Supplementary Information
The data simulation and benchmarking scripts and evaluation programs are available at: https://github.com/hitbc/deSALT
Align tools  Notes：
[bookmark: _GoBack]DeSALT 
Version: 
1.3 
Index: 
./deSALT index ref.fa /DE-index  
Alignment: 
./deSALT aln /DE-index test.fastq -t 8 -o desalt.sam
Minimap2 
Version: 
2.17
Alignment 
./minimap2 -ax splice ref.fa test.fastq -o minimap2.sam -t 8
GMAP 
Version: 
2019-06-10
Index: 
./gmap_build -D /gmap-build -d hg19 hg19.fa  
Alignment 
./gmap -D /gmap-build test.fastq > gmap.sam --nthreads=8 --align --format=samse
 DEEPL 
Version: 
1.0.0 
Index: 
./bwa index -p /bwa_index/ref ref.fa 
./DEEPL index <input_fasta_file_route> /DEEPL-index
Alignment
	For pacbio ROI reads: 
./DEEPL aln -p -B /bwa_index/ref -H /DEEPL-index -1 test.fastq -O DEEPL.sam  -t 8
For others:
./DEEPL aln -p -B /bwa_index/ref -H /DEEPL-index -1 test.fastq -O DEEPL.sam  -t 8 -d –t 15

Supplementary Tables
Table S1: Overall benchmark results on the simulated datasets
	MOUSE 30X

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	98.62
	97.2
	97.92
	88.36

	
	minimap2
	98.72
	96.92
	97.52
	92.09

	
	deSALT
	98.83
	98.01
	97.77
	93.69

	
	DEEPL
	99.22
	98.06
	98.17
	95.04

	PacBio subread
	GMAP
	33.59
	21.19
	13.4
	3.95

	
	minimap2
	86.39
	88.67
	89.65
	65.85

	
	deSALT
	87.42
	93.93
	93.65
	79.26

	
	DEEPL
	84.34
	90.82
	92.72
	79.64

	ONT1D
	GMAP
	6.79
	1.02
	1.84
	0.11

	
	minimap2
	82.55
	57.88
	45.96
	23.33

	
	deSALT
	90.77
	73.33
	64.63
	38.62

	
	DEEPL
	89.19
	70.63
	69.49
	51.12

	ONT2D
	GMAP
	85.86
	63.64
	57.56
	27.24

	
	minimap2
	95.54
	89.82
	89.98
	69.27

	
	DeSALT
	96.63
	94.53
	93.91
	81.18

	
	DEEPL
	94.03
	91.92
	94.16
	82.42

	NS_ONT
	GMAP
	94.21
	53.3
	2.91
	0.6

	
	minimap2
	100
	87.83
	59.7
	13.43

	
	deSALT
	100
	90.63
	62
	15.72

	
	DEEPL
	88.14
	76.49
	24.84
	2.98

	HUMAN 30X

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	98.5
	96.38
	97.82
	88.44

	
	minimap2
	96.96
	95.04
	96.16
	90.79

	
	deSALT
	99.47
	98.23
	98.89
	94.64

	
	DEEPL
	97.51
	96.16
	96.9
	93.83

	PacBio subread
	GMAP
	27.38
	16.39
	11.99
	3.51

	
	minimap2
	84.1
	85.6
	87.56
	62.76

	
	deSALT
	87.62
	93.1
	94.58
	78.3

	
	DEEPL
	85.58
	90.27
	92.36
	77.31

	ONT1D
	GMAP
	5.94
	0.94
	10.44
	0.09

	
	minimap2
	76.1
	51.45
	39.34
	19.75

	
	deSALT
	87.24
	68.57
	59.42
	34.67

	
	DEEPL
	86
	67.49
	66.82
	49.67

	ONT2D
	GMAP
	83.62
	61.66
	55.31
	26.9

	
	minimap2
	93.6
	87.68
	87.57
	67.09

	
	deSALT
	97.01
	94.32
	94.49
	80.84

	
	DEEPL
	93.1
	91.42
	93.17
	82.25

	NS_ONT
	GMAP
	92.96
	52.34
	2.79
	0.53

	
	minimap2
	100
	87.13
	56.49
	13.81

	
	deSALT
	100
	90.23
	59.12
	16.16

	
	DEEPL
	87.37
	73.44
	21.92
	2.86


Table S2: Benchmark results on the simulated reads with short exons
	MOUSE 30X
	
	
	
