
Supplementary Table 2. Reference DNA data from GenBank and BOLD used for phylogenetic analyses in the present study.
	Species
	Revised identification
	Voucher number
	Accession numbers /processID

	Brisingaster robillardi
	Brisingaster helenae
	-
	AF217392

	Freyella sp.  CLM-2011-1
	
	CASIZ 163025
	EF624406

	Freyella sp. CLM-2008
	
	CASIZ 163058
	EU072958

	Hymenodiscus pannychia
	
	RBCM EC00027
	HM542932, HM543145

	Novodinia antillensis
	
	CLM-44/CASIZ-USNM s.n.
	EF624412

	Freyellaster fecundus
	
	RBCM EC00154
	HM400321

	Odinella nutrix
	
	CASIZ 163023
	AY706145, DQ077927

	Freyastera cf. benthophila 
	Freyastera cf. tuberculata
	NHM-421
	KU519551

	Brisingaster robillardi
	Brisingaster helenae
	MNHNP EcAh 4958
	EU722978

	Odinella nutrix
	
	MNHN-IE-2009-7198
	ASTAN353-10

	Odinella nutrix
	
	JR275_10.7
	BASEC303-12

	Odinella nutrix
	
	JR15005_1297-19
	SORK009-17

	Odinella nutrix
	
	JR15005_1661-20
	SORK037-17

	Odinella nutrix
	
	JR15005_3112
	SORK143-17

	Odinella nutrix
	
	JR15005_846-2
	SORK174-17

	Odinella nutrix
	
	JR15005_870-1
	SORK177-17



Supplementary Table 3. Morphological character data matrix. “-” indicates that the character is not applicable; “?” indicates that the state of character is unknown.
	Character
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Asterias amurensis
	-
	0
	0
	-
	0
	-
	0
	0
	-
	0
	-
	1
	0
	1
	-

	Marthasterias glacialis
	-
	0
	0
	-
	0
	-
	0
	0
	-
	0
	-
	1
	0
	1
	-

	Brisingaster robillardi
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0

	Brisingaster helenae
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0

	Odinella nutrix
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Novodinia novaezelandiae
	0
	0
	0
	0
	0
	0
	0
	0
	0
	?
	0
	1
	0
	0
	1

	Novodinia antillensis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	?
	0
	1
	0
	0
	1

	Novodinia cf. homonyma
	0
	0
	0
	0
	0
	0
	0
	0
	0
	?
	0
	1
	0
	0
	1

	Novodinia radiata
	0
	0
	0
	0
	0
	0
	0
	0
	0
	?
	0
	1
	0
	0
	1

	Novodinia aff. austini
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1

	Novodinia australis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1

	Freyastera mortenseni
	2
	0
	1
	1
	1
	2
	1
	-
	-
	0
	1
	1
	0
	1
	-

	Freyastera basketa
	2
	0
	1
	1
	1
	2
	1
	-
	-
	0
	1
	1
	0
	1
	-

	Freyastera delicata
	2
	0
	1
	1
	1
	2
	1
	-
	-
	?
	1
	1
	0
	1
	-

	Freyastera sp. 2
	2
	0
	1
	1
	1
	2
	1
	-
	-
	?
	1
	?
	0
	1
	-

	Freyastera cf. tuberculata
	2
	0
	1
	1
	1
	2
	1
	-
	-
	?
	1
	?
	0
	1
	-

	Freyella attenuata
	1
	0
	1
	1
	1
	1
	1
	-
	-
	?
	1
	0
	0
	1
	-

	Freyella benthophila
	2
	0
	1
	1
	1
	1
	1
	-
	-
	0
	1
	1
	0
	1
	-

	Astrocles actinodetus
	0
	0
	1
	1
	1
	1
	1
	-
	-
	0
	1
	1
	0
	1
	-

	Freyella echinata
	0
	0
	1
	1
	1
	1
	0
	-
	-
	0
	1
	1
	0
	1
	-

	Freyella macropedicellaria
	1
	0
	1
	1
	1
	1
	1
	-
	-
	0
	1
	1
	0
	1
	-

	Freyella mutabila
	1
	0
	1
	1
	1
	1
	1
	-
	-
	0
	1
	1
	0
	1
	-

	Freyella cf. fragilissima
	0
	0
	1
	1
	1
	1
	0
	-
	-
	0
	1
	1
	0
	1
	-

	Freyella recta
	1
	0
	1
	1
	1
	1
	1
	-
	-
	0
	1
	1
	0
	1
	-

	Freyella sp. 2
	1
	0
	1
	1
	1
	1
	1
	-
	-
	0
	1
	1
	0
	1
	-

	Freyella sp. 1
	1
	0
	1
	1
	1
	1
	1
	-
	-
	0
	1
	1
	0
	1
	-

	Hymenodiscus cf. fragilis
	1
	0
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	0

