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Splicing decisions Mature mRNA PASA_mix
Co- and/or post- (a) Node 0
transcriptional processing "
o ] m Seleqory. L
Exon skipping mm:ﬁ-Q-C il — - g No 23.4 100
I~ No | W Yes 76.6 328
ve &' i I
Alternative 5'ss  mCwCe™ w = —_ m :_._YES_I Total 100.0 428
Atternative3'ss  mCommmtm —< ey Overlr:!p abs =
- Adj. P-value =0.000, chi-square =21.
Intron retention  mrCwCEme W — mm 872, df =2
Exitonsplicing ~ mCememsi w = — K:mﬁm
; .
Mutually exclusive exons et m < . W No overlap Overlap 1-2 bp Overlap > 2 bp
Category % n Category % n Category % n
| No 88 6 No 209 52 No 378 42
[ =exon A :splicing event / l \ . YBS 91 2 62 . YBS 791 197 . YBS 62.2 69
= =imron . _ skernative Translation Nuclear ~ NMD Total 159 68 Total 58.2 249 Total 259 111
Il =uTR splicing event retention

Tognacca et al 2023 Liu et al 2017
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Input.fa, Test.txt

‘

Sequence alignment (BLAST+)

https://github.com/lizhao007/DenovoAS_Finder

= o lizhao007 / DenovoAS_Finder Q Type [/ to search

<> Code (O Issues I Pullrequests () Actions [ Projects [ Wiki @ Security [+ Insights 8 Settings

i DenovoAS_Finder rutlic X Pin  ®©Unwatch 1 ~
Machine learning (XGBoost
& g ( ) ¥ main ~ # 1branch ©0tags Go to file Add file ~
s e lizhao007 Update README.md da11255 on Nov 15,2022 {0 8 commits 1
Ft-probability>=0.6
[ DenovoAS_Finder.py Add files via upload 2 years ago [
‘ [ README.md Update README.md last year
Isoforms clustering (MCL) [ datafa Add files via upload 2 years ago .
* [ testixt Add files via upload 2 years ago
Output.csv = README.md 4

}

END




R MNEEFEI R IERXGBoost 3FEMERF

(a)

True Positive Rate

(c)

True Positive Rate

Tune Hyperparameter XGBClassifier ROC

1.0 1
0.8
0.6
0.44 » i ROC fold 0 (AUC = 0.95)
7’ ROC fold 1 (AUC = 0.87)
P 4 ROC fold 2 (AUC = 0.91)
”’ ROC fold 3 (AUC = 0.94)
0.2 ’ s’ ROC fold 4 (AUC = 0.87)
” == (Chance
’ m— Mean ROC (AUC = 0,91 + 0.03)
0.0 4 + 1 std. dev.
0.0 02 0.4 06 0.8 1.0
False Positive Rate
Tune Hyperparameter LogisticRegressionCV ROC
1.0 4
0.84
0.6 4
0.4 - ,/ ROC fold 0 (AUC = 0.93)
’ ROC fold 1 (AUC = 0.89)
” ROC fold 2 (AUC = 0.89)
7’ ROC fold 3 (AUC = 0.93)
0.24 P s ROC fold 4 (AUC = 0.86)
’ == Chance
7 == Mean ROC (AUC = 0.90 + 0.03)
0.0 4 + 1 std. dev.
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

(b)

True Positive Rate

1.0 1

0.8 1

0.6 1

0.4 1

0.2 4

0.0 1

(d)

True Positive Rate

1.0 1

0.84

0.6 1

0.44

0.2 1

0.01

Tune Hyperparameter AdaBoostClassifier ROC

ROC fold 0 (AUC = 0.94)

ROC fold 1 (AUC = 0.87)

RQC fold 2 (AUC = 0.90)

ROC fold 3 (AUC = 0.94)

ROC fold 4 (AUC = 0.87)
Chance

Mean ROC (AUC = 0.90 £ 0.03)
+ 1 std. dev.

