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Table S1. Details of the RNA structures containing Mg2+ ions in training dataset
	PDB code
	Num of ions
	RNA structure description

	2mis
	Mg2+: 5
	NMR LOCALIZATION OF DIVALENT CATIONS AT THE ACTIVE SITE

	2mtk
	Mg2+: 6
	NMR STRUCTURE OF THE III-IV-V THREE-WAY JUNCTION

	2n3r
	Mg2+: 8
	NMR STRUCTURE OF THE II-III-VI THREE-WAY JUNCTION

	1d4r
	Mg2+: 3
	29-MER FRAGMENT OF HUMAN SRP RNA HELIX 6

	1ehz
	Mg2+: 6
	THE CRYSTAL STRUCTURE OF YEAST PHENYLALANINE TRNA AT 1.93 A RESOLUTION

	1f27
	Mg2+: 6
	CRYSTAL STRUCTURE OF A BIOTIN-BINDING RNA PSEUDOKNOT

	1gid
	Mg2+: 24
	CRYSTAL STRUCTURE OF A GROUP I RIBOZYME DOMAIN

	1hr2
	Mg2+: 42
	CRYSTAL STRUCTURE ANALYSIS OF A MUTANT P4-P6 DOMAIN (DELC209) OF TETRAHYMENA THEMOPHILA GROUP I INTRON.

	1jzv
	Mg2+: 1
	CRYSTAL STRUCTURE OF A BULGED RNA FROM THE SL2 STEM-LOOP OF THE HIV-1 PSI-RNA 

	1l2x
	Mg2+: 5; K+: 1; Na+: 3
	ATOMIC RESOLUTION CRYSTAL STRUCTURE OF A VIRAL RNA PSEUDOKNOT   

	1lnt
	Mg2+: 4
	CRYSTAL STRUCTURE OF THE HIGHLY CONSERVED RNA INTERNAL LOOP OF SRP

	1nuj
	Mg2+: 10
	THE LEADZYME STRUCTURE BOUND TO MG(H20)6(II) AT 1.8 A RESOLUTION

	1xjr
	Mg2+: 2
	THE STRUCTURE OF A RIGOROUSLY CONSERVED RNA ELEMENT WITHIN THE SARS VIRUS GENOME

	1xpe
	Mg2+: 2; Na2+: 4
	HIV-1 SUBTYPE B GENOMIC RNA DIMERIZATION INITIATION SITE

	2a43
	Mg2+: 2
	CRYSTAL STRUCTURE OF A LUTEOVIRAL RNA PSEUDOKNOT AND MODEL

	2ao5
	Mg2+: 1
	CRYSTAL STRUCTURE OF AN RNA DUPLEX R(GGCGBRUGCGCU)2 WITH TERMINAL AND INTERNAL TANDEM G-U BASE PAIRS

	2g3s
	Mg2+: 2
	RNA STRUCTURE CONTAINING GU BASE PAIRS

	2gcv
	Mg2+: 4
	POST-CLEAVAGE STATE OF THE THERMOANAEROBACTER TENGCONGENSIS GLMS RIBOZYME

	2gdi
	Mg2+:6; Na+:2; K+: 3
	CRYSTAL STRUCTURE OF THIAMINE PYROPHOSPHATE-SPECIFIC RIBOSWITCH

	2hoj
	Mg2+: 2
	CRYSTAL STRUCTURE OF AN E. COLI THI-BOX RIBOSWITCH BOUND TO THIAMINE PYROPHOSPHATE, MANGANESE IONS

	2oiu
	Mg2+: 7
	L1 RIBOZYME LIGASE CIRCULAR ADDUCT

	2pn3
	Mg2+: 2
	CRYSTAL STRUCTURE OF HEPATITIS C VIRUS IRES SUBDOMAIN IIA

	2qus
	Mg2+: 16
	HAMMERHEAD RIBOZYME G12A MUTANT PRE-CLEAVAGE

	2quw
	Mg2+: 16
	 SAM-II RIBOSWITCH BOUND TO S-ADENOSYLMETHIONINE

	2qwy
	Mg2+: 1
	SAM-II RIBOSWITCH BOUND TO S-ADENOSYLMETHIONINE

	2r20
	Mg2+: 1; Na: 5
	STRUCTURE OF THE RNA BROMINATED TRIDECAMER

	2zy6
	Mg2+:1
	CRYSTAL STRUCTURE OF A TRUNCATED TRNA, TPHE39A

	354d
	Mg2+: 5
	STRUCTURE OF LOOP E FROM E. COLI 5S RRNA

	3b4a
	Mg2+: 6
	 T. TENGCONGENSIS GLMS RIBOZYME WITH G40A MUTATION

	3cgs
	Mg2+: 1
	X-RAY STRUCTURE CONTAINING THE PSEUDOURIDYLATED U2 SNRNA AND MAMMALIAN INTRON BRANCH SITE CONSENSUS SEQUENCES

