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Abstract

Research background and purpose:

Early differentiated pathogens, such as Trypanosoma and Elegans, are infectious
and cause great harm to human health. Biochemical investigation of splicing in these
organisms has so far been explored only in SL trans-splicing. Most of the cis-splicing
studies have been conducted on organisms like human or yeast, and scarcely on other
species. Therefore, we selected the model organism FEuglena gracilis, which shares
same Excavata groups with Trypanosoma.

Euglena gracilis, a unicellular eukaryote, also known as eye worm, contains the
organelle chloroplast and utilizes its unique flagellum for locomotion. The genome of E.
gracilis is comparable to that of the human genome in size, but has more repetitive
sequences. Therefore, its complete genome sequence is still unknown at present.
Different from humans and yeast, which both belong to the Opisthokonta clade, E.
gracilis is a Excavata species, and harbors diverse splicing types. To date, only a few
genes and their introns have been identified in the draft genome of E. gracilis.

Therefore, to lay the foundation for the purification of spliceosomes, we first
identified the spliceosomal genes and their introns in E. gracilis by bioinformatics
analysis and then established a feasible genetic manipulation method. Studies on the
model organism E. gracilis can give us a better understanding of the spliceosome and
expand our knowledge on splicing style.

Materials and methods:

1. RNAs with the polyA tail was enriched from the total RNAs of E. gracilis, and
library construction was subsequently performed. The full-length transcriptomic and
next-generation transcriptomic RNA-seq were combined with available transcriptomic
data in the SRA database and were compared by BLASTX. The splicing genes from
three RNA-seq results were integrated. Using the genomic data of E. gracilis from the
NCBI database and comparing with those of humans and 7. brucei, we obtained the
gene sequences of the spliceosomal components of E. gracilis. Finally, PCR was
performed to validate the identified E. gracilis spliceosomal components. In addition,

splicing genes from 7. brucei and L. major, which belong to the same clade with E.
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gracilis, were identified by the BLAST program. Several human splicing inhibitors
were applied to E. gracilis cells to test their sensitivity.

2. The above full-length transcriptomic RNA-seq and the secondary-generation
transcriptomic data were used for the identification of E. gracilis introns. Initially, we
utilized the BLAST program to remove the chloroplast and mitochondria genomic
sequences, as well as the nuclear rDNA sequences, from the above RNA-seq data.
Redundant sequences were then removed using cd-hit, resulting in only nuclear mRNA
sequences for further analysis. Comparison of mRNA sequences to the genome was
performed using exonerate. Finally, the extracted introns were manually examined and
categorized. For outron identification in E. gracilis, sequences with the SL exon were
extracted from the nuclear mRNA sequences. These sequences were subjected to
BLAST against the genome sequences. The resulting outrons were extracted with the
seqgkit toolkit.

3. Based on the predicted Dbrl gene sequence of E. gracilis in the previous work,
the full-length coding sequence of Dbrl was obtained by RT-PCR and RACE. The
three-dimensional structure of Dbrl is predicted by Al programs including Alphafold
and Robetta. The putative small-molecule binding region on Dbrl is deduced from the
crystal structure of E. histolytica Dbrl in complex with a fragment of an RNA molecule
(PDB:4PEH). To identify high-affinity inhibitors of Dbrl, small molecules from a
TargetMol natural product library are fed to the AutoDock Vina program. The binding
of the selected molecule to the bacterially purified Dbrl protein is further examined in
vitro. Inhibition of Dbrl activity by the small molecule is validated by the readout of
splicing defects in nuclear pre-mRNA introns in vivo.

4. A series of cell-penetrating peptide (CPP) Pep-1 tag sequences containing
plasmids, including PGH (Pep-1-GFP-His), HPG (His-Pep-1-GFP), HGP (His-GFP-
Pep-1), and GPH (GFP-Pep-1-His), were constructed from pET21-EGFP by seamless
cloning and transformed into bacteria. Upon induction by IPTG, the expressions of Pep-
1 fusion proteins were examined by SDS-PAGE and coomassie staining. Fusion
proteins were purified via a Ni-NTA affinity chromatography column and dialyzed
against PBS. Proteins were added to E. gracilis cells and observed under a BX63

fluorescence microscope. In addition, dimethyl sulfoxide (DMSO)-treated E. gracilis
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cells were added with exogenous materials including GFP protein, a PCR-amplified
DNA fragment with a Cy5 label, and a plasmid, respectively, and observed under a
microscope except for the plasmid, which was examined with PCR.

Result:

1. Bioinformatics analysis identified 166 spliceosome protein-coding genes, and
U2 and U6 snRNA genes. In comparison to the human spliceosome, we found that most
of the spliceosomal proteins lacking in E. gracilis are from the SR, hnRNP, B*/C,
EJC/TREX complexes, and snRNP proteins. The remaining spliceosome proteins are
relatively conserved. We further examined spliceosome genes by PCR. The results of a
total of 29 spliceosomal protein-coding genes and U2 and U6 snRNA indicated that the
predicted gene sequences were all correct. This further suggests that the identified
spliceosome genes in E. gracilis exist and are authentic.

From the analysis of 166 spliceosome protein-coding genes and 212 sequences of
E. gracilis, the ratio of spliceosome genes containing SL exons in total E. gracilis
spliceosomal genes is calculated to be 91%, which further indicated that trans-splicing
by SL was common in this organism. Comparing the composition of the spliceosome
among the Excavata organisms, we found that there are significant differences between
E. gracilis and two parasitic organisms, 7. brucei and L. major. We found that E.
gracilis cells are not sensitive to canonical splicing inhibitors.

2. We identified a total of 28,337 nuclear pre-mRNA introns using the exonerate
program, including 11,527 GT-AG type introns, 659 GC-AG type introns, 11,653 ss-
variant type introns, and 4,498 ss-invariant type introns. By identifying a large number
of introns in E. gracilis, including conventional and nonconventional introns in cis-
splicing and trans-splicing by SL, we found that conventional introns and outrons in E.
gracilis exhibit a unique cytidine-rich sequence and canonical CAG-3' splice site (ss). In
addition, the conventional intron has a 5-GTGTG sequence in common, which is
distinct from the 5'ss sequence (GTATA) in spliced leader RNA (SL-RNA). The two
terminal sequences of the nonconventional intron are able to form a paired structure. In
addition, we describe another splicing type, termed overlapping.

3. We used RACE and overlapping PCR to obtain the intact sequence of E. gracilis
Dbrl. The Alphafold and Robetta programs predict essentially similar three-dimensional
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structures of the deduced Dbrl protein. The superposition of E. gracilis and E.
histolytica Dbr1 structures reveals an RMSD value of 1.024, indicating the predicted E.
gracilis Dbrl structure is highly reliable. The putative location of the small molecule on
the E. gracilis Dbrl structure is deduced from the spatial coordinate of the small
molecule RNA in the E. histolytica Dbrl structure. A small molecule of Ca with high
binding affinity is obtained from a TargetMol natural product library by virtual
screening with AutoDock Vina. We successfully expressed the Dbrl protein in E. coli
by removing the surface flexible sequence and codon optimization. We purified the
MBP-Dbr1 fusion protein using Amylose Resin and ion-exchange chromatography and
enzymatically cleaved it to obtain the untagged E. gracilis Dbrl protein. The protein-
ligand binding is assayed by nuclear magnetic resonance-chemical shift perturbation
(NMR-CSP). Finally, we test the in vivo activity of small-molecule inhibitors. qPCR
results showed that intron expression of Ca-treated E. gracilis was significantly up-
regulated than that of normal cells.

4. Plasmids containing the Pep-1 sequence were successfully constructed through
the seamless cloning method. The plasmids were transformed into BL21 (DE3) cells,
and cells were induced by IPTG. SDS-PAGE and coomassie staining showed that all
proteins were successfully expressed. Upon addition of 100 uM of PGH protein to cells
and incubation for 12 h at 37°C, we found that the Pep-1-tagged protein entered the
cells with an efficiency of 70% compared with the GFP protein without Pep-1. We
further observed that the transformation efficiencies of PGH and HPG are much higher
than those of HGP and GPH, indicating that N-terminal Pep-1 promotes intracellular
transformation more effectively. For DMSO-mediated transformation, cells were treated
with 10% DMSO for one hour. Fluorescence signals were observed in approximately
80% of cells after adding GFP protein. Similarly, DMSO also promoted intracellular
transformation of a 1.7 kb DNA fragment containing a Cy5 label with comparable
efficiency to that of GFP. We also tested a 10 kb plasmid and found it could also enter
cells, as detected by PCR amplification of a 736 bp plasmid-specific fragment.
Conclusion:

1. We combined the next-generation and full-length transcriptomic RNA-seq

results and aligned them to human spliceosome genes, and finally obtained 166 core
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spliceosome genes in E. gracilis. Using the genomic data of E. gracilis in the database,
we identified the E. gracilis U2 and U6 snRNAs by comparing them with those of
humans and 7. brucei. We identified 78, 76, and 121 splice proteins for 7. brucei, L.
major, and D. papillatum, respectively, indicating significant differences in spliceosome
composition within Excavata. We found that E. gracilis cells were insensitive to all
reported splicing inhibitors.

2. We successfully identified four different types of introns in E. gracilis, namely
GT-AG, GC-AG, ss-invariant, and ss-variant. We found the presence of an extended
U6/5'ss helix in the 5'ss region of SL-RNA and U6 in E. gracilis. A wealth of cytosine
(C) in the 3'ss region in E. gracilis introns is significantly different from that of
Opisthokonta organisms such as humans and yeast. This research provides new insights
into the splicing mechanism of these introns as well as the genomics and evolution of
Euglenozoa.

3. We successfully screened a small-molecule inhibitor, Ca, that can inhibit the
Dbrl enzyme activity in E. gracilis, thus laying the foundation for future studies on
Dbr1 function and intron identification.

4. We have developed CPP- and DMSO-mediated transformation methods for the
delivery of exogenous materials into this algal. Comparing to other available methods,
such as agrobacterium-mediated nuclear transformation, electroporation, and
microinjection, our methods are fast, convenient, and efficient.

Key words: RNA-seq; Intron; SL-RNA; Virtual screening; Dbrl; Cell-penetrating
peptide; DMSO; Intracellular transformation
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A TT YA A 25134 T AAH B R 5 T A twintron SX A 2% 1 4 5 5T 230,
HAT, AT B AR R T EoRk 5 ANRANRERE, X HoAth M) Ah BT 34K B BIF 52
xR D . (A gIREE T R SLRNA. Ul Al US snRNA 4 T E g e ok, H
fith snRNA 737 FE FH A V3R AR FIN . 1 $h R FRATT0S BY B AR b 22 S PR R IA

W, AWFUE S CF AR B R AL AT £ B2 i, JF it il ses Uy
PORBEAT 0 TV E . IR, BT HATEF AR R 40 A A R v R RGE T4
WE T, WETRILIFA . it JABERMMAYER 205k, il
LRAMARER L D AL S AL, KRB E AR AR N &1, IR
THRHEREAT 7RG 0B BeAh, FRATIEE T R 407 126 U7 ik SR B X BT AR I S
fig Dbrl [/ 13070, )R 08 I f ] BY Bk A& FREAT SR B . BE
PV 1 PRI SR o 5 N AT AR A B I AL TT V5, D RO £ AR e 1Y)
Iy T ANAR ML AE ) AT T BE 1 AR X ST AR ARG BT 1R R LT TR SR FRA TR B
REREIERIVGR, R RIS BT REATL A ) B A

Sk

S
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EB—E ARREIEREESLE

1 H#

21 A AR — S O T BRI R AE R BT R 2 R, B AR AT AR AE AR
RNA (precursor mRNA,pre-mRNA) F& P55 KA AE 5 LA & 8742, DA -2k
LR TT AT TTT 289 T 8Y9%. SL-RNA /3 =080 4%, B SL-RNA [F51H
SL M & T HUAX pre-mRNA 731 5'%i 4 % T /7 51 (FRA outron) o IXFPBY 4278 :UAE
NFEFAWE B bR AR UL, SR AN AEAE T 2T AN 27 AR el Sy e A
071, 55 NEREERERAL, 2P 40#R 7 pre-mRNA ¥ N & T L & outron 1 SL RNA
HAMFEK S GT F1 3' AG BRI 5080, R, X PR & 7RIS N 2
B AR AL . BIBEIAH 5 4~/ RNA (snRNA, Ul, U2, U4, USFI U6) A% E
PR F BRI . BYREAAR SR (4 7] 3 4 snRNA A1 G (4 (3% Sm/LSm #% 0 5 A A1
# H 1 snRNA A 5¢H ) FIE snRNA AHCEE ABER A E &), Y4k it 413
Wos . AR RSB BOZ A N & TR ZBR . BERT, 373K UL F1 US snRNA
DA% SL RNA CL7E£F AR b i 45 g k192021 SR, HAR Y snRNA B BT 44
HEARTAPE T guiEh mAE 2. Bk, FATEREE S AR =Rek
S P B AT AE S B2 0T, X AT AR S BT B A S 2 4 i AT TR AR

2 MRERE

2.1 YHpEaKE
*1-1 R, EFRFHFIKIR
Table 1-1 Cell name, culture conditions and source
Y AL TR L) RS Bt
Euglena gracilis FACHB-848 HUT #5373

DA - 20 B R ) S T o [ RL 22 B K AR AE I FU BT, BT BRI A e R S 56
OEIRIEFRIRG A TR, B3R 2408 25°C. 100 rpm. 2000 lux.
22 EERF
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* 12 B IRERIR

Table 1-2 Reagent name and source

B R G SN |
SMARTer PCR cDNA Synthesis Kit Takara, H A
FastKing cDNA 25— & B Rl (kR 4) R,
Phanta Super-Fidelity DNA Polymerase TEMERE,
Trizol AT,
DEPC BT,
] R,
Ft R,
75% LI FrEE,
K L EE R,
DNA 73 B3 Marker D (100~2000 bp) AT,
— AL (DMSO) MP, % [H
= T,

23 FEMNSERFEM
=13 UBFHEBREKIE

Table 1-3 Reagent name and source of instr uments and equipment

&2 AR
BX63 1E & W BAMEE BARES, HA
Ultrospec 3100 pro 73 6 it Amersham Biosciences, % [H

24 AKSLIGHEXS49
S R T FH 21 PCR 51 93 HH Primer6 #4E 81T, HAERHEMIRH A PR A F
R R 1-4.

% 1-4 PCR5IHF7%
Table 1-4 P CR primer sequences

#H 5 (5-3")
egSmD1_F GTGTTCAATGAAGCTCGTAAG
egSmD1_R GCAGTCAAGAGCCGCCACC

egSmE_F TGGTTGGGCAAACAGCAGC
egSmE R GCGGGGCATGTACAGGGTG

egSmF_F GCTCCACCTATGAGCTTTGAG
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4k 1-4
#HK 5l (5'-3")
egSmF R TGATTGGGCAGCCAACTATT
egSmG_F CAACTCACACAAAAAAATGGC
egSmG_R GCTGCCGCACAAAAAAACC
eglLsm4 F AGCCCACCCCCATATGCTG
eglLsm4 R GAACAGGGCAGGGGATCGG
egLsm5_F ACTACCACATGGCTGGCGC
egLsm5 R CAAACGTGGGCAGTGGTGG
egLsm6_F GGGCTTCACAATGGCCGAC
egLsm6_R TGTCGTTGAGGAGGAGGGG
egLSm7 F CTCAACAAGTAATTGAATGCCTGC
egLSm7 R GTGGAACGACAGCGGAGAA
egLSm8 F GCCAGCCATGTCTCAGCAA
egLSm8 R GCCAGTTGGTGGAGGTTGT
egUIC_F GGGTCGGTGGGATGCCGA
egUIC R TGGGGTCGGTCCCAGGCT
egU2A F TCGAATGCGGTTGACAGC
egU2A R TGATGAGCATCCACCACAG
egU2B_F GGGTCTTTTTTGGAGGGCG
egU2B R GGGATGTGTACCAGCGAGG
egSF3B1_F ACGAGAAGGTGCAAGAGAATTG
egSF3B1 R CTGGTGGCTGATGTATATGTTGT
egSF3B5 F ATGGCCGACCCATTCGTC
egSF3B5 R GTGTCACCGTGTCACTGTG
egSF3B6_F CCTCCCCCCGCACCATGT
egSF3B6 R CGCCCCAGAGGGTTCACC
egPHF5A_F CGCAAACCATGGCAAAGCA
egPHF5A R ACGACGTCATGCGGCGAGG
egPrp31 _F CATTATGGCAGAGGCTTTGG
egPrp31 R GCAAGGAGAGTGAGAAGAGG
egSnul3_F AAGTTAGGATCTGCTTCTGGTTCAA
egSnul3 R CGTCATCTGCGTGGCTTCTT
egPrp8 F CGGCCAAGATGTCCATTCC

egPrp8 R

GGGGGGGAAAGGTTGAGTATG
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gk 14
#HA 5l (5-3"
egP8-1.5k_F GAAGTGCTGGGTGCTCAATG
egP8-1.5k R CATTGAGCACCCAGCACTTC
egP8-3k _F CAACAACCTGACGGACATCTG
egP8-3k R CAGATGTCCGTCAGGTTGTTG
egP8-4.7k_F GGAGAGCATGAAGTACAAGAAGC
egP8-4.7k R GCTTCTTGTACTTCATGCTCTCC
egP8-6.3k F CTCATCACCACCACCTCACC
egP8-6.3k R GGTGAGGTGGTGGTGATGAG
egU5-15K_F TGCTGCCTCATTTGCACAG
egU5-15K_R GGTCTACAGCTGACCCCCC
egCwel5_F GCCCGCCCCATGACGACC
egCwel5 R GGGCACGGCGGCTATTTG
egCTNNBLI_F CGTGGAGAAGGCGGAGAATGA
egCTNNBL1_R TCACCGTTGGCTCCCGAAAC
egBudl13_F AGACCAGCCTGACGATGATGAA
egBudl3 R GGGAGTGGTCTTCAGCTCTGTT
egY14 F TTGACGAGGAAGACGCCACTT
egY14 R GCAATTCGGTGCAGTCTCACAA
egSUGP1_F CAGCGTAGAGCGTTCCAGAGTA
egSUGP1_R TTCCGAGGGTCAGACACATCAG
egUBL5_F CGATGCCGATGATCGAGGTGA
egUBL5_R TCAGGTAACGGACAGCAAGAGG
egFAM32A_F AGCAATGTCATTCCTGGCAAGC
egFAM32A R GCACCACCTCGTGAGAAACAAG
egCDK10_F TGGAAGGAGTTGCTGCTTGCT
egCDK10_R GGGATGCTCGGCGAAATATGG
egUAP56_F AGCAAAATGGCGGATGGTG
egUAP56_R GTACAGAGAGGAGGGCAGG
egU2U1-369779_F CGTCGGAAGTGTCTGATGGTCT
egU1U2-369779 R CTGCCGCCGACCTCATAATC
egU2-1198033 F ACCAGTGCAGTCTGGATGGC
egU2-1198033 R TGGCTTCGCTTGGTGGCTTC
egU6-1250410_F CGGTCTCCAAGTCCTCAGTCAG

egU6-1250410_R CAGTTGCCGTCGGTAGAATGC
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25 EBEHTZEKFEE
%= 1-5 HUTIEHFE
Table 1-5 HUT culture medium
RilE i HE
KH>POy4 0.02g
=i 0.60 g
MgSO4-7H20 0.03 g
FERESE ) 040 g
LR 040 g
Fr R B 0.04 g
1004 X 4E4 28 B12 0.10 mL (ELAHBLIM)
1074 X 44 % Bl 0.10 mL IR
WL pHAE 6.40
EETKERR 1L
R K
R1-6 1077x44EE BI2
Table 1-6 1077 Xvitamin B12
W &
Yk B12 5g
EETKERE 1L
R 1-7 104X 4% %E BI2
Table 1-7 1074 Xvitamin B12
RilE i HE
10°7 4E4£ 2 B12 1 mL
EETKERE 1L
= 1-8 104x44% % Bl
Table 1-8 1074 Xvitamin B1
WA &
44 % Bl 4¢g

LERTKERE 1L
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26 KWHE
2.6.1 /NG TR AT AR A

¥ BT 40177 Pladienolide B (PB) (Adooq Bioscience, 3%[E). FR901464 (Ad
ooq Bioscience, 3£ ). Herboxidiene (GEX1A) (Cayman, 3%[F) LA OTS964 (T
argetMol, FE[E) H¥ET I (DMSO) H1, I LLE 24 (11 B N B 21 40815
A . FIREr BRI Ultrospec 3100 pro 73 GOt THIME AR, HiFrdiw e
FIH BX63 WAsE M2 A4
2.6.2  LAMBREERE ALy

G, AT A AR G A% A FEEAT RNA-seq WP . B T-3RAT] R O0) BT 4 0k
AT 0, R\ FIAA Oligo (dT) MREER MHIEL )& RNA 5 47 polyA )
RNA RIAJ . [ Jo #E1T cDNA SCEEREE, A 80 % 5% 651 & (Clontech SMARTer
PCR cDNA Synthesis Kit) , LA mRNA A#EHR, & cDNA 4, F£# cDNA #H4T
Ui AE 5 DA SO N P Ee sk, DRI AR 2 T S 2 M7 ST« R AATI A SC P
BRI 58 B J5 S B EAT B AL o AR seie e v RB0R (dbxt, #ED PacBio
Sequel =M F RGFAT. N T IRIEEIR AT 5L, TATE B (EH Mlumina FEAT
“RESHEFHANT .
2.6.3 TR

B4, A Trimmomatic F2 F7 % = A7 K43 (1) FLNR Ji 46 H4f 2 B Il 7 4%
SLFFXF H H B 4T AN T NCBI-BLASTX 70 #7. Bl JE AT SRA %4 A T B ab
N IIET 414 7% RNA-seq Z4l (SRR20948801221;  SRR2628535015) , A K id i — AR
J¥ 3k 45 Reads AR 204, SR 54 P& 43 32 1T Fastq-dump F2 5 i3E 47 4 2 4 A1
Trinity #AT IS HEFAHHE, I Trinity HH% 045 UniProtK B $4 % U1 i T 4K
reviewed ] Fasta #% 2 1 4 008 1 A 4k BLASTX 2 /7 34T Ly o 285 78 LU Xt
CERAE R AR AL OB RN, PRI B 45 S0 ) Trinity 45 4% 21 Trinity
PR SCAE RS R F, S B 4T NCBI-BLASTX /04T, LB A HA &S
JEF BB . 5, B =1 RNA-seq &5 RT3 BB B AT B & 0f Lh,  DASRAS
B8 22 (1 B H e IR B AN B TR B S BRI A K P 51, K T R P B 4 5k R ] SR AE AT



PRI S
TI,  RAT LT AR e B A O B R RE A

R4 A NCBI Wi A R B 1) N BT EAR B A5 o K £ AR 15 A P e 4
JE A AR ) 0 B e B A dm RS BE TR 7 A1)5E i BLAST 207 5 A KRBT B Ak A7 A
TR, B S S0 T T SR AT TR
2.6.4 PCR /) HT%5E

ARG LA 0 i PAF P AR BT B R K 7 31 vt 51 (GR 1-4), fiH&
{# H 5 (Phanta Super-Fidelity DNA Polymerase) #1T PCR %:iiF, 7EX} Prp8 474"
HEy, R AR N A BTG . K PCR A R (bat, S ED
BEAT Sanger W53 Hr, ik —DEGIEIRATI I 45 1€ oK A £ AHBR L BT Bk R R A7 AE
2.6.5 AAMHELS RNA FIHEHL

5 FH TC A S £ 4 R 20 PR R I B e A% R B 1 1.5 mL EP B by A
OAL 1000 g, 1 min YCEE4RM, F B35S, SO 1 mL DEPC /KIEBE4NL— R, fi
FHAH ) (4 B O S5 A EAT DTVE A A o TS ARAE DTV &N Trizol 772 AT 2440 L.,
L ZIRRATIRS, =ZiREE 508 A 200 pL &07 B2+, TeRiEE
WEGIRS 15, =EHE 2-3 058 4°C 12000 g, 15 min &L, BOERG
EP E RGN 2 A=Z, AN EEWERW EP & A A
500 pL [P INEEIS W, ZiRFFE 10 286 4°C 12000 g, 10 min &0, 7 i,
FPTHE A 1 mL 75% Jo7K OB, WATIRA)JG f-IRTE 4°C R iEAT 7500 g, 5 min
B BEH EERMITR LT, DU EIRBCE T, £ EPEH 75% KL
BEE R SEEE NN DEPC /KIEAT VMR, K IEBOIRAS Y RNA SLEDE T0K FisE .
6 ZFYHERE cDNA & L

DLEF AR5 A RNA AR, 4% FastKing cDNA 25— 85 & il 7 Gk A7
gk, TUKLACE FHIZERA DNA LB MIRAW, W& 1-9.