	
	

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	98.84
	96.69
	96.6
	68.23

	
	minimap2
	96.62
	90.94
	87.93
	51.31

	
	deSALT
	99.07
	97.14
	97.4
	74.37

	
	DEEPL
	99.24
	95.92
	94.6
	73.92

	PacBio subread
	GMAP
	32.76
	23.93
	7.3
	1

	
	minimap2
	84.35
	80.44
	66.63
	13.56

	
	deSALT
	87.24
	91.34
	85.44
	50.02

	
	DEEPL
	81.01
	82.38
	81.12
	38.26

	ONT1D
	GMAP
	3.48
	0.74
	0.07
	0.01

	
	minimap2
	83.68
	58.16
	28.22
	0.79

	
	deSALT
	92.09
	73.68
	53.28
	14.25

	
	DEEPL
	84.9
	63.36
	50.02
	10.22

	ONT2D
	GMAP
	85.44
	65.04
	36.98
	9.58

	
	minimap2
	93.46
	81.73
	69.4
	16.31

	
	deSALT
	96.38
	92.24
	87.82
	52.34

	
	DEEPL
	90.85
	84.24
	83.84
	40.78

	NS_ONT
	GMAP
	92
	55.39
	0.74
	0.01

	
	minimap2
	100
	86.93
	80.02
	1.21

	
	deSALT
	100
	91.6
	90.47
	6.04

	
	DEEPL
	92.84
	78.49
	41.15
	0.59

	
	
	
	
	
	

	HUMAN 30X
	
	
	
	
	

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	98.51
	96.39
	96.45
	74.55

	
	minimap2
	96.51
	92.27
	91.98
	63.24

	
	deSALT
	99.56
	97.19
	98.48
	79.73

	
	DEEPL
	97.33
	94.72
	96.25
	75.07

	PacBio subread
	GMAP
	26.1
	20.4
	7.09
	1.34

	
	minimap2
	83.31
	80.74
	70.31
	21.6

	
	deSALT
	87.71
	91.1
	88.16
	47.8

	
	DEEPL
	85.58
	86.28
	83.03
	40.04

	ONT1D
	GMAP
	3.66
	0.81
	0.06
	0

	
	minimap2
	78.03
	53.66
	26.92
	1.4

	
	deSALT
	90.04
	69.96
	48.57
	10.11

	
	DEEPL
	83.76
	63.4
	51.78
	13.97

	ONT2D
	GMAP
	83.93
	65.84
	39.5
	11.32

	
	minimap2
	92.77
	83.81
	75.26
	25.75

	
	deSALT
	97.58
	92.84
	90.08
	51.69

	
	DEEPL
	90.63
	85.98
	86.66
	45.85

	NS_ONT
	GMAP
	92.88
	58.24
	0.68
	0.02

	
	minimap2
	100
	86.7
	79.61
	1.31

	
	deSALT
	100
	93.16
	91.81
	6.62

	
	DEEPL
	84.84
	72.61
	42.28
	0.47



Table S3. Benchmark results on the simulated reads from the transcripts with various numbers of exons
	MOUSE 30X <6 exons