0.4

0.6

0.8 1.0

False Positive Rate

Tune Hyperparameter BaggingClassifier ROC

ROC fold 0 {AUC = 0.93)

ROC feld 1 {AUC = 0.83)

ROC feld 2 {AUC = 0.81)

ROC feld 3 {AUC = 0.92)

ROC fold 4 {AUC = 0.86)
Chance

Mean ROC (AUC = 0.87 + 0.05)
+ 1 std. dev.

0.4

0.6 0.8 1.0

False Positive Rate

True Positive Rate

1.04

0.8 1

=
o

1=
i

0.2 1

0.0 1

(a) XGBoost
(b) AdaBoost

(¢) LogisticRegression

(d) Bagging

(e) KNeighbors

Tune Hyperparameter KNeighborsClassifier ROC

ROC fold 0 (AUC = 0.87)

ROC fold 1 (AUC = 0.83)

ROC fold 2 (AUC = 0.78)

ROC fold 3 (AUC = 0.88)

ROC fold 4 (AUC = 0.83)
Chance

Mean ROC (AUC = 0.84 + 0.04)
+ 1 std. dev.

0.4

0.6 0.8 1.0

False Positive Rate
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BUSCO Assessment Results

8 Complete (C) and single—copy (S) Il Missing (M)
& Complete (C) and duplicated (D) Fragmented (F)

B73—Wang’s study

4

B73—DenovoAS

B73—transcript
TIL11-DenovoAS

TIL11—-transcript

0 20 40 60 80 100
%BUSCOs
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Panicum virgatum L Gossypium barbadense L. cultivar 3—79
(a) (b)
BUSCO Assessment Results BUSCO Assessment Results
I Complete (C) and single—copy (S) = Fragmented (F) & Complete (C) and singl.e—copy (S) Fr?-gl?lem"-‘d (F)
B Complete (C) and duplicated (D) M Missing (M) B Complete (C) and duplicated (D) M Missing (M)

All-transrcipt

b 20 40 60 80 100 20 40 60 80 100
%BUSCOs %BUSCOs
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G'value
(Magwene et
al., 2011)

Gel-based
marker

SHOREmap
(Schneeberger
et al., 2009)

ning MGM | Austin
SCne

L etaol., 2011
{Michelmaore )

et al,, 1991)

T 15991

The concept
of bulk
segregation
analysis (BSA)
was first
proposed

The first

method of
resequencing-
basad BSA

FCAMP
(Yang et al.,
2019h)

MIKS (needla

Pool-GWAS  in the k-stack)
(Bastide et al., (Nordstrém
2013 etal,, 2013)
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'
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MMAPPR

[Hill &t ai.,
2013)
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GradedPool-
seq (Wang et
al., 2019)

SIMPLE
{Wachsman et
al,, 2017)

MutMap
(Abe et al.,
2012)

multiple
OTL-seq
(Srivastava et
al., 2017)

a7TG-seq
(Zhang et al,,
2015a)

Muthap+
(Fekih et al.,
2013)

MULTIPODL
(Edwards et
al., 2012)

AFDDD
method
|Dougherty
et al., 2018)

EXPLoRA
{Pulido-
Tamayo et
al., 2016}

BRM
(Huang et
al., 2020b)

PyBLA%eq
[Zhang et al,
2019b)

InDel-seq
(Singh et al,,
2017)

Muthap-
Gap (Takagi
et al,, 2013b)

QTL-seq
(Takagl et al.,
2013a)

XP-GWAS
(Yang et al.,
2015)

BSR-Saq (Liu
etol., 2012)

A

T 2018 2019 2020

2015 2016
. : The first
The first e g method of BSA |  The first
method of method of

method of BSA for BSA for for more than method of

RNA-seq- : two extrame BSA for F,-
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[Poal-GWAS) (MIKS) : .
sea) (L1, Z et al., 2022)
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Input = Model =  Output
Pos  Pool1 --- PoolN N 32 -»conv1*1_ 32 1 pre
A 13151 032 068 H :[‘;zﬁfa‘;“:]%ﬂeer ;@.l_.l_. 0.7
G 120 076 g g e en 64 1 °8
------ H .
C 93230 041 059 1 128 128 1 0.4
T 03286 048 052 BB 0.3
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e DeepBSAZE R {HEEIHE