# 19 EMFH DNA EBRRRAFFR

Table 1-9 gDNA removal reaction system

2.6.

Ay A&
5X gDNA Buffer 2 uL
Total RNA 50 ng-2 ug

RNase-Free ddH>O up to 10 pL




B R %
MRS, JHREEES, BT 42°C, WE 3o, RRETIKE. TiKER
BIREFRNARRIREW, WK 1-10.
®1-10 REFRNER

Table 1-10 Reverse transcription reaction system

H R RE

10 XKing RT Buffer 2 uL

FastKing RT Enzyme Mix 1 uL

FQ-RT Primer Mix 2 uL
RNase-Free ddH,O up to 10 pL

B sk N ) Mix, N3 gDNA LB BRI RN F, RS . 42°C,
WEE 15578, 95°C, WE 3 B2 JEErK b, 159301 cDNA H T 5 22525

3 HBREDH
3.1 AMEENEAEREENEES

AR T N BT H A4 57 A4 b B 1 0T A R 71232425200, JRATTHE R T N 257
METEAER (& 1-D. A3 110 B MR E R (snRNP) A1 79 3E snRNP
HH. snRNP HEMHE 14 Sm/LSm & H, 94 UL HKREH, 214 U2 MHKE
H, 5N U4MKRER, 8N USHRER, 11U HKEHR, 54 U4/U6.U5S &
HEYIEH, 19 NTC. NTR LA IBC#H, 31 RESHH, 154 EJC/TREX &
H, 74 ATP B, 24 CBCHEH, 1 MHF. F snRNP 4 79 M Fr By s kR
FLAERBRESY AT 15 MEA, 1 pre-BEH, EEYWBH 11AEA, 14 pre-
B H, Ea¥ Bt 740MEH, EEYWB/CH 194MEH, 1D pre-C, H&
WP IONER, BEEMCCH BAMEAMESYWILS P2 MEE. BRE
R 189 NEE4L, EH 124 SR EMH. 23 4 hnRNP & 1 8 4 pre-mRNA 45 &
HH, 25 M HEEH.

10
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A (&
A»@@»ﬁ@ P9 -B--B:8
pee-mRNA .
=RNP
E A preB B puB““ Bact B* C Ci preC* C* P ILs
us NTC RES ATPase B B*/C pre-C* C/C* misc SR hnRNP

U2-related

PRPAK KN17

pre-B pre-B*
Mscel]aneous proteins

U5 snRNA
PRPS -
BRR2 TRR !
SAGH EJC/TREX e
TXNL4A BUB3
Co28P2
AAR2 J pre-i mRNA C
uuue us RB 610
USPag F
RBMH2 5
SNRNP27 :
SRPK2* =
"

B 1-1 AR TAEEEIRR A KR ER
Fig.1-1 The human spliceosomal proteins collected for this work

E: AATHEIARF BAFTRARELESDH R BAAX 2T HHEKE G,
Note: A is thirteen spliceosomal complexes is formed in splicing pathway; B is the 257 human

spliceosomal proteins.

FRATT SRA HHe 7 o (1) 2T AR 5 SR 28 I P BB AT 1 40 W A AMRATTH —
RIES AR S LRIABISIE R, KA 8dEa IR et Gy
LS IE W) F1 2 7] reads), FEF)F Trinity 72 5 #3847 FF 5 $f 4% . @ id BLASTX Xt
Trinity FIHf 245 2 5 UniProtKB £ 1 BT84 e HEAT LS, B 5 ik — 5 5 AR RLI A
KT A 4T BLASTX, SZ3R1F 1 166 A0 BBy B2k A (& 1-2 A 1-
3. WATKIL, LFApREE PRI RZ RKREEZEY SR hnRNP, B*/C, LK
EJC/TREX HHIE H . BT =/ snRNP ZE [ (Ul A Prp39. U6 K Prp24 Fl
U4/U6.U5 snRNP [#] snRNP27) 4, B i) snRNP & [ Al ATP B #4775 T 21 4060
#H . Br T PRCC #1 CCDC16 #F, NTC/NTR/IBC/RES E 5¥+H HARE AW E R
SEI

BT RIS 54 RNA-seq 7 T A HEE 75 de T, PHRIRETRS
HIL— iR, BRI HAT 7 =R KERAN T . EilfTeKERH T
dr, WATEILIRIG T 258944 LM P P51 A KFERALE TS5 LG,

11
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HFT 232051 KA EF 5. FIHZREZL LU cd-hit EERTUR T,

1327 21850 MEFALL K 9669 2 E: K. Bl 5k =AU R 2 & KIER& TP 5

RO RNN 166 A~ BI R ER [ LRI 213 %7 511347 BLAST WLt 4041, &l
RAHF AL BE, BRAAE 21850 M sk ALL J 9669 s K 33 7 130 M HE H

168 26551 (K 1-2).

| Next-generation transcriptomic RN Aseq I

(SRR2094880, SRR2628535, DRR110356-9 and
one fromthis study)

¢ Trinity

I Assembled fasta sequence file |

¢ BLASTX/Diamond

166 E. gracilis spliceosomal
genes and 213 sequences

Full-length transcriptomic RN Aseq I | E. gracilis partial genomic draft
130 E. gracilis spliceosomal The other 36 spliccosomal
genes and 168 sequences verified genes and 44 sequences
one sequences was chimeric Genomic structures for all
and discarded 166 genes and 212 sequences

E 12 AREEEEEREREESTRIE

Fig.1-2 Working procedure for bioinformatic analysis of E. gracilis spliceosomal protein gene

us NT RES ATPase A Bt B*/C Cc*P C/C* misc SR hnRNP
U5 snRNA HTATSF1 PRP17 DDX57 9G8 AB
PRPB. F1 PRP18 RACK1 SRp38 M
BRR2 sLu7 DBRA hTra2b R
SNU116 DDX35 RBVM4 E1B-APS
PRPS EJC/TREX FAM32A HSPA1A PTBP1/2
TXNL4A NKAP TIC14
CrEE2 CERG1 Cactin ZCCHC10
SNRNP40 68/p72 SDE2 CDK10
NTR ; POB/p
e i pre-mRNA RBVG FRA10AC1
U4él:\6ml-:5 CRNKL1 pre-B pre-B*
U PPIL1 PRPAK KIN17
RBVM2 s%“l
U2-related F2.
a Shs Miscellaneous proteins
IBC CRA CCAR ZNF207
AQR el
XAB2
1SY1
PPE

13 ARRETIZEEAEE
Fig.1-3 E. gracilis spliceosomal protein gene
B BRI, 36 METEE R AR BMAE T REH g . B
NCBI 3 F#RI E. gracilis H A0 (FEFH% 5 GCA_900893395.1) #4745

12
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B, FRATRIIX 36 AFE K 1) 7 51 B AEAE T 41 4R R Bk R 20 E I 358 AR R
ME XK, thin, HAd ) SF3BS fl SF3B6 XA BT k%08 H (K 1-4), 1F
FEPR2H B B X R 81 A sga. contig 165869 Al sga_contig_ 1456208 .

SF3b5 SF3b6
8 8 8 8 8
Q s} <1 o =]
o — [ T N N - B, mRNA
e § ) genomic
S S &)
- Y o

69 sga_contig 1456208
& 1-4 Mg EsIiEE PR E SF3B5 # SF3B6 RUEFEHLFE

0

sga_contig 165

Fig.1-4 Genomic identification of E. gracilis spliceosomal protein genes SF3B5 and SF3B6

“E: i@ i3 kablammo #2 /5 5 #7 % 2] SF3B5 #= SF3B6 #9 mRNA 57| & & B4 5 7] L3t 5 6942 & o
Note: mRNA sequences of SF3B5 and SF3B6 were projected to correspond on the genomic

sequence by kablammo.

3.2 HHH#EE U2 5 U6 snRNA Y534

FEAAEEF, R4 Ul snRNA fll U5 snRNA # %2 i, H AT EA N
MWA%%*ﬂ%oEnMMmEEgmﬂBﬁ%%%ﬁﬁ,HEMMWW¢%
U2 5 U6 snRNA J2 O i 22, Rk, FRATTEL E. sulcatum W% 5E B U2 5
U6 snRNA MR, I FH BLAST F2 /5 75 £ 41 4 5 5 (K 21 o 2 FR AR L 1) R8P 51
BAVRIT 5 sga_contig 369779 FH 5 E. sulcatum U2 15 FEARLLIZ) 200 bp K/
B, R H 8kb FIKEE B 10~ U2 28 DU B (B 1-5). B FREA TR A
FERTTIESEE T U6 SR FRA ARG E A OC REGE ) E. sulcatum A1 1. brucei 1f] U6
FP3, R R I AR 1 [F) U5 7 ST, (EAR SR AL O REBUZ M S Ub %€
T 4R B FUE 7 A1 . FRAITAR 3 6 B SR 19 U2 (sga_contig_369779) #l
U6 (contig_1250410) ZEFZH 751 (K 1-6) #E—SHEMHE T U2 5 U6 snRNA ] —

gitty (B 1-7)0
sga_contig 369779
0 2 kb 4 kb 6 kb 8 kb
»D = » = » B =» » » = » = » =B » = »D =
Uiu2 Uilu2 uUilu2 Ul U1 Uiu2 Uilu2 UiuU2 Ulu2 uUilu2

S
S
N



Bm MBI B E
B 1-5 4%+ U2 snRNA UK E
Fig.1-5 Genomic identification of E. gracilis snRNA genes U2

>U2

ATACCTTCTCGGCCTTTTGGCTAAGATCAAGTGTAGTATCTGTTCTTATC
AGCTTAATTTCTGATATATCCAGCACTGCTGGATAAGAATTAAAACTAAT
TTCTTGTCGGGGGCCAGGGTTCCCCTCGTGCTTGCACGAGTCCTGCGC
CGCGAGTCGCCCTGCTATTGCACTACCGGCAGGCGTGGCTCACCC

>U6

GGAGCCCTTCGGGGACATCCGCTAAAATTGGAACGATACAGAGAAGATT
AGCATGGTCCCTGCGCAAGGATGACACGCATTAATCGAGAAAGTATCACC
TTTT

B 1-6 £F4R#RE+ U2 # U6 snRNA RIEFE AR
Fig.1-6 Genomic sequences of E. gracilis snRNA genes U2 and U6

G

c*g
G A
U-a
o 6
Intramolecular
e c-€, t. amolecula
U G c-eU helix
c-6 Ua
Ice G€acC
G G
Gc -GAC v UA 100
a -uC Helix Ia : U o Accuuuu 3'
G, * G &% UAL?
t UU|||||||||||| ,
5' G € GCUAAAAUUGGAACGAUACAGAGAA! qtﬁ Y UYCAUA 5
UAGA
A .
HellX Ib Helix I1
cucuaveaue?” che
< T VU, &6 Y,
u Ila o c€ U £
¢ (I;IAI | ItlJ 9 UG
A GAUA c-€ c-6
U 11 v
ot UAUCCAGCR o .
[N . U-A U-Aa
AUAGGUCGy €€ w 6w
A m Uic€  ce
G A g pe -GC
i < GU
0 ST cs
GU G
oy c
" c-6 G
A, G- AU

cmccc;as-c G ¢ G € accc 3'

[ 1-7 SF2B485%+ U2 F1 U6 snRNA B RE5HE
Fig.1-7 Secondary structure of E. gracilis snRNA genes U2 and U6
E: REAELT U289 Sm £ &2 542 U6 ) LSm 25642 5, T RI& & T U2 8949 £ & (BP-A)
254 KA U6 89 5' 3 442 = (S'ss) 4 X

Note: Gray boxes indicate the Sm binding site of U2 and the LSm binding site of U6, underlines indicate
the branch point (BP-A) binding region of U2 and the 5' splice site (5'ss) binding region of U6.

33 SHERETIZRFESHNENEE
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TRATH SR (0 2F ZH ARV ol RNA FEAT W%, IR DL 15 31 cDNA K

B o B JE e B 29 AN 21 4R BT 42 2 B 2 Rl 64T RT-PCR %iiF, LA U2 snRNA

A1 U6 snRNA [#] PCR %1k . PCR Rl 45 & W], 1X 29 BTN U2 5 U6

snRNA [¥]/7 545 2 IR (B 1-8) o W7 R Y 14 5 5 S5 PF4% 5 7 R A F 1, X
BB RIRBRATTAIT 45 5 R AT AR S BT e B R A7 42 B3 5 1B o

T 2

1-8 AMEEFIFELRERE LK U2, U6 snRNA B PCR £F

Fig.1-8 PCR verification of E. gracilis spliceosomal proteins genes and snRNA genes U2 and U6

E: U2 AR U6 B M %5 & d R HE GCA_900893395.1 F #9 5 5| 513 R 49,
Note: Numbers after U2 and U6 are genomic contig numbers according to GCA_900893395.1.
34 SLNSHRNEHEAMEEFNLEY

LRANRRE — A R E R SUR A SL A SR AT HE . 78 5 AR AR BT 4
B AR, WANERBNFZ RN FEEH SLAMNE T 7R3 227 4n ki
166 AN BT FAER A 212 Mgl rh, AR A 193 AN P53 & 4 SLAME T,
i 91%. B4k, BATERN T =4 K RNA-seq H [ sUBT I Ll o 7E S 4411
9669 N EEF 1, FH 7028 MEERA SLAME T, 5 72.7%. XEW, KZEHLFHER
PEIE K HRAFAE SL A T BT .
35 AMBEESHEYMEEAEBREMLLR

LRORBREE S A IRHE dL . AL IR 2 5 EE B OC R BRI Tl Ut Rk,
AT AT T X LWy () BT AR 2 . F ) BLASTP 27 AT R 247 [

15
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78 A BT AL AT 8 5 e 76 AN BT . AT DL PR S5 AE A RAR
B 7 AR AR SF R snRNP 2 4, 45 Sm/LSm. U2, U4/U6. US fl ATP f & [ .
A1 EOHE He 5T IR 2 5 OB e 2R (T LU 45 R I, W R B e i B T AL A
FEH UM 2SS, Hd SRSF7. hnRNP D A1l hnRNP F/H AUAF4E T4 [RHE R, T
Y14 AAFAEF AL IR 2 R dep (IR e—) . gk, AT D% 7 FJE il
G103 )5 A A2 W) Diplonema papillatum (D. papillatum) (F 83 82 R 415, KRIL T
R21IABEEA. 48 EAR, AP S R, A5 An IHE R AAL IS
R 2 RAE B AR B P AFAE RS, X P ZE R TR 5 EATA R A 4777 20
YRR
3.6 LFUBARERXT B HHIHIFI A BURRY 5 F B AL

H T O R BLYF 2 870177 (Bn PB AT GEX1A) Al et /8 I T 45 i 1 31 4 £
AR He . FRATIEEL T DA ST HEAM B, 20506 T A R 4
% 25 TR A £ A AR 0 X S R T AU (B 1-9)

A

- PB GEX1A —~ FR901464
= Hygromycin - EtOH + DMSO
1.5 OTS964 = Ctrl

1.0

A600
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1-9  BUHEHIHIF X A AR A KRS RS2

Fig.1-9 Effect of splicing inhibitors on E. gracilis growth and morphology
E: AARR R T ZAPF FIT A m R A KGR FEWPH A €46 PB (LKA H 1 pmol).
GEXI1A (1 umol) . FR901464 (20 umol) #= OTS964 (10 pmol) » # % = X & R 0 & 2 J ik & o
Frirter mmRE ML A K LK CEEAE A FadE S B, 1A 1:1000 69 se 5l iFAe o 31 & (50
ug/mL) T ¥l F iR min £ K, 1ERH MR, =% BAAE A &7 2882 1:100 6 tb 5] e
NE| HmREEmict; BARATRTEWHNA LG mREMC= RGO mIBAHNE. £
100 4 4%, F #4%. 47 R: 10 pm.
Note: A is growth of E. gracilis treated with different splicing inhibitors. Splicing inhibitors
including PB (final concentration 1 pmol), GEX1A (1 umol), FR901464 (20 pmol) and OTS964 (10
umol) were added to E. gracilis cells, and cell density was measured daily for three days. EtOH,
which promotes growth of E. gracilis cells, was used a positive control and added at a ratio of
1:1000. Hygromycin (50 pg/mL) inhibits E. gracilis cell growth and was used as a negative control.
DMSO was added as a solvent control at a ratio of 1:100 to the E. gracilis cell; B is cell morphology
of E. gracilis after treatment with different splicing inhibitors for three days. The micrographs were

taken at 100x magnification. Scale bar:10 um.

HF PB &Ml 7/E T SF3B1/PHESA AW (B 1-10A), AT T A3
FNLFYHAREE ) SF3B1 A PHFSA ®H 751, SF3B1 1EH & Z AL N 79%, 1fi
PHF5A 4y 92%. PIFRER E B P21 L 45 BRI, £ AN2K SF3B1 &5 H 15 PBAH A
TERE) 8 MRFEH, 1078 FLIZZRR (Val) fELFABRREE AR | e IR (le) « A B
PHFSA & 158 36 A M IE IR IR IL AR B T LI ZER (Cys) , ELTANREE AR R 1 20
2% (His) (& 1-10B) . JBLATA B 7 IE 11X P Mk 1) SR AR {8 PB X% SF3b 45 & 1
BE I8 5282, DR BRAT A T AR s AN URR 1) i R B 7E T otk
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om0

PHF5A

'S X
PDB: 6EN4 N 3 /st

TN LKAHKKE IRRAMENTFGY IARAIGPEIDVLETLLNNLKVOERONRVCTTVAIAIVAETCSP
IS I IN L KAHKKEIRRAMMNTFGY IAKAIGPEDVLETLLNNLKVOERONRVCTTVAIAIVAETCSP
SF3B1 A AL X A A

ISV ENEF TVEPALMNEYRVPELNVONGVLKSLSFLFEYIGEMGKDYIYAVTPLLEDALMDRDLVHR
VIR F TVHPALMNEYRVPELNVONGVLKSLSFLFEYIGEMGKDYIYAVTPLLEDALMDRDLVHER

A A

PHF5A 1 AKHHPDLIBGCRKQMGEAIGRLCEKCDGKCVICDSHVRP[MLVRICDECNYGENIGRCVI
PEMAKHHPDLIRICRKOBGMAIGRLCEKCDGKCVICD SEIVRPEBALVRICDECN Y GRPAGRCV I
*

1-10 AES5LT4RIEER SF3B1 M PHFSA A LLE
Fig.1-10 Comparison of SF3B1 or PHF5A protein between humans and E. gracilis

#E: A ANk SF3Bl 4= PFH5A & & 5 PBAEFl =4 454 B . PHF5A %4, SF3Bl A% &
SF3B1 F 1078 42 4 £ BR 5% 4 A= PHFSA W 36 12 bt R R 5% 4k A & & [ B 47, & SF3BI A=
PHF5A Z [ #) PB A A7k &7 ; BAAX L4 @R SF3B1 4= PHF5A & @ &) 7 7kt &
Fwstprle, L@ FrikaALREaM, TaOFIIRATF@MRE, Foh T H#H
Egamamne i NaZint, SE3BBI&EAT5PBRAIE AN ARAEINRE=AN
AR

Note: A is three-dimensional structure of human SF3B1 or PFH5A with PB. PHF5A is colored red,
and SF3B1 is colored green. SF3B1 Val 978 and PHF5A Cys 3¢ are labeled with dashed circles. PB,
which is harbored between SF3B1 and PHFS5A, is indicated with an arrow; B is sequence alignments
of human and E. gracilis SF3B1 or PHF5A. For each alignment, the upper sequence was from
human proteins, and the lower sequence was from E. gracilis. Residues in proteins that influence the
interaction with small molecule inhibitors are indicated with red stars. Other residues in SF3B1

that interact with PB are indicated with dark triangles.

seAh, FATH SR A5 R RN, A AR BT #E4& CDKI11B/CDC2L1B031321 (K]
1-11A) (1) OTS964 XF A AR AE K AR A 5o . FELFARES, AT KT
—Fh 5 CDKI11 AN [F Y54 (CDK11A/CDK11B) f C i S il 45 ke 4k B A K
29 T0%IARIE . A28 CDKI11 4EHE OTS964 45 AT M AN TR 2 572 ML R
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M2 (His) A1 579 AL H)H 2R (Gly) o« FATKILEFAN#REE CDK11 & 3 #48pk 1 Hofth
WA (E1-11B). W EIRIIHORE, FARERN BT AR A 5 N H BT
PR A AR IME SR BRI 22 57, DR 2T AR BUHA0 71 OTS964 AU

A

Lubuwrannnx'rsnm.

EDFGLAR|S SiIFLIAY \4
EDFGLAR|S SIFLINAY \4
D FGLAR)# Eld1I4KM G

*

RS ILHDNWISHRDLKT SN LL#S 129G B

526 [ARATHV I
CDKI11 538 [ABATIAV 1
NSRYLEDNWIMHRDLKT SN LLNS NG

*

1-11 AX5H4RER CDKI11 ZREEE
Fig.1-11 Comparison of CDK11 protein between human and E. gracilis

E: AHJAXCDKIIB& &5 OTS964 48 Al =445 B . OTS964 Ak & -F. OTS964 5
CDKIIB R &y £ 38 R 4k & Ao B & K 7. CDKI1IB ¥ 572 42 20 RBR 5% A A 579 42 # £ B 5%
AR E AR BRI, BAAXSS @R CDKI & A8 FFIest. LaaymArrka Al
% & /it CDK11A #= CDK11B, KT @#)/57k A @R, #rq o FHHh b & atn 24k
&R R 4 2 AR .

Note: A is three-dimensional structure of human CDK11B with OTS964. OTS964 is indicated with
an arrow. CDK11B domains that contain OTS964 are colored green and blue. CDK11B His’”? and
Gly>” are labeled with dashed circles; B is sequence alignments of human and E. gracilis CDK11.
The two sequences above were from human proteins CDK11A and CDKI11B, and the lower

sequence was from E. gracilis. Residues in proteins that influence the interaction with small

molecule inhibitors are indicated with red stars.
4 LHip

AR, RATRINEEE 166 ML B R H AN, #iE T 44088
EEHR U2 1 U6 snRNA IfFEAE. i AR RATEE B 1 A PQHE HU iy 78 ANz i 3 ANAT I
FUT 2 R 76 ANBIEEH, LK D. papillatum (1) 121 ANBIEEH, KB RS
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P TR RS
A2 AR B B g - B A IR 2 5 o ) DU b N S B o0 i 75 Ak 2 4T 200 4
AR, FRATR I AN IX e N 2 B0 | 35 A UK
5 g

AR A, TATRH AR SRS S 7 DL S5 A HT N B 5 40 7 45
RUATXILG, RALEEN T 166 B8 H HE D DL S 2 iR 3 vh i) u2 H1 U6
snRNA. £ ZRESHFHE Ao KEFALE TR, F 36 Fhoykim it
R AEET =AM B (1, (H R 5 SRS R A E 75 AR e 4k 33 8 Ik (R A
I ER 51, R I 8 2 AR 4 i 25 R ik /K P RIS, 8okl =Raek
RNA-seq farill 2], ASHE 704 € (LT BRI B AR B L DR R B, RE640 1) snRNP
N HAIREH, LA AE snRNP [£] NTC/NTR/IBC/RES & &) 5 13 76 £7 4043 5 Hh 2
TR MHEEZ T, REFMEM BWR P EE . SR B H LK hnRNP BN
Gy KA . EHT, Ebenezer % Nl R SRANFEIRE AL EH T
AR — LB R G U, (HSIRATM AL, AT R R A TR,
X A] B8 A HH T AT %) 2 R ZEL RN 2 s A s AR RN I AL — SR (B, ik
IR A Prp11/SF3A2 5EF5 b A& SF3A3) o BLATAh 1T SL A5 1 e X BT B AE £F 40 4R
BRI P R AR LR 50%22 . ABFFTH, FRATTHEE T 3RATI 2K s 4 45
PG IX R, KB AR TS S . AR R UBT AR 2T A AR i vh e A7
FE, RX PP (1) B A B AR W (R SO AR R AR NI o T8 I AT T X 2 2 4
BYREARZE 4y AT S8 BE MBS T8 3 A, FRATHIRA 13X Fh AR W b BT REAR I BEACRRAE, N
WL AR BT BeAR 2 5 N & T I BTE A SL A3 1 e U BT 432 1) 40 1 ML )
BLE | AR
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ETE  AMEEEZ pre-mRNA NS FHLEES SR

1 B#

£ pre-mRNA Jl#GE R, Fp g b ity o & 7l By A A A A B . B2
A& H 5 A~/MZ RNA (snRNA) (UL, U2, U4, US Hl U6) LUK VF £ FH 5% B (1 4k
MR E A &S EEEY, WETFNIREE RNA JofF, a3 s
U B AL A5 (S'ss) « 3" BT FEAL AT (B'ss) 4 SE AUBRTE A AN £ R s g 5 (Py-
tract) , 73 BRI snRNA FIER (957 PR 51331,

ST (R B AT A AT R B 5 GT A 3 AG I R S5, X Fhah
WAFE T SL A S BT . SL A3 1) BT 42 2K spliced leader RNA (SL-
RNA) ()42 F U E] pre-mRNA R FEBY, fEIXM e X8, 5 GT AL T
SL-RNA ¥, T1fi 3' AG fii T pre-mRNA ] 5'AKui N & T [X . It4h, SL-RNA 7E 5'ss
X35 P9 T BRI — R S5 MR AL T UL snRNA 5 S'ss BT XS, 75 Ul ARES
JRAETHO, SR, H AT NS 2 SL-RNA 25 [ BT 170 FHL I .