	3d2v
	Mg2+: 10
	STRUCTURE OF THE EUKARYOTIC TPP-SPECIFIC RIBOSWITCH

	3g78
	Mg2+: 48; K+: 26
	INSIGHT INTO GROUP II INTRON CATALYSIS FROM REVISED CRYSTAL STRUCTURE

	3ivn
	Mg2+: 9
	STRUCTURE OF THE U65C MUTANT A-RIBOSWITCH APTAMER FROM THE BACILLUS SUBTILIS PBUE OPERON

	3la5
	Mg2+: 10
	X-RAY CRYSTAL STRUCTURE OF MC6 RNA RIBOSWITCH

	3loa
	Mg2+: 3
	CRYSTAL STRUCTURE ANALYSIS OF THE RNA CONSTRUCT WITH TWO ADJACENT LIGAND BINDING SITES OF HELIX H44 IN 16S RIBOSOMAL RNA

	3mei
	Mg2+: 5
	REGULATORY MOTIF FROM THE THYMIDYLATE SYNTHASE MRNA

	3oww
	Mg2+: 33
	CRYSTAL STRUCTURE OF THE GLYCINE RIBOSWITCH BOUND TO GLYCINE

	3p59
	Mg2+: 2
	FIRST CRYSTAL STRUCTURE OF A RNA NANOSQUARE

	3q3z
	Mg2+: 13
	STRUCTURE OF A C-DI-GMP-II RIBOSWITCH FROM C. ACETOBUTYLICUM BOUND TO C-DI-GMP

	3ski
	Mg2+: 4
	CRYSTAL STRUCTURE OF THE 2'- DEOXYGUANOSINE RIBOSWITCH BOUND TO 2'- DEOXYGUANOSINE

	3skl
	Mg2+: 6
	CRYSTAL STRUCTURE OF THE 2'- DEOXYGUANOSINE RIBOSWITCH BOUND TO 2'- DEOXYGUANOSINE, IRIDIUM HEXAMMINE SOAK

	3td0
	Mg2+: 7
	CRYSTAL STRUCTURE OF THE BACTERIAL A1408G-MUTANT AND THE PROTOZOA CYTOPLASMIC RIBOSOMAL DECODING SITE

	430d
	Mg2+: 8
	STRUCTURE OF SARCIN/RICIN LOOP FROM RAT 28S RRNA

	4fau
	Mg2+: 24
	STRUCTURE OF OCEANOBACILLUS IHEYENSIS GROUP II

	4frg
	Mg2+: 15
	CRYSTAL STRUCTURE OF THE COBALAMIN RIBOSWITCH APTAMER DOMAIN

	4jf2
	Mg2+: 4
	STRUCTURE OF A CLASS II PREQ1 RIBOSWITCH REVEALS LIGAND

	4k27
	Mg2+: 3
	MYOTONIC DYSTROPHY TYPE 2 RNA: STRUCTURAL STUDIES AND DESIGNED SMALL MOLECULES THAT MODULATE RNA FUNCTION

	4l81
	Mg2+: 4
	STRUCTURE OF THE SAM-I/IV RIBOSWITCH (ENV87(DELTAU92, DELTAG93))

	4oji
	Mg2+: 5
	CRYSTAL STRUCTURE OF TWISTER RIBOZYME

	4p5j
	Mg2+: 2
	CRYSTAL STRUCTURE OF THE TRNA-LIKE STRUCTURE FROM TURNIP YELLOW MOSAIC VIRUS (TYMV), A TRNA MIMICKING RNA

	4p95
	Mg2+: 3; Na+:1
	SPECIATION OF A GROUP I INTRON INTO A LARIAT CAPPING RIBOZYME (CIRCULARLY PERMUTATED RIBOZYME)