TR SRR R &SR A R

ata - ) Effective QTLs selection /
generation Recombination / . \ DeepBSA \
? é A Phenotypic vgue calculation

ég [> 8 % g[> Picll-mf( [>QTL1234 5 6 7 8 9

S . 5 ;|_|7 ~’_L_‘L #QTLs Chr Left Peak Right Value

; g é (% (g\ Pool1 Pool 2 Pool N 1113357654 13497326 13627684 0.997

2 3 54635826 55678575 56388665 0.99
_fe) (6 ¢ &= oz %
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rEFIHiE (DL) ERFERMFINIEN

B 5 equal loci C 500 plants
0.8 [q711 QT2 QT3 QT4 QTl5] 005 ogQTLl QIL2 QIL3 QTL4 QTLS QTL6 QTL7 QTL8 QLS QTOng
0.6 ' '
0.6
04 0.4
0.2 . |
10 equal loci 0.2
QTL1 QTL2 QTL3 QTL4 QTL5 QTL6 QTL7 QTL8 QTLY QTL10 2500 plants
0.8 01g 08 0.10
0.6 0.6
04 0.4
0.2 0.2
10 unequal loci 5000 plants
0.8 7005 [ 0,06 0.07 [ 0.08 [ 0.09 | 0.40| 0.41] 042] 043] 044 0.8 0.10
0.6 0.6
04 0.4
0.2 0.2
PVERZE5%RIQTLEER B R UE] BEA M ZHEZE 5008 5RAYQTL
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D 50x% depths E 2 pools
08 QTL1 QTL2 QTL3 QT4 QTLS QTL6 QTL7 QTL8 QTL9 QTL10 0.8 QTLT QTL2 QTL3 QTL4 QTLS QTL6 QTL/ QTL8 QTL9 QTL10
. 010[ Y- 0.10
06 0.6
04 0.4
0.2 0.2
100x depths 5 pools
08 010 08 010
0.6 0.6
04 0.4
0.2 0.2
200x depths 10 pools
0.8 010/ 08 010
0.6 0.6
04 0.4
0.2 0.2
MFFRE S0 x LA_EFG IR R G BRI EE M EPRetalIE] BiRAL=
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(a1 234 5 6 7 89 10 (b)

T fs??sﬁg
MUy |

Smooth
LOD

Ridit
o
o

Average Rate

Detection Rate

< DL 0.99
m SmoothLOD  0.91
0.4 Ridit 0.91 -]
o ED* 0.89 - -~
G 0.78 I L
L X MJ\N | ASNP-index /K 0.43
2 DLSmooth Ridit ED* G K ASNP
dc LOD -index

=W abEA=N TR 30K T BN RAIQT LIS HER
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A/\Y 10 QTLs with PVE of 0.1 in 2500 plants
real_pos || pred_pos _
A signal
Y noise )\(
n - ‘ . . . ignal -
Absolute bias = ZiziIreal.posi—pred_posi| Signal_noise_ratio = ~eme
n 2pin an(p—signals)
B C
kb
3.751

