Cell Reports, Volume 35

Supplemental information

Functional analyses of human LUC7-like proteins
involved in splicing regulation

and myeloid neoplasms

Noah J. Daniels, Courtney E. Hershberger, Xiaorong Gu, Caroline Schueger, William M.
DiPasquale, Jonathan Brick, Yogen Saunthararajah, Jaroslaw P.
Maciejewski, and Richard A. Padgett



Normalized RNA Expression (HPA, GTEx, and FANTOMS Datasets)

ZnF1(C3H)
o2

B

al
1 20 30 40 50 60 1 10 20 30 40
Luc7p MSTMS[T/P AREQRKLVE OFBYER D[F|S F RENRY S H LUC7L3 EREEREKEREREEIFIAJE RKIIREEEEREKERARDRERRKR S
LUCTL3 . .... OLLDEBRERDRNLAPD|. . . E[KRSNVRWD[HE S VI v[YpC|G F[S5AE LF|T N LUCTL  oevveeen. .. EREERJEIER REESNE C
LUC7L ALLDOIRWETARD . .|GD|. . . ETRQRVKF|TDDRV{ehas|HALD c[&0HD I|LA G LUCTL2 o e vveeen. .. ERE E RPVOIR R[5 P,
LUCTL2 . ... AMLD QMRS T SRD . .[GD|. . . TITRQR|IKF|S[DD R V{ehs|HIMLN C[@FHD VLIS G
ol
70 80 20 100 110 120 LUCTL3
Luc7p [EKO[SHEKEP HKIOFIR EVKQGK T[FP EFPRE Y[LA ISRFVNECN G QI SVALJQNA LUCTL T|SRERRK/L|SRSRS
LUCTL3 QYR sDiNer(EE LRK/QP$K S|SRFMKV(G|. .|[Y}JRDF|LR YOS LLAEVERR T RRGHARA LUC7L2 MSRERKRRITRSKS
LUCTL  QYRMDINEEST LRADPEN I ASKERDLF|. . FIL ADH ESFIAECDRRTELAKKRIA
LUCTL2 GYRMDINEE[EL LRADN$AT AISKEQDFE . . FIJLDAMD HIMQSFIADCDRR T EVAKKRIAA
ol 8(_) 99 10(?
20000000000Q LUCTL3 . ..... REFFHR D RRR SEYSEIDESERK H R s REFIIRRR SKSRD
130 140 150 160 LUC7TL RDRHRRHEEPEIRSHS. .RGEREA.[.|. ... B8.|.|.|. .
Luc7p HTAEE.[]..[]....... RMKIQQVTEELD VADVRIGL| QIDLIRADEVSMG 0 sEK LUC7L2 REKRHRHIEINNS SRSRSEISEIORISRES . . . . RISRE R
LUCTL3 LSQNOQSISGAAGP TGKNEEKIQVLTDKID VBLOQIEELGSEGKY. . . . . EEAQGMMKLY.
LUCTL ETQEE|I|SAE - - SAKAEKVHEILNEE IGKILAKAEQLGAGENY. . . . . DESQKILMEN -
LUC7L2 E|TQEEI|SAE . .AAKAERVHELNEE IGKBLARVEQLEABGNV. . . . . KVMDENY .
202H2 119 12(? 139 149
a6 ZnF2( ) o7 Luc7L3 [JK|.[SYKHRSKSRDREQDRK[SKEKE GSRE
TTT TT 20000 LUCTL  |ySAKYKF|. ..... SRERASR[EESH GRSE
170 180 190 200 210 220 LUC7L2 RS|SKERE. ... .. RDQODLAS|CD). SSRD
Luc7’p LOPELISKRKE VRKRVRNITEN GQSAQQKLQGYSLTDRLAFLI G|
LUCTL3 . .OLKEEREL|.|LRSTT|STI|ES|F|AIAIQE KQMENASALS GINFM 1 VG2 0 SRV D L M[eFd ol iMle]
LUCTL . .BKVRAKKKERAEEEYRNSMP SSFQQQKLRS‘[GHNDRLAFGL G| 150 16 X
LUC7L2 . .PKARAKKREREEVYRNSMPA/S|SFI000KLR\ARLe sINy I GILHINN D RIEIL AP F|GleR A LL e 50 ° 70 180
LUC7L3 KQS|ED|TNTE SKE SD[T|KNEVRRET SED|IKSEGDTQSN . .
ol LUCTL  RGPE|.[.[..... . DWR[L/E S SREKMAS|. RRSEEKEAGE I
LUC7L2 RSPRDRDRKDK . KR[S|YESANERSEDRRSSEEREAGEI
239 249 259 269
Luc7p YVKMRED[Y DRAVKNNR T[TNA|SKTAT TLP[GRRF V|
LUC7L3 YAK|IKA/TVEEMKEKLRKRTEEP DRDERLKKEKQ
LUCTL F JOTREKILDOERKTVA EKQEKRNODRLRRREIE R
LUC7L2 FIEIREKLEEMKRVVAEKQEKRNQERLKRREER
Gene
75 B e
T T 1 1 T T 1 1 T T 1 1 T T 1 1 T T 1 T T T 1 T T T 1 T T T 1 T T T 1 T T 1 1 T T 1 1 T T 1 1 T T 1 1 T T 1 1 T T 1 1 T T
C X800 QPO EEDITTTTTOCLTLEELSES LD 222902830 >0 E 0030920 0C @XCO=3 80800000
S 28522 5528655555052 2328 02853 E08E885Ec83832%228888L8L83337=
O QE OS5 oL PFoo_- oo S8 Eo § o9 R38R oL>2YogastsoIessse S 05850098 9%m
= 9 STt s e 2ao=1w" — IS} 5 S L o 2 exl 2 = o2 S Q0S5S g9 EEE® S ao S O myx L0
-8 20T ® ET T T T T > < >4a LT E = S & o T 2 8 T £ 2= @ = a®f5 E 3 e =
E‘SOEEEEEU‘-U%_ 9o c® mg“’%_ T o > T 52T = a5 RS £ T 8 © g o 2 8 ZEs
2588238 2898 5583 26 T3 5 58 ©C° ggz §83 8 S sgE 22
= £ £ 2 © =] = Kot = o 2
§§e 8 5 &8 £§%%2 % g €3 g g8 SE@eg a° 3
o g 8 & S n (27
a Q
Brain Endocrine Proximal Gl Tract Male Female Muscle Bone Marrow Blood
Digestive and Lymphoid

