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WE. 26)E (Paedocypris) st F O/ MU, WER/IEHESYZ —. s RET 2
il P. carbunculus 1 P. micromegethes 1) 3 PR 21 52 1N L S BRI 20 27 43 AT 2 W1, Hox SR SE IR 25 R R
T4 T SR AT R AR 43 )5 SR B Ak Y /N B AR DR A A TR SR R . AR, AR B/
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KL 2] 9 404 16 068 AN I BI I F44, LA AS B ] AR BY4Z 409 I MR SR 2 HEE R (4351 5 74.55%
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Abstract: [Objectives] The genus Paedocypris comprises the smallest known fish species and one of the
smallest vertebrates, with adult sizes ranging between 8 - 10 mm. Previous studies have indicated that the loss
of Hox gene family members and the reduction of intron length and repetitive sequences might be potential
causes for the miniaturization of the Paedocypris species and the simplification of their genomes, as
demonstrated through draft genome assembly and comparative genomic analysis of P. carbunculus and P.
micromegethes. The objectives of this study include characterizing the full-length transcriptome of the two
species, P. carbunculus and P. micromegethes, identifying potential regulatory changes that could contribute to
their miniaturized stature, with a particularly focus on Hox family and developmental gene expression patterns
and gene structure. [Methods] All samples were purchased from an aquarium market in Guangzhou,
comprising seven P. carbunculus and eleven P. micromegethes live specimens (Fig. 1). RNA was extracted
from whole fish, and the purity, concentration, and integrity were tested. RNA from the seven P. carbunculus
and the eleven P. micromegethes was mixed respectively and used for the construction of a full-length
transcriptome library. The sequencing was performed on the PacBio Sequel platform. Quality control of
full-length transcriptome sequencing data from the two Paedocypris species were performed. Then, we
described the data quality, mapping statistics, annotation statistics and transcript classification of the
full-length transcriptome data. By employing different software and pipelines, we annotated the gene structure,
transcription factors, alternative splicing sites, long non-coding RNAs (LncRNAs), and gene fusions. To
characterize the expression situation of Hox family genes in Paedocypris, we downloaded 81 zebrafish Hox
family gene coding sequences belonging to 48 different Hox genes and align to the full-length transcriptome
sequences of Paedocypris and other four species using Blastn with a threshold e-value < 10 %°. To explore the
expression of genes in important developmental pathways in the Paedocypris genus, we selected seven key
GO developmental pathways encompassing 1 581 non-redundant zebrafish genes and align with the
full-length transcriptome data of Paedocypris and the other four species for analysis. To explore whether there
are significant structural differences between the developmental-related genes mapped in the Paedocypris
genus and other genes on the Paedocypris genome, based on the GO annotation information of the
Paedocypris reference genome, we conducted significance tests (t-test) on the developmental-related genes
mapped in the Paedocypris genus against all annotated genes on the Paedocypris reference genome for
alternative splicing, polyadenylation, exon count, and fusion genes. [Results] In this study, we conducted
full-length transcriptome sequencing on whole-body samples of P. carbunculus and P. micromegethes (Tables
1 - 4), obtaining the first full-length transcriptome library for Paedocypris. After correction and deduplication,
38 651 and 23 165 corrected consensus sequences were obtained, with average lengths of 2 413 bp and 2 460
bp, respectively. Among these sequences, 35 883 (92.84%) and 20 381 (87.98%) were mapped to the
Paedocypris reference genome (Table 2). The classification and characterization analyses of the full-length
transcriptome data for these two species resulted in 19 352 and 11 139 full-length transcripts, respectively
(Tables 4 and 5). In the full-length transcriptome data of P. carbunculus and P. micromegethes, 9 404 and
6 068 alternative splicing events were identified, predominantly of the AS type (Table 6). We also observed
that the majority of genes (74.55% and 84.75%, respectively) had only one alternative polyadenylation site.
Annotation and classification of transcription factors revealed that the most abundant transcription factor
family in Paedocypris was zf-C2H2, followed by ZBTB. Additionally, we predicted 1 382 and 1 649
LncRNAs in the two Paedocypris species, respectively (Fig. 2). Comparative analysis of the full-length
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transcriptome data between Paedocypris and carp, silver carp, salmon, and rainbow trout revealed that the

number of expressed genes in the HOx gene family in Paedocypris was significantly lower than that in the

other four fish species (Fig. 3). We also identified that Paedocypris has the most expressed developmental

genes belonging to the seven GO terms than the four fish species (Fig. 3). We found that those

developmental-related genes have fewer gene fusion events than other genes in the full-length transcriptome

of Paedocyrpis (Fig. 4). [Conclusion] We provide a full-length transcriptome landscape of the genus

