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(1. P& kFHEERILE, #d KV 410008;
2. B ILER N AR RS, i K 410008)

[(HE] By &N RNA S (ARS) BEFEA SRR IIG REAE., 3% [mUBME /4T 2016
AE 1 2 2019 4F 10 A8 ACIF 20 10 6] ARS BEPRAE 5 R LAY PRVORE B JE R 28 A8 2510 . 2588 10 7]
ARS FERAR S BOLT, BIEERY 0~9 %, TRRERZ IfldE (7 61) o ImRFRI ST Ry Fni R
WIGSER , RSN WE (4 61) 5 SULERBNIN, FHEFER (2 41) ; dwel RS LN
AR, T EER A, L IRIUREZE | TR B R RAE (40, PR E KBS (341]) | WRIRIENE (241 ) |
WrJpiE (L)) 5. 10 BB LA, SR 5 AhERI 2828, f34E AARS2 (e.331G>C. c.2682+5G>A . c.2164C>T .
c.761G>A, P MH5E7AE ) 34, DARS2 (¢.228-16C>A ., ¢.536G>A, K HEAGESAE ) 2 4, CARS2 (c.1036C>T,
¢.323T>G, Y578 ) 149, RARS2 (¢.1210A>G, .622C>T, 4 R5r578 ) 1 4], AARS (c.1901T>A | ¢.229C>T,
¢.244C>T, ¢.961G>C. Chrl6:70298860-70316687del . ¢.2248C>T, I KHgeas ) 3 i, 451 ARS KEPIBfEAH
PRI IR AL T v = o XS B0 5 B ARS SEH Y 14 ANRHIGE AR, F5 T ARS BEFAAH SR 1Y R
FEHN JL LAY, [ MELKRILRIZE, 2020, 22 (6) : 595-601 ]

[R8R ]  ZBEE: -(RNA 5 EEGREG ; ARS2/ARS KM JLE

Mutations in aminoacyl-tRNA synthetase genes: an analysis of 10 cases

WU Teng-Hui, PENG Jing, ZHANG Ci-Liu, WU Li-Wen, YANG Li-Fen, PENG Pan, PANG Nan, YIN Fei, HE Fang.
Department of Pediatrics, Xiangya Hospital, Central South University, Changsha 410008, China (He F, Email: bubbly
ho@163.com)

Abstract: Objective To study the clinical features of the diseases associated with aminoacyl-tRNA synthetases
(ARS) deficiency. Methods A retrospective analysis was performed of the clinical and gene mutation data of 10
children who were diagnosed with ARS gene mutations, based on next-generation sequencing from January 2016 to
October 2019. Results The age of onset ranged from 0 to 9 years among the 10 children. Convulsion was the most
common initial symptom (7 children). Clinical manifestations included ataxia and normal or mildly retarded intellectual
development (with or without epilepsy; n=4) and onset of epilepsy in childhood with developmental regression later
(n=2). Some children experienced disease onset in the neonatal period and had severe epileptic encephalopathy, with
myoclonus, generalized tonic-clonic seizure, and convulsive seizure (n=4); 3 had severe delayed development, 2 had
feeding difficulty, and 1 had hearing impairment. Mutations were found in five genes: 3 had novel mutations in the
AARS2 gene (¢.331G>C, ¢.2682+5G>A, ¢.2164C>T, and ¢.761G>A), 2 had known mutations in the DARS2 gene
(c.228-16C>A and ¢.536G>A), 1 had novel mutations in the CARS2 gene (c.1036C>T and ¢.323T>G), 1 had novel
mutations in the RARS2 gene (c.1210A>G and ¢.622C>T), and 3 had novel mutations in the AARS gene (c.1901T>A,
€.229C>T, ¢.244C>T, ¢.961G>C, ¢.2248C>T, and Chr16:70298860-70316687del). Conclusions A high heterogeneity
is observed in the clinical phenotypes of the diseases associated with the ARS deficiency. A total of 14 novel mutations in
5 genes are reported in this study, which enriches the clinical phenotypes and genotypes of the diseases associated with
ARS deficiency. [Chin J Contemp Pediatr, 2020, 22(6): 595-601]
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T -IRNA & 1l ( aminoacyl-tRNA synthe-
tases, ARS ) FHAZIEHR Gt , AL ML 5 R 1
tRNA 256, 7oA B9 2L RNA 24 WA TEAZ
HEER R JER, B3R 37 MZEER, g
15 36 XS AT ARS (RPN ZEE -tRNA 45 11 P
AN FARSA . FARSB BRI 4ty ) | (4%
17 BT ARS, 17 FZpifk ARS, 2 S 2
KAL) ARS (KARS 5 GARS JE[H ) | Zohifk
WA ZBERE -RNA A 43 2R -RNA B4 5
TERL ™M, ARt ARS 135 R iy 44 by 28 S R 17
+ARS M BL, btk ARS 3L K iy 44 by S L 1R )
PR +ARS+27, ARS P Z W R 28 UL 3845 TS
iy — AN RN, JE4E Rk ARS/ARS2 JE PR AH 6 5
o DR K I, 37 ASEEDAR] 4 A i R OCIBP
1T ] A AN 2 il L, ARAIF S Im i .45 10 9]
ARS/ARS2 [R5 S iy 491, WS HE R PR e 4%
JONHRYERL, LLRFAT ARS BRI,
1 BAREHE
1.1 HRXNK
DA R R 27 8 A 2 e /N LA 2 % B 2016 4F
14 2 2019 4 10 A 28 — X0 e A6 0 #1910 41
ARS R S B LAWTFE 5, Hoh 55 8 5, 42
B, FEBANHE 135, FIHER 56 %,