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	98.08
	95.73
	97.72
	91.51

	
	minimap2
	98.45
	95.87
	97.6
	93.93

	
	deSALT
	97.9
	96.3
	97.2
	94.21

	
	DEEPL
	98.76
	96.99
	98.06
	95.89

	PacBio subread
	GMAP
	32.58
	10.09
	14.04
	4.74

	
	minimap2
	85.45
	81.27
	88.35
	69.64

	
	deSALT
	86.09
	88.69
	92.28
	80.28

	
	DEEPL
	84.77
	89.71
	92.24
	83.21

	ONT1D
	GMAP
	8.95
	0.94
	2.69
	0.16

	
	minimap2
	76.46
	33.74
	41.69
	24.4

	
	deSALT
	84.53
	52.61
	59.14
	37.99

	
	DEEPL
	88.51
	64.81
	69.15
	57.54

	ONT2D
	GMAP
	84.78
	53.73
	63.13
	33.83

	
	minimap2
	94.48
	83.03
	88.65
	72.54

	
	deSALT
	95.16
	89.44
	92.41
	81.9

	
	DEEPL
	94.55
	90.93
	93.8
	85.86

	NS_ONT
	GMAP
	96.72
	22.64
	4.9
	1.32

	
	minimap2
	100
	49.27
	29.75
	19.67

	
	deSALT
	100
	50.62
	30.05
	20.14

	
	DEEPL
	82.34
	39.53
	9.26
	4.36

	
	
	
	
	
	

	HUMAN 30X <6 exons

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	98.8
	96.14
	97.96
	92.22

	
	minimap2
	97.4
	95.06
	96.31
	93.36

	
	deSALT
	99.34
	97.9
	98.79
	96.36

	
	DEEPL
	97.8
	96.32
	97
	95.59

	PacBio subread
	GMAP
	26.12
	7.9
	12.67
	4.14

	
	minimap2
	83.58
	79.22
	86.15
	67.28

	
	deSALT
	87.11
	89.64
	93.68
	80.9

	
	DEEPL
	85.68
	88.56
	91.87
	81.95

	ONT1D
	GMAP
	7.41
	0.79
	2.05
	0.13

	
	minimap2
	67.74
	28.32
	34.39
	20.11

	
	deSALT
	79.93
	49.11
	54.05
	34.27

	
	DEEPL
	84.9
	62.34
	66.62
	55.81

	ONT2D
	GMAP
	82.24
	52.93
	60.14
	33.02

	
	minimap2
	92.37
	86.38
	89.19
	59.64

	
	deSALT
	96.07
	90.45
	93.19
	82.33

	
	DEEPL
	93.59
	90.64
	92.77
	85.55

	NS_ONT
	GMAP
	95.69
	24.77
	4.13
	1.03

	
	minimap2
	100
	51.48
	29.12
	18.37

	
	deSALT
	100
	53.83
	30.05
	19.26

	
	DEEPL
	84.55
	42.25
	8.25
	3.7



	MOUSE 30X 6-9 exons

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	99.08
	96.96
	97.79
	85.51

	
	minimap2
	98.2
	95.2
	96.37
	87.89

	
	deSALT
	99.37
	97.83
	98.64
	92.25

	
	DEEPL
	99.17
	97.19
	97.7
	93.15

	PacBio subread
	GMAP
	32.65
	19.13
	11.74
	3.16

	
	minimap2
	85.65
	85.93
	89.07
	55.61

	
	deSALT
	87.99
	93.06
	95.15
	74.63

	
	DEEPL
	85.79
	90.85
	92.74
	72.41

	ONT1D
	GMAP
	8.84
	1.27
	0.12
	0

	
	minimap2
	79.41
	48.58
	44.18
	20.79

	
	deSALT
	91.97
	70.43
	69.53
	39.8

	
	DEEPL
	88.51
	66.07
	65.04
	41.58

	ONT2D
	GMAP
	84.34
	61.08
	48.37
	17.98

	
	minimap2
	94.76
	86.93
	89.55
	60.94

	
	deSALT
	97.12
	93.85
	95.79
	77.73

	
	DEEPL
	95.8
	91.95
	94.1
	75.8

	NS_ONT
	GMAP
	94.33
	52.88
	4.68
	0.36

	
	minimap2
	100
	88.31
	69.07
	18.76

	
	deSALT
	100
	91.43
	72.44
	22.79

	
	DEEPL
	96.77
	82.92
	27.93
	5.39

	
	