Paedocypris by performing full-length transcriptome sequencing. Data quality, mapping statistics, annotation

statistics, and transcript classification of the full-length transcriptome data of Paedocypris are described. The

analysis highlights that the loss of HOX genes at the expression level may be one of the functional reasons for

the miniaturization of Paedocypris. This study provides new insights into the molecular mechanisms

underlying the miniaturization of Paedocypris.
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YIRS N R AL SR SR EA L R TR A Al A
RGN — PP LS, ZILR B YA AAT
Re i BYfE. B, ReEAIHAAESAL, Hit
gl TR B2 53F (Hanken et al.
1993) o RERRNEALT e BRI EE S
2 B A oAl B AR R FH I sE e, 55 A AE
FEGERE ST, HERFEFUAEAERZ AR TN
i Bl ¥, kT 55 E i ( Paedophryne
amauensis). 4K t4fy (Brookesia nana) Al
W@ /Mg (Tinkerbella nana)
2012, Polilov 2017, Glaw etal.2021) . 2R,
Y HI T T B A Y /N B AR () A B A 9 AN TR
2, RN T AL A AT B AR A R A 2 N
RUL ) 1) A7 TR 2 58 1)

TR AL b, AR/ — AN 2 AR RAE 5y
TR B3R E B 24 AR (Bouwman et al.
2018) o XFHIRATL KN T S AE AL B
Yo R R L, A BT R A R
AW Z FEPERIE B (Cooper et al. 2010,
Boegheim et al. 2017, Bouwman et al. 2018) &
T, W G ORIV 2 SR G
R, e FEANBEMEER fofr3 3K
(Harada et al. 2007) ;5 520 R AR 7 7 1]
fgf4 A1 poulfl & [K (Parker et al. 2009,
Ky®stild et al. 2021) 5 38 HAKE AR
IRIKAEAEKZ AR eve2 #:[K (Galdzicka et al.

(Rittmeyer et al.

2002, Murgiano etal. 2014) ; LK Z 558K
B, AR E0e HrH A SRS AR R RE R col2al
Al coll0al % [A ( Agerholm et al. 2016,
Boegheim et al. 2017) . AP FARK
N SRR [R] % A Al B A L AN
FEHAERN B A E BT 2 SRR o
B4 JE  ( Paedocypris) )& T & H
( Cypriniformes) # £l (Cyprinidae) #V £}
(Danioninae) (Mayden et al. 2010, Britz et al.
2014) , EEAGTEIFLE P22 W . Hn
FITR 1B NS B05 |, MR TS B /K e R VA
FH (Kottelat et al. 2006, Britz 2008) « ‘EA]
DARR /NIRRT ZE TR, A O RN /N R R A
MWz —, ABENMEKEMNHN 7.9 mm
(Kottelat et al. 2006) . % J& H Fi A4 3
ANMp#f. P carbunculus. P. micromegethes Fil P,
progenetica (Kottelat et al. 2006, Britz 2008) .
XL R R SN OR B G S IR, G
B Sk E . K BRI R R B S R
(Kottelat et al. 2006, Britz et al. 2009) . ZZfif
B 5P 5 (Danio rerio) [F)J@fERMaE, K
TR A BE B 0 5 R 58 35 1B A AR (S Bk
X & A Al e 0 AW i 9 TR T g LU e A DRI 2 27 43
By FA BT IARAAR Y R AR 1 - Ji Al
BRI FT & B P. carbunculus B 15 X Geth i
(2n=30), FHEHKMLN 0.43 Gb, /T
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BEL A (1.5 Gb)  (Liuet al. 2012,
Malmstrem et al. 2018) , XA REHE T W& ¥
Y FEANE )7 5> (Malmstrem et al. 2018) -
Hox st — R L TREEMIARKER, &
ITHER R AERKE LRI K i AE
YEH (Sordino et al. 1995, Santini et al. 2005)
Malmstrom %5 (2018) I, 752l Ja J: A 41
R T 2 Hox SRFE D, X W] e 3
INMETLRT R B BT (developmentally truncated)
FEH 2 — . (B H R R KT ERTT 2
SRR TR INRIAL () 731 BRI B2 Hox R 2L [R] f 4%
SRR DL AR WAHRHRIE . JLAh, AR Hbf
IS AR AN 7 20 55 TR 3K 3 B S5
AN PP RRRE BT BN 43 A B i /N, 4
PAESRGENIEE , M IX Y PP TT RIRNHETT
WAEREE (Kottelat et al. 2006) . AU,
AW 5T K FH A K S 4 7 5 i R IA T 2
TH T F A T 70 #r, 13F — 2D i by R R AR L /N AL
()73 F AL, HONRNIR TR MR 8T
(IR A o