1.2 HRRE

W LIRS, BAGIEN]. AW, R
AR L EAEAR . IR BT A
KL WA RGARIE Sl Bk A g5 R, Il
M2 E RIS TR . R AP EOR (4250
DY . Lok A e PR 4 0 i S ] 4l 6
P ) T, X LA A I 40 i B 2 DNA
ATy, A4 Sanger I 77 J7 2 2647 56 10E S 43 Bt
ACEERE

i N 2 5 DY) 5 A% 04 72 (HGMD, hitp://
www.hgmd.cf.ac.uk ) I\ E HE A0 B F R A A5,
X T B AR AL, BT NEE E Chitp://www.
internationalgenome.org/ ) . ExAC £ #& J& Chttp:/
exac.broadinstitute.org ) #E17 1E & X B8 A BEAR 55 [
X, FFHEAT PRSP S 81 LA SR H MutationTaster |
SIFT, PROVEAN. PolyPhen-2 % 4 43 #1 45 &,
IO7FH 5 ] [ 27 33 £ 2 5 ik PR 21 22 2%

( American

College of Medical Genetics and Genomics, ACMG )
TR BIAR XD BT AL AT

2 #R

2.1 ERFEL
10 1] £ JLALAG I H 5 Fl ARS JE AR S,
5 DARS2 % K ( f] 1~2) . AARS2 % [ (
3~5) . CARS2 (1 6) . RARS2 ( f§| 7) . AARS
(] 8~10) o 7ESFPEFEH, 2 A HRE AT H
DARS2 [ ¢.228-16C>A ( FIYIAERE ) | ¢.536G>A
(p.R179H) 5 K 14 P25, 4% ACMG H]
Wr, 14 ABORPEAES, 3 A ATREEURMEAE S, 10
A CARBAE S JFEMLEAT: SIFT . PolyPhen-2
MutationTaster 23 H74h 59 L35 1,
2.2 IeAKRFRM

10 i F LRS- A AT o

DARS2 FEFAR S . JCub& i 1 B 3 %7,
DA RN, WIRRIEELE, ik
PR WU T B = S Y, SUR N B, FE R
fo e P, UL IER, WLk JIiE®, W
W R e B SR % B | i, R TR I LR S At
S R AR LS, Sk U PR AS A 4R O v
i 2 R SR ATk AR BN R RS S
E TIWHK S, T2WI K Flair @15 55 #3HRDE
AT (MRS) /RHREAEIX NAA 1§ CrI&)8MK, T
ppm1.33 Kb AT UL {8 ) FLARE (& 1) o BLERJL 13
&, e LIER SR, AT HB, Hikk (f]2) 7
7 4 BRI AEAR R SR AR 5, 8 T EL “H
FE, G E R LIRS, mPLBRIEH,
Sk P M P s B 5 X 32 19 22 % X FR I T
K T2 5%, Flair 2555, EEISBERAREK
T2 f5*5kk; Ul AR X o] WELmeg (& 1) .