	4pcj
	Mg2+: 5
	MODIFICATIONS TO TOXIC CUG RNAS INDUCE STRUCTURAL STABILITY AND RESCUE MIS-SPLICING IN MYOTONIC DYSTROPHY

	4pqv
	Mg2+: 9
	CRYSTAL STRUCTURE OF AN XRN1-RESISTANT RNA FROM THE 3' UNTRANSLATED REGION OF A FLAVIVIRUS

	4qln
	Mg2+: 2
	STRUCTURE OF YDAO RIBOSWITCH BINDING WITH C-DI-DAMP

	4rge
	Mg2+: 25
	 CRYSTAL STRUCTURE OF THE IN-LINE ALIGNED ENV22 TWISTER RIBOZYME

	4rum
	Mg2+: 2; K+: 7
	CRYSTAL STRUCTURE OF THE NICO TRANSITION-METAL RIBOSWITCH 

	4wfl
	Mg2+: 2
	 STRUCTURE OF THE COMPLETE BACTERIAL SRP ALU DOMAIN

	4y1j
	Mg2+: 23
	LACTOCOCCUS LACTIS YYBP-YKOY MN RIBOSWITCH A41U BINDING SITE MUTANT IN PRESENCE OF MN2+

	4y1o
	Mg2+: 19; K+: 2
	 OCEANOBACILLUS IHEYENSIS GROUP II INTRON DOMAIN 1

	4yaz
	Mg2+: 5; K+: 3
	3',3'-CGAMP RIBOSWITCH BOUND WITH 3',3'-CGAMP

	4yb0
	Mg2+: 5; K+: 2
	3',3'-CGAMP RIBOSWITCH BOUND WITH C-DI-GMP

	4znp
	Mg2+: 3
	THE STRUCTURE OF A PFI RIBOSWITCH BOUND TO ZMP

	5bjo
	Mg2+: 3; K+: 4
	CRYSTAL STRUCTURE OF THE CORN RNA APTAMER IN COMPLEX WITH DFHO

	5btm
	Mg2+: 3; Na+: 2
	CRYSTAL STRUCTURE OF AUUCU REPEATING RNA THAT CAUSES SPINOCEREBELLAR ATAXIA TYPE 10 (SCA10)

	5btp
	Mg2+: 12; K+: 1
	FUSOBACTERIUM ULCERANS ZTP RIBOSWITCH BOUND TO ZMP

	5dun
	Mg2+: 8; K+: 1
	THE CRYSTAL STRUCTURE OF OME SUBSTITUTED TWISTER RIBOZYME

	5eao
	Mg2+: 8
	TWO ACTIVE SITE DIVALENT ION IN THE CRYSTAL STRUCTURE OF THE HAMMERHEAD RIBOZYME BOUND TO A TRANSITION STATE ANALOG-MG2+

	5fj1
	Mg2+: 21; Na+: 3
	STRUCTURE OF THE STANDARD KINK TURN HMKT-7 AS STEM LOOP IN P212121 SPACE GROUP

	5fjc
	Mg2+: 2; K+: 4; Na+: 1
	SAM-I RIBOSWITCH BEARING THE H. MARISMORTUI KT-7 VARIANT C-2BU

	5kpy
	Mg2+: 5
	 STRUCTURE OF A 5-HYDROXYTRYPTOPHAN APTAMER

	5kx9
	Mg2+: 4; K+: 7
	SELECTIVE SMALL MOLECULE INHIBITION OF THE FMN RIBOSWITCH

	5lys
	Mg2+: 1; Na+: 1
	 THE CRYSTAL STRUCTURE OF 7SK 5'-HAIRPIN - GOLD DERIVATIVE

	5lyu
	Mg2+: 1; Na+: 1
	 THE NATIVE CRYSTAL STRUCTURE OF 7SK 5'-HAIRPIN

	5nwq
	Mg2+: 3; K+: 1; Na+: 8
	THE STRUCTURE OF THE THERMOBIFIDA FUSCA GUANIDINE III RIBOSWITCH WITH GUANIDINE.