	Astrolirus panamensis
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1

	Astrostephane moluccana
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0

	Midgardia xandaros
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0
	1

	Brisingenes sp. 1
	0
	1
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0

	Brisinga chathamica
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0
	2

	Lokiella parva
	0
	0
	1
	1
	0
	1
	0
	1
	0
	1
	1
	0
	0
	1
	-

	Colpaster patricki
	1
	0
	1
	1
	0
	2
	1
	0
	1
	1
	1
	1
	0
	1
	-

	Freyellaster (P.) sp. 1
	0
	1
	1
	1
	0
	2
	0
	0
	0
	1
	1
	1
	0
	0
	2

	Freyellaster (P.) hirsuta
	0
	1
	1
	1
	0
	2
	0
	0
	0
	1
	1
	1
	0
	0
	2

	Freyellaster (P.) panopla
	0
	1
	1
	1
	0
	2
	0
	0
	0
	1
	1
	1
	0
	0
	2

	Freyellaster (P.) sp. 3
	0
	1
	1
	1
	0
	2
	0
	0
	0
	1
	1
	1
	0
	0
	2

	Freyellaster (F.) sp. 1
	0
	1
	1
	1
	0
	2
	0
	0
	0
	1
	1
	1
	0
	1
	-



Supplementary Table 4. List of taxa and summary of data used for phylogenetic analyses in the present study.
	No.
	Taxa
	Number of specimens used
	Number of genes used
	Type of genes used

