~vr /—RA%&Yk
TOMRTH D,

BEARME « FrBRERL (—ERCOREA, /NG - TRRIRIR) | RSB, MAIREE . HiEa
72 &80 5, BHER MRI TIE, 2/l -BRIFESER, BUR T ER@aiE, MgEss . i
R/ 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 & OFFEEIRIK T, AAIBEE . eI, R, IR
MY A b a7 ¢ —7p EOIREE | MR P ERBUDE 2 F2RER & 975 e R HE R
HTH D, 1973 HIT Cohen b WEANT S &2t Lz, WYL IEREMRE T
hbH, FO%., BEAEEME T VPSI3B (Vacuolar protein Sorting 13B) Tdh 5 Z &3

MIBH U7z, VPS13B 13PN/ N E T 2/ Mk 20 U= & B Ok lc B+ 5 8ix
T TH D, ARIEGERETIIEFA OGN 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 IZE N2\ T2, Wis % b 5D,

Walker-Warburg syndrome
O-mannnosyltransferase 1

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

Fukuyama type congenital muscular dystrophy
fukutin (IFFEERBIESR & L COMREZ R
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