	5t3k
	Mg2+: 10
	FLUORESCENCE DETECTION OF RNA-LIGAND BINDING

	5t83
	Mg2+: 1
	 STRUCTURE OF A GUANIDINE-I RIBOSWITCH FROM S. ACIDOPHILUS

	5tpy
	Mg2+: 1
	 CRYSTAL STRUCTURE OF AN EXONUCLEASE RESISTANT RNA FROM ZIKA VIRUS

	5u3g
	Mg2+: 24; K+: 1
	STRUCTURE OF THE DICKEYA DADANTII YKKC RIBOSWITCH BOUND TO GUANIDINIUM

	5une
	Mg2+: 2
	DIMERIZED STRUCTURE GIVES FURTHER INSIGHT INTO THE FUNCTION OF THE NOVEL RNA GENE: HAR1

	5vj9
	Mg2+: 1; K+: 1
	GUANIDINE-II RIBOSWITCH P2 HAIRPIN DIMER FROM PSEUDOMONAS AERUGINOSA

	6ck5
	Mg2+: 8; K+: 3
	PRPP RIBOSWITCH FROM T. MATHRANII BOUND TO PRPP

	6dlr
	Mg2+: 3; K+: 3
	 PRPP RIBOSWITCH BOUND TO PRPP, IRIDIUM-HEXAMINE SOAKED STRUCTURE

	6dmc
	Mg2+: 21; K+: 1; Na+: 10
	PPGPP RIBOSWITCH BOUND TO PPGPP, NATIVE STRUCTURE

	6dvk
	Mg2+: 5
	 COMPUTATIONALLY DESIGNED MINI TETRALOOP-TETRALOOP RECEPTOR

	6h0r
	Mg2+: 1
	X-RAY STRUCTURE OF SRS2 FRAGMENT OF RGS4 3' UTR

	6n2v
	Mg2+: 39; Na+: 1
	MANGANESE RIBOSWITCH FROM XANTHMONAS ORYZAE BOUND TO MN(II)

	6n5n
	Mg2+: 2; K+: 1
	STRUCTURE OF HUMAN PIR-MIRNA-208A APICAL LOOP

	6n5p
	Mg2+: 4; K+: 1
	 STRUCTURE OF HUMAN PIR-MIRNA-340 APICAL LOOP

	6n5q
	Mg2+: 4; K+: 1
	STRUCTURE OF HUMAN PIR-MIRNA-378A APICAL LOOP

	6n5s
	Mg2+: 5; K+: 1
	STRUCTURE OF HUMAN PIR-MIRNA-320B-2 APICAL LOOP

	6p2h
	Mg2+: 5
	STRUCTURAL BASIS FOR 2'-DEOXYGUANOSINE RECOGNITION 

	6pmo
	Mg2+: 4
	CO-CRYSTAL STRUCTURE OF THE GEOBACILLUS KAUSTOPHILUS GLYQ T-BOX RIBOSWITCH DISCRIMINATOR DOMAIN IN COMPLEX WITH TRNA-GLY

	6q57
	Mg2+: 1
	X-RAY CRYSTAL STRUCTURE OF THE TETRAHYDROFOLATE RIBOSWITCH APTAMER BOUND TO 5-DEAZATETRAHYDROPTERIN

	6qn3
	Mg2+: 4
	STRUCTURE OF THE GLUTAMINE II RIBOSWITCH

	6tf0
	Mg2+: 7; Na+: 2
	CRYSTAL STRUCTURE OF THE ADP-BINDING DOMAIN OF THE NAD+ RIBOSWITCH WITH NICOTINAMIDE ADENINE DINUCLEOTIDE, REDUCED (NADH)

	6uey
	Mg2+: 9
	PISTOL RIBOZYME TRANSITION-STATE ANALOG VANADATE

	6ufg
	Mg2+: 11; K+: 4
	CO-CRYSTAL STRUCTURE OF M. TUBERCULOSIS ILES T-BOX IN COMPLEX WITH TRNA-3'-OH

	6wjr
	Mg2+: 1
	APO STRUCTURE OF THE FMN RIBOSWITCH APTAMER DOMAIN IN THE PRESENCE OF SULFATE

	6wy2
	Mg2+: 6; K+: 1
	 CRYSTAL STRUCTURE OF RNA-10MER: CCGG(N4-METHYL-C)GCCGG

	6yl5
	Mg2+: 4; Na+: 14
	CRYSTAL STRUCTURE OF THE SAM-SAH RIBOSWITCH WITH SAH

	7d7w
	Mg2+: 9
	CRYSTAL STRUCTURE OF THE DOMAIN1 OF NAD+ RIBOSWITCH WITH NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+)