AARS2 FEHAE R SeuEH i 3 7E 9 % il B
SR, IR ERICN R ELMEEE . WLREEE R AR,
ks kAR IRERR R, 15 Sy BHYE , B SURNEER
VUL ALK B, WL 4 9%, RER kA, 1l
B A AR R AR S e, ] A
o (Fl4) , fFEMRIERZR, BT %, i
FER i, Wi B TR AR R ek e s . ek
Bi5, 8 & I A& #afs K ok B 2E AR, TS
TN, K EBWEIG, RN 3 Hid4Ek,
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9 HildmhAr, 15 Az, 12 A#miA; i &l
W 2 Jmy kv AR A T AR, R RA A
PRBE AR AR (BI2A) .

CARS2 RN ZE 5. i 6 | L, 2 % k# (1K
T >39°C ) B B4 TR B - AR R AR, S B
MR IE IR, i SR T o SR, TCIR AR 2SI,

] W L0 BURS R OT A, PEZIARGR S st enie
Wi A B Rtk R, REERITRCRAME, A S
TPEVE NN RAH IR A TC S0, MaR . R
A CT SR s A R WS o e P P s 2 8
XU . SRR . AR RISk /5
REIARI ARG ZE 4 (] 2B) o

&1 10 fIBILHBERREMC SR B F T
SR B
e oA SR = el Mutati ACMG*
HEH BArmrs I R MO g PROVEAN PolyPhen-2
527 Taster
i1 DARS2 NM_018122.4  ¢.228-16C>A - EZ S - - - - P
¢.536G>A p-R179H 4% & Disease  Damaging Deleterious  Probably P
causing damaging
12 DARS2 NM_0181224  ¢.228-16C>A - ¥ & - = - - P
¢.536G>A p-RI79H 4L3E w Disease  Damaging Deleterious  Probably P
causing damaging
3 AARS2 NM_020745.3  ¢.2682+5G>A" - - = - - - - VUS
¢.331G>C pAILIP  B13% = Disease  Damaging Deleterious  Probably LP
causing damaging
4 AARS2 NM_020745.3  ¢.2682+5G>A" = = = = = = = Vus
¢.331G>C p.A111P  H3% = Disease  Damaging Deleterious  Probably ILIP
causing damaging
515 AARS2 NM_020745.3 ¢.2164C>T p-R722W 43 = Disease  Damaging Deleterious  Probably ~ VUS
causing damaging
c.761G>A p.G254A  H3% B Disease  Damaging Deleterious  Probably ~ VUS
causing damaging
16  CARS2 NM_021110.1 ¢.1036C>T p-R346W 3% T Disease  Damaging Deleterious  Probably — VUS
causing damaging
¢.323T>G p-F108C 4L3% = Disease ~ Damaging Deleterious  Probably ~ VUS
causing damaging
17 RARS2 NM_020320 c.1210A>G p-M404V Lo P Disease  Tolerated Deleterious Benign LP
causing
c.622C>T p-Q208X 2% = Disease - Deleterious - LP
causing
18  AARS NM_001605.2 c.1901T>A p-L634H 422K JE Disease  Damaging Deleterious  Probably ~ VUS
causing damaging
¢.229C>T p-R77W  B3E b3 Disease  Damaging Deleterious  Probably — VUS
causing damaging
119 AARS NM_001605 ¢.244C>T p.-H82Y 7% = Disease ~ Damaging Deleterious  Probably ~ VUS
causing damaging
¢.961G>C p-G321R  4L0% JE Disease  Damaging Deleterious  Probably ~ VUS
causing damaging
51 10 AARS NM_001605  Chr16:70298860- - LR S = = = - p
70316687del
¢.2248C>T p-R750W 3% JE Disease  Damaging Deleterious  Probably ~ VUS
causing damaging