Tract



Figure S1: Amino acid conservation and tissue specific expression of the LUC7-like proteins. Related to Figure
1.

(a) Amino acid alignment of the N-terminal domains of the mammalian LUC7-like proteins along with the paralogous
yeast protein Luc7p using CLUSTAL OMEGA 1.2.4 multiple sequence alignment tool and ESPript 3. Depicted are the
conserved N-terminal a-helix, ZnF1 (CH3 type containing three cysteines, one histidine) and ZnF2 (C2H2 type
containing two cysteines, two histidines). The structure of the coiled-coil domain is located between the two ZnFs.
White letters with black background represent 100% conservation among the four proteins. Black letters with black
frame represent conservation among three proteins. o and B-turns are depicted as TT and TTT. (b) Amino acid
alignment of the arginine-glutamic acid rich (RE), arginine-serine rich (SR), and arginine rich (R) domains of the
mammalian LUC7-like proteins following the second zinc finger. White letters with black background represent 100%
conservation among the three proteins. Black letters with black frame represent conservation between two proteins. (c)
RNA Expression (TMP) of the LUC7-like family across tissues from HPA, GTEX, and FANTOM databases [Uhlen et
al., 2015].
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Figure S2: Co-Immunoprecipitation of the LUC7-like proteins. Related to Figure 1.

(a) LUC7-like genes homozygously CRISPR-tagged with V5, FLAG, HA in individual K562 clones shown by western
blot (WB) using LUC7L, LUC7L2, and LUC7L3 antibodies, respectively. Epitope tagged LUC7L protein runs at the
same size as the upper nonspecific band. Asterisks depict nonspecific bands. (b) Co-IP’d CRISPR-tagged LUC7-like
cell lines using LUC7L, LUC7L2, and LUC7L3 antibodies respectively. WT and tagged proteins are depicted by
arrows. Asterisks depict nonspecific bands. (¢) Number of peptides analyzed in the Co-IP mass spectrometry
experiments. (d) Number of proteins with at least one unique peptide identified from the Co-IP mass spectrometry
experiments.
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Figure S3: seCLIP-Seq on CRISPR-tagged LUC7-like family members. Related to Figure 2.

(a) CLIP-Seq: Input and V5-IP’d lysates in CRISPR-tagged cell lines and controls. (b) The number of reproducible and
significantly enriched peaks per million mapped reads using the biological replicate containing the fewest uniquely
mapped reads (log2 fold-change > 3, -logl0 p-value > 3, IDR < 0.01) in CLIP-Seq experiments. (¢) Proportion of
significantly enriched peaks that overlap between the CLIP experiments. The LUC7-like experiments are depicted with
a black asterisk. (d) CLIP crosslinking sites normalized to mapped library size in counts per million at a meta-5' splice
site containing all 5'SS in the human genome. 5’ splice site nucleotides are depicted as -3 — +8. Shown are CLIP and
input replicates for LUC7L2 and LUC7L3. (e) Ul snRNA/5’ splice site hydrogen bonding score using H-Bond tool.
Control group contains all 5’ splice sites used in CLIP-Seq mapping. LUC7L2 and LUC7L3 groups contain enriched 5’
splice sites where there is an enriched crosslinking site at either position -1 or +1. A Wilcoxon rank-sum test was
performed to determine significance. (f) Binding motifs enriched in significant CLIP-peaks identified in RBFOX3,
TIA1, and the SR protein TRA2A.
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Figure S4: RBP binding profiles on generic 5’SS and 3'SS metagenes. Related to Figure 2.
The number of crosslink sites, normalized to input crosslink sites at each base pair of all annotated human splice
junctions. Depicted are binding data for 100 nucleotides into the exon and 200 nucleotides into the intron downstream

and upstream of the 5'SS and 3'SS, respectively. Anything above the 0-y-axis threshold depicted by a bold black line is
enriched binding over the input control.
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Figure S5: RBP crosslinking sites on snRNAs. Related to Figure 3.
Single nucleotide resolution crosslinking maps on U1, U11, and U2 snRNAs shown as the averaged replicate log2 fold-
change enrichment over the input control.
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Figure S6: LUC7L2 knockdown reveals a complex interplay with its protein interactors. Related to Figures 1
and 6.

Extension of Figure 1g that includes the significant Co-IP enrichment, differential expression (FDR < 0.05), RNA
binding, and alternative splicing events (APSI 10%, g-value < 0.05) of SFs ordered by their appearance in sub-
spliceosomal complexes (left) as well as factors involved in alternative splicing (right) split by each LUC7-like protein.
A black cell in the CLIP-Peak column depicts whether there is at least 1 significant CLIP-Peak (log2 fold-change > 3, -
log10 p-value > 3, IDR < 0.01) on the gene in question.