TR EE (Euglena gracilis) , WRRAHR L, [R] 2 AT IR BT B2 A0 e 0BT 21X
PR BRI K. WP AR, LFARRRE T R TR LK GT-AG LN & 141, &
SHETZEFENAETT. EERANS TE DB AT = GT/AG —
R, AHLEH ORGSR BE 05 AT B AR F AN 63, i, AR5 M & 1 1)
BIERSEMNG TARE, ERNE TR ZEZIR RNA 419, MaEERAN &
THRESTE IR RNAPS, i — Wt AR T LA M &7, HEE
A HRLA S U E I G R AT AR A B R R T ) 4 A A
VRS A TR 78 DLCTEAST 0, FRATT T S 0] FH 2 i 2 2 R 6 TR 4 25 i 5
FARRBE I N & T, 3B RN T AR N B T IR R
2 MRERE
2.1 nREtk

S0 BT £ A AR 4T Ak 5 28 — S A IR
2.2 LTTE
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88 CFAIBERL pre-mRNA 12 %t 5 b
22.1 WETHIFRES R

FRAIRFH 2T AR 58 — AR 4 /7 (RNA-seq) B, AT LR 4R EE N & T
% E . B4, (A BLAST #2 /7B =48 RNA-seq Fdf 73] 15 i S A48
LR ABIFIRZBE & DNA (tDNA) BO3EAT 17 51 FLER . FRATHAT AT 45 & 1 e 30 19
Fr 3 # M RNA-seq it BR, SR AEH cd-hit WERTUARF40HY, AT 34520
% mRNA J741]. $8J5, i/ exonerate F2 /74 mRNA J7 51| 5 41 40 i 5 R 20 7
FI AT L X . @ I R B A/C/G/T 2 A I LG B (S'ss T A/C/GIT A% R
10/10/50/30,3'ss 1) A/C/G/T $iZ A 30/10/50/10) ,  LASRAEAEHA LTI 4M 817 41,
b i M PR 4 7 31 il exonerate B2 HRELN & 1o eJa, PRI A ET
FHiFiE 02K, 155 GT-AG. GC-AG. ss-invariant 1 ss-variant JUFH2K7

N T AFAAEEN outron [T F, BATA L& mRNA P HI U & A SL
R RI R T 200 bp FP A1 . I A% H R AG B #4404 SLAMNE TS,
WSS 7 5113347 BLAST Lbxt. f# ] Seqkit $2EX 2 5L K4 _E 1 outron 7511431,
IR AR T B & SL A3 B YA, SR FH IR & d (C
elegans) « i IRHE (T brucei) « ¥R = 5 B (L. donovani) 1] outron %7€, ]
& Ai14 E B SL 4 & T . RNA-seq ¥ (SRA F 45 %% 5 : C. elegans N
SRR26536558-73. T. brucei § SRR15913764-72. L. donovani § SRR5272520-7) Fl
B R EE R AT S
222 WETFHINHT S0

i FH Seqkit % 2E M7 FIREAT PO AN BRI 23 My, BIEIRIL TR A, T4 B4
T EA K ZEBRTUAFFIW), i Fl Weblogo3 St 4 £ - A it B #3267 st [X 358 O A% 7 R+
SR HEAT /M. {# ] RNAfold 347 RNA —ZR 45 3#r4), {8 TRF 4T £
BREE S 0. RAESHAT I FIVEEI ST, (8 PRISM 7 4 B B (1 9 75 74K
IR AT AR T
3 HERESH

3.1 FHEEEMZ pre-mRNA & THIEE
BATHT A TAEBEAT T 405 RNA (58 ARSI (RNA-seq) 7. %41
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AT e X
FAZ N & F RIS e, S BRIt BE R 4H DL S 40 A% rDNA B: [R5 51 J& T+
WFH, B4Rk, HE N4 pre-mRNA 5 mRNA 3 K {5 BATRIH
cd-hit BERITURIFAGE, FE3RM 18643 ANFFF, LAAE N & T4 58 L

FATIFIF exonerate #2/3 % mRNA J7° 51 F1HE K 20 80 AT LS, B 5 SR HUCSE
EHAE T FEH (B 2-1) » FATEIL, exonerate F2 5 A7 B 45 5 ML 3T /3 4 B
(Position-Specific Scoring Matrix, PSSM) ¥ BRI\ ¥ B 7F % & % ML GT-AG 24
GRS, RN A FANE M . T XA R, FRATTR R T
PSSM (1124, ffi PSSM AI LAMERHE R AR H RN & 7. ST, BATKIURE 4
RZHCHE AN & FROER, BAE R EOR RS A, AT
T RE HMETE NS T
AW E 28337 NN AT FRATR 2% I A 25 4 g D Fl
. GT-AG. GC-AG. ss-invariant 1 ss-variant (& 2-1). GT-AG %4 &1 4 8]
BB, 1M GC-AG BN 2 HAK, FHARPIFA & T R A2 GT-AG A
5& GC-AG [ AR . LA, ss-variant 7Y Py & 72 38 PN & T I R o A% 1 R A
HERATRENE, I EARREBIHIRE (K 2-2). HTENS T s K 546
BAH B GT/GC-AG i 18, F A AW 5 H ss-invariant 1 ss-variant %! 4
FFBIBIARNAEE A E T

[ Fltoogth sanscriptomic RivAseq |

iexonerate/seqkit

KA

I E. gracilis partial genomic draft |

pre-mRNA introns

QT—AG QC—AG Ss-vanam SSﬂnvarlanl outrons
introns introns introns introns

2-1 FFYMIEREMBERZ pre-mRNA NS FRILETELSE

Fig.2-1 Working procedure for identification of nuclear pre-mRNA introns in E. gracilis
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c4 Alignment

is strain Z genome assembly, contig: sga_contig_1000112

_224707/14 682/ccs
2.1 Euglena gracilis strain Z genome assembly, contig: sga_contig_100011.

712 @ GGCTGGAACCACACCGGTCGGATCGACCACACGTCCGACCCGACCTGCCCCCCCGGCCCCGRCC & 77
P GGCTCGCGGGGCC[CGGCCC&~vGAC(lCA(GY(Cé-‘«CCCGAC“C(g(l((((cgé‘((((gg(l 202
76 : Gccgcn;ﬁcm-}TﬁcccTGc‘Acﬁcgcgcccccccgqccmc‘c‘GGchTGTA;TGGTTCGT : 83

203 : guég:@ccm:\ﬁcc a:aﬁcécc‘cccccgcl\ ‘ E:GTAC‘TGGTT(G“}F 26

: GTACAACTGGACCCGCCGCTCCATCGACATCATCG
67 : GTACAACTGGACCCGCCGCTCCATCGA (:«ch;...

76 : GCGGGCTGTCGACGAGCGGCAGGCACAAGGTGTTTCC : 9
Il I | |

| |
62 : GCGGGCTGTCGACGAGCGGCAGGCACAAGGTGTTTCC :

[&] 2-2 ss-variant BI N & FRrEE

Fig.2-2 Example of ss-variant intron
% :Exonerate 42 5 Z B 09 K m R . A A cc-gg; B A ge-tg.
Note: Terminal nucleotides annotated by the exonerate program. A is cc-gg; B is gc-tg.

AT, VMRS FRIKES ML, SANKELE S0bp AR, &K
K PEAE 4682 bp-8197 bp Z 8], HAFE R, 1E£ GT-AG &, FHIKE/NT 60
bp I A& T HIL T 23 M (B 2-3) o 48 & T IIFE AR A o E ) R G T-
AG N 9.82%(1332/11527) , GC-AG N 1.37%(13/659) , ss-invariant A
0.89% (40/4498) , ss-variant J}y 1.25% (146/11653) o iX 3% B %5 A & 176 BT 422 1 {51 1)
TRALRWILF M. WA, B TIEFE N & 7 1Y ss-invariant 1 ss-variant [
oA M B BEAHAL, R PR BR N B 1 B AT REAEAESL R RRAIE .

B BRI H N & T Ah, ATESEE H T 11921 /> outron JF 41| H TIX 4
outron [ #E FERLAA 7 s H BT TGVE SRR, BULTEIEM 2 eI . 7R3 TR
Fre, AT 734 33K EEACA 20 bp [ outron 741 .
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GT-AG n=11527

Count
53uepuﬁqv aAgSmsa %

530
Length

GC-AG n=659

|
kl‘l AL ﬁll“l IMIIMMI“ I{JMKM?FIHHHII il

500
Length

Count
Souepunqy aAne[ay %

ss-variant n=4498

Count
3suepunqy aAne[ay %

il M..‘mm.‘

530
Length

ss-invariant n=11653

Count
Souepunqy aAney %

500
Length

2-3 FYMIEELMAEAX pre-mRNA S FHKE ST
Fig.2-3 Length distribution of nuclear pre-mRNA introns in E. gracilis

3.2 4HRE4% pre-mRNA BRIA S F 5'ss XIS A4FAE S 4

WATE W T GT-AG Fl GC-AG X WP FL A & 7 S'ss X35 10 bp K&
PR PE. GT-AG BN & 71— Bk P 5108 GTGTG (& 2-4A) . £ GC-AG LA
G, RAEH SIS (G) BRI (K 2-4A) o AT 5HEYFELEL,
AT TAOD H¥ FE kR T NI SRSt ZGA I BE LA AR B W% BF 1) U2
T, IO T EAIR S'ss 581 (B 2-4B) o FATWELS], AL F58 5 ALK G 2N
MR R AR EAFTE. (HA, XA GIEERM ST IHARRE .
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A B
2.0 2.0 s 2.0
] GT-AG ] H. sapiens ] S. pombe
o, 1 o, ] o, ]
5 1.0—_ 2 1,0—_ A = 1_0—‘
: ) ] A ] A
00 VIV EEF s (YA S RS A A BRI S- SS
123456738910 12345678910 123456738910
2.0 2.0 < 2.0 o
] GC-AG ] A. thaliana ] S. cerevisia
2, ] 2, ] 2, ]
-51.0—: -51,0—: £ 107 .|' _|_ '|'
: =T . : A'?\ B o :. s . —~
0. 0—+—"F"—""——— 00t oot
12345678910 12345678910 12345678910

2-4 BEHAEF 5 ss RIBHIFFRST M
Fig.2-4 Sequence conservation of the 5'ss region of conventional introns
E: AN mREE GT-AG A2 GC-AG A &T 5'ss KEFF R FH: BAAL, M@, &
B, BRBBEA ST S'ss KB F R TF M. FrA b o480k 0-2 4289 & B L 4241
Note: A is sequence conservation of the 5'ss region of GT-AG and GC-AG introns in E. gracilis; B
is sequence conservation of the 5'ss region of introns in human, A. thaliana, S. pombe, and S.

cerevisiae. All sequence logos are plotted on a vertical scale of 0-2 bits of information.
R, AW T GT-AG BN & 79K GTGTG Fr ol 52 44k Ul 5K
Uit Fp 41 2 18] I BREE FC o (B 2-5) » W 7 S AN #2515 Ul BIBEERCXS
A —A GoU KA EMBCX, X —KIFR I UL 78 545 [ B RE A R0R 1%
BF%). [FIFE, 7E SL-RNA X S'ss X 355 tH 00 6% 21 K & 1) P 3B BSE B bf o SL-
RNA [ 5'ss JFF 5109 GTATA, SAEGINE TR 5I 202 A SRR . EEEE
2, 50 GT-AG M WA DB A& 7 (11527 M & T 394 AF SL-
RNA [ 5'ss 751 LA #rR I GT-AG F1 SL-RNA [ 5'ss F A A [R5 2H B
SRR IREAN SL A5 1) e AR BTz e R AR
Ul S-AACAUAC-
5'SS 3- GUGUG-S'
[ 2-5 SRR GT-AG A& F 5'ss F515 Ul BYMEEC xS

Fig.2-5 Base-pairing between consensus sequence motif of 5'ss of GT-AG introns and U1 in E. gracilis
Er PR B IVAR A 0-2 42 04 & A L 4]

Note: All sequence logos are plotted on a vertical scale of 0-2 bits of information.
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3.3 Extended U6/5'ss BRRERITZ A
TELFAHR T SL-RNA 1] S'ss IXIRAETE) 72 10 A BB AC 0T, PRI RATTWE 90 T

SL-RNA 5 snRNA Z [A] B EE RO A £5 44 . 4 SL-RNA [ 5'ss 55 U6 LLx, FRATMEL
B 5'ss [ F XIS U6 1] ACAGA 741 bl X 8- 8] A77E B 22 (B 0 (K] 2-6)
X U6/SL-RNA BZJEX AR A extended U6/5'ss #2JiE, (extended U6/5'ss), B K
LT NZEBYEK pre-B & R VR BTSSP 81, Nz lie W T A 5 A
Xt SRTT, TR extended U6/SL-RNA B2HE 1 8 NS [ BRIE X 2H B o

U6 §'- AUUGGAACGAUACAGAG -3

SL-RNA 3'- CACCUUGCUCAUAUAUG -5'

[ 2-6 LT 415 U6 ACAGA LilfF515 SL-RNA S'ss N5 Z [B17F 4T 52 FORR AL T
Fig.2-6 Extensive base-pairing between sequences upstream of the U6 ACAGA box and

downstream of the 5'ss of SL-RNA in E. gracilis
E: FRIZARITH R U6 49 ACAGA K Hife SL-RNA 5'ss K ¥ko FTH B FIAR A 0-2 {289 & B 1k
GES IR
Note: The ACAGA box of U6 and the 5'ss of SL-RNA are underlined. All sequence logos are

plotted on a vertical scale of 0-2 bits of information.

AT — PR T extended U6/SL-RNA 2 g #F HAthi#k 47 SL A 5 0 e X B %
(b R S I (B 2-7A) o %t C. elegans U6 F1 SL-RNA i HExT R I AR T 8
ANESLIIRRIENS o BEAN, T brucei Al L. donovani ff) U6 Al SL-RNA th7E % [X 15 JE
J)TZ MR o 2R BT, £ SL SRR BT, extended U6/5'ss #iE
P T P 3 11 o

83| pre-mRNA W& T1E 5'ss TR A FIRIBIE A G, AT RIE Us
AN Py £ 7 2 8] FE 75 U AFAE extended U6/5'ss #2JiE. PRIk, FATEI /3 Hr A2k,
TR IT . ZLTHEERE DL K BRI B B S'ss T 10 bp X35, & [F % A U6 JFF1, &
TR BLIX L8 Fh N5 F AT BE 2 T ) extended U6/5'ss 2 iE (K 2-7B) o il dn, BRIE
WERER) Meid A& 70 DAITEZ X $ 5 U6 TE L 5 AMBREEXT, T4l R IF AT2G30650

HEME ANE TS U6 B 8 NN . iX—KIMKH, extended
U6/5'ss BRE I T LR T 9 &7 (P 311
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A C. elegans B H. sapiens
U6 5'- AUUGGAACAAUACAGAG -¥' U6 §- ARUUGGAACGAUACAGAG -3
SL-RNA 3 CGACUUUGUGCCUUAAUG & Bpifb6 3 AAACCUUGGGAGUG-S
T brice: A. thaliana
5'- -3
U6  S-AACUGGARAUUCAACAGAG -¥ ue UGG JACAGAG -

AT2G306503'-CCCUUGCUAAGUUAUG -5'
SL-RNA 3'- CUGACCC GAAGAGUAUG -5'

S. pombe
L. donovani
U6 5- ARAUUGAAACGAUACAGAG -3
ué §- CCUGGAAAUUCAACAGAG ' Nupl07 3-GUCGCUUUGCUUGUAUG -5'

SL-RNA 3'- AGGCCUUcﬁAGCGUAUG -5
S. cerevisiae

uUé 5" ACAC(iI(iT:(IHIJll\AAGUGCAUG -3
Meid 3-GAAACAAUACAGAG -5

2-7 NEIIFEY extended U6/5'ss SRHE
Fig.2-7 The extended U6/5'ss helix in different species
E: AAHZWIRA AR, AR R A KA R R R SL-RNA 49 extended U6/5'ss #7¢; B
AN Dhddt. EIABE AR BB A A R U6 A= S'ss K3k Z ] 49 extended U6/5'ss 3%, T
X & ARITHY R U6 49 ACAGA X HiAf= SL-RNA 5'ss R ¥. FTA A I #0A 0-2 {29 £ B Hdpl 424l
Note: A is the extended U6/5'ss helix of SL-RNA in C. elegans, T. brucei, and L. donovani; B is
examples of the extended U6/5'ss helix between the respective U6 and the 5'ss region of genes from
human, A. thaliana, S. pombe, and S. cerevisiae. The ACAGA box of U6 and the 5'ss of SL-
RNA/intron are underlined. All sequence logos are plotted on a vertical scale of 0-2 bits of

information.

3.4 “HRE#% pre-mRNA EHMA ST 3'ss X AIFFE S

BV T LT MR GT-AG BUF GC-AG M P4 7 3'ss K J& 20 bp [X 1,
(R e F RSk (] 2-8A) o 45 R B RX AN & 7B ALK — XK DAHEL. E15
FEREMZ, EANS. BIEIF. ZLGH P RE LA S BRI R BESE PR 1 3'ss IX AR 5%
B FZR M E (T) s SR AR (18] 2-8B) , T 21 40 R AR [F] 1 3'ss X3 2 =
I (C)

AT — AT A T P 48 B ML 4HEREE outron JF 41 3'ss DX IR 7 B AR <7
AT R B AT AR B A BT B2 N & T IR, BERE S C MEZ RREFHIA 3'ss

HLFEFFF) CAG, XEERFAETI IR 1& H] T £ 48R # 1 outron (14 2-8C) - A 1 UL

outron (AL, FATEL S HRIER A7 515047, MWHEAhEA SL A 51Kk
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AT e X
2B B2 (M R B & T AL outron ) 3'ss X 3R . FATT MM C. elegans T
brucei LA} L. donovani 35437 4535. 976 1 12030 4™ outron ¥4 . AR[REIFH )
outron F I H W B AR L. Bll, C. elegans FAT—/N8E & B (A) B+ (T)
(1) 22 TR WA NE J7 51 R — AN URRK 3'ss R 5IF 51 TTTCAG, X 7E LLRT BB 4, 78
T. brucei f1 L. donovani ', % RWENEXIBW A HEMZESR, T brucei (WL (T) &

B ST L. donovani.

2.0 2.0
GT-AG GC-AG
2 2
210 210
e e A S S S C
0.0 e 0.0
5 10 15 20 5 10 15 20
B 2.0q . 2.0q
H. sapiens 1 S. pombe
] 2
5 1.0 3 1.0+
......... rIrxaxXLl (T: da 3 e I
e S s 0.0 2 =
5 10 15 20 5 10 15 20
2.0+ : 2.0 -
A. thaliana 1 S. cerevisiae
2 @
£ 1.0 c 2107
.......... ¥ & ] oS = =
oo = .= > N 0.0k P XatiXx
5 10 15 20 5 10 15 20
20+ - 2.0+
E. gracilis ] C. elegans
j2] j2}
21,07 C £1.0] TT C
o0 e L .-‘F(ﬁ‘?q AR 0 Yt PP N P P L Iy :
5 10 15 20 5 10 15 20
2.0+ ; 2.0+ ;
] T. brucei ] L.donovani
2 2,01
s 1.0 S 1 O—:
____________________ ]

0.0 — = -
5 10 15 20 5 10 15 20

[ 2-8 EMAET 3'ss KIFAERSFIIRT M
Fig.2-8 Sequence conservation and composition of the 3'ss region of conventional introns

E: A A mRE GT-AG #2 GC-AG W4T 3'ss REAFFIRTH: BAAKX, M, i
FHARBRAEEF N ST 3'ss KR FIRT M, CAG@RE., FWMEAFR R, FRER, AKX
A £ R & outron /77 3'ss KIR 5 FIBRF o FTA T FIARA 0-2 42 0 & B L) 2 1

Note: A is sequence conservation of the E. gracilis 3'ss regions of GT-AG and GC-AG introns; B is
sequence conservation of the 3'ss regions of introns in human, 4. thaliana, S. pombe, and S.
cerevisiae; C is sequence conservation of the 3'ss regions of outrons in E. gracilis, C. elegans, T.

brucei, and L. donovani. All sequence logos are plotted on a vertical scale of 0-2 bits of information.

N T EMIRAT 3'ss X T/C 2k op A, FATZ A 1 IX PR AE IR YFh
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S PO pre-mRNA W& T %58 5007
M TR ER (B 2-9) o SRERN, KERTLFAIREE N & T (B 45 GT-AG &Y
A outron) f& & C ), MAERMMYIFI A S TH, BR T L donovani b, LERE
T . 1E L. donovani ', KZ % outron RRI M AFH 551 % C HRUMI . 25 b
B, X IR I ARG 2 R NE 7 51 B AT URE B B AR 2 A

GT-AG . e H. sapiens : A. thaliana

%C

10C 10C T ]
outron S. pombe S. cerevisiae

%T

W S e CT b

LR ) DR R T

C. elegans ’ T. brucei ‘ L. donovani

%T
%T

E 29 AHEFEE. A2, UETT. EET, EREES. FMETEER., MICHERMLKT
A2 FEHAAEFH outron FF 3'ss X C/T EEER

Fig.2-9 Ratios of C/T in the 3'ss regions of introns and/or outrons in E. gracilis, human, 4. thaliana,

S. pombe, S. cerevisiae, C. elegans, T. brucei, and L. donovani

E: TR IVARA 0-2 426 & A bl 4
Note: All sequence logos are plotted on a vertical scale of 0-2 bits of information.
3.5 ZHAE#Z pre-mRNA IEERMN S F R imi EH XS

wn ERTI&,  ss-invariant Al ss-variant 1IX P FRE Y 1 & F O FERE LA &
T, BEAMBRKE M. H5E, AT T ss-invariant B PR 5[] 5'ss K
€10 bp X FAEXRNF TH R 7 — M EiEs+3 2+7 ML E K CCAGG 741
(18 2-10A) o BeAbh, AT ss-invariant BN & T 55 HEHCE A5 GT 14 541
Fea,  RIAEAE [F AL B AT IR B R BEE (B 2-10A) o # T RARZEAT 5T 3'ss K
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AT e X
FE 10 bp X3k, AL T #5iER-9 -6 7 E ¥ CCTG J¥51 (K 2-10B) « X — /75
SRAFAET ss-invariant B P & 1 3" & A L AG 145 X3 .

BJa, FATHIIT T ss-variant KRN 7 (8] 2-10C) o 7E S'ss Xk, ZKAN
FF R HRTIE S IR ss-invariant B & FARRL. SRTRT, E 3°ss X P A1 O]
SR L, WEAMMINZESR . EERAE, BT ss-variant BN & ORI 1T
PR RSB, I 2H P 25T (R AR 3 37 1 DR s PR TV HE B 4

A B C
2.0 2.0 2.0
5'SS 3'SS 5'SS
8 2 2
210 210 =10
A CCA< === (:CCI< s <= < -.QC/\, =P
0.0 ool T T T TR
123456780910 12345678910 12345678910
2.0 2.0 2.0 ;
5 SS-GT 3'SS-GT s
) ) )
210 1.0 210
o @IS C(;T < cC =3
O 0.0 S e
12345678910 123456780910 12345678910

E 2-10 AEEIEERAEF ss XIFFRT M SHEEE xS
Fig.2-10 Sequence conservation and base-pairing of ss region of the E. gracilis nonconventional
introns

E: A A ss-invariant IEFH LA A F 89 5'ss B F 74 F M ;B A ss-invariant JE 5 HL A AF 69 3'ss
X 5 7|4k F M ; C A ss-variant JF & HL A A -F 09 S'ss Ar 3'ss K Ik 5 21T . BT A 5 7| 4% VA
0-2 13 849 & A oA 2241,

Note: A is sequence conservation of the 5'ss region of nonconventional ss-invariant introns; B is
sequence conservation of the 3'ss region of nonconventional ss-invariant introns; C is sequence
conservation of the 5' and 3'ss regions of nonconventional ss-variant introns. All sequence logos are

plotted on a vertical scale of 0-2 bits of information.