	
	
	
	

	HUMAN 30X 6-9 exons

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	97.97
	96.22
	97.05
	84.46

	
	minimap2
	95.88
	94.26
	95.2
	87.48

	
	deSALT
	99.49
	98.21
	98.94
	92.98

	
	DEEPL
	96.87
	95.75
	96.38
	92.19

	PacBio subread
	GMAP
	25.76
	15.21
	9.44
	2.46

	
	minimap2
	83.58
	85.21
	89.27
	51.12

	
	deSALT
	87.86
	93.67
	96.9
	71.67

	
	DEEPL
	85.33
	89.81
	92.79
	66.88

	ONT1D
	GMAP
	6.05
	1.1
	0.09
	0

	
	minimap2
	74.83
	44.46
	40.29
	18.53

	
	deSALT
	89.15
	67
	65.6
	35.3

	
	DEEPL
	85.37
	63.48
	62.88
	39.36

	ONT2D
	GMAP
	81.99
	58.9
	46.28
	17.28

	
	minimap2
	93.37
	86.38
	89.19
	59.64

	
	deSALT
	97.37
	94.32
	96.86
	76.51

	
	DEEPL
	93.31
	91
	93.29
	75.13

	NS_ONT
	GMAP
	93.74
	51.2
	4.32
	0.35

	
	minimap2
	100
	87.3
	67.47
	17.64

	
	deSALT
	100
	91.53
	71.43
	21.73

	
	DEEPL
	95.44
	82.22
	26.5
	4.82



	MOUSE 30X >9 exons

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	99.16
	98.19
	98.89
	78.16

	
	minimap2
	99.38
	98.23
	98.25
	88.53

	
	deSALT
	99.92
	99.12
	99.29
	92.93

	
	DEEPL
	99.92
	99.05
	99.1
	93.33

	PacBio subread
	GMAP
	35.72
	29.74
	12.05
	1.08

	
	minimap2
	88.29
	94.95
	96.35
	58.35

	
	deSALT
	89.26
	97.92
	98.58
	79.17

	
	DEEPL
	82.9
	91.57
	94.98
	70.16

	ONT1D
	GMAP
	3.81
	0.97
	0.01
	0

	
	minimap2
	92.7
	76.25
	65.12
	21.42

	
	deSALT
	99.02
	87.07
	82.3
	40.08

	
	DEEPL
	90.48
	75.99
	75.16
	34.11

	ONT2D
	GMAP
	88.19
	70.87
	42.76
	8.19

	
	minimap2
	97.47
	95.22
	96.04
	63.43

	
	deSALT
	98.52
	97.99
	98.46
	81.47

	
	DEEPL
	92.4
	92.53
	95.72
	74.2

	NS_ONT
	GMAP
	92.15
	54.79
	0.82
	0.01

	
	minimap2
	100
	89.65
	84.39
	6.96

	
	deSALT
	100
	92.5
	88.26
	10.52

	
	DEEPL
	91.61
	77.94
	38.01
	1.32

	
	
	
	
	
	