	7jnh
	Mg2+: 2
	CRYSTAL STRUCTURE OF A DOUBLE-ENE RNA STABILITY ELEMENT IN COMPLEX WITH A 28-MER POLY(A) RNA

	7k16
	Mg2+: 5; Na+: 1
	TAMANA BAT VIRUS XRRNA1




Table S2. Details of the RNA structures containing K+ ions in training dataset
	PDB code
	Num of ions
	RNA structure description

	1l2x
	K+: 1; Mg2+: 5; Na+: 3
	ATOMIC RESOLUTION CRYSTAL STRUCTURE OF A VIRAL RNA  PSEUDOKNOT

	1zci
	K+: 4
	HIV-1 DIS RNA SUBTYPE F- MONOCLINIC FORM

	2gdi
	K+: 3; Mg2+: 6; Na+:2;
	CRYSTAL STRUCTURE OF THIAMINE PYROPHOSPHATE-SPECIFIC RIBOSWITCH

	2xnw
	K+: 1
	XPT-PBUX C74U RIBOSWITCH FROM B. SUBTILIS

	3bns
	K+: 2
	CRYSTAL STRUCTURE OF THE HOMO SAPIENS MITOCHONDRIAL RIBOSOMAL DECODING  SITE (A1555G MUTANT, BR-DERIVATIVE)

	3dil
	K+: 3; Mg2+: 1; Na+: 28
	CRYSTAL STRUCTURE OF THE THERMOTOGA MARITIMA LYSINE RIBOSWITCH

	3ftm
	K+: 2; Mg2+: 9
	CLASS II LIGASE RIBOZYME PRODUCT-TEMPLATE DUPLEX, STRUCTURE 1

	3g78
	K+: 26; Mg2+: 48;
	INSIGHT INTO GROUP II INTRON CATALYSIS FROM REVISED CRYSTAL STRUCTURE

	3ibk
	K+: 2
	CRYSTAL STRUCTURE OF A TELOMERIC RNA QUADRUPLEX

	3pdr
	K+: 6
	CRYSTAL STRUCTURE OF MANGANESE BOUND M-BOX RNA

	4aob
	K+: 8; Na+: 4
	SAM-I RIBOSWITCH CONTAINING THE T. SOLENOPSAE KT-23 IN COMPLEX

	4jah
	K+: 2
	CRYSTAL STRUCTURE OF 2-SELENOURIDINE CONTAINING RNA

	4rum
	K+: 7; Mg2+: 2
	CRYSTAL STRUCTURE OF THE NICO TRANSITION-METAL RIBOSWITCH

	4y1o
	K+: 2; Mg2+: 19
	OCEANOBACILLUS IHEYENSIS GROUP II INTRON DOMAIN 1

	4yaz
	K+: 3; Mg2+: 5
	3',3'-CGAMP RIBOSWITCH BOUND WITH 3',3'-CGAMP

	4yb0
	K+: 2; Mg2+: 5
	3',3'-CGAMP RIBOSWITCH BOUND WITH C-DI-GMP

	5bjo
	K+: 4; Mg2+: 3
	CRYSTAL STRUCTURE OF THE CORN RNA APTAMER IN COMPLEX WITH DFHO

	5btp
	K+: 1; Mg2+: 12
	FUSOBACTERIUM ULCERANS ZTP RIBOSWITCH BOUND TO ZMP

	5dun
	K+: 1; Mg2+: 8
	THE CRYSTAL STRUCTURE OF OME SUBSTITUTED TWISTER RIBOZYME

	5kx9
	K+: 7; Mg2+: 4
	SELECTIVE SMALL MOLECULE INHIBITION OF THE FMN RIBOSWITCH

	5nwq
	K+: 1; Mg2+: 3; Na+: 8
	THE STRUCTURE OF THE THERMOBIFIDA FUSCA GUANIDINE III RIBOSWITCH WITH GUANIDINE.