	1
	Asterias amurensis (outgroup)
	1
	4
	COI, 16S, 12S, 28S

	2
	Astrocles actinodetus
	2
	8
	COI, 16S, 12S, 28S

	3
	Astrostephane moluccana
	9
	33
	COI, 16S, 12S, 28S

	4
	Brisinga chathamica
	2
	7
	COI, 16S, 12S, 28S

	5
	Brisinga sp. USNM E47614
	1
	1
	16S

	6
	Brisingaster helenae
	13
	40
	COI, 16S, 12S, 28S

	7
	Brisingaster robillardi
	2
	7
	COI, 16S, 12S, 28S

	8
	Brisingenes sp. 1
	14
	45
	COI, 16S, 12S, 28S

	9
	cf. Astrolirus
	9
	30
	COI, 16S, 12S, 28S

	10
	Colpaster patricki
	7
	24
	COI, 16S, 12S, 28S

	11
	Colpaster sp. 2
	1
	1
	COI

	12
	Freyastera basketa
	6
	21
	COI, 16S, 12S, 28S

	13
	Freyastera cf. tuberculata
	6
	10
	COI, 16S, 12S, 28S

	14
	Freyastera delicata
	1
	4
	COI, 16S, 12S, 28S

	15
	Freyastera mortenseni
	2
	5
	COI, 16S, 12S

	16
	Freyastera sp. 2
	2
	4
	COI, 16S, 12S

	17
	Freyastera sp. 3
	1
	4
	COI, 16S, 12S, 28S

	18
	Freyastera sp. 4
	2
	8
	COI, 16S, 12S, 28S

	19
	Freyastera sp. 5
	2
	7
	COI, 16S, 12S, 28S

	20
	Freyastera sp. 6
	2
	8
	COI, 16S, 12S, 28S

	21
	Freyastera sp. 7
	1
	3
	COI, 16S, 12S

	22
	Freyastera sp. YAP
	1
	4
	COI, 16S, 12S, 28S

	23
	Freyella attenuata
	1
	4
	COI, 16S, 12S, 28S

	24
	Freyella benthophila
	5
	19
	COI, 16S, 12S, 28S

	25
	Freyella cf. attenuata
	3
	4
	COI, 16S

	26
	Freyella cf. fragilissima
	4
	14
	COI, 16S, 12S, 28S

	27
	Freyella echinata
	5
	19
	COI, 16S, 12S, 28S

	28
	Freyella macropedicellaria
	1
	3
	COI, 16S, 12S

	29
	Freyella mutabila
	3
	11
	COI, 16S, 12S, 28S

	30
	Freyella recta
	1
	4
	COI, 16S, 12S, 28S

	31
	Freyella sp. 1
	8
	26
	COI, 16S, 12S, 28S

	32
	Freyella sp. 2
	2
	5
	COI, 16S, 12S, 28S

	33
	Freyella sp. 3
	1
	3
	COI, 16S, 12S

	34
	Freyella sp. 4
	3
	9
	COI, 16S, 12S, 28S

	35
	Freyella sp. 6
	1
	4
	COI, 16S, 12S, 28S

	36
	Freyellaster (Freyellaster) fecundus
	3
	9
	COI, 16S, 12S, 28S

	37
	Freyellaster (Freyellaster) sp. 1
	4
	15
	COI, 16S, 12S, 28S

	38
	Freyellaster (Freyellaster) sp. 2
	1
	3
	COI, 16S, 12S

	39
	Freyellaster (Pseudobrisinga) aff. panopla
	1
	4
	COI, 16S, 12S, 28S

	40
	Freyellaster (Pseudobrisinga) hirsuta
	13
	48
	COI, 16S, 12S, 28S

	41
	Freyellaster (Pseudobrisinga) panopla
	5
	17
	COI, 16S, 12S, 28S

	42
	Freyellaster (Pseudobrisinga) sp. 1
	16
	57
	COI, 16S, 12S, 28S

	43
	Freyellaster (Pseudobrisinga) sp. 3
	11
	27
	COI, 16S, 12S, 28S

	44
	Freyellaster (Pseudobrisinga) sp. 4
	2
	8
	COI, 16S, 12S, 28S

	45
	Hymenodiscus cf. fragilis
	9
	25
	COI, 16S, 12S, 28S

	46
	Hymenodiscus pannychia
	1
	1
	16S

	47
	Hymenodiscus pusilla
	1
	1
	16S

	48
	Lokiella parva
	2
	5
	COI, 16S, 12S, 28S

	49
	Marthasterias glacialis (outgroup)
	1
	4
	COI, 16S, 12S, 28S

	50
	Midgardia sp. indet.
	1
	3
	16S, 12S, 28S

	51
	Midgardia xandaros
	4
	10
	COI, 16S, 12S, 28S

	52
	Novodinia aff. austini
	8
	25
	COI, 16S, 12S, 28S

	53
	Novodinia antillensis
	8
	23
	COI, 16S, 12S, 28S

	54
	Novodinia australis
	7
	23
	COI, 16S, 12S, 28S

	55
	Novodinia cf. homonyma
	2
	8
	COI, 16S, 12S, 28S

	56
	Novodinia novaezelandiae
	2
	5
	COI, 16S, 12S, 28S

	57
	Novodinia radiata
	1
	3
	COI, 16S, 12S

	58
	Novodinia sp. 1
	1
	2
	COI, 16S

	59
	Odinella nutrix
	15
	36
	COI, 16S, 12S, 28S

	60
	Brisingidae gen. nov.
	1
	4
	COI, 16S, 12S, 28S

	
	Sum
	245
	769
	




Supplementary Figure 1. Maximum likelihood tree of Brisingida based on the complete dataset using four genes (COI, 16S, 12S, 28S). The dataset includes 245 specimens of 58 species from 15 genera and 1 potential new genus, as well as two outgroup species. Leaves were collapsed by species for better readability. Number of specimens (n) sequenced for each taxon were provided at leaf label. Tree topography follows the that of the Bayesian tree. Maximum likelihood analysis with 100,000 ultrafast bootstrap replicates were performed using IQ-TREE v2.0. Ultrafast bootstrap supports (%) were shown at each node. Solid circles indicate UFBS≥99%. Species names in red indicate new species or combinations. Clades and subclades were numbered from 1–5 and 4a–5b to represent each family and genus as discussed in the main text. 