16001 .
QTL numbers: 10
PVE of QTL: 0.1 #%Eﬁiﬁ*-’"’-

Pool numbers: 10
3.501

1200

lg (ratio)
w
N
a

800
QTL numbers: 10

[ L J |
L J
PVE of QTL: 0.1
400 Eia % E'ﬂ Et! + .001 Pool numbers: 10
0

500 1000 1500 2500 5000 7000 1000015000

Absolute bias

w
o
o

500 1000 1500 2500 5000 7000 1000015000

AfmEEHISIELLAYIETRHIE, B.DLAYRESEREEHIRE

KiiEe)\;, C.DLAHSIRECRERHAIEATIIEX, I
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B kb %% C ¥k
s QTL numbers: 2 QTL numbers: 2
10001 PVE of QTL: 0.1 E.E, PVE of QTL: 0.1
Pool numbers: 10 Pool numbers: 10
_g Population size: 2500 Population size: 2500
o 7504 ~30-
2 o
2 g
B AN
< 25- E 3
2901 = !
. . N 3
0 L] L] L] L] T T L] T T T T T T T
G DL ED* ASNP K Smooth Ridit DL Smooth ED* Ridit G K ASNP
-inday 1 OD 1 ON -index
ED4 ASNP-index/K Ridit SmoothLOD G' DL

Avarage of 452700.48 45339175 45358021 46016021  646368.78 45399627
absolute bias (bp)

P Val“fo ‘]:)‘)I‘jlpared 0.458968 0.416086 0.458715 0307885  1.30705E-05 \
ASNP-index/K G' Ridit ED4 SmoothLOD DL
Avarage of signal- 216 324 324 381 408 2307
noise-ratio
P value ‘[’;’I‘jlpmd 5 5E33 33]E-33 224E-32 3.58E-32  3.37E-32 \

B.OLAYmEELLEEGEE /), CDLIERILLLEETAERX,
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REa8B8LNERITEIREN, B iRt

D  Blunt snout bream, 2 pools, IBs counts E F o
10 pL Region(Mb) Known Original report
06 Chr ASM v1 loci 0
02 3 5.04-9.36
06 3 16.90-32.41 0
K 6 32.32-39.13
04 ] ] 0 0 2
02 11 15.25-23.07

Known Our

0 \
12345678 91011121314 15161718 19 20 21222324 loci  results
DLA%. [RiIREFE

ERIHIDLANKIEE] DLAYTE(ZX ] MERNEEE
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DeepBSA{E/KIEZ HEEPRINRLF

KGR EIRERL, =Rt (Wang, C. eral. 2019)

H{EHF

A Rice, 3 pools, plant height, pop1 B ..
10 DL f 7 } Chr Region(Mb) Known Original report
08 IRGSP 4.0 loci 2
6 26.10-27.73  sdt
PO FOU R T WL WBLH | O . 7 8341358 Gha7 ) °
10K 12 17.50-23.47 NRL1 0 2 o
06
02 Known Our
. Pl loci results
1 2 3 4 5 6 7 8 9 10 11 12
S iy fd N — P
HEIRERL, B4Rt (Wang, C.eral. 2019)
Rice, 5 pools, headjng date, pop1 .y Original report
107DL g * “cnr Region(Mb) Known
06 IRGSP 4.0 loci 0
' 5 18.31-26.43
%2 i . i s 7 620995 Ghd7 , 1
107k 12 9.29-11.33 T
06 12 19.39-24.95
02 Known Our
loci results

1 2 3 4 5 6 7 8 9 10 1

DeepBSAREENMEIEMERCAIARNXE, HEHME MEIEXIE,



SR DeepBSATEEREUREPRINRYS

EXRFSHEIRER, T iRt

G , . Maize, 10 pools, plant height H o
10 pL chr Region(Mb) Known  Original report
AGP v4 loci
06 1 0
anf,
0 1 23862497 07 -
KB g (308G i . . _ 3
06K 2 110.3-140.9
04 3 884-118.9 0 0 2
02 6 119.8-124.5 FEA4 Known Our
0 7 84.28-90.15 loci results

DeepBSAZZERIN=1EMNERXEFES, BEMHMIHXIE,
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DeepBSA: EERZSHMELE, 1FMELE

5 Input file Data
S | (VCF,Csv) simulation
E  Read number > threshold |
g E
g 3 ~ Chi-Square Test (0.05) |
°
o [ fsnpi - fenpit < 0.1 1
- Methods selection
] _g L (ASNP-index, SmoothLOD, J
5 § ED4, Ridit, G’, K, DL)
o
° Smoothing |