	5ob3
	K+: 2
	ISPINACH APTAMER

	5vj9
	K+: 1; Mg2+: 1
	GUANIDINEII RIBOSWITCH P2 HAIRPIN DIMER FROM PSEUDOMONAS AERUGINOSA

	6ck5
	K+: 3; Mg2+: 8
	PRPP RIBOSWITCH FROM T. MATHRANII BOUND TO PRPP

	6dmc
	K+: 1; Mg2+: 21; Na+: 10
	PPGPP RIBOSWITCH BOUND TO PPGPP, NATIVE STRUCTURE

	6e8t
	K+: 4; Na+: 1
	STRUCTURE OF THE MANGO-III (A10U) APTAMER BOUND TO TO1-BIOTIN

	6n5n
	K+: 1; Mg2+: 2
	STRUCTURE OF HUMAN PIR-MIRNA-208A APICAL LOOP

	6n5s
	K+: 1; Mg2+: 5
	STRUCTURE OF HUMAN PIR-MIRNA-320B-2 APICAL LOOP

	6ol3
	K+: 1
	CRYSTAL STRUCTURE OF AN ADENOVIRUS VIRUS-ASSOCIATED RNA

	6ufg
	K+: 4; Mg2+: 11
	CO-CRYSTAL STRUCTURE OF M. TUBERCULOSIS ILES T-BOX IN COMPLEX WITH TRNA-3'-OH

	6zxz
	K+: 4; Na+: 4
	TAMANA BAT VIRUS XRRNA1




Table S3. Details of the RNA structures containing Na+ ions in training dataset
	PDB code
	Num of ions
	RNA structure description

	1duq
	Na+: 10
	CRYSTAL STRUCTURE OF THE REV BINDING ELEMENT OF HIV-1

	1l2x
	Na+: 3; Mg2+: 5; K+: 1 
	ATOMIC RESOLUTION CRYSTAL STRUCTURE OF A VIRAL RNA  PSEUDOKNOT                  

	1nta
	Na+: 2
	2.9 A CRYSTAL STRUCTURE OF STREPTOMYCIN RNA-APTAMER

	1q93
	Na+: 1
	CRYSTAL STRUCTURE OF A MUTANT OF THE SARCIN/RICIN DOMAIN FROM RAT 28S RRNA

	2gdi
	Na+:2; Mg2+: 6; K+: 3
	CRYSTAL STRUCTURE OF THIAMINE PYROPHOSPHATE-SPECIFIC RIBOSWITCH

	2r20
	Na+: 5; Mg2+: 1 
	STRUCTURE OF THE RNA BROMINATED TRIDECAMER

	3dil
	Na+: 28; Mg2+: 1; K+: 3 
	CRYSTAL STRUCTURE OF THE THERMOTOGA MARITIMA LYSINE RIBOSWITCH

	3suh
	Na+: 2
	CRYSTAL STRUCTURE OF THF RIBOSWITCH, BOUND WITH 5-FORMYL-THF

	3zp8
	Na+: 16
	HIGH-RESOLUTION FULL-LENGTH HAMMERHEAD RIBOZYME

	4aob
	Na+: 4; K+: 8 
	SAM-I RIBOSWITCH CONTAINING THE T. SOLENOPSAE KT-23 IN COMPLEX

	4p95
	Na+:1; Mg2+: 3 
	SPECIATION OF A GROUP I INTRON INTO A LARIAT CAPPING RIBOZYME (CIRCULARLY PERMUTATED RIBOZYME)

	5btm
	Na+: 2; Mg2+: 3 
	CRYSTAL STRUCTURE OF AUUCU REPEATING RNA THAT CAUSES SPINOCEREBELLAR  ATAXIA TYPE 10 (SCA10)

	5fj1
	Na+: 3; Mg2+: 21 
	STRUCTURE OF THE STANDARD KINK TURN HMKT-7 AS STEM LOOP IN  P212121 SPACE GROUP

	5hnj
	Na+: 2
	BASE PAIRING AND STRUCTURE INSIGHTS INTO THE 5-FORMYLCYTOSINE

	5l4o
	Na+: 1
	STRUCTURE OF AN E.COLI INITIATOR TRNAFMET A1-U72 VARIANT

	5lys
	Na+: 1; Mg2+: 1 
	 THE CRYSTAL STRUCTURE OF 7SK 5'-HAIRPIN - GOLD DERIVATIVE

	5lyu
	Na+: 1; Mg2+: 1 
	 THE NATIVE CRYSTAL STRUCTURE OF 7SK 5'-HAIRPIN

	5nwq
	Na+: 8; Mg2+: 3; K+: 1 
	THE STRUCTURE OF THE THERMOBIFIDA FUSCA GUANIDINE III RIBOSWITCH WITH GUANIDINE.