FEHE A BT SR 3 AR S (KPP R B, 9 0 8] AT A AE BRSO . T
BIF SR AR5 R A B 7 R i B R O T FE 22 5, IR PR 5 GT-AG ALY
BT RAT IR, FATE T RNAfold Kl 1 7E 5'5 3" K 2 [A) 7 ) RNA 4% 45
Mo Wi 2-11A B, PR 10 bp KB E2E A IR 7 /MR (U) BIIREE ),
ﬁﬂﬁﬁﬁzﬂmm% P H o AZAR AP 51 2T (5 2 G T P el M s e (P 2-
11A) o B XX =N EFIRERBR ST, RATKIHFIEE A & 7%
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B PR pre-mRNA &1 558 50 Hr
AL RS, K2 BN T 1E-10 ~ -2 keal/mol HRERE Fl Y B H AR S i s
Foxto 1 GT-AG BN & 7 NWRSL R LML Ai, A BRI (K] 2-11B) .

RNAfold
e
" n I 1
-18 -15 10 0
Ener kcal/mol
UUUUUUU gy (keal/ )
13! . . . 500 . . 5000
ss-invariant. ss-variant GT-AG
Rt - 4’,‘?“%" 1000
N> X,
£ .
- '
¥ g : g s
g o oy w =3
10 ‘~;:'l’.
- 1 ko
- Ene“rgy ‘ ( v Ené(r‘gy Y “ - Ene]r‘gy

& 2-11 5'ss 5 3'ss KimZ B2 A HY RNA — 2R 2544

Fig.2-11 The RNA secondary structure formed between the 5' and 3'ss terminal regions
E: A% RNAfold /& A 9 K sk s Be st 7 & B VAR R B ad A B3t 48 51 P st 2 69 48 B R4
MR 3P ss-invariant. ss-variant A= GT-AG N AT K% AR AT 6 HAAF M E B . T A 5 74
VA 0-2 4269 & B L) 424 .
Note: A is illustration of terminal base-pairing generated by RNAfold and the energies associated
with different levels of base-pairing; B is plots of energy and frequency of terminal base-pairing of
ss-invariant, ss-variant and GT-AG introns in E. gracilis. All sequence logos are plotted on a vertical

scale of 0-2 bits of information.

3.6 FFYMIEELMAER pre-mRNA NS FREF M EIE

BT R % AT AR AN A% pre-mRNA P21, BATG £F 4R S 4N %
B DR 1) 346 % 14 B % (Allternative Splicing, AS) #E4T T ¥RiT. Ak, AT %2155
1) 28337 NN & 15 18643 4~ mRNA J7 4117 BLAST toxf. ATEILKIT 9
ANATAR 5'ss (ASSS) , 9 AR 3'ss(A3SS), 11 AMAMETBEEL (SE), LK 161 AP
BT RD (B 2-12) . HAEERZ, £ 114 SEFFaldr, AT 7 —4
AL SE J3 41 (B R HRIR RS BT 6 10D, R 104 SE 751, AR A
e A SE A1, e RA AR R ss A2 E (K 2-12) o 7EIX 10 ME#LAY SE 7
Fig, HAE3IANRAHIEN Sss B, HEEFIIAREHFER 3'ss f 8. B
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AR 7 B ol - 2 A8 ST
T EIRSEAM AS, BRATWEB LR ARG EERNA S X, HXENE
THIR Y ss L BIFATEEAF . HATRXFRA M AS FOVE S (K 2-12) o A
W€ 13t 59N ESEMS (M=),

CAAHFI010095568.1

A e Intron —

- IitFon —
CAAHFI011091074.1

B mm = Intron ———

- ——— IhEBR —
CAAHFI1011004980.1

C | Intron I

|| Intron .
CAAHFI1010928795.1

D , BN nton BN ——

B BN Intron EEEntrorl —

CAAHFI010816564.1

E == | Intron I
== N Intron NN Intron L

F CAAHFI010251568.1
|
== Intron = Intron |

2-12 FFHMIERMAIZAIA mRNA A& FROEE MR
Fig.2-12 Alternative Splicing patterns of the E. gracilis nuclear pre-mRNA introns
Z: TEEAAEEHXN(A) . ASSSH X (B) . A3SSH X (C). SEH KX (D). FF#A SE M X
B AALSTHEHBXE) . S FRARRERT, NETREARERT. EFHUXHERA
5 LR LT, NeTHRLAEREFA L,
Note: Schematic examples of overlapping(A), ASSS(B), A3SS(C), SE(D), atypical SE(E), and RI(F)
are shown. Exons are depicted in dark gray and introns in light gray. The genomic accessions for

each pattern are indicated above the transcripts and introns are labelled on the transcripts.
3.7 FHRERMAIZ pre-mRNA A E FRHKESFTI

FEAE, AHBERERASAREEG TS, AR A S T
GHBRBES T (TRs) o Hln, ZF4HRREE ] y-tubulin BRI 7ESE 11 AN EF LA
— /> 88 bp B GT/GC HFBLEBFHILLLAEHE BIMAE T EA—1 482 bp 1)
AT/AC BREXEE 5. ER TS BN & TR AR, AT T X
HEFH,
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88 CFAIBERL pre-mRNA 12 %t 5 b

TR AR EE N S TR R TRs HEAT AT R BT, AT GT-AG . ss-

invariant Ml ss-variant =FPEA N &7 LA AR N & T8 TRE B2 P37 R . B

Ja, FATHT T IXEE TR FEERKE 2RISR, 4R, XN EFHR
DA, K #CAE E S P, R RAEKES (K 2-13).

1000 1000 . .
: GT-AG ss-invariant
bl
o 100 e o o 100
Q & o ’
Qo W Q .
€ s = ;
- : 2 .
10 .- 10 o
1 e —— 1 —
1 10 100 1000 1 10 100 1000
Length Length
800 ss-variant le+058 H. sapiens
& 100 s - *.:'..
g g le+03 ¥,
£ : £ » 4
S = i
3 3 b

10 - . .-:!
—' .
- le+01 L

1 10 100 1000 1 10 100 1000

Length Length

& 2-13 #A5R T AHIETER) GT-AG. ss-invariant # ss-variant P FHKEE FIKEMNH B9
. BIEALXHETHEBRESFIINDHASLLER

Fig.2-13 The distribution of TRs lengths and numbers in GT-AG, ss-invariant and ss-variant introns

of E. gracilis. The distribution of TRs in human introns is included for comparison
UeAh, FATTHE T TRs W& TS AE & =R (K] 2-14) . BRATKIAZE
W TR R B T A L v T AT AR, X AT REIAR T NSRS T LA A
BB . T TRs BldE & 2 LR, BRATRIAE A B IX—{H A 3.22%,
B TN 2.26% (8] 2-14) o S kil, TRs ISR EHAFMBHEA ST EA
KN ETAE TR 400 E B
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AR 7 B ol - 2 A8 ST

TR intron TR base
50 4 -
—~ 40+ —_
X X
B 22
T 20 ®©
o o, |
10+
0- 0
VO . @Q\ s fb&. 00 }O 5 rb& i @Q\ 'bo
& F S S & &S
o A AN o N Q
z\<\ o_,% ,\Q o_,%
% &
2-14 FERBEEFIINAS FESHESEMER
Fig.2-14 Ratios of TRs-containing introns and TRs-containing bases
4 LHip

AT I %7€ T 28337 NMHERMAMAEFE N & 7, LN GT-AG. GC-
AG. ss-invariant M1 ss-variant JUFH AL . JRAT] AT AR SL-RNA [ 5'ss [X 42k
HAEE 5 N AL extended U6/S'ss B8 1E, LA AELFAHAREEI 3'ss X3 & 7 C,
XEANE R EE S TAE. APFFER T AR s S mesrt, AT
B HT BT HENL], BRRAREE I A T A AN R R 21 2
5 Wig

TEARTIURF FEHp,  FATIR FH 26t S 20 R 25k DR 2 5000 %ot 41 R V86 400 L A% pre-mRNA
BEAT T KU G B2 e 2R ARAR AN B A% pre-mRNA A & T DA FE
fAAE: LT pre-mRNA 43§ P EB IR A 2 7 F0 5 48 47 5'% 19 outron. FRATIHE
% i 28337 MR A & T AT 11921 4 outron 741 . {HAZ, HF 6 Z #dgamr
m FRATEEE N outron A TEEEMN, R EAH 3R Xk, AL, LATEEZIA
EFHETTRARA TR, FOBATH AL T A e B R R 405,

A D AR S/ A ST IIF AR TR, #2401 GT/GC-AG Jiit
A& THA 59 GTGTG F 33 CAG XFA—EE 741, LRI & & C 1)
EMEF T, 1EGH 5'ss (F 15 SL-RNA AR, e 752 e 28T 32 1
A REEAT o ARGEHIRE A TR outron 7E 3'ss DX I (¥ FEAR UL R B B AT BY
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0 CPNBEEM pre-mRNA A& T 507
BER AR T BBk . (EANERI R, FAEEEMATTES CHZRERTE
FEHIMIAELE, RNLEE 2 JKWNE 7 5 18I 1 U2AF2 £E - iR b n] R A
BRI . BEAh, FRATHEE A & I TR B, R B ROR i
A IRSE A, AHIX L & FARIN S HEAT FLANEC RS, 385 BB T BB 1R
USROS o IX— R I Z HTR D B AR S R R A — e 3,

TE LT AR AN oAl A b B0 T SL-RNA H1 U6 22 [ () extended U6/5'ss 2 i,
IXFH] U6 Xf SL-RNA (iR BITE B H £ X H B, 1X ) extended U6/5'ss MR JiE 45 14
EORIE NSRBI B E A ORI, AR B BT AR S M h HUARAEAE,  RA
FeBE e R S A S TR S, R B SL A5 ¥ BT 2 1 4 X Rg i
LR IAEAE, RWEFTRER SL NSRBI LR 1Ak, XA, 5
Iry CAACFRERE RERIBT TR, X Sep it bt A7 /DB N 5 AT DU B e £
e Bk, FATNNRENE TER NS U6 JERIX — 45k, X AR e vl gg
WAEAH R Rl . FEBTH0A B 6T, XA A A A =M AP, X
S A, Prp38 Al ZMAT2/Snu23 78 1 4H#R ¥ G AH B 1 [RIUR 25 47, AT N
X 0] e 5 2 AR EE X — MR AE AR 2R T EATIE NS BHk h 1
TEH

LU N 2 T 53— R R E R B R B BT 42 (AS) o AFABRIE N & T
R — MO E SRR, RPN E THEME R ER A E,
K P AL EAE . BRI IR A 40 27 BkER 7 41 (SE) , TE— @ FE R bl m]
DEERESHEAMN—MAE. BT HFmiE R RN m AT, FibidA
T B LT AR P PR BY R VU R AN SR . AL, MANTE R X Rk By B
SRR EAE T HA
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A B i S
HB=E  FERE Dorl FBEINHIFIATFIE R T EERIE

1 B8

EEAZANMI T, mRNA #4535 75 B3t — 20 N T ek 47 8 A s B
FE N T3 FE v e ) — B3 /2 pre-mRNA BY 4%, #F pre-mRNA %5 1 187825
FErf, VIBR T RIIAN & T 5 BI85 40 SOhr R 2B R — > 2°-5 T IR — Tier et
FIEZRIREE M . B RNA NBIERIEI ), 1T EAZ 40 9 AA7ERR 58 1) RNA B3
Mg Dbrl, AeWEfAbE R RNA VAL AR, Dbrl & AELH EaRs—
N 3 ) 4 J8 W BR iR G (MPE) F1—NMUREY C it 25 #4380 (CTD) , H MPE B H — B
#1145 f¥) LRL (lariat recognition loop) 7644« LRL JTAAE AR BB E AT 5845 43 37 4
IR B S RNA 1 3Bk 45 & . LRL A CTD 3 — P e T &R RNA
5 LRL Z [B) R EAEHEA, TR EZR RNA BAR At B85 HEAT PR .

Dbrl #1948 5% ME B ICER BE 5 1 2 2% RNA 7EAR N KRR, dEm 340
Ak BFREBL, E/ANEAEETTH, Dbrl RAFAHL RIS RIS, fhat,
Dbrl 5 HIV 1 HSV JiR #4244 WU 4 0 R A AE S I he 1R R AR A SG IR, 1K
SLRHE 7 & B Dbrl 590 KX R %Y. HETNLE, Dbrl & F 1N T ] e R A
OB . U R IR IE R AR E SR, FIH Alphafold 5% Robetta 2 A T8 &2 7 il
MR AR = 4E 450, FRHHT BT =G5 M R RN o R UL 3%, AT 46 5 HY
RETS 5 HbR B TS & RN FAGE Y. DRIk, ATV RIE i R 40007 18+ R 3k
TS RERE A 2T 4R RNA Bt SCBg Dbrl 5V R/ 730150, oS 4 e - A
T P TP R R B A
2 MRERE
2.1 REtk

S BT AR AR AT I bR S 58— B AR A
2.2 EZIRFH

37



SR LPYNRSE Dbrl & E 5k X D RERIE

% 3-1 5T R IR R RIR

Table 3-1 Reagent name and source

R4 FR G /N
g AT, HF
Amylose Resin NEB, 3H

EMERE, IE
MERE,

2x ChamQ Universal SYBR qPCR Master Mix
HiScript-TS 5°/3’RACE Kit

Trizol AT,
DEPC AT, HE
A B,
S B,
75% T g,
FastKing ¢cDNA 55 —4E& il & (Z 3 R 4) AR,
Phanta Super-Fidelity DNA Polymerase WHMERE,
JiRL /N IR & WMERE, i
BB 1 WA 71 & WMERE, i
Trelief™ S0 Chemically Competent Cell 2H,
BEH R 25
N 3E-B-D-t A FLBE H (IPTG) AT, FE
BRI AT, H
AT S AT,
AREFHERMN AT, R
7% FBE R T 9 (PMSF) A acty/
B 1) P D) NEB, 3% [#
DNA 431 Ehr#E Marker D(100~2000 bp) AT, FE
e gL H | Marker Hifig, =

ClonExpress I One Step cloning Ki WMERE,

2.3 FENFERFEM
+R 32 UHBEZFBMEFKIR

Table 3-2 Reagent name and source of instruments and equipment

XA AR

AR

SEIF 9O E B PCR X
e TR & # XW-80A
e R B B A e E AT
AKTAprime plus
2t
T Hh AT A R B 0L
T b 3 A R B 0L

Bio-Rad, [
HARIUR, HE
e,
GE, %£[H
Eppendorf, £
Thermo, % [H
Thermo, % [H
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AR 7 B ol - 2 A8 ST

&Gk 3-2
NE: =2 i HEFETR
ND2000 &7 o6 it Thermo, %
a7k e, FHE
B Midea,
fE IR B T4 R, F
FELUKAX Bio-Rad, %
PCR 1% Bio-Rad, %[H
I LB AX Bio-Rad, %
JEHTHE SL-TT FAUREERS,
i TES TN AL,
R 75 U £ LA AL THHZ, FHE
fHIR 4R B PUNEH,
(ENERLP SRS ] RAGEIR, H

24 ERLWHFIEE
%33 LBiEHRE
Table 3-3 LB Culture medium

i B A&
B RER LY 5g
JRHE R 10 g
AN 10g
LETKERE 1L
% 3-4 Buffer A
Table 3-4 Buffer A
AR A&
1 M Tris-HCI(pHS8.0) 10 mL
5 M NacCl 2.5mL
LB TKERE 500 mL
% 3-5 9ER (10%)
Table 3-5 10% separating gel
AR HE
I 3.25mL
30% P i eI 1.66 mL
10%APS 0.04 mL
TEMED 0.005 mL
LB TKERR 5mL
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SR LPYNRSE Dbrl & E 5k X D RERIE

R3-6 7ERK
Table 3-6 Separating solution
ERilE s HE
1 M Tris-HCI(pHS8.8) 289 mL
10%SDS 8 mL
EETKERR 500 mL

%= 37 RGER (5%)
Table 3-7 5% stacking gel

W4 PR A&
WA 2.05 mL
30% A i ot i 0.42 mL
10%APS 0.02 mL
TEMED 0.005 mL
EETFKERR 2.50 mL

7 3-8 IRHER
Table 3-8 Stacking solution

R4 MR
1 M Tris-HCI(pH6.8) 38 mL
10%SDS 4 mL

ERETKERE 250 mL

3R 3-9 2xEH EHENR
Table 3-9 2xLoading Buffer

B R HE

SDS 04¢g

2-Mercaptoethanol I mL

Glycerol 2 mL
Bromophenol blue 0.0004 g
1 M Tris-HCI1 (pH6.8) 1.25 mL

LETKERRE 10 mL
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AR 7 B ol - 2 A8 ST

3R 3-10 BKEAR
Table 3-10 Tris-glycine SDS running buffer

W B A&
Tris 15.1g
Glycine 9% g
SDS Sg
EETKERE 1L

3R 3-11 FERERER(10%)
Table 3-11 10% Ammonium persulphate

WA LR HE
APS lg
EETKERE 10 mL

*®3-12 T IR BB IR IR (10%)
Table 3-12 10% Sodium dodecyl sulfate

AR HE
SDS 10g
EETFKERE 100 mL

3 3-13 AGBARIARGO%)
Table 3-13 30% Acrylamide

B MHE

Acrylamide 290 g
Bis-Acrylamide 10g
EETKERR 1L

% 3-14 1 M Tris-HCI (pH6.8)
Table 3-14 1 M Tris-HCI(pH6.8)

RAIB TR 3z b=
Tris 1212 g
WAL pH & 6.8

LB TFKERE 1L
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SR LPYNRSE Dbrl & E 5k X D RERIE

# 3-15 1 M Tris-HCI (pHS.0)
Table 3-15 1 M Tris-HCI(pH8.0)

AR Jih=
Tris 1212 ¢

WERRRR pH & 8.0

EETIKERE 1L

% 3-16 1 M Tris-HCI (pHS.8)
Table 3-16 1 M Tris-HCI(pH8.8)

B FR HE
Tris 1212 ¢

WKELIR I pH 2 8.8

EETKERRE 1L

% 3-17 EDEREIERRK

Table 3-17 Coomassie blue staining

R4 R &
2 Ty R-250 0.01g
i 5mL

UK 1% 1 mL
EETKERR 10 mL

%= 3-18 PRk

Table 3-18 Destaining solution

WA B FR R&
FH i 400 mL
VKR 100 mL
EBETKERR 1L

% 3-19 Inoue #HE iR

Table 3-19 Inoue transformation buffer

=SB s &
MnCl,-4H,0 10.88 g
CaCly'2H20 22¢g
KCl 18.65 g
PIPES (0.5 M pH6.7) 20 mL
EBETKERR 1L
o ERR B
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AR 7 B ol - 2 A8 ST

% 3-20 0.5 M PIPES (pH6.7)
Table 3-20 0.5 M PIPES (pH6.7)

R B IR HE
PIPES 15.1¢g
SEAHE pH 2 6.7
EETKERR 100 mL
i JERR

% 3-21 5 M NaCl
Table 3-21 5 M NaCl

RN B R H&
NaCl 146.25 ¢
LETKERRE 500 mL

3322 0.1 M XREMEB R
Table 3-22 0.1 M Phenylmethylsulfonyl fluoride

BB R JiEh=
PMSF 17.42 ¢
FNBLER R 1L

% 3-23 0.5 M FRAE-B-D-MAFFLHEE
Table 3-23 0.5 M Isopropyl B-D-Thiogalactoside

RAFNBFR H&
IPTG 11.92 ¢
LB TFKERE 100 mL

%% 3-24 50X TAE
Table 3-24 50X TAE

ey A&
Tris 242 ¢
Na;EDTA-2H,0 372g
KR 57.1 mL

LEETKERR 2.50 mL
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#+3-25 FFMEZE (100 mg/mL)
Table 3-25 Ampicillin(100 mg/mL)

Wil B A&
f%%ﬁﬁ” 10 mL
=326 1 M EX5FFE
Table 3-26 1 M Maltose
AR HE
HIFNE 36¢
EETKERRE 10 mL
T PERR B
%% 3-27 50 mM NaOH
Table 3-27 50 mM NaOH
RAFNBFR H&
NaOH 2g
LETKERR 1L
< 3-28 Buffer A6
Table 3-28 Buffer A6
AR HE
1 M Tris-HCI (pHS8.0) 20 mL
5 M NaCl 5 mL
LB TKERR 1L
WELERH pH £ 6.0
= 3-29 Buffer B6
Table 3-29 Buffer B6
AR HE
1 M Tris-HCI (pHS.0) 20 mL
5 M NacCl 200 mL
LB TKERR 1L
WELFRH pH 2 6.0

2.5 ARSI X5IHFS

SEI6 A BT 219 PCR 51473 B Primer6 #4415 11,

e, WK 3-30,
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% 3-30 PCR 5|#5%
Table 3-30 PCR primer sequences

#H F%(5'-3")
Eg-Dbrl_F GATGTACGTAGCGGTGGAGG
Eg-Dbrl R CAGCCTTTGCACACGCAGG
Eg-Dbrl R2 CCCAGAAAGGCGAGGAATTC
Dbrl-M_F CCACCATGTCAAGTTCCCAG
Dbrl-M R CTGGGAACTTGACATGGTGG
Dbr1-3RACE F CGGCAGCCCTGCCTCGCGGCAG
mbp-dbrlco F GTATTTTCAGGGATCCGTGTATGTGGCAGTTG
mbp-dbrico R GGCCAGTGCCAAGCTTAACCCAGAAATGCCAGAAATTCAC
Dbrl_oF CTGGTGCCCCATGCCCCCGCCGCCACCCGCTTCCTC
Dbrl_oR GAGGAAGCGGGTGGCGGCGGGGGCATGGGGCACCAG
Prp8ia_qF CTTGGGCTAATGTCTCCTGCTCTTG
Prp8ia_qR CCTGGCTGAAATGATGATTGATGGTTG
Prp8ib_qF AAAGGGCACTCTGGATGGCAATT
Prp8ib_gR CGACCAACCAAATGACGACTTATGAAC
SF3B5_qF TTTGGTGGGCACATATTTGGCAGG
SF3B5_gR TTAGGCAATGAACTTGGCGATGGT
SF3B6_qF ACAGTGGTCTATGGAAGGCTCAGT
SF3B6_qR GGCTGGGAGTTGCTGGAAAGAAA

2.6 KWHE
2.6.1 £F4HEREE Dbrl £ A3 R A% e

BAE B — TG B 75 T A MG Dorl 2K IR, R
Dbrl KP4 % it 51 4 (W3R 3-30), #HT PCR wfE. HG, IREUAF 4R HE R
RNA, AN —% 2.6.5. FIHIERF KRR Y54 Eg-Dbrl R #% 8 FastKing
cDNA 5 — 8 & o & AT W 5%, ¥ Eg-Dbrl R ##:3% 1-10 H ) FQ-RT
Primer Mix, HADESME 3 2.6.6. LT FIRFH cDNA NI, HEIM
Eg-Dbrl_F Al Dbrl-M_R 4" 34 4 Dbrl FE[AI () 5'%m Jr Bt . H IR, 4% M HiScript-TS
5/3'RACE Kit fJ 3t #H, it Tm A 60-70°C {1514 Dbr1-3RACE_F, LIHEHLAIZT4
PRIE 2 RNA HBEAR, 185 5% 3K19 Dbrl ZE[RI [ 3' AU cDNA FrBt. AP R SR
HiScript-TS 5'/3'RACE Kit 35t B4 .
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8 CFANEE Dbrl B I 5 B R

UL B3R 3'RACE ¥ 38 =Wy it , A 514 Dbrl-M_F #1 Eg-Dbrl R 41
i Dbrl 3"t Bt . fefa LAY 3 ) Dbrl R[N St 5 3w B AR A REAR I\ 2
PCR R AR, B ARIMGI VAT 5 MEIR RS, FTHBASEIR 1ERE, B)S
IIN514) Eg-Dbrl_F fil Eg-Dbrl R #4775 #il PCR . 30 MG, ¥ 1 Dbrl 42
KBt XS Fe 5I#E4T Sanger P FE 434, i€ 3R A5 IE ) IO 2T 40 4R35 Dbrl J& K]
751,
2.6.2 WRAMAAL A 41 #R 5 Dbrl B2
(1) Fr By K IRl 41

WA H 3 Dbrl MFRIAFRL. 4 2 BR M7 5 Dorl 756 A LR
e K ] HEAT R T AR A R B R A . K AR Ak S ¥ Dbrlco d# i 51 4 mbp-
dbrlco_F 1 mbp-dbrico R #ATH 1. MR & (ClonExpress II One Step cloning
Kit, Vazyme) 1 BI# 4 35 H 1) PCR Fr Bt 5 BamHI/Hind [T XSV J5 1) pMALt £k 4
WEARLE NN & i T 37 CE IS 740 T 2L R0 & 2 /N i AT PR B 4
& TEV B UIAL s BURL pMALt-Dbrl
(2) AR AN S 1 VR %5 8

¥ 7 A B DHS ot 20 /K 52 S T0CE vk E ARV, ¥ 3l SR N 21K 2 A 4
W, AR . UK ETSCE /NI S A E IR <6 8 ¥ 42°C #ivil 90 sec, #vls R AL ED
BHTUKE2mine A 1 mL GHiA R LB B 575, 37CIHERG AR 1 h,
12000 rpm =550 1 min, F % EE, Z0M0H 100 pl /) LB £ 755 B i in £
& Amp ) LB [ R 725 b, SPHRIRSGHCE 37 CERE 74 E 1224 he W
SR EM B AKEN, SRS 3mL () LB (Amp) #;7#%kd, 37°CIH
IR AERE IR 8 h BRIBEM . LABBUAREIR, BET%5E PCR. MY E LS A
M e B I R VR P SR EUTTRL, S8 AL FIEEAT Sanger M, DAL UKL 75 14
I o
(3) A HME TR A KUk BT aift

©BL21 (DE3) 2 A 1 % o B IRAF IR R 21X vk BL21 (DE3) #hh %2
3mL ) LB 53k, 37°CE B, WA 1 mL @R F] 100 mL ) LB #5574,
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PR S BB e
JCE 18°C THIR IR #6 R IR ES 9%, £ OD 600 fH M 0.5 £ 4. 4°C 2500 g &0 10
min WAERE K, 3£ B3, UIIEMH 80 mL ¥ i Inoue FAL L2 il HE:, 4°C 2500 g
B0 10 min, FF B3, JUUEA 16 mL B4 ) Inoue FHAL 2yl B & . F &N
A 1 mL —HF IR (DMSO), BEIEA), VK LJHE 10 min. B 54035 2 L H s
) 1.5 mL EP &t Ul AL R 3 R, -80°C TR AT

@ HMEARE G, KR4 2] BL21 (DE3) RikwitkH, Hi ks
H8 A DHS0& 24 12 h 3575 G BRI v £ 31 3 mL & Amp [ LB 375,
37T CHEFE R EM, WX 200 pl B 2 20 mL 7 LB (Amp) £ 7239, 37°CH;
FR% OD 600 18N 0.5 /247, SRJ5K 10 mL 1B 2 L3 08, 7 MBP-
Dbrl IR ES 0.25 mM [ IPTG #4715 %, AR 10 mL /ENXTREA, 78
18°C FAL[AE5 9% 12 ho 4000 rpm 10 min WA B, 1N TCH ACK: B AT e — i,
BB G I TRA 2% MR buffer A LLJH 702 — 1 0.1 M PMSF 2 15 £,
HEF 5 HEAT 4°CARIE 12000 rpm &0 30 min, WY HY_EiE 5 2% Loading Buffer 1%,
B 10 min, H]&FESSER A 10% SDS- 5 74 4 Bk et fie FL K R0 =% 2 3 e i
REMEENEARETRE.