S T

_______________________________________

- -

This app adopt in 2 to 10 pools Qi

= d ———is

left  Peak Right \

1 0 1233, 1314, 1503, O
2 100

X Table plate :

B

= o
I%\ I

m == |[[EI]
(" Number of population: 36 | \‘.
: Number of individual : |2500 \ I
: Number of pool : E | :
\_ Number of effective point: [10__ l__.
:. ..... et :
: parameters @ o
................................... Save path A h :ﬁ n —_
— e .ikﬂq:Jw F7]N
[C:/Users /DELL/Dosktop/simulate data ] [... |}
T 7
( p— ] B 2 X]
——
C C.QTLEITELR,
‘VN.L\;;;:.&&&A - D X

IR
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DeepBSAB S GHEZERRGI  (Zhang, H. eral. 2019)

. ASNP-index / K - Ridit
@ ' | ED*

I AR EEEAEIBHRLR(Chr7:135Mb)
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TEtelE: http://zeasystemsbio.hzau.edu.cn/Tools/DeepBSA.zip

& DeepBAS - O X
an Chr Left Feak
This app adopt in 2 to 10 pools
1 1 7 120913538 129440034
f__________._..T..__.T.ﬁ EE R T e e s = = ~ 2 ,
7 Meth : ' |
l : etnoas
: = I 3 3 9
k= Deep Leaming B K values u DDy = H [ SNP index
l:| q L&’ Se ec Ion : -I'IélIIIiIIIIIIJIIIIIII-IIIIIIII-III
Smoothi SmoothLCE) =il .
‘lllllllll.llll.lllllllllllll.l.. u - ’ v
N e e e e e e g
/ Adjust 1dlle plate
I .Illll EEEE®m AEEEEEEN EEEEEEEEEEN EREEE : I
[omeathFucton i Pretreatment s000 = o .
Fhmhﬂd 015 ..llll.llllmmmﬂllllltlll.ll:...lll.llllll?:eh nt l a 3
o ————————— — T — ——— — ——— ——— ——————————— a——— — i 2
Open RUN Simulate 10 10 1
oL K & 3
AL Al
Diata Path [F\DeepBAS| Pretrested Files\pool-18 0 freq.npy]
(" _____________________________ - Ref Data Path [F:\DeepBAS\Pretreated Files\pool-18_0 ref.npy)
Mut Data Path [F\DeepBAS\Pretreated_Filesipool-18 0 mutnpy]
{L N Pos Path [FiDeepBAS\Pretreated Files\poal-18 0 pos.ngy]
| | | 20:42:28 : Dewp learring function is executing...
0g4 ‘,Illlllllllllll.llll.lllllllllllll.ll.‘ I i&ﬁE:Pﬁlprﬂﬁ‘rTli“lrﬁiglncil..lll.lll.
= n v . Tunchon i exetubing... "
1 F 1 . [ .
. : igure piate : :
[] ] I [ ]
= g L] e e T T e e ol LW | e L
‘ssssEEEsEEEEEEEEEEEEEEEEEEeeenneemune® I :rl;liIDEI"II"Il'-l-l:‘-l=i-l-'lllfii'llllIT-II-IIIF*
[T g g
041
20:44:25
I Diata Path [F\Deep8AS) Pretrested Fles\poal-18 0 freqnpy)
| | Ref Data Path [F:\DeepBAS\Pretraated Filesipool-18 0 refngy]
021 Mut Diata Pash [F\DespBAS|Pretreated Files\pool-18 0 mutnpy]
I Pos Path [F\DeepBAS\Pretreated Files\poal-18 0 pos.npy]
1 20:44:26 : Dwep bearring function is exeouting...
A o [ m 0w o0 ] g o W 0 0 W om0 n [ ] ] 0 0 wog ZD:-u:-l::Uccp I‘.lam.mg furqnn has done.
~ Y 4 ¥ 4 § " N Y 20:44:47 : K fumction i< executing... =

(FTT TR T bd
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