	6dmc
	Na+: 10; Mg2+: 21; K+: 1 
	PPGPP RIBOSWITCH BOUND TO PPGPP, NATIVE STRUCTURE

	6e8t
	Na+: 1; K+: 4 
	STRUCTURE OF THE MANGO-III (A10U) APTAMER BOUND TO TO1-BIOTIN

	6n2v
	Na+: 1; Mg2+: 39 
	MANGANESE RIBOSWITCH FROM XANTHMONAS ORYZAE BOUND TO MN(II)

	6tf0
	Na+: 2; Mg2+: 7
	CRYSTAL STRUCTURE OF THE ADP-BINDING DOMAIN OF THE NAD+ RIBOSWITCH WITH NICOTINAMIDE ADENINE DINUCLEOTIDE, REDUCED (NADH)

	6yl5
	Na+: 14; Mg2+: 4; 
	CRYSTAL STRUCTURE OF THE SAM-SAH RIBOSWITCH WITH SAH

	6zxz
	Na+: 4 K+: 4; 
	TAMANA BAT VIRUS XRRNA1

	7k16
	Na+: 1; Mg2+: 5
	TAMANA BAT VIRUS XRRNA1

	435d
	Na+: 2
	5'-R(*UP*AP*GP*CP*CP*CP*C)-3', 5'-R(*GP*GP*GP*GP*CP*UP*A)-3'



Table S4. Details of the RNA structures containing Mg2+ ions in independent test set
	PDB code
	Num of ions
	RNA structure description

	1HC8_C
	Mg2+: 7, K+: 1
	CRYSTAL STRUCTURE OF A CONSERVED RIBOSOMAL PROTEIN-RNA COMPLEX

	1NBS_A
	Mg2+: 5
	Crystal structure of the specificity domain of Ribonuclease P RNA

	2QBZ_X
	Mg2+: 6, K+: 4
	Structure of the M-Box Riboswitch Aptamer Domain

	6WZR_B
	Mg2+: 1, K+: 1
	Fusibacterium ulcerans ZTP riboswitch bound to p-1-pyridinyl AICA

	7E9E_A
	Mg2+: 3
	Crystal structure of a class I PreQ1 riboswitch aptamer (ab13-14) complexed with a cognate ligand-derived photoaffinity probe



Table S5. Details of the RNA structures containing K+ ions in independent test set
	PDB code
	
	Num of ions
	RNA structure description

	1HC8_C
	
	Mg2+: 7, K+: 1
	CRYSTAL STRUCTURE OF A CONSERVED RIBOSOMAL PROTEIN-RNA COMPLEX

	6E8S_B
	
	Na+:3, Mg2+: 1, K+: 1
	Structure of the iMango-III aptamer bound to TO1-Biotin

	4R4V_A
	
	K+: 4
	Crystal structure of the VS ribozyme - G638A mutant




Table S6. Details of the RNA structures containing Na+ ions in independent test set
	PDB code
	Num of ions
	RNA structure description

	6E8S_B
	Na+:3, Mg2+: 1, K+: 1
	Structure of the iMango-III aptamer bound to TO1-Biotin

	6XUS_A
	Na+:1
	Crystal structure of the specificity domain of Ribonuclease P RNA



Table S7. The clustering results for the structures in the independent test set for Mg2+
	structure
	Num of predicted metal binding sites
	Num of predicted metal binding sites after clustering

	1HC8_C
	784
	31

	1NBS_A
	1985
	46

	2QBZ_X
	2090
	49

	6WZR_B
	1010
	36

	7E9E_A
	502
	27


[bookmark: _Hlk66027460]
Table S8. The clustering results for the structures in the independent test set for K+
	structure
	Num of predicted metal binding sites
	Num of predicted metal binding sites after clustering

	1HC8_C
	414
	23

	4R4V_A
	1701
	40

	6UP0_C
	450
	22



Table S9. The clustering results for the structures in the independent test set for Na+
	structure
	Num of predicted metal binding sites
	Num of predicted metal binding sites after clustering

	6XUS_A
	49
	6

	6E8S_B
	271
	17



Table S10. Prediction results of Metal3DRNA-Mg, MetalionRNA and FEATURE on RNA 1HC8 with 7 Mg2+ ions
	Mg2+ (atom No.) a
	Metal3DRNA
	MetalionRNA
	FEATURE

