Supplementary Table 1 The clinical features of ADPD patients in the study
	Variable
	Data (mean ± SD or %)

	Female
	50.5% (202/400)

	Age
	57.27±11.78

	Onset age 
	53.45±11.50

	Disease duration 
	3.83±3.98

	Initial symptoms
	

	 Tremor/rigidity/PIGD/NMS 
	252/74/58/16

	Education(years)
	9.18±4.46 (range: 0-19)

	Mean MOCA 
	23.82±4.64 (range: 3-30)

	Cognitive function impairment(MOCA＜26)
	59.36% (206/347)

	Mean FAB
	15.48±2.69 (range: 4-18)

	Frontal function impairment (FAB<16) 
	38.25% (127/332)

	UPDRS-III 
	27.65±15.66 (range: 2-92)

	H&Y stage
	2.07±0.73 (range: 1-5)

	Depression 
	21.75% (87/400)

	Anxiety 
	19.00% (76/400)

	Motor fluctuation
	15.00% (52/400)

	Dyskinesia
	6.25% (25/400)

	Hyposmia
	32.00% (128/400)

	RBD
	39.19% (145/370)


 PIGD, Postural instability and gait disorders; NMS, non-motor symptoms; MOCA, Montreal Cognitive Assessment; FAB, frontal assessment battery; RBD, Rapid eye movement sleep behaviour disorder; 
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Supplementary Table 2 Studies of rare variants in HTRA2 identified in PD
	Studies
	Origin
	Methods 
	Number of PD Patients
	Number of Controls
	Putative Pathogenic Variants in PD Patients
	Putative Pathogenic Variants in Controls

	Strauss et al.
	Germany
	Gene sequence
	518 (12.5% familial)
	370
	26* A141S
4* G399S#
	10*A141S


	Bogaerts et al.
	Belgian
	Gene sequence
	266 
	273
	1*R404W#
	

	Ross et al.
	Caucasian
	Gene sequence
genotyping
	95 familial (GS)
890 (genotyping)
	0
1479
	0
4*G399S#
	0
12 *G399S

	Simón et al.
	Caucasian
	Gene sequence
	644 sporadic
	828
	5* G399S#
1*F172V
1*A227S#
	6* G399S
1*W12C

	Lin et al.
	Chinese- Taiwan
	Gene sequence
	20 familial
113 sporadic
	150
	1* c.906+3G>A#
1* P143A#
	

	Wang et al.
	Chinese
	Gene sequence
	404 sporadic
	504
	1*G26E
	

	Chen et al.
	Chinese- Taiwan
	Gene sequence
	652
	606
	1*T215M#
3*R36W#
	2*T215M


	Chao et al.
	Chinese
	genotyping
	778
	517
	0
	1*G399S

	Tzoulis et al.
	Caucasian
	genotyping
	204
	204
	2*G399S#
	1*G399S

	Youn et al.
	Korea
	Panel sequence
	4 familial
66 sporadic 
	0
	1*E418G
	

	Current study
	Mainland China
	NGS
	400 ADPD
	0
	1*R18W#
1*K237N#
	


# pathogenic; 



Supplementary Table 3 Studies of rare variants in CHCHD2 identified in PD
	Studies
	Origin
	Methods 
	Number of PD Patients
	Number of Controls
	Putative Pathogenic Variants in PD Patients
	Putative Pathogenic Variants in Controls

	Funayama et al.
	Japanese
	NGS
	340 familial and 517 sporadic
	559
	2* Thr61Ile
1* Arg145Gln#
1* c.300+5G>A
43*Pro2Leu#
1*Ser85Arg#
	5*Pro2Leu


	Foo et al.
	Chinese
	Gene sequence(99);
Genotyping(710)
	99 early onset
710 sporadic
	568
	5* Pro2Leu#(99)
9*Pro2Leu#(710)
	2*Pro2Leu

	Jansen et al.
	Caucasian
	exome sequencing
	1243 sporadic
	472
	4* Ala32Thr#，Pro34Leu
Ile80Val
	0

	Liu et al.
	Mainland China
	Gene sequence
	92 familial 
	0
	0
	0

	Ogaki et al.
	Caucasian
	
	1627 
	1432 
	1* Pro2Leu#
1* P14S
1* P34L
1*A49V#
	1* Pro2Leu


	Fan et al.
	Chinese-Taiwan
	Gene sequence
	137 familial (Gene sequence)
and 586 sporadic(genotyping)
	710
	2* Pro2Leu#(137)
5* Pro2Leu#(586)
	2* Pro2Leu(129)
7* Pro2Leu(581)

	Koschmidder et al.
	Caucasian
	Gene sequence
	330 (47% familial)
	181
	1*Gln126X
	0

	Li et al.
	Mainland China
	Genotyping
	31 familial and 1027 sporadic 
	1095
	6* Pro2Leu#
	3* Pro2Leu

	Lu et al.
	Mainland China
	Gene sequence
	110 familial 
135 sporadic 
	220
	0
	0

	Shi et al.
	Mainland China
	Gene sequence
	19 familial and 364 sporadic 
	384
	1*Thr61Ile
9* Pro2Leu#
	2* Pro2Leu

	Wu et al.
	Mainland China
	Gene sequence
	90 familial and 72 sporadic 
	90
	1* Pro2Leu#
	0

	Yang et al.
	Mainland China
	Gene sequence
	30 familial and 554 sporadic 
	594
	4* Pro2Leu#
1*Arg18Gln#
1*Arg145Gln#
	2* Pro2Leu

	Zhang et al.
	Caucasian
	Gene sequence
	155 familial
	0
	0
	0

	Gagliardi et al.
	Caucasian
	Gene sequence
	165 familial 
	200
	0
	0

	Rubino et al.
	Caucasian
	Gene sequence
	119 
	459
	0
	0

	Gao et al.
	Mainland China
	Gene sequence
	133 familial
	211
	1* Pro2Leu#
	2* Pro2Leu

	Tejera et al.
	Caucasian
	Gene sequence
	76 familial 
460 sporadic 
	518
	0
	0

	Voigt et al.
	Caucasian
	Gene sequence
	122 familial 
	0
	0
	0

	Yang et al.
	Mainland China
	Targeted resequencing
	1456 sporadic
	1568
	1*A79S#
	0

	Current study
	Mainland China
	NGS
	400 ADPD
	0
	7* Pro2Leu#
2*P53fs
1*Y99fs*0
	


# pathogenic; 



Supplementary Table 4 Meta-analysis for P2L in CHCHD2 and G399S in HTRA2 
	Variants
	Asian
	
	Caucasian

	
	Patients 
	controls
	p-value
	OR [95%Cl]
	
	Patients 
	Controls
	p-value
	OR [95%Cl]

	CHCHD2 P2L
	92 (6902)
	25 (5999)
	4.69E-8
	3.21 [2.06-5.00]
	
	1 (4297)
	1 (3262)
	1.00
	0.76 [0.05-12.14]

	HTRA2 G339S
	0 (2437)
	1 (1777)
	0.422
	-
	
	15 (2617)
	19 (3154)
	0.885
	0.95 [0.48-1.87]