W B r AN E] 10 mL ) LB (Amp) 557 2P R 2R MEME, 2HHER
# N 1L LB(Amp) 55353, OD 600 1H N 0.5 £4, EERFIMANLIKE N
0.25 mM ] IPTG, 18°C F#5%F 12 ho WAL, I Buffer A 223K & PMSF H
2, A JEHET 4°C 12000 rpm 2.0 30 min. MBP br25 6 & B A B BETE R R
eAaith, e HAKER A E 1Y Buffer A ¥ Amylose Resin V4] =%, HF 25050
B AR _EE B TER B IR, ] Buffer A JEEERAE, 12 mM 2Rk B
A . Ktk 58 AR A 10% SDS-PAGE Al & = i 347 0 4 €

O E R A B FR W ENT, B ¥ E AKTA Concentration %B A 50%, Ll 2
mL/min JiL# K E T H ddH20. 50 mM NaOH. J£1# ddH»0 & 1% 248 20 min.
B J5 20 BEHR L A TR ER I Buffer A6 41, #83k B IR & 2K & Buffer B6 7.
¥ Concentration %B BB A 100%H & LKk & Buffer B6 #HATVAE, XHEBRENTH L
FIZ B, 15 PE5EEE 5% Concentration %B 1% B A 0%F) K £h W< & Buffer A6 i
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=8 CFUTERSE Dbrl 2 (0N ik B R
17V . K Inject Value Pos BB N Load, FIFIVES 8- MAHERE, FER 2 4HENS,
% # Inject Value Pos A Imject . £ X HEFE 5, fF E AP HME R E, ¥
Concentration %B B & N 0-100%46 B BEAT Helli, WA SR AME AL I B B, E
10% SDS-PAGE 7% 5y i 5% W5 Je th ki tr Afifh 45

@EHEY) . ¥ TEV 8§ 5 MBP-Dbrl & H#H 7R E L N 12184, 4CHL
33°C FEH 10 h. FMEERIRFZ Y buffer A ¥ Amylose Resin “F-ffif =%, BiEH RS
WA T4 5 (1) Amylose Resin VBN, 4°CHEE —BUN A5, 40 BIMCEE R B 7%
LA BIFRL
2.6.3  LFYIEREE Dbrl & A =4E45 8704

WY, i PDB H B B P E AT R H AN R OK B B Dbrl 45
(PDB:4PEH) . B )5, iHid Alphafold 5 Robetta 2 ¥ it £F AR5 Dbrl 2 [ i 4544
BEATFRINAD > M7 o A FH 84 UCSF Chimera K5 £7 4435 Dbrl 5 41 23 il >k B
Dbrl & [ i) = 4825 (M 45 M AT B & 1 LR, 351 =%  RMSD {H.

2.6.4 SEE YIRS Dbrl R/ T ke FUL 9k

HRYE L AR B Dbrl 5iE 44N BTK B L Dbrl G543 17 X b, e 4 4 45
HEZR RNA FIEREAL i 2 2L B oK B2 B fK) RNA 256 B 2 4HEI /N5y
TALE YIS R Dbrl 85 (9 145 & X 45K

BT R N o FAELT IR BE Dbrl R IMZE A4 B, FIH AutoDock
Vina #4 M\ TargetMol A8 7= W) (1 R SR = W) SRAR EAT FE U IR i, Pt AT 45 &
RE 1PN . AN KB G TPk E S G iE R s M &M A T 5 4
2.6.5 ARANIE/N Gy TR S £F 4R RR EE Dbrl 45 &

R IR AL R P BN 0 BT (NMR-CSP) SEE WL ZL 2R 1 5 /N AL & 45
EHIE R AR L, DURSR AR 4 S, I A GRS . I IELE
T
2.6.6 MRARIIN NG T IR E

Y 977 32 B )/ o7 SRR B T T AP A A, 3@ SN Gy AR A
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PREEA AR K SO AR . (ELT AR 40 B DD N TR 8 B VE AN 7, IR
4 50 pmol, 25 CE IR 5 77 =K o 43 il 42 B2 40 48 95 20 i hn 24 40 5 0 B ZH 1 A
RNA. LIS RS IR SR AF 404 2 RNA. ST T InZ541 5 %f 41 cDNA 1)
4 F FQ-RT Primer Mix & #t iR il 3% s DI (1) Eg-Dbrl R, H AR PIRIAH
[ DAZFAHAREE cDNA AR, i GerhiZs AT L 2¢Ot € & PCR &l Prp8-ia.
Prp8-ib. SF3B5. SF3B6 RN & T, SR Wk 3-30. il /7 14k
BV E AN & TR RN E] TR S2I S N R WA 3-31,

% 3-31 gPCR R N2
Table 3-31 qPCR procedure

Stagel AR M Reps:1 95°C 30 sec
Stage 2 PEIR s 7 Reps:40 95°C 3-10 sec
60°C 10-30 sec
Stage3 il i b 42 Reps:1 95°C 15 sec
60°C 60 sec
95°C 15 sec
3 HREPH

3.1 £FZmiE5E Dorl EEKIHE

FA 38 3 e S A LA K 4B SRA B e 3 1T TN 3R AT T 4F 404 ¥ Dbrl 5
R e85 51 . BATT 2430 PCR Bit—5%t 51 44 8 4K Dbrl 4af /751, HE
BRI N1 3AF Dorl BFRAKFH, RATRMH T 7 B ool & #H S PCR PHEH]
MG, HEIAIFIA Eg-Dorl_RAVE U514, §1Y H 44455 cDNA, H 5
) Eg-Dbrl_F A1 Dbrl-M_R #47 PCR 13 2| £F 403 Dbrl E:K (1) 5"y 21 1 B
H R FRATA A HiScript-TS 5/3'RACE Kit, ¥ it4$5 514 514 Dbrl-3RACE_F #A4T
Dbrl ZE[X ) 3'RACE 43 . L 3'RACE #3413 2| 1) ¢cDNA 1E AR, FIH 514
Dbr1-M_F il Eg-Dbrl_R 15 %] Dbrl %=X 3% /7 51 1) v Br . fx 5 ilid # & PCR,
320581 Dbrl 751 (K 3-1. WFRBEY T 5 59087 5121 F 1. Xk
— DR IRAT AT %58 R AT 404 Dbrl B RAETE BT 51 ER .
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Dbrl

3-1 Dbrl Z£FE# PCR £ ; FR:2KFF
Fig.3-1 PCR verification of Dbrlgene. FR: the full-length sequence

3.2 £F4MIESE Dbrl EEAISL

TRAT TR 47 A5 Dbrl ZEH HEA T4k, 1525 25 Bk Dbrl 8 AR TR
TR SRR G R, SR EE N TEV BV 5 (14 40 18 3538 B pMALL,
RIFBURL pMAL-Dbrl (] 3-2). 45N RILATHE kL #4040 i BL21 (DE3), @ 1S
IPTG %5 . Amylose Resin SEAZHkE. TEV Bt LA K B 138 $edlifk 3875 Dbrl &
F(E 3-3 f13-4),

[ MBP ]l TEV site I[ Dbrl ]| stop I

3-2 KL pMAL-Dbrl )R E[E
Fig.3-2 Schematic depiction of a plasmid, pMAL-Dbrl

MBP-Dbrl1

& 3-3 10%SDS-PAGE Hjk M 4t EH
Fig.3-3 10% SDS-PAGE analysis of purified proteins
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A MBP-Dbr1+TEV B KDa

KDa @ Oh  10h Dbrl Amylose Resin
g 100
70

50

35

Dbr1 of E.gracilis E.gracilis Dbr1

3-4 £TYMIESE Dbrl EAREEYI S 4
Fig.3-4 Enzymatic digestion and purification of E. gracilis Dbr] protein

E: A A 10%SDS-PAGE ®ik 9474 TEV BgB5 4 )5 6947 iR 3k Dbrl & & ; B ABW G AL,
KA 8 ¢ AR Dbrl & 6.
Note: A is 10% SDS-PAGE analysis of E. gracilis Dbrl protein after digestion of TEV enzyme; B is

preserved Dbrl protein of E. gracilis after enzymatic digestion and ultrafiltration.

3.3 £F4H4EE Dbrl TER ST

f#iH Alphafold A1 Robetta £ 7 %) £F 4l 4% Dbrl & U7 51347 A, il
H AR Dbrl B dn ik =4 gh 1 (B 3-5B). FF A%+ UCSF Chimera #4 £F
AR Dbrl S5 H A N FK E B Dbrl éifA 454 (PDB:4PEH) (& 3-5A) #4178
£ HE X #4532 RMSD B4 1.024 (B 3-5C) , U B8 37 AR AL m] S PR i
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3 10 20 30 a0 50 60 79 80 90
E.g MYVIRNWRIGCCRIGELIDAIYASLREAERQAGIKVDVLLCCGDFEANRDARDLSCMNVPPKYLHMGDFPKYYREEATAPCLTIFIGGNHEAVNHLW Yy
E.h GAMINTEIO I QR I AIVGSVHGKYREMYRQLSEYEKSTGKEISFVICTGDMQTILRYEADLVYLKVPPKYKQM| FHLYYEGKEKAP/YLT[L

100
E.g WVAPNIYFLGFSGCVRVEGL
E.h LLLHLYNGGFVCFNMYY[L{vC

0 110 120 130 140 150 160 170 180 190
ST ENARD YH[US YFERPPYQRDEKIPLYHTRHYET PLATVMEHDWP TGVIVEHGDATQLYRRKPDF
LRIVGVSGILYKSFDEKKPYTYPPEPNDVVSLFH LSNLSQEls 01D Is[LSEDWP QG IVMKGNYKQ

200 210 220 230 240 250 260 270 280 290
E.g QAEVEAEQFGS] ROLLHQLRPVYWFAAHHHVKF PRLVPHAHLPAERVP D SPIAGAGS[SQRFWTPDOMPAARP DT SEJAP P QQPRAVIPP DEYs AV DTG
E.h LYRFQPGFKKD LGSPINKVILNTLKPKYWISGHMHCEYHAEEGP THF IAIMGK IGYKNAISY/LDLPIKQKTDLE YEIKDWVCNL IMTWwrENF SNKiAQ
300 310 320 330 340 3s0 360 370 3so0 390
E.g TSDGCPDEPGEVRVFEVREPARPEARATRE UAMDKCLPERRYLOVLHIDDPSPPDLHYDMEWLTILKVAQDFFPASEHRTAIGSLKPLREAYATKAAET
E.h PDLSYSIFEMLSKRTKELDKKIIELWEK Y IGIIK I IYDEO TEDIQF TSRREYIEKIYNERININ. . .. Lo oL i
400 410 420 430 440 aso 460 470 480 490
E.g RAWLQERAAAYQGGRYADLRVPSNFKAQGDATQTAEGTAWMATDNPQTREFLAFLGIPEEANPIAHPAGGRPLPKRPLTAEIGTVEAQVTALKRRIVA
T s T T R e R S o
s00 510 520 530 540 sso 560
E.g LQQSPGPAPALPGPGTAEAEEGAAGDGLQPGQDEAAAVGEAAVAGEAAAEVEGEGGFFLCTCIGACVCKG
S e e e N O e R R

& 3-5 AALARNMAKERSHMEERE Dbrl ER

Fig.3-5 E. histolytica and E. gracilis Dbrl protein
E: AABALAFT AL R Dbrl & A 44 E (PDB:4PEH); B 7 Alphafold #= Robetta % Al
AL UM i 69 ¢F 20 AR 3 Dbrl & A 2 E; CAHBBLAMKE R Dbrl (&) HFmmi
Dbrl (#&) #4B0ME QR RAEMILIT; DAFMRELEMALAFTAEC X Dbrl &
8 573 e A
Note: A is E. histolytica Dbr1 protein structure (PDB:4PEH); B is the structure of E. gracilis Dbrl is
predicted by Al programs including Alphafold and Robetta; C is superposition of E. histolytica

(green) and E. gracilis Dbrl structures (blue); D is comparison of Dbrl protein sequences in E.

gracilis and E. histolytica.
34 INDFUATINTEE

F BT K B ER, Dbrl &4 45 1 HF RNA (5'-CUAXCAA-3") 43 T I B (B 3-6A) ,
PN ZF 40 R EE Dbrl 8 F5 S5 017N T 45 G 1 S ARAR AL E . A bR 0ol X
13.71, Y: 51.294, Z: -44.973, Ju [l K/NA X: 24, Y: 26, Z: 42(& 3-6B) . @ iT
AutoDock Vina F2J7 HEAT B HRE, MBIk 45 & RE K. W4 R A E M
Hm, EEEH I ANBRABESSEER/NT (K 3-60),
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3-6 RALAMKERSTMFERE Dbrl ERS M FIER=Z44HME
Fig.3-6 The three-dimensional structures of E. histolytica and E. gracilis Dbrl and small molecules

interaction
E: AABBAL AT AL K Dbrl &@ (k&) ERNALST (RBdE) =HLZ82E; BA
YmREDbrl &G (B&) 5maaydrsFoF (REE) £6E%; CHIHT Ca
(L&) H4mardt Dbrl 454
Note: A is the spatial coordinate of small molecule RNA (light blue) in the E. histolytica Dbrl

structure (green); B is the binding region of the Dbr1 protein (blue) and the predicted small molecule

(light blue) of E. gracilis (blue); C is Ca (red) is bound to E. gracilis Dbrl1(blue).
3.5 INGFULERERRTE RN

W R TR H /N Ca INNBIAF AR RGN, 2R 50 umol. 4741
PREEARMAE 25 HIRPE IR P57 3 R, BATRIHTEA UL R A K IFRZ B0 .
B 5 AT I N T A0 R S F 40 Bl RNA, X B 238 K ) & F Prp8-ia. Prp8-ib.
SF3B5. SF3B6 #£47 RT-qPCR #:ll. qPCR 45 BB/~ it Ca AT 5 ()£ 4R 4 e H:
ZMNE TREBEEZE S TR (& 3-7.
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o
I

94
5 I Ca
g 84 [1DMSO
-
£ 71
=
= 67
8
= 54
g
2
2 31
]
5 2
&
14 .=‘
0~
PRP8-ia PRPS-ib SF3B5 SF3B6

B 3-7 I\ FHAIHETIEE Dbrl HAPI1EF
Fig.3-7 In vivo effects of small molecular compounds on E. gracilis Dbrl

4 £

I IR, S5G RS AR N LI IRTT T —Fhlid RNA it Sl Dbrl
EEBNTTAEY) Ca, JoRERIT A ARREE N & 1 A0 28 S B2 T 78 B8 LAl
5 g

TE3EAT Dbrl JEREN B, BA1E %M PCR 7 Toikd 9 5 4K Dbrl. 4
SCHRAR TE I EAR YA L Dbrl & TR HE DUEL RIS, JRATTHE I £F 40435 N Dbrl %
Rk EFRIFEA R, SOCIEH A RT-PCR 5y 2K B

TEREAT /N T4 Ca (AR N THREIRAESE 0 rf, Ca fF T AR RN = R
JE 8 S 98 B PCR Bl 1R BN LA A A & 71 BB S5 1 T I 4
{H 2[RI Ca AbFE 5 A4 MAE BB TS5 RIUE S, 5 15 41 A
A SR EAS LR IR . BRATEMIBE S IR M IIEK:, £ 25°C R/ T
(4 MR e e 2B Wi A5 59, S8t Dbrl [4MHIA R BRI 2, Ay — LS
YSRLE IR ERIEAT B4 IR . TR SR B S A L F T 25 LA R B R PR A

HAT, ARIWFT Dbrl /Ny T HRIE . FRATEA A & 7SR BhRR (1) £F 4H 4R
FEAE WIS R, i AR (S S SEI I € 2T 40 AR Dbrl 26K, FELLIf % HY BT X% Dbrl
TEERL SN T3 o SBT3 71 5 B 1 5 i 1 S ik
SE /NG T AT AR A AE PR B BE 7. Dbrl /Ny THIHIFI S 2 N R —25
PSR AR B LT AR I N 2 TSR S B AR 7 Dbl AL 14 B 5E B:fi
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FNE FREEENFRUTENLE

1 H#Y

LRAARE R — MR AR A A, S RS E I B2k, I H R b
AHEE R MM AIER . DA e G A sh Y L R RFIE . B RE
G RS- ME . BV . 4EAERARNIR S S MnE ), B BRI
R ERS. BT, BANED U N AR AN 0 75 A R A B 3 R AL
HUZE L AR 25 i R B R 2 A T DU 7)o B SR T T Vol 1 4 A 240 [ 54
AT, T HACGRIR S, HEN#HES RS SE, 83 T A
5K P T VW G R E PH P T e o FE AR SE IR T RE R, A0 S v 28 A e 0 2
APR. DL, FRATTER XX S n) UK e T PR A TR . B Bl R EIK(CPPs),
AT FE T A KR JTURpET21-EGFP,  BUINAE 8 &5 A B I AR 25 Pep-1 J7 41 (1 AH 5C it
R o 38 I U A0 B A 9 AR S Rekar M % J IR TR 7 465 5 PR AR o 3k O\ 240 ) e
SEERRRARL, 28 RO iE BT RGN R AR B S RS E M, FH ST
BERFECALIS . RATRIBE T H RN T 3 8 2R PR S i 7 0 8, (AR SR 4
BN TR . EESLAREEA RN 1 5L DR AR TR A 2 O EE B

2 MREREE
2.1 ZHAERK
S BT AR SRR AT I bR 5 58 — B AR A
22 FERF
= 4-1 WFN BRI

Table 4-1 Reagent name and sourc

RAIB IR G YR/
— A, (DMSO) MP, % [H
DAPI S 47K AT, H
XA T L £ 1 Marker AT, F
Imidazole (IBKM:) Biosharp, H
4% % T FR I 38 FH Y 20 2 T e R Biosharp,

53k 4-1

55



VR LRI E YA R T A I

B R e YN |
L NTA Bl bE%ER 6FF W),
TritonX-100 Biofroxx, &

HARSI S5 =8 AR, I 3-1

2.3 FEUEBRFEM
T 42 U RZRAMREEKIR

Table 4-2 Reagent name and source of instruments and equipment

(PE-ZY DR 3

BX63 1E B %t B iR WAREL, HA

HpER W& 58 =AM E, ¥R 3-2
2.4 ERLWHFIGEE

3 4-3 10<EEERZE M ELR IR
Table 4-3 10xPBS

R4 R HE
NaCl 40¢g
KCl lg
Na;HPOs * 12H,0 7.70 g
KH,PO4 0.90 g
WER W pHE 7.20~7.40
EETKERE 500 mL

= 4-4 1 M Rk
Table 4-4 1 M Imidazole

R4 R HE

IR 79.11¢g

EETIKERE 1L
o JERR T

HARAE 58 ==ME, FELE =% 24
2.5 ASIGHEX5IHFS
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Sy 7R 9140 PCR 51404474 Primer6 B0/ ¥, B RHAE PR A 7

T, WK 4-5.

% 4-5 PCR 51195751
Table 4-5 PCR primer sequences

HH

3 (5'-3")

21G-pep-1sc F
21G-pep-1sc_ R

AGGAGATATACATATGAAAGAAACCTGGTGGG

CCTTGCTCACGGATCCCACTTTACGTTTTTTTTTC
CGGCATGGACGAGCTGTACAAGGGATCCAAAGAAACCTGGTGGGA

GP_oF AACC
P21sc R GGTGGTGGTGCTCGAGCACTTTACGTTTTTTTTTCGGC
21HGPsc F AATGGGTCGCGGATCCCACCACCACCACCACCACGTGAGCAAGGGC
- GAGGA
21HGPsc R GGTGGTGGTGCTCGAGCTACACTTTACGTTTTTTTTTCGGCTG
2 1HPGse F AGGAGATATACATATGCACCACCACCACCACCACAAAGAAACCTGG
- TGGGAAACC
21HPGsc R GGTGGTGGTGCTCGAGCTAGTACAGCTC
egP8 F CAACAACCTGACGGACATCTG
Cy5-egP8 F Cy5-CAACAACCTGACGGACATCTG
egP8 R GCTTCTTGTACTTCATGCTCTCC
211-L5sc F ATCCTCTAGAGTCGACAGGGAAACGTCTCTTTTGGC
mGFP6seq R GGGTTGGCCATGGAACAGG

2.6 KWTE
2.6.1 JiURIAL
(1) FrBuid 38 R msE A

A HE T K AN 44 % B2 1) 50 B 5 7% (ClonExpress 11 One Step cloning Kit,
Vazyme) , DL pET21-EGFP FURL N ZERA 221 e (B 4-1), Z ki & A EGFP %
WA, E¥N T7 #5%5, NifA 6xHis &% . pET21-PGH #& H 5149 21G-pep-
Isc_F A1 21G-pep-1sc_R ¥ Pep-1 LETWWETWWTEWSQPKKKRKYV) /7514 14,
A pET21-EGFP E /) T7 #5255 S & 1) . FH 514 GP_oF 1 P21sc R ¥}
Pep-1 F B, #5318 ) H BGd N\ pET21-EGFP W #4 % pET21-GPH. A 1 ¥
pET21-HGP, M pET21-GPH /4 4 i GFP-Pep-1 }i B¢, I1E[ 54 21HGPsc_F
F 6xHis J¥ 41, KIA 514 21HGPsc R .7 Pep-1 J7 41 Ja 4 b %S+ BiG,
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P18 1) GFP-Pep-1 A Bt 4fi A\ 3| 1 BamHI/Xhol XX & V] [f] pET21-EGFP 1, 4 %,
pET21-HGP . 5 pET21-HGP 2418\, pET21a-HPG #& ¥ pET21-PGH ] Pep-1-
GFP F BtFI& 7 6xHis 7411 IE 751 %) 21HPGsc_F Al EGFP 541 5 & 4 4 1L %15
TR A 514 21HPGse_R 73, SR J546 A\ Ndel/XhoI 3§11 (1) pET21-EGFP H144
.

(2) R A ST %€ WA =5 2.6.2(2).