T T HACKRIGI, HERRIZALAES:; " CACMG” T, P EURTEES:;
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TIWI T2WI Flair T2WI/MRS

E1 DARS2EFEZRTEJLLMAMIEIREG 011098, MRHR RN AR 2 & w59k, B TIWHEES
T2WI & Flair /{55, MRS /RFGAE X NAA 1§ Cr W04, T ppm1.33 Kbl WLAEVE SRR, 42 (8 &) , XU R X R 3=
M2 RAFRMER TR T2 (5%, Flair BEES, LBEWEA AR T2 554 SUREAE X ] DLZLER I . i ks i )5 e
X ] WA A WS 5 makl, 5 TS S, T2 @5, Flair K55,

<8R B\

E 2 AARS2. CARS2. RARS2 REFEz=7r = JL L mng iR A BI5 (1% 9 HIE) , AARS2 FLH AR,
SR IIROR B A B AR (FikR) 5 B: #il6 (4% 7 A#%) , CARS2 %T\E SRR 2= 4 G B 7 (1 %
3 AW ), RARS2 BERZEAS, Sk RN Ed K.

RARS2 FERE 5. f 7 BILA MG KB 5~30min, 1 % 4 HIBEHIARER L, AEGEY),
JG, 3 AW B, RPN AR B AR, MRIRRINE. A FRL TR, R M AR A
Ja BB LR S IR 2 3, RAERIBE H 7.8 kg, Sk 39.5em, EHEAS, HEBLARM,

598



22456 W
2020 4F- 6 H

FE SR &

Chin J Contemp Pediatr

Vol.22 No.6
June 2020

WUaK Ty, SRR S e, BRIEEE . AR
P SEIEAAr | I AR | TS Ak HLA
e T5 R LA IE R 5 PR 5 DTS A A $2 7 i
PR s ik L P73 S iy Sk PR A IR A 8 Rl S M e
TR AT (A7 Bk ) fikih B985 5 01
R A TR ki IR =5 K (1A
2C) .

AARS JERAE 5. 711 8. il 9. il 10 3 i &L
EA G 10 min 2 6 F ¢ &, LIERAL
Wde | pere, g 9 fii i IEIAETE s B R A 34k,
3 LAB B T B AR SIS . 1] 8 Ry
XL AR s SR LB, flmEt 2hiA %, TR
WA PE I AR s 1] 9 R DU RELS), 80d
Ji AT o HWUREZE XS ICEB A Ui 255 Tesk
R R IR LA fRREAR s ] 10 RIS AL
JRCESOBUT st v i ek S AR, B H 10 ARk,
FEE RN A, RIS R B e, 3 L
B E R ARG, PRk, BGEYZE.
B 8 1A IR IR ME, TR E SR 69 Mk
BRI, HEEWFR 36 &, BILA —HAHEF,
e fde, 8 (R K4 (39 Hif%) . 1A 29kg,
Ll 37 em, FHZEEE /N, 8 BT I RE RPN,
] 9 16 H AR ISk Bl 34 em, 8 H S IAM KA. (A
75kg, M40 em, XARPIARHAL, /N, B
RSP IE R, ELCAERYE. B 10 A K 2 i
B ARRS Z B IGO0 R ARTE 345ke, Ske, B
50 cm. 55cm, kMl 33cem. 34.5cm, 4 F &k
Fil 37.5 cm, RRERCSSTCE, BREGZRPAYE, 3 B8 IL
FEAENLER 3, AR | PR 3 Il i 45
SIS F A A LAk P RS A H O M A A
FL[lReas, o] 8 i T 75 & A s B T
Bz B, MUFE 7 HRSET. i 10 XCF AL &
PERPETTHEAE, DR B A Y T
3 itig
ARS T 240 i S AR A b8 ik ek, I X 8
TG B Bk 45 2 B R /R, i B A 4
SURrSPE. ARS2 HEHAR o w Je R R s %
PRih 2 RG22 B2 0h, Wl RS B2k,
JUHOZRRREL TSR KB L. O WLEE ., ARS JEA
7 S WA 8 e R Bt s AR i DL AR b 28 R A%

SO E, H YR R L I 2R A R 2 R G
M.