	HUMAN 30X >9 exons

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	98.21
	96.65
	97.99
	75.08

	
	minimap2
	96.74
	95.42
	96.43
	82.28

	
	deSALT
	99.73
	98.51
	99.34
	88.41

	
	DEEPL
	97.33
	96.23
	96.97
	87.4

	PacBio subread
	GMAP
	31.56
	26.14
	10.99
	0.95

	
	minimap2
	85.71
	91.44
	94.2
	49.45

	
	deSALT
	88.68
	96.44
	98.11
	70.55

	
	DEEPL
	85.55
	92.37
	94.91
	61.65

	ONT1D
	GMAP
	3.81
	0.98
	0
	0

	
	minimap2
	88.62
	71.84
	61.04
	19.4

	
	deSALT
	96.61
	83.8
	77.59
	35.81

	
	DEEPL
	83.46
	73.1
	71.82
	32.29

	ONT2D
	GMAP
	86.5
	69.63
	41.65
	7.73

	
	minimap2
	95.52
	93.31
	94.89
	62.39

	
	deSALT
	98.19
	97.3
	98.25
	78.25

	
	DEEPL
	92.27
	92.2
	94.92
	73.88

	NS_ONT
	GMAP
	89.91
	54.1
	0.88
	0.01

	
	minimap2
	100
	89.42
	85.07
	7.68

	
	deSALT
	100
	92.5
	89.23
	11.26

	
	DEEPL
	88.8
	74.91
	36.4
	1.43



Table S4. Benchmark results on the simulated reads from the genes with single/multiple isoforms
	MOUSE 30X reads from genes with signle isoform

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	96.47
	93.69
	97.25
	90.45

	
	minimap2
	97.89
	95.62
	97.79
	94.65

	
	deSALT
	96.23
	93.92
	95.77
	92.91

	
	DEEPL
	98.01
	96.3
	98.18
	95.6

	PacBio subread
	GMAP
	32
	13.73
	16.87
	4.82

	
	minimap2
	85.01
	84.34
	90.3
	75.53

	
	deSALT
	84
	87.34
	90.43
	81.43

	
	DEEPL
	83.38
	88.56
	92.87
	84.93

	ONT1D
	GMAP
	8.61
	0.92
	4.45
	0.19

	
	minimap2
	77.55
	45.28
	48.49
	28.13

	
	deSALT
	82.54
	56.05
	60.21
	36

	
	DEEPL
	85.59
	67.15
	71.9
	60.31

	ONT2D
	GMAP
	84.38
	54.66
	70.64
	34.69

	
	minimap2
	94.06
	85.87
	90.63
	77.74

	
	deSALT
	93.18
	88.74
	91.18
	83.4

	
	DEEPL
	92.99
	90.51
	94.57
	88.03

	NS_ONT
	GMAP
	97.73
	40.31
	2.45
	0.57

	
	minimap2
	100
	69.87
	24.21
	12.9

	
	deSALT
	100
	70.83
	24.23
	13.21

	
	DEEPL
	70.67
	64.06
	8.74
	2.21

	
	
	
	
	
	