His-Pep-1-EGFP

Pep-1

pET21-EGFP

T7 tag

pET21-GPH

4-1 FRAMERIEREE

Fig.4-1 Schematic diagram of the procedure for plasmid construction

2.6.2 WRAMNE S EA kit
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(1) BL21 (DE3) /32 A5 i il 4 W38 = % 2.6.2(3).
(2) BMEARE

JRRLFAL R R AP RS A =5 2.6.2(3).
(3) HE a4k

WL A RS R H & A DRI RIE G, AT 3T K&
gk, HITRERERE] 10 mL /) LB (Amp) 3537 FipBE R BV G, FUCK 10 mL
WS AN E 1L LB (Amp) 5 953%, 15575 OD 600 H 5 0.5 /47, IIAZIKE
49 0.5mM [ IPTG £ 37°Ci%5-5 3 ho WEERW, I buffer A £ J2 PMSF H
B, BA G T 4°CILIR 12000 rppm 250 30 min. A]VAEYE His (AHEER) FrEmh &
B EH Ni-NTA BARSRAI4i4L, 15 5 AR IR FE 1Y buffer A 4R BURL P = 1K,
W B0 5 1) B BN IORE R RE, 30 mM BKIKIE SR, A 300 mM K ik
R 5. eGSR a4, JRAE PBS BidEMT. 4ifb)EIE A
HH 10% SDS-PAGE 1% 5 455 5 G th HEAT WL 22 .
2.6.3 LFUNERERSN M A AL
(1) BBJERK (CPPs) 1340 A 5 4k

BT AR A0, =35 K 1000 g B0 1 min, F HUT 859880005 1 k. F8
Jo s R I A [RD B2 ) A NG, 4K OD 600 1E 2y 1(0.86x106 >4
fib/mL) o AR EHELIARTE 37°C N E A FIR Ao
(2) —HIIAK (DMSO) A~ K4 N 1L

AR AT AR A ), 4HME & A [F) K FE DMSO ) HUT K77 5E v 25°C g
B 1/NF, PBS WUk 3 IRJE IS 4MEE B EUZ IR K HUT K574, 25°CTIE
12 /N o
2.6.4 WIVEE

EANKBRNE )G, =E T 1000 g 5.0 1 min ICHELFIIE AN, PBS Mk
ZWKJ5, fliFl DAPI 4L t: 4% PFA [& 41U 20 2 8h, 0.5% tritonX-100 &b H 41 g
154381, 1 ng/mL DAPI 444 5 73080, FRRAEA PBS it JLik. )5 BX63 IEE W
U R R Y £ 4
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2.6.5 GitFoHr

RS /D EE =K, WRAIRE T8 =1 . KM Prism7 (GraphPad) %X
AT G 0T . (S BE WK REN 95%. ETESFHESHIT¥EL, KA
Tukey % 55 5 K5 (PGH ¥ 44) Al B[R 3 07 22 43 TR 56 (DMISO %44 %o % 2H H ¥
BEAT 53T XFT PGH I DMSO ¥4k, 34 P <0.0001 1 P <0.05 W, F£RHEAGH

)

el

22,
S

3 HBRESH
3.1 Pep-1-GFP & ER KX EHMAL

N THEFRESIERR (CPPs) S I SMNEY T L L 4HRR e I AR, ATk
B T WSRIE CPP ik Pep-1 #EATHE 78159, ARHEAHICSCHR G L T Pep-1 HIRXIR P 51190,
VL& 76 EGFP 4wtd 7 51 () JF kL pET21-EGFP N REAR i) 2 Pep-1 Mok ¥ Pep-1
i N\ pET21-EGFP 1, 7£ T7 k2541 EGFP 2 |f], 3%15 pET21-PGH Jii ki (] 4-2) »
)5, # pET21-PGH ¥ {t.%| BL21 (DE3) Wik TR ERIE. & IPTGER )G,
SDS-PAGE ilF 32 PGH & K IE. BT C-Kufi 6xHis A2 MAFA4E, ZEAKS T
B4 31 kD, @i Ni-NTA A ZHrit— b aifl, Jfilid SDS-PAGE % 5 H 5
WG AT UEE (K] 4-3) .

¥% Y pET21-PGH Jitkish, FAVEME T 535 =A5 Pep-1 KM BRI, X =
Fh i kL pET21-HPG. pET21-HGP Al pET21-PGH X £ His #2511 Pep-1 (I &
BAFE (B 4-2) . £5 pET21-PGH M A SLER 2644 T, MIIRIE T X L85k LA
R G 86 FURL pET21-EGFP, JF4lifl 7 AR & (K] 4-3) o Bb4h, FATIEHE T4
B T7T A28 75 pET21-GPH Jii kL. A1, FATLE IPTG 753 J5 ARk I 2% 5 ki
R EARIE, 8 GPH RiAFE T7 brid 541

GFP [Tz H EGFP H6xHis]
PGH [ Pep-1 H EGFP HoHis)
HPG [6xHisH Pep-1 H EGFP ]
HGP [T7tag HoxHisH EGFP H Pep-1 ]

GPH [T H EGFP H Pep-1 HovHis)
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4-2 UF Pep-1 AEERASXR GFP EEEHIREE

Fig.4-2 Schematic depiction of four Pep-1 fusion protein and control GFP protein

Kpa M EGFP PGH HPG HGP GPH

G -—

[&] 4-3 10%SDS-PAGE S #aiit GHINMR & ER
Fig.4-3 10% SDS-PAGE analysis of four purified proteins

3.2 PGH ERAMMEAEEL

FHTAREFTRK I, Pep-1 fill& 85 H AT LALE 0.25 pM. 15 738 i s 1] 3 3E 41
BB, SRT, HIATH 5 uM ) PGH MBI, £ 25°CHEE 12/
e, WAMEERRIES . AR PGHIREE NS 50 uM 5, FATA REMEL
FURADHIR GG S . HT ARMMIEE /L 37°C R EFR, A THENZE XA 3 S iR
FET, LanPREEdn i i) PGH H AR T gt in. Fse b, JATHE 37°CHK
WG T 25°CI £ (KBl 4-4) o PRL,  FRATHERX AN B = B3R E T #E47 1 Pep-1
RilE E E AL

25°C 37°C
S5uM 50uM 5uM 50uM
GFP  PGH GFP PGH GFP. PGH _GFE_ _ PGH

Ly S A - ik i g Vi . v e R R Vo

& 4-4 b3 25°C5 37°C~ PGH RU4BAEAIAE L. MO 58 50 uM PGH ZEH, F25°CH37°C
8 12/ FRR: 50 um
Fig.4-4 Intracellular transformation of PGH at 25°C and 37°C was compared. 5 or 50 uM PGH

protein was added to E. gracilis cells and incubated at 25°C and 37°C for 12 hours. Scale bar: 50 pm
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AT T =Pk B2 (1) PGH X A AR BE R AL OS2 A . K S M 1% PGH A
BIAFAEEAI A, WS 2 /NERT 7 N AR MBI TE S BMEL 12 /)
S, R AR EAI (2 1%) RIHFEES . RIEH PGH K /) Hilie
B 2] 50 uM A1 100 uMo 7E 50 uM AT 100 uM PGH 3 & 7 /N5, BATTRTELS 51
ML BHEIL 25%F1 60% FEAL R (B 4-5) « WA IHAIZE K 12 /N, (XIS T
E AL REER (100 pM N 70%) o BLAR PGH 76 21 4148 3 40 i b (3 Pz v T A4
ML, FFHEXFMREARERE (37°C) @i THAEMERE (257C), HEA]
R PGH # AL (¥ £F 20 AR e aH IR AT SR R I8 3 e 1. BR T Pep-1, AT A
TAT (—Fs & 45 2R 1 BH B 7B K 547 7 WK, IR R I TAT-EGFP 1% 4L 34
5 PGH M. EAXEHEMFMNT, FAVEERE KW EH Pep-1 ) GFP
HEAMTOGES, RN RIS 51 SE HZEB R A,

A PEP1-EGFP

7h =% %

Fluorescence efficiency(%)

5 50 100

Concentration(pM)

S5uM 50uM 100pM

[ 4-5 Pep-1 RAAE A PGH HILT4RIEEMAAEE1t
Fig.4-5 Intracellular transformation of the Pep-1 fusion protein PGH in E. gracilis cells
E: AASmRZEmIC T PGH 69 B 18] Fo iR B AR MM 2w il M A4 . fm e o B B R B K R B9

PGH & a4 2. 7x 1200, REAIMETALR, HR:50 um; B A4 @3 ma
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PGH # WA FEN R . REFMFAZNBRIKBOITEL ..

Note: A is time- and concentration-dependent intracellular transformation of PGH in E. gracilis cells.
Cell were treated with different concentrations of PGH protein as indicated for 2, 7 or 12 hours

before observing under microscope. Scale bar: 50 pm; B is quantification of PGH transformation

efficiency in E. gracilis cells. Error bars are given as the SD of three independent experiments.
3.3 Pep-1 ML EFH UM EAIF M

BT bik PGH & E4L, BAVEAN T 54 =F5 Pep-1 M KMA G EH. W
ERTIR, X8 H{UTE Pep-1 M His An 2SI B LA FIAE. 4ifhixie s [q i H
AT Pep-1 ML BXTFEALRCR I . el b, TEKX =FEAS i PGH
WA MBI AR RS, FRATE R S PGH Al HPG M)A 8% i & T
HGP fl GPH (& 4-6). 1X—45 53K N-uiy Pep-1 A4 (23 7 40 #1k..

EGFP GPH HGP HPG PGH

4-6 MU Pep-1 RAAEBHMMANEEL, HF Pep-1 iRF M TEBEEBN NimK Cif. #5
R: 50 pm
Fig.4-6 Intracellular transformation of four Pep-1 fusion proteins with Pep-1 tag located at either the

N- or C-terminus of respective protein. Scale bar: 50 um

3.4 ZHIH (DMSO) M SHHMEAES

an ERTiR, BORAIIREE 37°CEE 25°C) {28t 1 PGH WAL, Wi iR E
SN T AR AR B, FRATTHE D 5 e YA B 1A R R 2 R AR A 5 1
etk DR, AR DMSO SREIEX 875, DMSO J2& — M FH ) S 2 1),
Al DS B E M . A FIREE 1) DMSO AL - AR 40D 1 /N . PBS BE¥
Z:F%x DMSO J&, MAARE Pep-1 bric i) GFP & H, WHE 12 /M. WK 4-7 iR,
GFP 75 £F 41 4 35 40 Mo rF i 35 AL 2 B0 DMSO R R #i i 7 a, R HAEM S
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Pep-1 ML, 24 DMSO WKJE N 10%I, FRATMELFZ) 80% AL .

A

-DMSO 0.01%DMSO 0.1%DMSO 1%DMSO 10%DMSO B 100

804

604

401

20

Fluorescence efficiency(%)

o —_
0 0.01% 0.1% 1%  10%

DMSO(%)

4-7 B DMSO N+ FHISNRE B EF AR MR ANEEL
Fig.4-7 Intracellular transformation of exogenous protein in E. gracilis cells with DMSO
E: A ATREKE DMSO & 32 4F s 4R 3 4m el & #E 4T & Pep-1 473269 GFP & G 694 1L, 4R R
50 um; B4 GFP # s ey g, REFMEAANIRZRBGIREE,
Note: A is transformation efficiency of Pep-1 tag-free GFP in E. gracilis cells treated with different

concentrations of DMSO. Scale bar: 50 pm; B is quantification of GFP transformation efficiency.

Error bars are given as the SD of three independent experiments.

BT B EA RN, RATERZBREAT TR, Wit —x 514 (&
4-5), YL AN Prp8 BEIR, KN 1.7kb. A TR EIRRGE A EE
W51% DNA Jr BUIESHML P IR 8 A, FRATI 65kt Cys MRER R IE 7 51 01 50
Ao @IS GFP MR AR, RATE B N WSS T 41 04 40 i i
DNA B 65O6E S (B 4-8A) o AR IZ, % DNA fr B4 A 4 4L
BAEFLEET LR GFP A, &G, AT ALK TUR L2 4R B 40 2 1 DMSO %%
LT ATE, RAEH 7 —4 12 kb (1) pPZP211 Jfiki. DMSO 43 1 /M5, H
PBS ¥tk 2% BR7R B 1) DMSO IR, 24K JE 10 ng/pl HI BRI N L 40 8RB AR A -
B3R 3 KJG, IEVRANAE, A BURL/ANR RN S IR EL4E M DNA . 3471 DMSO 4t
A 40 A AR B T BRI KN 736 bp (A BE. ML Z R, R4 DMSO
ME I R B A DNA (B 4-8B). S5 3R, 12 kb BJ5 R n] PLE N 2141
PRI
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Cy5-Prp8

E.g plasmid
DAPI rgel - DH5a plasmid
M PZP211-egGFP  CT  PZP211-egGFP

Fluorescence

Light

4-8 i DMSO 7 FHISNEAERTE AH AR AR I Y EE 1L
Fig.4-8 Intracellular transformation of exogenous nucleic acids in E. gracilis cells with DMSO

E: ANFmREMILLE 10% DMSO 4325 DNA A B ey mia s, ¥ 8 A% Cys #rie
9 1.7 kb Prp8 } VA 40 ng/ul 89 203K Bk he B ¢ tmiR e F o 3+ F Cy5- prp8 #4L ey m s,
DAPI } &ty mipiz B 2Rk, #5 CyS ®RAEF5 &4, /AR : 50 um; B # A PCR #
M) pPZP211 F 4289 J2 P #5411 10% DMSO & 32 5 4 tm 4R 3 m i F 42 M 2] 7 736 bp K /)
8 BB K. KIMATHE &) ik PCR AR A MLt

Note: A is intracellular transformation of a DNA fragment. The 1.7 kb Prp8 fragment with or
without a Cy5 label was added at a final concentration of 40 ng/ul to the E. gracilis cells after 10%
DMSO treatment. For cells with the Cy5-Prp8 transformation, iocations of nuclei stained with DAPI
were also shown and superimposed with the Cy5 fluorescent signals. Scale bar: 50 pum; B is
examination of intracellular transformation of a pPZP211 plasmid by PCR. A band of 736 bp in size
was recovered only from cells treated with 10%DMSO. PCR from the plasmid was served as a

positive control.
4 LEip

BATH A B Sk Pep-1 Fl DMSO JF& 1 W Fh & ¥ I AT i e Ak 77 v . 5901
B RITTIEM, RITIERS K AMNIEYI I = R J7 8 PR I e Ak 31 21 A AR 5
A
5 it

PR T — AP AR AN, BRI AN, R 1) B RTE
R TR B RIE, TRA BB A RN IBAL 700 2T A0 £ 322 PR 4T 0
ABFF . HRTIUE MR R T B A S0, g LA D706 T R Atk T e o7
YEAE BRI I A, T EAX S B BRI, BRATEESL T 5 A AR R 41
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PR FNTTiE . TEBSIEIK Pep-1 S IVHAL R RATRIL, %FF NG00, Pep-1
RlE B VR EN 0.25 pM & 7= AR IR 5 6 (5 5100, Tk T 4R 4 AR A A, 2R
FR S RIL 100 uM A &G R HUR . B4 WA 84 4 4007 41 e 75 22
W IR BRI AT R AR A 5 ONRANAR L, 4T 4007 S 4m A 1 41 i
5 PN — PSS BB B A5 H . FRON pelliclel®l. FRATTHEM pellicle AT A2 FH
tS Pep-1 HUHEN, RABEIKEN Pep-1 A BEFT X — fEfa. 0k, N pellicle
(RIFE R B )5, R EE I PGH 8 1 I (b 38R AT e 2 3 21 5 N SR AR ALK 7K
o H1T pellicle )70 T HBGEATERE, BTUAH BTN IEIE A RER S0 IX MR . 45 F
FRATIAT Hh R0 R B P B ) BR 0 DR 36, B B 5 1 SR A0 S 2 N 2T 400 R 40 M
1] DMSO 7% 4 25t Bk, BRI fLER . I IRAS
i AN [RIVR B2 1) DMSO fE F T4 4R e 4m i, 75 10% DMSO 1EFH4uM 1 /N,
AL T RFCIRES, BIRFERIEAIRE ), KEA H A AR HUT B3R AR 7240
Fil12h J5, WMERE|HOG, FIMMAEZM HUT 55834k sk gt AT R 7%, 2-3 R4k
HIEHIZE), U 10% DMSO R i i dTFLERH, Aoidigifiset:,
i AR s i B B RIBHAE /). TERT A Pep-1 1628 AN IR B 0 e 1 2%
IR, AT N 3 Pep-1 A BHEHE T 40l 564k, X5 2 i fHRiE
e—Emie,

SIAE KR E N S, BN MIER St BRATA R R
[¥] Pep-1 Fl DMSO /it FHIFA T BA PRI . 8. @R s HATX 572
HATRMIR T A0, * T8 AR B R AT R F A A ik, FRATIAA
RLAZSER R, XA R — D I HIE .
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ENELE

LIATEE ) 166 MEFAMREE BT H R A ALK, HAE 1 4F4neR i b U2 A1 U6
snRNA AETE. I HIEATVRIE B A EY) 2 [RIE ST HR i BB ZE S,
AT AR B 1IN 2 B 77 3 A U

2. JATEE ) 28337 MEAAAEE A S T, IR NPUMEA: GT-AG.
GC-AG. ss-invariant 1 ss-variant. FATAKIELTAIERBE SL-RNA 1] 5'ss X 5 H A7 7E
5 NEHALR extended U6/5'ss #RJi€, DAKAE 3'ss ZWEEXINE & C, REHEY)
MEE TREAM.

3. AV R ANTFIRBA . RANR A4 HAR DL Ny T4 A SIS T —
Pl RNA Jit 2§ Dbrl 2 [ /N FAL &) Ca.

4. AR FHES K Pep-1 A1 DMSO HK 1 P48 4 4R i e Ak T7 1
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HKA, —FZ WA AR mRNA(pre-mRNA) [8] 3 $z, 3 —F 2 BB 5 551
(spliced leader, SL) /v 3. fE SL /™S HI AT, SLRNA SR T EAFEAE 5'8Y4%
A7 /5, pre-mRNA 4778 4r 2 SR (branch point adenosine, BP-A) Fl1 3'BY $2 4/
Mo TEBIEAAMIMER T, SLRNA I 54 e T & #uhi 7 pre-mRNA [¥) 5'%ii outron
FPA, TR mRNA . SL /5 S B 2 42 BEAAAE T IREE L, 5 I B 2%
PR JFAE Y, AR N SEANEERE R ALY o BE S 12 5 2 I R oA ) 1
SL [ A BIHE, AR T FRA TR H 3 T LA B, 38 9 AR S5 A M R 7
BEE | B

REgi: aUBYH:: SL-RNA; BUENUHL: iR A: 2R 4ni

Abstract: Trans-splicing is the joining of two different genes together, one between

two precursor mRNAs and the other mediated by a spliced leader (SL) sequence, with a
5' splice site on the exon of the SL RNA and a branch point adenosine (BP-A) and a 3'
splice site on the pre-mRNA. Under the action of the spliceosome, the exon at the 5' end
of the SL RNA replaces the outron sequence at the 5' end of the pre-mRNA to form the
mature mRNA. Most research on frans-splicing by SL has found that it is mainly
present in pathogenic organisms such as 7. brucei and C. elegans and is absent in
humans and yeast. With the detection of SL trans-splicing in more species, it not only
deepens our understanding of its molecular mechanism but also lays an important
foundation for future studies on pathogenic organisms.

Key words: T7rans-splicing; SL-RNA; Splicing mechanism; Pathogenic organisms;

Euglena gracilis
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mRNA ] 5'%i, MM ECN1Z mRNA 5 —ANME T 54h, XA FEAMNE o8]
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HE, I H S 2 T s A0, FEHE Y RNA By Ead /i, —/MERT 3741
W R 2 B 28 A (Y pre-mRNA [ 5'30M121, 346, 7675 W0 AT £ d i AL sh &
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TN [ AT 2 e 2R A A S UAVRIE V0 R Sh 8 FR HOBUE B B | US). SR T, SL
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) 16 ot jw JE U 51 nt8,

LM pre-mRNA ] 5" Ui & A — MM F 0, e KA SL R BT 42 1)
H1 3 pre-mRNA ) 5" — AR & FAFAE [ RNA X380 (B4l GC &
), ZFHPFRZ N outron”, Outron 55 A7 TR R BT 5 BilF, &6 5 3
S BT H AL AU DR IR 43 SRR AN 22 SR g S A . R H R SL S AT 4 Bk R 1Y)
JE 3T 5K outron ARG AT AT OB E, (HHF SL R UBTE R A I RCR AT
IR HMESY B & outron [¥) pre-mRNA, [F IR0 outron 7 414 73 #r Hi ok (20211,

7E SL A S B el v, 3047 SL s UBTE21) pre-mRNA (1 outron | H
A 3BARAL AL, R SBERAL AL, XA 3 BIEA S5 AT SL RNA 401 B 11
ST AT ECN o BEALR B, TEIESiR R, @I INE bR R 5B
fr A, SLAY T 10 s AOMVE FUB Y 3 BTz 5 a) DU B #2230, T8 B
Bz S'BYEEAL A, AR SLRNA L/ S'BY A7 s 45 & FIFE K 5'5 outron 1 [¥) 4>
AR (A b, EEhEE. ZEFEF pre-mRNA AHES Ul snRNP 454, {H
A SLsnRNP 25, &5 U2 snRNP fEE A i) 38T A AR, SLAME T
WBTEL S 4 2] mRNA ERCNEE — MR T . SL snRNP £ 41 7£ pre-mRNA |
WA S'BYREAL A R LR BT 5] 1) pre-mRNA ¥ 3'BY 407 25 B F, 33X 1) L
FEATPRRARFAN) . HATH PRSI, 26 —Fh2 EJ#i% Ul snRNP B, U2 snRNP
5 3BT S EAE IR 5] SL snRNP; 55 “FP AL, SL snRNP #0513
A BT R & BT X pre-mRNA 1] outron 7 41 5' R ufi FIAZ MG 45 & E AW H A S
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Complex Genes H. sapiens E. gracilis’ T. brucei® L. major D. papillatum”
Sm SmB NP_003082 OP185536 XP_951644 XP_003722006 0Q872397
SmD1 NP_008869 OP185537 XP_845935 XP_001683257 0Q872398
SmD2 NP_808210 OP185538 XP_951729 XP_001686081 0Q872399
SmD3 NP_004166 ggigggi’g XP_844239 XP_001686492 88:;::8?
SmE NP_003085 OP185541 XP_845391 XP_001684716 0Q872402
SmF NP_003086 OP185542 XP_827316 XP_003722843 0Q872403
SmG NP_003087 OP185543 XP_829487 XP_001685423 0Q872404
LSm LSm2 NP_067000 OP185544 0Q872405
LSm3 NP_055278 OP185545 0Q872406
LSmd NP_036453 OP185546 XP_829452 XP_001685387 0Q872407
LSm5 NP_036454 OP185547 0Q872408
LSm6 NP_009011 OP185548 0Q872409
LSm7 NP_057283 OP185549 XP_845073 XP_001684007 0Q872410
LSm8 NP_057284 OP185550 0Q872411
U1 snRNP U1-70K NP_003080 OP185551 XP_847313 XP_001682242 0Q872412
U1A® NP_004587 8:; i ggggg XP_843940 XP_003722162 88: ;g: iz
uiC NP_003084 OP185552
RBM25 NP_067062 OP185553
PRP39 NP_060392 No hit
NP_060362
PRP40 BN;’_OO 10268 gg; gg:gg 0Q872415
TIA1 NP_071505 OP185556
LUC7L NP_060502 OP185557
OP185558 00872416
swexie | neoozs | Oriessss | swels | xeoowsses | ogwmur
0Q872419
U2 snRNP U2A’ NP_003081 OP185561 XP_827916 XP_001683928 0Q872420
U2B"& NP_003083 gﬁiggggi XP_843940 XP_003722162 883;2:13
SF3A1 NP_005868 OP185564 XP_828057 XP_001682710 0Q872421
SF3A2 NP_009096 OP185565 XP_951536 XP_003721618 0Q872422
SF3A3 NP_006793 OP185566 XP_845437 XP_001684786 0Q872423
SF3B1 NP_036565 OP185567 XP_829247 XP_001684544 0Q872424
SF3B2 NP_006833 OP185568 XP_845321 XP_001684647 0Q872425
SF3B3 NP_036558 OP185569 XP_846318 XP_001687566 0Q872426
SF3B4 NP_005841 OP185570 XP_844118 XP_003722112 0Q872427
SF3B5 NP_112577 OP185571 XP_827364 XP_003722805 0Q872428
SF3B6 NP_057131 OP185572 XP_822981 XP_001686883 0Q872429
PHF5A NP_116147 OP185573 XP_822974 XP_001686871 0Q872430
U2 related U2AF65 QN: 0010124 1 b1 85574
U2AF35 7Nf—°°1°2°3 8::::;: XP_822572 XP_003721697 0Q872431
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OP185577
PUF60 NP_510965 %ig;iﬁ;
SPF30 NP_005862 | OP185579 0Q872432
SPF31 NP_055095 | No hit
SPF45 NP_116294 | OP185580 00872433
CHERP NP_006378 | OP185581
U2SURP ;P 0010738 | (p1gss582 XP_846348 XP_001687538 %g;z:gg
DDX42 NP_031398 | OP185583 0Q872436
U6 snRNP SART3 NP_055521 | No hit
U4/U6 PRP3 NP_004689 | OP185584 0Q872437
di-snRNP PRP4 NP_004688 | OP185585 XP_822354 XP_001683064 0Q872438
PRP31 NP_056444 | OP185586 XP_823290 XP_001685738 %g;:ﬁg
NHP2L1 [:;’ 0010037 | \p1gs5587 XP_803820 XP_001682066 et
XP_845254 0Q872442
PPIH NP_006338 | OP185588 XP_845256 XP_001684591
XP_845262
U5 snRNP PRPS NP_006436 | OP185589 XP_827386 XP_003722790 0Q872443
BRR2 NP_054733 | OP185590 XP_844903 g—%:gggggg OQeT2444
SNU116 | NP_004238 | OP185591 XP_829601 XP_001685543 0Q872445
PRP6 NP_036601 | OP185592 0Q872448
TXNL4A | NP_006692 | OP185593 XP_847089 XP_001683400 0QeT2447
CD2BP2 NP_006101 82:2‘;’::
SNRNP40 | NP_004805 | OP185596 0Q872448
AAR2 NP_056326 | OP185597
U4/U6.U5 SART1 NP_005137 | OP185598
tri-nRNP USP39 NP_006581 | OP185599
RBM42 NP_077297 | OP185600 0Q872449
SNRNP27 | NP_006848 | No hit
0Q872416
et |wesmot | ovsssy X | e | oo
00872419
NTC PRP19 NP_055317 | OP185601 XP_951696 XP_003722060 0Q872450
CDC5L NP_001244 | OP185602 XP_844880 XP_001682333 0Q872451
SPF27 NP_005863 | OP185603
PRL1 NP_002660 | OP185604 XP_823238 XP_001687067 0Q872452
AD002 NP_057487 | OP185605 0Q872453
OP185606
OP185607 XP_001684128 0Q872454
N e | R P I
0Q397588 XP_001684402 0Q872457
0Q397589
CTNNBL1 | NP_110517 | OP185608 0Q872458
NTR SKIP NP_036377 | OP185609 0Q872459
RBM22 NP_060517 | OP185610 0Q872460