Supplementary Figure 2. Character 1. A. Maximum likelihood transformations of character 1: number of arms. Proportional likelihood scores at each node are provided in order of most likely state to the least likely state, separated by “/”. “*” indicates the most likely state has an estimated proportional likelihood of >95%. Terminal circles with grey lines indicate the character is not applicable or not available. The number of arms is highly variable within Brisingida families and genera. The number of arms in one single species could also vary from 11 to 19 (e.g. Novodinia australis). It is not recommended to identify a genus or species merely based on the number of arms. B. Astrostephane moluccana MNHN-IE-2022-2081; C. Hymenodiscus verticellata type NHMUK 1890.5.7.1041; D. Freyella benthophila NHMUK 9237. 

Supplementary Figure 3. Character 2. A. Maximum likelihood transformations of character. Proportional likelihood scores of the most likely state at each node are provided. “*” indicates the most likely state has an estimated proportional likelihood of >95%. The number of gonads and their arrangement on each arm is a key character to differentiate Brisingida genera, though its phylogenetical signal is limited. B. Brisingaster robillardi MNHN-IE-2013-17167, several clusters of gonads, probably male; C. Astrolirus panamensis CASIZ 122095, several clusters of gonads, probably female; D. Freyellaster (Pseudobrisinga) sp. 1 RSIOAST0007, numerous gonads in serial, female; E. Freyellaster (Pseudobrisinga) sp. 3 RSIOAST0076, numerous gonads in serial, male; F. Freyella sp. 1 RSIOAST0066, a pair of gonads, female; G. Freyella cf. fragilissima MNHN-IE-2009-7057-1, a pair of gonads, male. 

Supplementary Figure 4. Character 4. A. Maximum likelihood transformations of character 4: shape of oral plate from actinal view. Proportional likelihood scores of the most likely state at each node are provided. “*” indicates the most likely state has an estimated proportional likelihood of >95%. The fan-shaped oral plate is a synapomorphy of Odinella, Brisingaster and Novodinia. B. Novodinia radiata MNHN-IE-2014-2539, fan shape (proximal part wider than distal part); C. Colpaster patricki RSIOAST0003, trapezoid shape (distal part wider than proximal part). 

Supplementary Figure 5. Character 6. A. Maximum likelihood transformations of character 6: arrangement of inferomarginal plates on arm (beyond genital area). Proportional likelihood scores at each node are provided in order of most likely state to the least likely state, separated by “/”. “*” indicates the most likely state has an estimated proportional likelihood of >95%. Terminal circles with grey lines indicate the character is not applicable or not available. Inferomarginal plates arranged with wider intervals (to every 3rd or more adambulacral plates) is a synapomorphy of Odinella, Brisingaster and Novodinia. Freyastera, Freyellaster and Colpaster have more densely distributed inferomarginal plates comparing with the other genera. B. Brisingaster helenae, MNHN-IE-2022-2109, inferomarginal plates correspond to every 3rd or more adambulacral plates; C. Brisinga chathamica MNHN-IE-2007-1952, inferomarginal plates correspond to every 2nd adambulacral plates; D. Freyastera delicata, RSIOAST0022, inferomarginal plate corresponds to every adambulacral plates. Red arrows show the inferomarginal plates. 

Supplementary Figure 6. Character 7. A. Maximum likelihood transformations of character 7: 1st pair of adambulacral plates. Proportional likelihood scores of the most likely state at each node are provided. “*” indicates the most likely state has an estimated proportional likelihood of >95%. The joint degree of the first pair of adambulacral plates is largely subject to ontogeny. Genera with paedomorphic development retain a juvenile state of this character. Therefore, the use of this character in phylogeny or taxonomic identification is limited. B. Astrostephane moluccana MNHN-IE-2007-3287, in close contact laterally; C. Hymenodiscus cf. fragilis NMV F306809, not in contact laterally; D. Freyella edwardsi MOM 81 0863, in contact laterally; E. Freyella attenuata RSIOAST0037, not in contact laterally. It is to be noted that in the Hymenodiscus and Freyella attenuata scenarios, the separation of the first pair of adambulacral plates is not owing to the insertion of the first pair of inferomarginal plates. Thus the latter state was considered in a different character (Character 9).