	HUMAN 30X reads from genes with signle isoform

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	98.56
	95.92
	98.31
	94.13

	
	minimap2
	97.03
	95.17
	96.69
	94.98

	
	deSALT
	99.01
	97.22
	98.65
	97.07

	
	DEEPL
	97.28
	95.97
	97.07
	96.12

	PacBio subread
	GMAP
	25.54
	8.89
	14.57
	4.29

	
	minimap2
	83.74
	80.7
	87.8
	74.9

	
	deSALT
	86.33
	88.96
	93.06
	85.37

	
	DEEPL
	85.45
	89.57
	93.49
	87.52

	ONT1D
	GMAP
	7.84
	0.8
	4
	0.2

	
	minimap2
	71.27
	34.18
	41.25
	24.67

	
	deSALT
	79.53
	46.72
	55.13
	33.42

	
	DEEPL
	85.48
	65.19
	71.6
	62.21

	ONT2D
	GMAP
	84.42
	52.04
	71.46
	36.74

	
	minimap2
	93.01
	83.29
	88.32
	77.24

	
	deSALT
	95.68
	90.42
	93.37
	86.87

	
	DEEPL
	93.59
	91.56
	94.26
	90.18

	NS_ONT
	GMAP
	93.35
	30.63
	3.7
	0.92

	
	minimap2
	99.56
	59.1
	26.96
	16.76

	
	deSALT
	100
	60.34
	27.85
	17.58

	
	DEEPL
	84.32
	51.17
	9.04
	3.41

	MOUSE 30X reads from genes with multiple isoform

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	99.14
	97.64
	98.16
	87.6

	
	minimap2
	98.92
	97.08
	97.42
	91.17

	
	deSALT
	99.47
	98.52
	98.49
	93.97

	
	DEEPL
	99.51
	98.28
	98.17
	94.83

	PacBio subread
	GMAP
	33.98
	22.14
	12.14
	3.64

	
	minimap2
	86.72
	89.22
	89.41
	62.34

	
	deSALT
	88.25
	94.77
	94.81
	78.48

	
	DEEPL
	84.58
	91.11
	92.67
	77.72

	ONT1D
	GMAP
	6.35
	1.03
	0.89
	0.08

	
	minimap2
	83.76
	59.46
	45.05
	21.6

	
	deSALT
	92.76
	75.49
	66.23
	39.67

	
	DEEPL
	90.06
	71.07
	68.62
	47.79

	ONT2D
	GMAP
	86.22
	64.77
	52.82
	24.54

	
	minimap2
	95.9
	90.31
	89.74
	66.2

	
	deSALT
	97.47
	95.26
	94.9
	80.37

	
	DEEPL
	94.28
	92.1
	94.01
	80.39

	NS_ONT
	GMAP
	93.11
	53.84
	3.01
	0.61

	
	minimap2
	100
	88.58
	68.17
	13.56

	
	deSALT
	100
	91.45
	71.01
	16.31

	
	DEEPL
	93.59
	77.01
	28.69
	3.16

	
	
	
	
	
	

	HUMAN 30X reads from genes with multiple isoform

	
	
	BASE%
	EXON%
	80%READ
	%100READ

	PacBio ROI
	GMAP
	98.48
	96.42
	97.67
	86.64

	
	minimap2
	96.94
	95.03
	95.99
	89.46

	
	deSALT
	99.57
	98.33
	98.97
	93.87

	
	DEEPL
	97.56
	96.18
	96.85
	93.11

	PacBio subread
	GMAP
	27.77
	17.19
	11.17
	3.27

	
	minimap2
	84.17
	85.46
	87.48
	58.92

	
	deSALT
	87.9
	93.55
	95.19
	76.07

	
	DEEPL
	85.61
	90.35
	92.01
	74.08

	ONT1D
	GMAP
	5.54
	0.95
	0.55
	0.06

	
	minimap2
	77.13
	53.26
	38.69
	18.06

	
	deSALT
	88.89
	70.85
	60.91
	35.1

	
	DEEPL
	86.11
	67.73
	65.17
	45.34

	ONT2D
	GMAP
	83.45
	62.68
	49.73
	23.5

	
	minimap2
	93.73
	88.14
	87.31
	63.59

	
	deSALT
	97.3
	94.73
	94.88
	78.76

	
	DEEPL
	93
	91.4
	92.79
	79.51

	NS_ONT
	GMAP
	92.91
	52.7
	2.69
	0.49

	
	minimap2
	100
	87.6
	59.87
	13.48

	
	deSALT
	100
	90.73
	62.71
	16

	
	DEEPL
	87.71
	73.81
	23.4
	2.8





Table S5.time cost on simulated data(second).
	
	GMAP
	minimap2
	DeSALT
	DEEPL

	mouse 30x PacBio ROI
	12020
	1132
	849
	12632

	mouse 30x PacBio subread
	16331
	1154
	734
	2735

	mouse 30x ONT1D
	14266
	1160
	1214
	7152

	mouse 30x ONT2D
	27036
	1211
	870
	6333

	mouse 30x NS_ONT
	56569
	3389
	3543
	26423

	human 30x PacBio ROI
	4240
	1194
	883
	2090

	human 30x PacBio subread
	18548
	1337
	1033
	3727

	human 30x ONT1D
	8768
	1398
	811
	5747

	human 30x ONT2D
	17151
	1454
	625
	4415

	human 30x NS_ONT
	63491
	4104
	2110
	23891
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