82




AR 7 B ol - 2 A8 ST

CRNKL1 | NP_057736 | OP185611 XP_823189 XP_001687012 0Q872461
PPIL1 NP_057143 | OP185612 XP_827807 XP_001687067 %:;::g;
G10 NP_003901 | OP185613 XP_822907 XP_001681198
SYF2 NP_056299 | OP185614 0Q872464
PRCC NP_005964 | No hit
IBC AQR NP_055506 | OP185615 0Q872465
XAB2 NP_064581 | OP185616 XP_844808 XP_001683515 0Q872466
ISY1 NP_065752 | OP185617 XP_847026 XP_001680905 0Q872467
ZNF830 NP_443089 | No hit
PPIE NP_006103 | OP185618 0Q872468
RES complex | RBMX2 NP_057108 | OP185619 XP_845742 XP_001684080 0Q872469
SNIP1 NP_078976 | OP185620 XP_844126 XP_003722104 0Q872470
BUDI3 NP_116114 | OP185621
EJC/TREX eIF4AIIl NP_055555 | OP185622 XP_828941 XP_001684436 0Q872471
MAGOH NP_002361 OP185623 XP_845612 XP_001684966 00872472
Y14 NP_005096 | OP185624 XP_001684082 00872473
MLN51 NP_031385 | No hit
Acinus NP_055792 No hit
SAP18 NP_005861 | No hit 0Q872474
THOC4 NP_005773 | No hit
THOC1 NP_005122 | OP185625
THOC2 [:‘: 0010750 | b1 85626
THOC3 NP_115737 | OP185627 0Q872475
C170rf85 g‘g 0011075 | g hit
Pinin NP_002678 | No hit
THOC7 NP_079351 | OP185628
RNPS1 NP_006702 | OP185629
THOCS NP_0010028" | ‘g ity
77
A specific HTATSF1 | NP_055315 | OP185630 0Q872476
SF1% NP_004621 | OP185631
TRIR NP_076943 | No hit
CCARI* | NP_060707 8:2:2;
CDC2L2 NP_076916 | OP185634 0Q872477
BUB3 341)_0010077 OP185635
SUGP1 NP_757386 | OP185636
TLS/FUS | NP_004951 | No hit
TCERG1 | NP_006697 | OP185637
0Q397590
0Q397591
R N | P I e R I
0Q397594
0Q397595
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RBMS5/RB NP_005769

Mi10 NP_oose67 | v hit
RBM23/RB | NP_0010708 00872479
19 OP185641
M39 NP_004893
preB specific OP185642 00872480
PRP4K NP_003904 | OP185643
OP185644
S NP_116253 | OP185645 00872481
e FRER NP_060531 | OP185646
ZMAT2 NP_653324 | OP185647 0Q872482
MFAP1 NP_005917 | OP185648 00872483
RED NP_006074 | OP185649 00872484
THRAP3 gg ~O01308L | e
PQBP1 l:: 0010275 | (b1 85650
WBP11 NP_057396 | No hit
HSP27 NP_001531 No hit
SMUI1 NP_060695 | OP185651 00872485
FBP21 NP_009118 | No hit
UBL5 NP_077268 | OP185652 00872486
pre-Bact
KIN17 NP_036443 | OP185653 00872487
specific

Bact specific RNF113A NP_008909 OP185654

NY-CO-10 | NP_005860 | OP185655 0Q872488
PPIL2 NP_055152 %gg;ggg 0Q872489
CCDCI2Z | NP_653317 | OP185657
SRRM1 NP_005830 | No hit
SRRM2 NP_057417 | OP185658 0Q872490
cwcz2 l:: 0013629 | p1gs6s9 XP_829139 XP_001687102 0Qa72491

B*/C specific | GPKOW NP_056513 | OP185660
CCDC94 | NP_060544 | OP185661
CCDC49 | NP_060218 | No hit
PPWD1 NP_056157 OP185662 0Q872492
PPIL4 NP_624311 OP185663 XP_845045 XP_001682143 00872493
FRG1 NP_004468 | No hit
WDR70 NP_060504 | OP185664
WDRS3 NP_115708 | No hit 0Q872494
GPATCHI | NP_060495 | OP185665 0Q872495
N R
NOSIP NP_057037 | OP185667
C9orf78 NP_057604 | No hit
CXorf56 NP_071384 | No hit
NSRP1 NP_115517 | No hit
CIR1/RP9 :i-gggg;g No hit
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Abstrakt | NP_057306 | OP185668 0Q872496
00397598 00872497
PPIL3 NP_570981 bieurags XP_827430 XP_003722755
PPIG NP_004783 | No hit
pre-C* FAMI92A | NP_079222 | No hit
C*/P specific PRP17 NP_056975 OP185671 XP_843787 XP_001683944 00872498
PRP18 NP_003666 | OP185672 00872499
SLU7 NP_006416 OP185673 XP_844974 XP_001681147 0Q872500
PRKRIP1 | NP_078929 | No hit
DDX35 NP_068750 OP185674 0Q872501
FAM32A NP_054796 | OP185675
NKAP NP_078804 OP185676 XP_823332 XP_001685799 00872502
Cactin NP_067054 OP185677 XP_829224 XP_001684517 0Q872503
SDE2 NP_689821 OP185678
- 00397600
C/C* misc
DDX57 NP_945314 | Joooreon XP_829273 XP_001681170
00872504
RACK1 NP_006089 | OP185680 XP_829201 XP_001684560 00872505
Matrin-3 NP_0011818 |\ pie
83
DBPA NP_003642 | OP185682
TOE1 NP_079353 | No hit
OP185683
RBM4 NP_002887 | Gag7ecs XP_951655 XP_003722019
R NP_0013397 |\ .
02
OP185606
OP185607
” 0Q397586 XP_001684563
HSPAIA NP_005336 | o oqzees XP_829198 X 1ioaas68
0Q397588
00397589
TTC14 NP_597719 | OP185684
ZCCHC10 1;151’ 0012877 | (1p1gs685
CDK10 NP_443714 | OP185686 00872506
FRAI0ACI1 :‘lp 0013346 | 5185687
DGCR14 NP_073210 | OP185688 00872507
ILS specific TFIP11 g’; 0010086 | p1gs689
CWFI19L2 | NP_689647 | No hit
ATP helicase UAP56 NP_004631 OP185690 XP_822312 XP_001683110 0Q872508
PRP5 NP_055644 OP185691 XP_845030 XP_001681037 0Q872509
PRP28 NP_004809 OP185692 0Q872510
PRP2 NP_003578 | OP185693 XP_822773 XP_001686659 0Q872511
PRP16 NP_054722 | OP185694 XP_828648 XP_001683625 0Q872512
00397603 00872513
00Q397604 XP_822963 00872514
PRP22 NP_004932 | oSoozene b go415T XP_001686861
00397606
00397607 XP_844789 00872515
PRP43 NP_001349 | OSozcoe Sistp XP_003722513
pre-mRNAVintr | CBPS0 NP_002477 | OP185697
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on binding CBP20 NP_031388 | OP185698 XP_845318 XP_001684644 00918096
proteins YBX1 NP_004550 OP185682
SRRT/ASR
NP_056992 | No hit
2B
RBM7 NP_057174 | No hit
: XP_001683802
ELAVL1 | NP_001410 | No hit XP_847495 B i 00872516
0Q397609 | vy, 43088 00872517
0Q397610 | p"g 43085 00872518
PABP1 NP_002559 | 0Q397611 - XP_003722897
Gosotaiz. | XP-827287 00872519
Gosoreis, | XP-82758 00872520
NF45 NP_004506 | No hit
ZC3HI8 | NP_653205 | No hit
0Q397614
00397615
DDX3 NP_001347 | 0Q397616 ;‘;—:g;gg; XP_001685353
0Q397617 s
00397618
Dbrl NP_057300 | OP185699 XP_844887 XP_001682341 00872521
SRandrelated | ASF/SF2 | NP_008855 | No hit
proteins SRSF7 ?5-0010268 00Q397619 | XP_827049
SRSF3 NP_003008 | No hit
SRSF9 NP_003760 | No hit
SRSF10 NP_473357 | 0Q397620
SRSF5 NP_0010345 | no pst
54
SRSF6 NP_006266 | No hit
SRSF4 NP_005617 | No hit
SRSF2 NPZOOLI823" | o e
56
hTra2a NP_037425 | No hit
hTra2b/SF
NP_004584 | 0Q397621
RS10
ARGLUI | NP_060481 | No hit
hnRNP proteins NP_006796
hnRNP NP_112420
AO/AL/A3/ ;‘: 0013171 | 397622
A/B/AZ/B1 | NP_004490
NP_002128
hnRNP
NP_0010709 | \
cl/cz 10
hnRNPD | NP_112738 | No hit XP_846936
hnRNP F 17\::’_0010915 No hit XP_951606° 00872522
hnRNPG | NP_002130 | No hit
NP_0012442
hnRNP e
n NP_0010275 . " 00872523
B i No hit XP_951606 bl
NP_0013093
67
hnRNPK | NP_002131 | No hit
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00397623
hnRNP M
N NP_005959 | (oo 00872525
hnRNPQ | NP_006363 | No hit
00397625
hRNPR | NP_00s817 | o3 ce
hnRNPU | NP_114032 | No hit
RALY NP_057951 | No hit
00397626
EIBAPS | NP_00BOTI | o5 00872526
00397628
00397629
NP_002810
- 0Q397630 00872527
PTBP1/2 rqu_omzsn Ooso7es | XP-82T1os XP_888628 v el
00397632
00397633
NP_006187
7 i
pcBPIz | 0B | Nohit
miscellaneous | CFAP20 | NP_037374 | OP185700 | XP_822473 XP_001682971 00872529
: NP_0013809 | OP185632
roteins & s
" CCAR2 26 OP185633
NFAR NP_0013817 | o pi¢
40
ZNF207 | NP_003448 | 0Q397634 00872530
NRIP2 NP_113662 | No hit
SAP30BP | NP 037392 | No hit
DDX9 NP 001348 | No hit
DNAJC6 | NP_055602 | No hit
XP_001686170
PPPICA | NP_002699 gggg;ggg XP_844512 XP_001686172 %ﬁ;iiiﬁ
XP_001686173
GCFC NP_057715 | No hit
BAG2 NP_004273 | No hit
CIRP NP_001271 | OP185702 | XP_845656 XP_001685908
NIPP1 NP_054829 | 0Q397637 | XP_845871 XP_001683205 00872533
SMN1 NP_000335 | No hit
CLNSIA | NP_001284 | No hit
MEP50 NP_077007 | No hit
PRMTS NP_006100 | OP185704 | XP 822322 XP_001683098 00872534
SEC3IB | NP_056305 | No hit
REBP6 NP 008841 | OP185705 | XP 827503 XP_003722699 00918097
AGGF1 NP_060516 | No hit
CELF1 l;‘lp 0013633 | pr79271
RBFOX2 | NP_0010760 | s
48
Quaking/Sa | \b 006766
m68/Sim-2 | NP_006550 | OP185631
. NP_006549
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MisR—

SMRRA D TR R SRR

AS-type~ Genomic-accession Transcriptomic-accession< intron-size-(bp)<
Overlappin | CAAHFI010095568.1< m64269e 220926_224707/43059924/ccs 507<
g< m64269e_220926_224707/47121973/ccs 422

CAAHFI010245853.1< m64269e_220926_224707/39389135/ccs- < 244+
m64269e 220926 224707/105775799/ccs* 181<
CAAHFI010365539.1< m64269e_220926_224707/130025364/ccs- < | 1275«
m64269e 220926 224707/24773118/ccs- < 1214
CAAHFI010548366.1< m64269e_220926_224707/38732698/ccs 1056«
m64269e 220926_224707/146606680/ccs- < | 1001<
CAAHFI011060464.1< m64269e_220926_224707/106299553/ccs+ 455¢
m64269e 220926 _224707/77400317/ccs- < | 428<
CAAHFI011991124 1< m64269e_220926_224707/59966605/ccs- < 632
m64269e 220926 _224707/49941311/ccs- < | 586<
CAAHFI010356404.1< m64269e_220926_224707/132121167/ccs* 425¢
m64269e_220926_224707/98501514/ccs 382<
CAAHFI010783765.1< m64269e 220926 _224707/89589654/ccs- < 314¢
m64269e 220926 _224707/90114539/ccs- 267
CAAHFI011214082.1< m64269e _220926_224707/79364138/ccs 606<
m64269e 220926 _224707/151063201/ccs 538<
CAAHFI011224586.1< m64269e_220926_224707/5636690/ccs- < 626<
m64269e 220926_224707/19858408/ccs- < 509<
CAAHFI011313882.1< m64269e_220926_224707/90245730/ccs< 75¢
mb64269e 220926 _224707/45351257/ccs- < 53¢
CAAHFI011433261.1< m64269e_220926_224707/55182940/ccs- < 361<
m64269e 220926 _224707/138610068/ccs=> | 325
CAAHFI011569944 1< m64260%e_220926_224707/70126275/ccs- < 609«
m64269e 220926_224707/86245980/ccs- < | 443<
CAAHFI011781967.1< m64269e_220926_224707/127208210/ccs* 257<
m64269e 220926 224707/147130438/ccs- < | 252<
CAAHFI011989906.1< m64269e_220926_224707/11797629/ccs- < 351«
m64269e 220926 _224707/156763211/ccs= | 322
CAAHFI012022742 1< m64269e_220926_224707/56822410/ccs< 569+
m64269e_220926_224707/132317800/ccs- < | 547<
CAAHFI012050753.1< m64269e 220926_224707/143066356/ccs- < | 416¢
m64269e 220926 _224707/139527452/ccs= | 313<
CAAHFI011464222 1< m64269e_220926_224707/79627380/ccs- < 625¢
m64269e 220926 _224707/35258559/ccs- < | 505<
CAAHFI010081492.1< m64269e_220926_224707/47974732/ccs- < 1189«
m64269e_220926_224707/124387789/ccs 1173
m64269e_220926_224707/124387789/ccs 376¢
m64269e 220926 _224707/2752992/ccs<> 181
m64269e _220926_224707/2752992/ccs- < 203<
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m64269e_220926_224707/124387789/ccs | 197<
m64269e_220926_224707/124387789/ccs- < | 1173¢
m64269e 220926 224707/2752992/ccse 927¢
CAAHFI011326790.1¢ m64269e_220926_224707/156304278/ccs < | 539¢
m64269e_220926_224707/119079977/ccs < | 490<
CAAHFI011718962.1¢ m64269e_220926_224707/100993234/ccs~ | 2481¢
m64269e 220926 224707/1705157/ccs- € 616<
CAAHFI010851876.1¢ m64269e_220926_224707/67504620/ccs 464¢
m64269e 220926 224707/31393641/ccs- < | 428¢
m64269e_220926_224707/67504620/ccs- < | 698¢
m64269e_220926_224707/31393641/ccst 691<
CAAHFI010347071.1 m64269e_220926_224707/48498241/ccs® 643+
m64269e 220926 224707/170526546/ccs= | 631¢
CAAHFI010347071.1< m64269e_220926_224707/76612282/ccs 620+
m64269e 220926 _224707/170526546/ccs | 631¢
CAAHFI010521295.1¢ m64269e_220926_224707/163187180/ccs | 890«
m64269e_220926_224707/49414239/ccst 853«
CAAHFI010536519.1¢ m64269e_220926_224707/165676250/ccs | 731¢
m64269e 220926 224707/30869908/ccs-< | 708<
CAAHFI010572383.1¢ m64269e_220926_224707/72223500/ccs 384«
m64269e 220926 _224707/170198887/ccs | 366<
CAAHFI010909693.1+ m64269e_220926_224707/155649477/ccs | 820¢
m64269e_220926_224707/65864500/ccs* 764¢
CAAHFI010959876.1¢ m64269e_220926_224707/96536236/ccs 282¢
m64269e 220926 224707/146342703/ccs= | 181¢
CAAHFI011183243.1 m64269e_220926_224707/52626203/ccs* 226¢
m64269e 220926 224707/85983447/ccs 182¢
CAAHFI011276374.1¢ m64269e_220926_224707/176882287/ccs | S37¢
m64269e_220926_224707/114819535/ccst” | 476¢
CAAHFI011317307.1 m64269e_220926_224707/55249255/ccs* 431¢
m64269e 220926 224707/2883957/ccs* 405¢
CAAHFI011342166.1 m64269e_220926_224707/50397362/ccs* 661¢
m64269e 220926 224707/177537392/ccs € | 592¢
CAAHFI011552157.1 m64269e_220926_224707/11666435/ccs 643+
m64269e_220926_224707/136907271/ccs | 633¢
CAAHFI011557255.1¢ m64269e_220926_224707/92473232/ccs* 1125¢
m64269e 220926 224707/14024974/ccs- < | 976€
CAAHFI011902270.1 m64269e_220926_224707/133366989/ccs | 453¢
m64269e 220926 224707/170853083/ccs= | 332¢
CAAHFI011958562.1 m64269e_220926_224707/122815136/ccs- < | 186¢
m64269e_220926_224707/151192962/ccse | 155¢
CAAHFI011972143.1¢ m64269e 220926 _224707/54003200/ccs < | 424«
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m64269e_220926_224707/110166862/ccs | 176¢
CAAHFI011991608.1 m64269e_220926_224707/92405916/ccs 197¢
m64269e 220926 224707/163184746/ccs < | 174
CAAHFI010295473.1 m64269e_220926_224707/92602803/ccs* 1534«
m64269e_220926_224707/152897144/ccst | 1528«
CAAHFI010546828.1¢ m64269e_220926_224707/28575217/ccs* 797¢
m64269e 220926 _224707/123995553/ccs < | 650¢
CAAHFI010580339.1+ m64269e_220926_224707/44630174/ccs* 401¢
m64269e 220926 224707/21233997/ccs- < | 354¢
CAAHFI010667019.1 m64269e_220026_224707/128647318/ccs < | 383
m64269e_220926_224707/170590327/ccs= | 244«
CAAHFI010874038.1< m64269e_220926_224707/25561424/ccs-« | 650¢
m64269e 220926 224707/25495777/ccs 571¢
CAAHFI011119898.1¢ m64269e_220926_224707/61344480/ccs- < | 529¢
m64269e 220926 224707/108266360/ccs- < | 490«
CAAHFI011660197.1< m64269e_220926_224707/119932389/ccs= | S87¢
m64269e_220926_224707/118947893/ccs < | 578<
CAAHFI012023185.1 m64269e_220926_224707/15991524/ccs- < | 891«
m64269e 220926 224707/6817316/ccs- < 855¢
CAAHFI012051415.1 m64269e_220926_224707/113770944/ccs < | 317-¢
m64269e 220926 224707/123668601/ccs | 296¢
CAAHFI010042953.1¢ m64269e_220926_224707/25822647/ccs* 168¢
m64269e_220926_224707/84149969/ccs- < | 107<
CAAHFI010272689.1< m64269e_220926_224707/152371829/ccs- < | 983- ¢
m64269e 220926 224707/87755449/ccs 976¢
CAAHFI010699260.1¢ m64269e_220926_224707/168626511/ccse | 1489-«
m64269e 220926 224707/41158690/ccst 1416<
CAAHFI011451322.1 m64269e_220926_224707/152764890/ccs- < | 1338«
m64269e_220926_224707/117245561/ccst | 1302¢
CAAHFI011883343.1¢ m64269e_220926_224707/85131491/ccs 611¢
m64269e 220926 224707/172753631/ccs- < | 580¢
CAAHFI011008416.1 m64269e_220926_224707/116327091« 607¢
m64269e 220926 224707/138085842- € 595¢
CAAHFI011655251.1¢ m64269e_220926_224707/64029565/ccs 723¢
m64269e_220926_224707/60490157/ccs- < | 696«
ASSS5¢ CAAHFI011091074.1 m64269e_220926_224707/127140882/ccs- < | 473¢
5 m64269e 220926 224707/57018893/ccs< 422
< CAAHFI010422330.1¢ m64269e_220926_224707/134284305/ccs | 308- ¢
m64269e 220926 224707/5046787/ccs- < 263<
CAAHFI010306310.1 m64269e_220926_224707/102236931/ccst | 213¢
m64269e_220926_224707/88605166/ccs 189
CAAHFI011051963.1¢ m64269e 220926 224707/155910693/ccs= | 1898«
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m64269e_220926_224707/85721392/ccs* 1860<
CAAHFI011442426.1< m64269e_220926_224707/114558393/ccs- < | 657¢
m64269e 220926 224707/85002576/ccs < | 586¢
CAAHFI010347071.1< m64269e_220926_224707/48498241/ccs- | 643¢
m64269e_220926_224707/76612282/ccs* 620¢
CAAHFI010354116.1 m64269e_220926_224707/29820316/ccs 417¢
m64269e 220926 224707/93782689/ccs 409
CAAHFI010388402.1< m64269e_220926_224707/7013374/ccs < 265¢
m64269e 220926 _224707/117573555/ccs | 228
CAAHFI011223848.1< m64269e_220926_224707/170460429/ccs= | 1010- ¢
m64269e_220926_224707/28117570/ccs- € | 1005¢
A3SSE CAAHFI011004980.1< m64269e_220926_224707/149948060/ccs < | 1468- ¢
m64269e 220926 224707/34604746/ccs 1406«
CAAHFIO11779575.1< m64269e_220926_224707/156239323/ccs= | 814«
m64269e 220926 _224707/92865199/ccs- < | 745¢
CAAHFI011133615.1¢ m64269e_220926_224707/56297830/ccs < | 3515¢
m64269e_220926_224707/2032067/ccs- < 3454<
CAAHFI010851876.1< m64269e_220926_224707/67504620/ccs- < | 400¢
m64269e 220926 224707/31393641/ccs* 376¢
CAAHFIO10708712.1< m64269e_220926_224707/23726551/ccs < | 1421¢
m64269e 220926 224707/24316759/ccs* 1368<
CAAHFI010727729.1< m64269e_220926_224707/14092929/ccs* 594+«
m64269e_220926_224707/149554050/ccs= | 591¢
CAAHFI010793419.1< m64269e_220926_224707/167641783/ccs= | 962¢
m64269e 220926 _224707/134743117/ccs- < | 950
CAAHFI011631804.1< m64269e_220926_224707/46202977/ccs 259«
m64269e 220926 224707/171377062/ccs= | 181<
CAAHFIO11819729.1< m64269e_220926_224707/72745495/ccs- < | 544«
m64269e_220926_224707/111609248/ccs= | 499¢
SE€ CAAHFI010928795.1 m64269e_220926_224707/6947845/ccs 313¢
m64269e 220926 224707/73729733/ccs- < | 157/90
atypical SE€| CAAHFI010816564.1< m64269e_220926_224707/124977878/ccs= | 740¢
m64269e 220926 _224707/91359879/ccs- < | 149/568<
CAAHFI010746424.1< m64269e_220926_224707/92539151/ccs* 1591¢
m64269e_220926_224707/107611860/ccs < | 172/52/400/39
5/128<
CAAHFI010851876.1< m64269e_220926_224707/31393641/ccs 901¢
m64269e 220926 _224707/67504620/ccs- < | 337/310<
CAAHFI010002354.1< m64269e_220926_224707/103154417/ccs | 601¢
m64269e_220926_224707/6032004/ccs- < 389/111<
CAAHFI010884710.1* | mb64269e_220926_224707/157615496/ccs= | 2546«
m64269e 220926 _224707/72157398/ccs- < | 1184/1293¢
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CAAHFI010971903.1* | m64269e_220926_224707/131924688/ccs= | 943¢
m64269e 220926 _224707/67635903/ccs- < | 225/563¢
CAAHFI011136820.1¢ m64269e_220926_224707/3145862/ccs* 784+
m64269e_220926_224707/71631551/ccs* 47/422¢
CAAHFI011903693.1¢ m64269e_220926_224707/69338870/ccs 2498«
m64269e 220926 224707/176293414/ccs- < | 1818/510<
CAAHFI010206979.1< m64269e_220926_224707/165675916/ccs= | 2066¢
m64269e 220926 224707/58392993/ccs < | 1216/864<
CAAHFI010129350.1* | m64269e_220926_224707/120063365/ccs < | 850- ¢
m64269e_220926_224707/53609876/ccs- < | 89/728<
RI< CAAHFI010251568.1 m64269e_220926_224707/124453184/ccst | 301
m64269e 220926 224707/52560265/ccs*
CAAHFI010251568.1 m64269e_220926_224707/124453184/ccs+ | 569
m64269e 220926 _224707/52560265/ccs
CAAHFI010183057.1¢ m64269e_220926_224707/131599195/ccst | 206¢
m64269e_220926_224707/46204556/ccs
CAAHFI010117114.1 m64269e_220926_224707/178652730/ccst | 301¢
m64269e 220926 224707/25756321/ccs*
CAAHFI010252207.1¢ m64269e_220926_224707/9240933/ccs* 107¢
m64269e 220926 _224707/127861445/ccs*
CAAHFI010424696.1¢ m64269e_220926_224707/119799873/ccse | 427¢
m64269e_220926_224707/21301410/ccs*
CAAHFI010424696.1< m64269e_220926_224707/119799873/ccst | 64¢
m64269e 220926 _224707/21301410/ccst
CAAHFI010458001.1< m64269e_220926_224707/170657313/ccs™ | 46€
64269e 220926 224707/83427732/ccst
CAAHFI011181616.1¢ m64269e_220926_224707/176423776/ccst | 43¢
m64269e_220926_224707/163447644/ccs
CAAHFI011268395.1¢ m64269e_220926_224707/44763529/ccs* 38¢
m64269e 220926 224707/162267615/ccs
CAAHFI011313882.1 m64269e_220926_224707/45351257/ccs* 53/75¢
m64269e_220926_224707/76546619/ccs
CAAHFI011342166.1¢ m64269e_220926_224707/177537392/ccs~ | 75¢
m64269e_220926_224707/50397362/ccs
CAAHFI011441990.1/CA | m64269e_220926_224707/75499924/ccs 459
AHFI010008997.1< m64269e 220926 224707/173146546/ccs*
CAAHFI011445760.1/CA | m64269e_220926_224707/86181388/ccs 323¢
AHFI011768082.1< m64269e 220926 _224707/17498667/ccs=
CAAHFI010834601.1¢ m64269e_220926_224707/9240633/ccs* 137/202/256/6
m64269e_220926_224707/81331924/ccs 39/186¢
m64269e_220926_224707/49939395/ccs
CAAHFI010840030.1/CA | m64269e_220926_224707/105908210/ccs= | 257<
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AHFI010871724.1< m64269e_220926_224707/47710286/ccse
CAAHFI010910719.1< m64269e_220926_224707/33095776/ccs 943¢
m64269e 220926 224707/99616075/ccst
CAAHFI010938757.1< m64269e_220926_224707/69143116/ccs 106¢
m64269e_220926_224707/8323678/ccs*
CAAHFI011136523.1< m64269e_220926_224707/57149828/ccs 268<
m64269e 220926 _224707/28379574/ccst
CAAHFI011136523.1¢ m64269e_220926_224707/57149828/ccs 301<
m64269e 220926 224707/28379574/ccs*
CAAHFI011136523.1¢ m64269e_220926_224707/57149828/ccs 317
m64269e_220926_224707/28379574/ccs*
CAAHFI011212125.1 m64269e_220926_224707/95552345/ccs 527¢
m64269e 220926 _224707/3672563/ccs
CAAHFI011212125.1 m64269e_220926_224707/95552345/ccs+ 533¢
m64269e 220926 224707/3672563/ccs®
CAAHFI011248382.1< m64269e_220926_224707/36504281/ccs 276¢
m64269e_220926_224707/105253532/ccs*
CAAHFI011381915.1¢ m64269e_220926_224707/6096316/ccs 245¢
64269e_220926_224707/59116066/ccs=
CAAHFI011894065.1¢ m64269e_220926_224707/107874445/ccse | 47¢
m64269e 220926 224707/48563120/ccs*
CAAHFI011894065.1¢ m64269e_220926_224707/107874445/ccst | 45¢
m64269e_220926_224707/48563120/ccse
CAAHFI011956605.1/CA | m64269e_220926_224707/32704569/ccs 443
AHFI0111787/87.1¢ 64269e_220926 _224707/129500553/ccs<
CAAHFI011958562.1< m64269e_220926_224707/151192962/ccs | 299/186/155¢
m64269e_220926_224707/122815136/ccs
m64269e_220926_224707/97780953/ccs*
CAAHFI0100897239.1< m64269e_220926_224707/18088509/ccs- 52¢
m64269e 220926 _224707/23986587/ccst
CAAHFI010287594.1< m64269e_220926_224707/19007685/ccs- 146¢
m64269e 220926 224707/123472344/ccs™
CAAHFI010289419.1< m64269e_220926_224707/64553644/ccs 86¢
m64269e_220926_224707/132317639/ccs*
CAAHFI010545152.1< m64269e_220926_224707/22675755/ccs 657¢
m64269e 220926 _224707/99485865/ccst
CAAHFI010553483.1/CA | m64269e_220926_224707/47580562/ccs* 774
AHFI011315372.1¢€ m64269e 220926 224707/53871888/ccs
CAAHFI010556605.1¢ m64269e_220926_224707/88935172/ccs 366¢
m64269e_220926_224707/72288817/ccse
CAAHFI010621152.1 m64269e_220926_224707/61802380/ccs+ 206/53¢