Supplementary Figure 7. Character 8. A. Maximum likelihood transformations of character 8: 1st pair of inferomarginal plates. Proportional likelihood scores of the most likely state at each node are provided. “*” indicates the most likely state has an estimated proportional likelihood of >95%. Terminal circles with grey lines indicate the character is not applicable or not available. The joint degree of the first pair of inferomarginal plates is also subject to ontogeny. Genera with paedomorphic development retain a juvenile state of this character. Therefore, the use of this character in phylogeny or taxonomic identification is limited. B. Brisingenes sp. 1 NIWA 33311, first pair of inferomarginal plates in full contact; C. Hymenodisucs coronata MNHN-IE-2019-5468 (r = 7.3 mm), first pair of inferomarginal plates only in contact at adoral end, forming a reversed “Y” with the odontophore. Yellow arrows show the odontophore; red arrows show the first inferomarginal plates.

Supplementary Figure 8. Character 9. A. Maximum likelihood transformations of character 9: the first pair of inferomarginal plates largely inserting in the first pair of adambulacral plates. Proportional likelihood scores of the most likely state at each node are provided. “*” indicates the most likely state has an estimated proportional likelihood of >95%. Terminal circles with grey lines indicate the character is not applicable or not available. In fully grown specimens, Midgardia, Brisinga and Colpaster have their 1st inferomarginal plates largely inserting in between the 1st pair of adambulacral plates, differentiating these genera from their close relatives (Brisingenes and Freyellaster). B. Astrostephane moluccana MNHN-IE-2007-3287, 1st pair of inferomarginal plates above the 1st pair of adambulacral plates; C. Brisinga endecacnemos MNHN-IE-2014-993, 1st pair of inferomarginal plates largely inserting in the 1st pair of adambulacral plates, separating the later interradially; D. Colpaster scutigerula holotype NHMUK 1890.5.7.1081, 1st pair of inferomarginal plates largely inserting in the 1st pair of adambulacral plates, separating the later interradially. Yellow arrows show the odontophore; red arrows show the first inferomarginal plates; white arrows show the first adambulacral plates. 

Supplementary Figure 9. Character 12. A. Maximum likelihood transformations of character 12: shape of proximal subambulacral spine ends. Proportional likelihood scores of the most likely state at each node are provided. “*” indicates the most likely state has an estimated proportional likelihood of >95%. Terminal circles with grey lines indicate the character is not applicable or not available. In many genera and species, the tips of proximal subambulacral spines are modified comparing with the spines at more distal part of the arm. These modified spines have truncated or flattened, sometimes capitate or multifid ends. This character could be used to differentiate some close genera, but whether it is related to adaptation to the substrate needs to be further investigated (see Mah, 2016). B. Lokiella parva holotype NMV F159236, subambulacral spines with sharp ends; C. Colpaster patricki holotype RSIOAST0044, subambulacral spines with capitate ends.

Supplementary Figure 10. Character 13. A. Maximum likelihood transformations of character 13: shape of oral spines. Proportional likelihood scores of the most likely state at each node are provided. “*” indicates the most likely state has an estimated proportional likelihood of >95%. Terminal circles with grey lines indicate the character is not applicable or not available. The bent oral spines were described as a unique character of Astrostephane (Fisher, 1917), but we also find it in Midgardia and Brisingenes, probably also Stegnobrisinga (Mah, 1998a). It seems to be a reliable character to differentiate the four genera from the rest of Brisingidae. B. Freyellaster (Pseudobrisinga) sp. 1 RSIOAST0060, oral spines straight; C. Brisingenes sp. 1 MNHN-IE-2022-2088, oral spines bent at base. Red arrows indicate the suboral spines. It is to be noted that actinostomal spines and furrow spines on the oral plates of Midgardia, Brisingenes and Astrostephane are often found to be bent at base as well as the suboral spines.

Supplementary Figure 11. Proportional distribution of interfamilial and intergeneric COI distances (K2P) in Brisingida. The x axis shows COI distance. The y axis shows the proportion of pairwise distances fell in the corresponding distance ranges. Green line: intergeneric distance within Brisingidae (restricted) and Freyellidae (restricted). Yellow line: interfamilial distance between Brisingidae (restricted) and Freyellidae (restricted). Blue line: interfamilial distance between Odinellidae, Brisingasteridae and Novodiniidae. The COI distances between the O/B/N families is greater than most of the interfamilial distance between Brisingidae (restricted) and Freyellidae (restricted).




