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Abstract; Objective To explore the clinical features and genetic etiology of two Chinese pedigrees affected with 3-M
( Miller-Mukusick-Malvaux) syndrome. Methods Two Chinese pedigrees with 3-M syndrome admitted to Linyi Peo-
ple’s Hospital in September 2022 and June 2023 were selected as the research objects. Clinical data of the family mem-
bers was collected, and the peripheral blood was selected for whole exome sequencing ( WES) after informed consent.
Candidate variants were verified by Sanger sequencing and pathogenicity assessment was conducted. Prenatal diagnosis

was performed for high-risk fetuses in two pedigrees. Results The proband of pedigree 1 was 18-weeks pregnant with
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short stature, abnormal face and congenital dislocation of the hip at birth. WES detected compound heterozygous vari-
ants of CULT gene: ¢.4333C>T (p.R1445 * ), ¢.3291_3294del (p.H1098Cfs * 42) , inherited from the father and
mother, respectively. The younger brother of the proband carried the same variants. According to the American Society
for Medical Genetics and Genomics ( ACMG) guidelines, both ¢.4333C>T and ¢.3291_3294del were judged to be path-
ogenic variants. The fetus carried the ¢.4333C>T variant. The proband from pedigree 2 showed short height, special
face, scoliosis, pterygous scapular bone, bilateral oblique finger, short fifth finger, etc. The proband was found to har-
bor ¢.3823del (p.R1275Vfs * 34) and c.758del (p.L253Rfs * 2) compound heterozygous variants of CUL7 gene, which
inherited from mother and father, respectively. And they were judged to be pathogenic variants and suspected pathogenic
variants. Maternal prenatal diagnosis indicated that the fetus carried the c¢.758 del variant. Conclusion In this study,
three patients with 3-M syndrome were diagnosed in two pedigrees. Two compound heterozygous variants of CUL7 gene

were probably the genetic causes of pedigree 1 and pedigree 2, respectively. Above findings expanded the variation spec-

62 % 4 1

trum of CUL7 gene in 3-M syndrome and provided a basis for genetic counseling and prenatal diagnosis.
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Table 1 Sequence information of primers sequenced by Sanger

LY EA FFA(5'-3") PR/ bp
i CCAgCTTgATAAgAgCCCCA

CULT-4333 it gCCCTAAgTgCATACCTCC 760
% geCTeTg CCTTggTTTg TTTA

CULT-3291 Tf TegACAgAAgCCTgTggTeT 298
3 TeTAAAACgACggCCAgTgTgCCCACACTgAgeCTTg

CULT-3823 It CAggAAACAgCTATgACCCCCCCTACCCTCTTATTTgCTT 300
JiF TeTAAAACgACggCCAgTgAggggCTTAAACTgggACA

CUL7-758 586

Fii CAggAAACAgCTATgACCCCAACAETATCCCACCACCA

1.2.4 A2 544 MEBURTE T

5 5 1 4 2 BN ISR 240 48 5 1345 (Human
Genome Variation Society, HGVS) J& [K 45 5 iy 24 #1L
ML 3558 1 462 HGMD (http ;//www. hgmd. org )
F1 PubMed ( http ;//www.ncbi.nlm.nih. gov/genome )
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Figure 1 Pedigree diagrams of two Chinese pedigrees and partial characteristics of the proband in pedigree 2
A: Pedigree diagram of pedigree 1; B, C. Partial characteristics of the proband in pedigree 2; D: Pedigree diagram of

pedigree 2. Note: The probands ( I 1) in both pedigrees were the second member of the second generation.
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RS | R JE P (& 1B) ; XU AHE 4 T8
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Y fk s s ACREIIG R 6 LR WL S 7, AR B
170 cm, FESE BT 151 em FE5FE G, 18 A A K Ar
AIEIUBE WEE R, %5177 Gy #E 207 B3R
BeAT ™ mizWr, RiGEILE 1D,

22 ERNFER

KZ 1 WES 45 524014 i ik, & PGk
()T~ L PR A1 A e PR LY 722 5. EVC2 ¢.1195C
>T (p.R399 * ) Fl CULT ¢.4333C >T (p.R1445 ) |
¢.3291_3294del (p.H1098Cfs = 42) . Zf#iL, 5
EVC2 FE [N AF 55 A X 9% A Ellis-van Creveld %5
HAEFN Weyers [R5 & & 5+ 4 , Sanger Il ¥ 50E 14748
S A A MEESE ; Weyers TH'H K H S0 S0 e
o Mt iRk R R A IR HERR T HBUR AT RE
4 ; Ellis-van Creveld Z5&fiF & — i Ge a fa bk st 4%
S, H AT 7E £ Ellis-van Creveld &G 1F B 3#
K] p.R399 + AE oMl A EE G 42 AR, Mk
UEF FBE SRR BN 22 S A4 3 il AN R
S AR, R, HERR EVC2 78 5057 25 0 AR R
BEUR A REYE . CULT JERAE 5457 45 28 Sanger I
FRUGIE, & BLAEIEH () ¢.4333C >T i T4 23 4
T i E A SRR AR, BRI A e AR
17 5ME T F A28 578 53 ¢.3291 _3294del h 7% f 75
5L A SRR B SOEARBEHIZAE T, SeiEE
SRR AR R A AR S S R ARG T 2 SR AR
G UAHERT ¢.4333C >T 24578 % (F 2)