	1159
	9 (2.4 Å)
	1 (0.8 Å)
	15 (1.6 Å), 58 (0.4 Å)

	1160
	6 (4.3 Å)
	6 (1.9 Å)
	17 (0.6 Å), 8 (2.0 Å)

	1161
	8 (3.4 Å)
	29 (2.9 Å)
	102 (1.5 Å)

	*1163
	5 (1.6 Å)
	3 (0.6 Å)
	5 (1.5 Å)

	1164
	4 (4.4 Å)
	2 (1.4 Å)
	181 (0.7 Å), 88 (1.6 Å)

	*1167
	17 (3.0 Å)
	10 (3.8 Å)
	2 (3.6 Å)

	1172
	2 (2.1 Å)
	13 (3.2 Å)
	202 (2.5 Å)


Prediction results give the best ranks of the grid points within 4.5 Å from any real Mg2+ ion with the distances shown in the brackets.
a: atom number in a PDB file with the site-bound ion labeled with an asterisk. 
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[bookmark: _Hlk119682547]Figure S1. The proportion of the nucleotide atoms closest to the metal ions (a), and distance distributions of the OP2 atoms closest to Mg2+, Na+, and K+ ions respectively (b).
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Figure S2. Violin plots show the distributions of the numbers of C, O, N, and P atoms (corresponding to (a)-(d) respectively) in the local 20-Å boxes centered on the positive (Mg2+, Na+ or K+ ion-binding sites) and negative samples respectively, with the results corresponding to the randomly selected samples also shown for comparison. 
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[bookmark: _Hlk66027548]Figure S3. ACC, TPR, MCC, and AUC results obtained by the model using C, O, N, and P atom channels as features (4 Channel model), and the model using the five channels with the atom charge channel added (5 Channel model).
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Figure S4. Two possible metal-ion binding sites (Sites 1 and 2 ranked 13rd and 5th respectively) predicted by Metal3DRNA-Mg shown as gray balls in RNA 1HC8 overlap with one (with O atom number 2005 in PDB file) of the crystallographic water molecules shown as orange balls and with one (with atom number 1170) of the Os cations shown as blue balls, respectively.

[image: Mg]
Figure S5. Prediction results of Metal3DRNA-Mg on the independent test set with the experimentally determined positions of Mg2+ ions indicated by green balls. The best ranked true positive samples by Metal3DRNA-Mg are shown as red balls. (a) The Crystal structure of the specificity domain of Ribonuclease P RNA (PDB code:1NBS_A, Mg2+: 5); (b) Fusibacterium ulcerans ZTP riboswitch bound to p-1-pyridinyl AICA (PDB code 6WZR_B, Mg2+: 1); (c) Crystal structure of a class I PreQ1 riboswitch aptamer (ab13-14) complexed with a cognate ligand-derived photoaffinity probe (PDB code 7E9E_A, Mg2+: 3); (d) Crystal structure of the specificity domain of Ribonuclease P RNA (PDB code 2QBZ_X, Mg2+: 6)
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Figure S6. Prediction results of Metal3DRNA-K on the independent test set with the experimentally determined positions of K+ ions indicated by purple balls. The best ranked true positive samples by Metal3DRNA-K are shown as red balls. (a) crystal structure of a conserved ribosomal protein-rna complex (PDB code 1HC8_C, K+: 1); (b) Structure of the iMango-III aptamer bound to TO1-Biotin (PDB code 6E8S_B, K+: 1); (c) Crystal structure of the VS ribozyme - G638A mutant (PDB code 4R4V_A, K+: 4)




[image: Na]
Figure S7. Prediction results of Metal3DRNA-Na on the independent test set. The experimentally determined positions of Na+ ions are indicated by purple balls, and the best ranked true positive samples by Metal3DRNA-Na are shown as red balls. (a) Structure of the iMango-III aptamer bound to TO1-Biotin (PDB code 6E8S_B, Na+: 3); (b) Crystal structure of the specificity domain of Ribonuclease P RNA (PDB code 6XUS_A, Na+:1)
[bookmark: _Hlk119703567]
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Figure S8. Distribution of the numbers of Mg2+ ions with respect to the numbers of atoms in their microenvironments (20-Å box).
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