m64269e 220926 224707/99879018/ccs*
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CAAHFI010642553.1< m64269e_220926_224707/29690618/ccs 423
m64269e 220926 224707/55246883/ccs*
CAAHFI010739965.1< m64269e_220926_224707/2361516/ccs* 384<
64269e_220926_224707/97518047/ccs
CAAHFIO10777982.1< m64269e_220926_224707/74711382/ccs 492¢
m64269e 220926 224707/34015495/ccs*
CAAHFI010798983.1< m64269e_220926_224707/140641993/ccs+ | 344/60¢
m64269e 220926 _224707/77923112/ccs*
CAAHFI010808994.1< m64269e_220926_224707/94109738/ccs 86¢
m64269e_220926_224707/142936872/ccs
CAAHFI010867420.1< m64269e_220926_224707/112984650/ccs~ | 44¢
m64269e 220926 224707/90767712/ccs*
CAAHFI010876927.1< m64269e_220926_224707/56494121/ccs* 161€
m64269e_ 220926 _224707/24447304/ccs*
CAAHFI010997633.1< m64269e_220926_224707/140904706/ccs | 46¢
m64269e_220926_224707/53674879/ccs*
CAAHFI011003871.1< m64269e_220926_224707/86902153/ccs* 46€
m64269e 220926 _224707/37486700/ccs*
CAAHFI011055188.1< m64269e_220926_224707/166724564/ccs~ | 187¢
m64269e 220926 _224707/131205235/ccs*
CAAHFI011058993.1< m64269e_220926_224707/109512973/ccs | 371¢
m64269e_220926_224707/108857003/ccs*
CAAHFI011205260.1< m64269e_220926_224707/72352247/ccs 79
m64269e 220926 224707/176424398/ccs
CAAHFI011336853.1 m64269e_220926_224707/131402195/ccs | 802¢
m64269e 220926 224707/82182908/ccs*
CAAHFI011375181.1< m64269e_220926_224707/104333554/ccs~ | 698<
m64269e_220926_224707/125239935/ccs*
CAAHFI011461811.1< m64269e_220926_224707/87820527/ccs 109<
m64269e 220926 224707/157878403/ccs
CAAHFI011519620.1 m64269e_220926_224707/68225104/ccs 119«
m64269e 220926 224707/20056487/ccs*
CAAHFI011533207.1< m64269e_220926_224707/7537261/ccs 488¢
m64269e_220926_224707/45353457/ccst
CAAHFI011582030.1/CA | m64269e_220926_224707/77007101/ccs® 88«
AHFI011356103.1< m64269e 220926 224707/166724855/ccs*
CAAHFI011588633.1< m64269e_220926_224707/138412971/ccs+ | 99¢
m64269e_ 220926 _224707/17041535/ccs*
CAAHFI011591745.1 m64269e_220926_224707/64028913/ccs 367¢
m64269e_220926_224707/177997138/ccs
CAAHFI011648406.1< m64269e_220926_224707/78119856/ccs* 146€

m64269e 220926 224707/60752672/ccs
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CAAHFI011660600.1+ m64269e_220926_224707/37358141/ccs 320¢
m64269e 220926 _224707/154928478/ccs*
CAAHFIO11662811.1¢ m64269e_220926_224707/34408416/ccs* 42¢
m64269e_220926_224707/154141428/ccs
CAAHFI011864412.1/CA | m64269e_220926_224707/98371702/ccs 272¢
AHFI011960032.1< m64269e 220926 224707/1705605/ccs<
CAAHFIO11974773.1< m64269e_220926_224707/122686065/ccs= | 53/53¢
m64269e 220926 _224707/144376982/ccs
CAAHFIO12040318.1< m64269e_220926_224707/163382336/ccst | 92¢
m64269e_220926_224707/22022386/ccs
CAAHFI010015404.1¢ m64269e_220926_224707/16975318/ccs 42¢
m64269e 220926 224707/34866553/ccs
CAAHFI010024059.1 m64269e_220926_224707/94308925/ccs* 256€
m64269e 220926 224707/7800110/ccs®
CAAHFI010042953.1¢ m64269e_220926_224707/84149969/ccs* 404
m64269e_220926_224707/88015560/ccs=
CAAHFI010056306.1+ m64269e_220926_224707/94307933/ccs- 179
m64269e 220926 _224707/151587211/ccs*
CAAHFI010096060.1+ m64269e_220926_224707/175049399/ccs= | 49¢
m64269e 220926 _224707/92997727/ccs
CAAHFI010103312.1¢ m64269e_220926_224707/137953866/ccs= | 1080223/342¢
m64269e_220926_224707/57344423/ccs
CAAHFI010185720.1< m64269e_220926_224707/8391098/ccs* 50€
m64269e 220926 _224707/138479954/ccs*
CAAHFI010175873.1< m64269e_220926_224707/154599433/ccs= | 538/646<
m64269e 220926 _224707/7078780/ccs*
CAAHFI010212341.1 m64269e_220926_224707/140248245/ccst | 273¢
m64269e_220926_224707/113903349/ccs
CAAHFI010221356.1/CA | m64269e_220926_224707/91817066/ccs 475¢
AHFI010806849.1< m64269e 220926 224707/87295368/ccs
CAAHFI010280974.1/CA | m84269e_220926_224707/79300653/ccs 138€
AHFI010243923.1< m64269e 220926 _224707/105581071/ccs*
CAAHFI010305033.1< m64269e_220926_224707/21102887/ccs* 253/625¢
m64269e_220926_224707/116393009/ccs*
CAAHFI010313717.1¢ m64269e_220926_224707/151585502/ccs= | 120¢
m64269e 220926 _224707/90966277/ccs=
CAAHFI010365237.1 m64269e_220926_224707/34537980/ccs* 307<
m64269e 220926 224707/99813463/ccs
CAAHFI010436661.1/CA | m64269e_220926_224707/16451610/ccs* 267¢
AHFI010076854.1< m64269e_220926_224707/4129539/ccs<
CAAHFI010477291.1 m64269e_220926_224707/161744514/ccst | 48€

m64269e 220926 224707/124650129/ccs
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CAAHFI010490763.1< m64269e_220926_224707/81068160/ccs 85¢
m64269e 220926 224707/126484816/ccs
CAAHFI010561259.1< m64269e_220926_224707/119802601/ccst | 222¢
m64269e_220926_224707/14876856/ccs*
CAAHFI010563531.1< m64269e_220926_224707/98371573/ccs 325¢
m64269e 220926 224707/78907504/ccs*
CAAHFI010580500.1< m64269e_220926_224707/14551322/ccs* 207/275¢
m64269e 220926 224707/158991364/ccs*
CAAHFI010671002.1/CA | m64269e_220926_224707/38142104/ccs 127
AHFI011978759.1¢ m64269e_220926_224707/35782971/ccs*
CAAHFI010740163.1< m64269e_220926_224707/59639769/ccs 69¢
m64269e 220926 _224707/87950588/ccs*
CAAHFI010790380.1< m64269e_220926_224707/36373643/ccs 434
m64269e 220926 224707/10683252/ccs
CAAHFIO10808415.1< m64269e_220926_224707/6947578/ccs 220
m64269e_220926_224707/23399160/ccs*
CAAHFI010867865.1/CA | m64269e_220926_224707/29231513/ccs 104€
AHFI011387466.1< m64269e 220926 _224707/55118649/ccs*
CAAHFI010979715.1< m64269e_220926_224707/72615592/ccs 260/435¢
m64269e 220926 224707/120391163/ccs*
CAAHFI011184642.1/CA | m64269e_220926_224707/106235146/ccs= | 49¢
AHFI011223267.1¢ m64269e_220926_224707/90704295/ccs+
CAAHFI011251957.1< m64269e_220926_224707/16976172/ccs 242/710<
m64269e 220926 224707/80022139/ccs*
CAAHFIO11252142.1< m64269e_220926_224707/72091012/ccs~ 45¢
m64269e 220926 _224707/61669907/ccs
CAAHFI011339149.1< m64269e_220926_224707/51317014/ccs 355¢
m64269e_220926_224707/167249750/ccs=
CAAHFI011494914 1< m64269e_220926_224707/1902432/ccs* 347
m64269e 220926 224707/147652615/ccs*
CAAHFI011514322.1 m64269e_220926_224707/53740971/ccs 489+
m64269e 220926 _224707/167708422/ccs=
CAAHFI011518668.1/CA | m64269e_220926_224707/12715887/ccs 736¢
AHFI011367957.1¢ m64269e_220926_224707/141363650/ccs*
CAAHFI011548752.1/CA | m64269e_220926_224707/115279155/ccs= | 301¢
AHFI011985068.1< m64269e 220926 _224707/93849977/ccs*
CAAHFI011602900.1< m64269e_220926_224707/165347735/ccs~ | 126¢
m64269e 220926 224707/63309526/ccs
CAAHFI011658843.1< m64269e_220926_224707/106824634/ccs+ | 41¢
m64269e_220926_224707/37291225/ccs*
CAAHFI011667060.1< m64269e_220926_224707/50005958/ccs* 609«

m64269e 220926 224707/84084082/ccs*
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CAAHFI011682341.1/CA | m64269e_220926_224707/153946897/ccs= | 310
AHFI010052243.1¢ m64269e 220926 224707/105253299/ccs+
CAAHFI011821328.1/CA | m64269e_220926_224707/23724442/ccs* 666<
AHFI010484113.1¢ m64269e_220926_224707/19989337/ccs®
CAAHFI011857585.1 m64269e_220926_224707/133498173/ccs” | 477¢
m64269e 220926 224707/127535178/ccs
CAAHFI011912623.1¢ m64269e_220926_224707/29492184/ccs 237
m64269e 220926 224707/75302521/ccs®
CAAHFIO11917852.1/CA | m64269e_220926_224707/70912396/ccs 516¢
AHFI011586153.1¢ m64269e_220926_224707/45812438/ccst
CAAHFI011992067.1¢ m64269e_220926_224707/117836412/ccs” | 46/48+
m64269e 220926 224707/114885302/ccs+
CAAHFI012034269.1/CA | m64269e_220926_224707/109774664/ccs+ | 252¢
AHFI010098996.1< m64269e 220926 _224707/18614675/ccs
CAAHFI010087310.1¢ m64269e_220926_224707/33292576/ccs 44/51/51¢
m64269e_220926_224707/85984803/ccs*
CAAHFI010798983.1¢ m64269e_220926_224707/140641993/ccs” | 344/60<
m64269e 220926 224707/77923112/ccs®
CAAHFI010218620.1¢ m64269e_220926_224707/27133920/ccs* 102/237/75¢
m64269e 220926 224707/123929473/ccs*
CAAHFI010746424.1¢ m64269e_220926_224707/107611860/ccs” | 52¢
m64269e_220926_224707/124520885/ccs*
CAAHFI011645292.1¢ m64269e_220926_224707/42140649/ccs 174/318/598/9
m64269e 220926 224707/158467092/ccse | 5¢
CAAHFI011439774.1¢ m64269e_220926_224707/99812553/ccs* 113/291/413/6
m64269e 220926 224707/102498909/ccs= | 62¢
CAAHFI010081492.1¢ m64269e_220926_224707/2752992/ccs* 927/181¢
m64269e_220926_224707/47974732/ccs®
CAAHFI011947138.1 m64269e_220926_224707/49939399/ccs 240/298<
m64269e 220926 224707/97321100/ccs*
CAAHFI010235868.1< m64269e_220926_224707/158271152/ccs+ | 493¢
m64269e 220926 224707/123471428/ccs—
CAAHFI010248748.1 m64269e_220926_224707/138807764/ccs: 191€
m64269e_220926_224707/39977266/ccst
CAAHFI010546773.1/CA | m64269e_220926_224707/21433056/ccs 47¢
AHFI011462264.1< m64269e 220926 224707/141101184/ccs
CAAHFI010552633.1¢ m64269e_220926_224707/64883021/ccs* 220¢
m64269e 220926 224707/175899233/ccs
CAAHFI010600833.1¢ m64269e_220926_224707/89459215/ccs* 977¢
m64269e_220926_224707/109971974/ccs-
CAAHFI010617149.1< m64269e_220926_224707/131138402/ccs= | 59/613¢

m64269e 220926 224707/175901328/ccs*

97




RS

CAAHFI010634071.1< m64269e_220926_224707/9635362/ccs* 440/64<
m64269e 220926 224707/12453269/ccs
CAAHFI010694525.1/CA | m64269e_220926_224707/31260827/ccs* 82«
AHFI010443843.1¢ m64269e_220926_224707/13434903/ccs*
CAAHFI010804878.1 m64269e_220926_224707/132187969/ccs | 143<
m64269e 220926 224707/139855726/ccst
CAAHFI010959876.1< m64269e_220926_224707/96536236/ccs* 282/290/303<
m64269e 220926 224707/51642752/ccs®
CAAHFI010967293.1¢ m64269e_220926_224707/32704569/ccs* 4434
m64269e_220926_224707/129500553/ccs*
CAAHFI011055609.1¢ m64269e_220926_224707/89721314/ccs 132/66/909<
m64269e 220926 _224707/149292565/ccs*
CAAHFI011367070.1¢ m64269e_220926_224707/39519676/ccs 512/626<
m64269e 220926 _224707/51905047/ccs
CAAHFI011408146.1¢ m64269e_220926_224707/92078858/ccs 415¢
m64269e_220926_224707/133890605/ccst
CAAHFI011479801.1¢ m64269e_220926_224707/78578814/ccs 55¢
m64269e 220926 224707/153946956/ccs™
CAAHFI011510581.1¢ m64269e_220926_224707/57018669/ccs 418<
m64269e 220926 224707/95093244/ccst
CAAHFI011522833.1¢ m64269e_220926_224707/177998240/ccs= | 660
m64269e_220926_224707/159581740/ccst
CAAHFI011635244.1¢ m64269e_220926_224707/179899056/ccs= | 193¢
m64269e 220926 _224707/129959467/ccs
CAAHFI011643931.1< m64269e_220926_224707/127076143/ccs | 187/632/669+
m64269e 220926 224707/79563418/ccs
CAAHFI011734280.1¢ m64269e_220926_224707/122619124/ccst | 251/378/442¢
m64269e_220926_224707/168429499/ccs=
CAAHFI011735749.1¢ m64269e_220926_224707/129042828/ccs= | 80<
m64269e 220926 224707/18088090/ccs
CAAHFI011806276.1¢ m64269e_220926_224707/158335562/ccs~ | 1326/98<
m64269e 220926 _224707/100665998/ccs
CAAHFI011923938.1/CA | m64269e_220926_224707/64226920/ccs* 514«
AHFI011097670.1 m64269e_220926_224707/165743134/ccs
CAAHFI011948404.1< m64269e_220926_224707/133562940/ccs= | 115/143¢
m64269e 220926 224707/96731853/ccs
CAAHFI010072932.1< m64269e_220926_224707/119081761/ccs= | 367<
m64269e 220926 _224707/67701420/ccs
CAAHFI010244548.1¢ m64269e_220926_224707/116591088/ccs= | 107¢
m64269e_220926_224707/142477275/ccst
CAAHFI010645279.1< m64269e_220926_224707/157158187/ccst | 197<

m64269e 220926 _224707/45417719/ccs
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CAAHFI010761963.1< m64269e_220926_224707/167315204/ccst | 46/47/47/48/534
m64269e 220926 224707/7145781/ccs
CAAHFI011156458.1< m64269e_220926_224707/163055438/ccs= | 213/440/484/8
m64269e_220926_224707/67436738/ccse 6
CAAHFI011430762.1< m64269e_220926_224707/179243393/ccs+ | 228¢
m64269e 220926 224707/164955899/ccs*
CAAHFI011584046.1< m64269e_220926_224707/30737336/ccs 134/204¢
m64269e 220926 _224707/22217391/ccs
CAAHFI011703139.1 m64269e_220926_224707/133958119/ccs+ | 111/197/803¢
m64269e_220926_224707/74843461/ccs
CAAHFI010054903.1< m64269e_220926_224707/122489486/ccs | 1196/185/47/7
m64269e 220926 _224707/88605595/ccs* 5/82¢
CAAHFI010078595.1¢ m64269e_220926_224707/60688656/ccs 234¢
m64269e 220926 224707/170852933/ccs
CAAHFI010272689.1< m64269e_220926_224707/87755449/ccs 121€
m64269e_220926_224707/152371829/ccs
CAAHFI010359876.1 m64269e_220926_224707/174721391/ccst | 120/205/257/4
m64269e 220926 224707/31524226/ccs® 95¢
CAAHFI010928795.1< m64269e_220926_224707/73729733/ccs 157/311/313/9
m64269e_220926_224707/6947845/ccs* o<
m64269e_220926_224707/70583704/ccs*
CAAHFI011004469.1< m64269e_220926_224707/116263023/ccs” | 254/313¢
m64269e 220926 224707/79431872/ccs®
CAAHFI011124639.1< m64269e_220926_224707/22544738/ccs 86¢
m64269e 220926 _224707/22544738/ccs
CAAHFI011451106.1< m64269e_220926_224707/148635675/ccst | 263/303/825¢
m64269e_220926_224707/9243427/ccse
CAAHFIO11495331.1¢ m64269e_220926_224707/90899949/ccs 212/308<
m64269e 220926 224707/68684069/ccs
CAAHFI011721723.1< m64269e_220926_224707/7932098/ccs* 109/341¢
m64269e 220926 224707/78250482/ccs
CAAHFI011918215.1/CA | m64269e 220926 _224707/92210343/ccs 165¢
AHFI011876870.1¢ m64269e_220926_224707/40764103/ccs®
CAAHFI011961491.1< m64269e_220926_224707/10422564/ccs 185/502/580¢
m64269e 220926 _224707/51315372/ccse
CAAHFI010086765.1< m64269e_220926_224707/48038957/ccs 240¢
m64269e 220926 224707/138347703/ccs
CAAHFI010463498.1< m64269e_220926_224707/107873713/ccs | 1013/380/59/6
m64269e_220926_224707/18940608/ccs* 7€
CAAHFI011860170.1 m64269e_220926_224707/57999749/ccs+ 546¢

m64269e 220926 224707/93651673/ccs
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