DARS2 i DK 2 Bh L s ¢ P4 T4 2 P2 -tRNA 5
S, TE 2007 455 — KA, SPEERE T2 R,
3 ¥ J5 7L R T =5 R 1B (leukoencephalopathy
with brainstem and spinal cord involvement and lactate
elevation, LBSL ) fH5¢ ", DARS2 3L N N &4 4R 18
(¥ 191 %50 H e 22 19— A4~ ARS2 JE K], DARS2 J A
G R ik PR ™ EE R T R L& L s B 3
NG Gt eASE, Z)LES (P4
W 95+56% ) i, WrittELPram, AT L
BHMAITTRER (TREZ W) | WEReE. W
S5, DARS2 JEH AR S i (B L is s i &, T
REBUEILNHMIER, 2920% 7 Fd#EsE, M
1E 18 % K UL ERYEFE T, 50% W 8 5 5 215 A T
A, 13% W s e AR, Hoh B2LITE R
FIZ PUE PR EHE P 2012 4EEIERY LBSL #
LIRS Wrbr e, W0 2 R 3 A T Z2 bR
i BRIABT BCR AR REE ) | B
AR LR MU e A BT L A B AR 8 P ) e 2R
32X, DARS2 B AERZ NE GG, H
FRFE TN TRE, ZHTHETT2, P
SR, BT 3 Bk P A DARS2 AL S
K Y ¢.228-16C>A 5 ¢.536G>A ¥k B HI B0 28

S, H ¢228-16C>A v THUS 28 S X d8f , DARS2
HFAR S SE R EEAGHR, MRS, 4k

N ARITEERWER, WmEsh&kik RS
& H & W (mitochondrial unfolded protein response,
UPRmt ) , i ARk, dEZon A
AT T IX — WSO AT VR e, B RE
iR B AN ] ARS/ARS2 JE R 48 S5 14 2 4 LRSS 1
H ML BT K 4 S0 I8t -tRNA & 1 56 I DARS 28 28
PR BRI AL AR T PR T B s R T R e
B9 F1 BT K 7% (hypomyelination with brain stem and
spinal cord involvement and leg spasticity, HBSL )
I R E . Sk /5 MRT 4% 5355 LBSL AR R AL, I
PREXELLE, A7 BRI LK AR 12 8T
AARS2 5 [H 4 R &= T4 -(RNA 5l
HARFHECRAZAE, 2RIV - I H FUE 5
AR, WAl RIS AL BERR AL 9 B, Hrh oD
- 0 U IR R AR RS R, TR,
AR AAEKETRSE, Bl RMERS
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SR, INESEACTE | MRBRERE MU . DA A NFEERR, KRR/ KWL, 2mmA R

AT AR AR I i BROR SR N iz 3)
BEATAF. B 3 H G R B 5 A A
F WA, TSk G ARG £ 1 oA DB AR
PUHCMIFEA T B, MRS R0 L R
IEA 3 (5] AARS2 LY 2t — P DI RaDs . 2
WIS A S5 MRI, DPERE BBSE, $R3TE L2MB0R
ARG AR L 30 BRI R AR o Euro 45 1
FEINN, AARS2 HE[H AR5+ S BN IR - ik 1 S 77
AR GEG LB 1L 9 RIPRNAS[R] (1) A2
TRBEIA S R R BN [RIE iy, Horp,
FACTEPEOGR R T S BUR A E R AR,
177 G P ™ B AR B L, B L, B 2R
R AL BB . AARS2 FER SR ) Sk 5t MRT 2R B
IR EBPEXSFREY T1ARAS 5, T2/Flair #5055, 1@
WARK UL 4, WELRTES . B BETE
I P 5 Sk DR DL T I R A T R kR, & T
K59, T2mfEY, FlaicfiES, LA IER
RIFREA AT S ", 5 elF2B 3 T80 (A5
T RPE I B 28 B, T 7EAR 4] DARS2 HE [N 7% 5
8 B8 Lk i e IS AT 38 0 Flair R4 50 kE
DA B SCHR 35 H1 4R35 1 780 IR 1 Jo 0 722 7 Sk fit 52
B B2 S, SRR T EE &, AARS2,
DARS2, DARS. AIMP2 L} eIF2B 45 16 5[4,
TCIe N Ak R B AR AR BE PR ) B, R 2R
Wi, HA SRR elF2B 5K AR IR BUE AL
PR AL BRE ™, SIENTEMEE . KTEEAR
¥ (unfolded protein response, UPR ) ', 5 DARS2
BEPAE S5 RIS UPRmt A AR Z 4L, PIGIZZE S|
B IR 1 S5 ) A PR 2 A8 S A5 A7 7 A [ U AL
e — 2B