KA 2 WP RPER , Jeub & #44r cuLt 3£
c.3823del Fll ¢.758del H G 24 H 785, C.3823del 4%
BAEFALTA 21 AT, A% HBESE, M c.758del
REAEFOTE 4 /NEF I e AR, BEE™
T3 RIS 45 SR 4 s LR Hh AE G LA ©.758del 4%
B (K 3),

23 ERTRMEREST

R ACMG 7 2brifE 5468, X & 1 CULT
JE R WG N8 57 45 ¢.4333C>T Hl ¢.3291_3294del
P N ERPEAE 5 (PVS1_VeryStrong +PM3 +PM2
_Supporting+PP1) , PFARYE U1 T : c.4333C>T H
JoSCAE S BI p.R1445 = | FEUE A IRRTZAL ;c.
3291_3294del HEAGGEAR | 33 G ith 2 1 BT 58
Rl p. H1098Cfs * 42, & 1T fig il fig #% %k (PVSI1 _
VeryStrong) ; il & B 1E 3 ML K R PRI 2465
ZEAR T TR B A v B A L ARG U 1 B

SR TEAS 5 (PM3) ;¢.4333C>T £ ClinVar 2 HGMD
BE PR A BUR PR AR 5 R IR S5 ARESE R4k
5 2 AR AR (AL L RAR EXAC : 0.000 057 87,
1 000 Genomes: 0.000 199 681, gnomAD: 0.00003583),
.3291_3294del “Z 5 {i s 22K & 1 000 Genomes ,
ExAC ,ClinVar HGMD %5548 i, K Wiz 748 5 ry i
¢, WA 5+ (PM2_Supporting ) 3 £ % 2 08T, JGIE
A AR st G H AL R ANRE 2 | SEiE R o s A
AR AR S 0 F BT AR LAY IR PR R 2 | B2 AR R AE K
FH PR R E LR (PPL)

ARSI c4333C>T

AGCAaGcGcCcCCAacCTGCAG

AR T 3291 3294del

CTCACT TGCC TGCG C G

B2 FZ 11 Sanger M5 K (% kH8 58740 14)
JEUEFE A o B HEAT CULT ¢.4333C >T il ¢.3291_
3294del & A A8 S, €. 4333C > T ki A AL 3R,
¢.3291_3294delizt f& [ BE2% LG 20 5 A8 S i 2
— ¢.4333C>T,

Figure 2 Sanger sequencing map for pedigree 1 ( The arrows

indicated the mutant peaks)

Both the proband and her brother carried compound
heterozygous variants of CUL7 gene: ¢.4333C >T
and c. 3291 _3294del, inherited from father and
mother respectively. Prenatal genetic test indicated
the fetus was the carrier of ¢.4333C>T variant.

TERZ 2 0, CULT 3£ A ¢.3823del 7% 57 H R i
5 AR B IS G AR AT 28 1k, X JE R Dy R it
(ER 25T PVST IR ; 2728 S 8% gnomAD 4544
PR 45T PM2_P il %28 S 0 R 07 B 1
R 2 S8 DL BOR AL 57, 44T PM3 RS, HRIE ACMG
T, 1278 5 F 5 R B0 A S (PVST+PM2_P+
PM3) ;1fij ¢.758del (p.L253Rfs s 2) A5 7 Ry R A8 7 |
FIRE T3 2 KBS A BUHE 1 28 1k, XF 3k R T B s A e
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AR — c.758del

TC TCCCTGCGTG A
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\A—
ci"cccTGGCcTG A

WWA AAAM

cccTcecCTC A GGCGGACCGT €T
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Kl 3 FZ 219 Sanger M7 (&7 k48 AR %
%ﬁ%ﬁﬂ? CULT %A c.3823del Fil c. 758del ZRE /S
AR5 c.3823del J8f% [ BE5E, c.758del JBL H ALK,
ﬂitﬂiE@HﬁJLﬁ c.758del 24 A7 FHEAT A
Figure 3 Sanger sequencing map for pedigree 2 ( The arrows
indicated the mutant peaks).
The proband carried compound heterozygous vari-
ants of CUL7 gene: c.3823del and c.758del, inheri-
ted from mother and father respectively. Unborn fe-
tus was the carrier of ¢.758del variant.
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— B TIPS WA T RE IE Eﬁuﬂfﬁ#ﬁ&
3N EEEURELN . CULT ,OBSL1 fl cCDC8., 5%

KIL,X 3 AL L E 5 kA AR R IR —
MEEWE, S5 % F 308 sh J1 2% 3R 4L 0 A2 e

PN SR e ) LA IR B kB, SR 1
FROFAE A 2 A A B, a2 193k | vERe 28
AYETA SR ARNEIE = R KA R
JR 4, HLB A AR R AR T o€ i | {0 — 2RI IR
FRIIEAE 3-M ZERHEFT A BT & B, R
B R L5 A AE (Siliver russell syndrome, SRS ) A ¢
TR B B #% /N 25 & AIE ( Yakutuer short statuer syn-
drome, Yakuts) fll Le Merrer 55 1F EA 5 3-M £%

AR B e ™
S AR

“H

I, 1209 112 W 75
AR FISE PRGN 25 5

ARBFFENFH WES Xt 2 AR R AT AL A K
KT CULT FEHRMWAN AR E A RG2S, K
% 119 ¢.4333C>T (p.R1445 # ) ¢.3291_3294del
(p- HI098Cfs * 42) F1 5 & 2 Y c.3823del ( p.
R1275Vfs # 34) Fll ¢.758del ( p.L253Rfs * 2) ,
SR TCTEVPAL R F WA S8 S 67 56 R ) 7 s A L (1
i iR cuLT B8 462 50 IEE 2T 3-
M 254 HE BRI f I TR 6 30, A0 B bR L S
Bk o B ARAEIE N R A R A A
ZEAREEFRHMEADRLEL AL T A
2 S Ay 4k B, 8 3-M ZE R IE R AL,
é*"g&%ﬁfp&ﬁﬂéxﬁ WA E CULT FE[H 75 5

XK FR 3-M ZEEAERA FREA

CULT FEH &N T 6p21.1, & 27 Noh T
(Gene ID; 9820, 2024-03-05 ¥ ), 0 % fith ;= A4
1 698 MR FIEMR Y CULT 3 '™, IR Al FRAE p185 B
# p193, CUL7 % /& Cullin KK 2 — , (B1E
45K 5 HA Cullin FIE R AW BHES, Bk C
A Cullin Z 15 & H &5 A& 5F B9 Cullin [5] 5 45 14 5k
bk, CUL7 % 1R 6 & APC 45 # Fi1 DOC1 45 ¥ 3
(B 4)  MFF L g T HAGES S WG AH ¢
A 1(S- phase kinase-assocated protein 1, Skpl) H.
FEGEA T H AR 1T DOCT 45K F Cullin 45 4 55§
5 Skpl-Fbwa SR RAR N EE SR £ 11 ROC 44
4,40 % SCF ( Skpl-Cullin-Fbxw8) 2 E3 12 % 1%
Mt 52 AR (R I 2 1 BT R A 1T 2 S5 2243 24N
MR GRS AR 2 ARFR
R 44 cuLT %I”’ra Vi, Hodp 3 AN F
Cullin Z5#3 (Kl 4) , 53 CUL7 A #EERIL, &
HIIRERT e8I, Cullin /E°4 B3 12 R G E A1k
P B S R A, LT g S ™ E s A ) R
Mz Zielmad i 2 FZAUE A B T B 3-M
CEEAEM FEERIALH . K FR 2 P p.L253Rfs * 2
uﬂ: CUL7 FE MR N i ([ 4) , &E 1 gati b R4 52

A S AR I RRUE PR B K, CULT FE AR 57
‘3 3-M Z5 4 AR RE (9 A 5GP T 2005 4F IR A
FEPY I 2023 4F 10 A % #1d HGMD £ i) 5

98/\CUL7 FER S AR A Bk A A
BIARA RN S TS5, SRS E AR R
[ st R BIE 2, B JC AR 53 45 AR S RS A AR
SMAETFAS 4 R 555 ETRN
27.55% 28.57% 32.65% Fl 11.22% , 13 H6A5 St o7 o5,
5O ANFE X, 2 37% B 78 S5 5E 67 T Cullin 4544
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SERII N, S EURSF) Cullin 45 FIEL IR ; 1%78 F A7
METE3 MERRAPEE RS "  HERE
CCTARIE 02 | PR

w2 BRG] FEs R 2o | R B B B

CUL7}:IH

|

p.L253Rfs*2

NHEH AR I SR 8 5 st A% H BESE Y ¢.3291_
3294del (p. H1098Cfs = 42) LA M % 2 ' ¢.3823del
(p.R1275Vfs * 34) Fil c.758del (p.L253Rfs = 2) ¥ Ny
AR S A AR S 5 8 w2 T 2R3k, SR )
AT BT

T

p.-H1098Cfs*42 p.R1445%

p.R1275V{s*34

Kl 4 CULT ZERE5H S 2 R F AL L s s A
Figure 4 Diagram of CUL7 gene structure and mutation locis in two pedigrees
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