CARS2 J [H 25 i~ DE 22 I 5 -RNA 57 A ,
BEAEANL 4 Bi4TeaE, 2 i) S JULRA: 25 44 0 e Tl e £
FHEZESME (myoclonic epilepsy and ragged-red fiber
disease, MERRF ) """, 1 (9 BMIGIN 5 iz B s,
KAEIRZAEBGEHER "™, A (] 6) IfiRE
L5 2018 4F Samanta 5 " GHGEAARL, HATIZHE
AR ARIERD, I IRRR SR, A TR 2
RER,

RARS2 & [H 2 B K5 2 Bt -RNA 580, 2%
PR BLS IRAE /NIAR B AR 6 BIASC, & AF it
MR 9 H IS ARSE, LI bk etk i 25 45

Jei . AT o o A 5] R L i = B 1) i
BB EBARRI, 5 RARS2 AR & B
ok O B 22 Gy AR B L R R A
HAT MR EIR Gz 3, R UEIRAEA L 55 4h 2
] AARS BeRIE S 8 L i B, BEAE RARS2 K[
A P A ZERRER Y 7E— R iR 15 4R
JLAT 6 %4 (40% ) WLIR BBCEF 24 240 e v oK S
HEMEAE ARG, Ul AR T B IR 3=
GG, HFR A 2R R BOR ML A FE
—HW5E

AARS % B i 5[] 4 2 6 2 -tRNA 5 17
AARS FEH 24 5875 1F 2010 4F 1 YR HGE 5 HEE L
ZEAAE 2N A ( Charcot-Marie-Tooth disease type 2N,
CMT2N ) #H3&. TMi#E 2015 4F Simons 25 ' £ 3 ]
e PR 2 B4 7 B (%) B2 ) LR s & I AX B
BT o AR S g b, & IAFTE AARS
FER AR, ABFFE 10 B8 L, 3 49 AARS
SO AR R, 7 10 NRE, I
PRI ]y 4 1H R BV T WU T, A
WUk Sy i . MEFRIRINE . W B . TR R,
E AR /NS R A i . Ak, Hi2
i BB LES H BB A A B B, AR PR IR
BRE#. AARS AR 5 BT E N AMRGE 6 4,
4 Az iR, H 1 #°8 Lennox-Gastaut 45
BAE (LGS) , 1B LR, 1o B )L
R LGS, 5351 3 B RAETE B ANUEZE R &
P 28 25 G0 (A A A i LK g mT 38  ml FARATG,
TR WLGK T ers, Bl SR AT IR BRSO O 5 il
FE/NKBETE , 1Sk BN Sk it i AL IR o s 57
PR, RICHBEHE BT AR . WP, Ak
RBP4, FEZRIE, 41 GARS. YARS,
HARS %5 3L 0 # Ytk v e i, HAR 2R
FIFMI G, P A T RERAS I BUR Y, AER
AT PR A e P27 e g e AR e £ Uk o)
ARSI BCRHLE P, L, AARS FEHARFHE
AL B 5 8L 0y 2 6 R A FRiE— 2 Y

ZE L, ARS R AH B 14 1k PR 2 78 % 3k (A
A SRS T, LI AR 1o I R R
FSAG2FRAT 5 AR T « 00 A AH S 1)
P TR E 2 W . BT A 800677, 16
7 L BRGRAR G H AR IT AL, X A BT
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