1 MRETE

11 BRI
M FE AL FREA Y ) P T KR T 7K
TR AR, 3t 7 2% Pocarbunculus 1 11 2%
P. micromegethes Ji & (B 1), PIFh i = i
g3 il 4 BN RE JE 7 I % BN ) e B R
(Palangkaraya ) 1.5 >k P4 V1) 5 & (Kuching)
fif ) 2 BRI L840 1) iz 3 N A0 I SRR ORAE TR
A
1.2 BRI R W T
FH T 2R AR BN, BN RE B
T 5 mg, ARBUEW BRI T E2ENF,
K 18 [H Qiagen /A \]¥] QlAsymphony RNA #
BRI S 3 6 31T RNA $RHL. 8t B A bl
T JB P, YK R Tl B 2R A -] O 43 G FE I
(Nanodrop 2000) XF#2HU] RNA AT ]
M, AFH 62 F=A (Qubit) FIIARIE 4T &R
4t (Agilent 2100) Xf RNA 45, K& fl5¢ 5

PEEAT R . R EEZERER 7 %
P. carbunculus 1 11 %% P. micromegethes [] RNA
AR A, A HA Takara A F ] Clontech
SMARTer PCR c¢DNA & i 7l & i g 4 K
K, {H ] PacBio Sequel “F- & I g &K %
ST, SCEERIEATN Y TAESZFEAb 5 vh
RECIERHE B A PR 2 7] 578 o

13 FHEEmAE

AWF7fEH SMRTlink v7.0 (--minLength
50, --maxLength 15000, --minPasses 1) XJ%%
S Jegs P S0 ) e A I SR AL P T LB AT
fRdE o gE, B LANK & reads 14 2
subreads, FFiIFAT HIRAEE, 192 —FUTF 1

(circular consensus sequence, CCS). #H&E/H
H pbclassify.py BIAE A CCS & 6L & 4
FERS PCR HIH 5'55 5140 3% 51 0 H mRNA (1)
ZERBRERMLE, AR HB KRS

(full-length non-chimera) 751 f14E 4K AE ik
% (non-full-length non-chimeric) /¥4, &/
¥R —HxAREKIERAE T LA
hierarchical n*log(n) 575 R AL IE, SRAFREIE
JaHARFS .

i/ GMAP %4 P.carbunculus 1 P.
micromegethes % 1E J5 LR F7 41 73 il B 21 1k
HICHENSEIERH . (Wuet al. 2005,
Malmstrem et al. 2018) , %A “--no-chimeras
--cross-species --expand-offsets 1 -B 5 -K 50000
-f samse -n 1”7, f§%| Unmapped. Multiple
mapped. Uniquely mapped. Reads map to '+'.
Reads map to '-'Z&7), 4 LEXT S5 RSt iH P4l
reads Jii & .

14 BEREZEM ST RIIREER

f§iFH TAPIS(V1.2. D iiAEXt P. carbunculus
F1 P. micromegethes ()45 5k A B E4T 4
H KAFAE T, ¥ GMAP % 1) bam Al gff 3¢
i, bk 2R RIZH R RE XK reads AN
FERTEEDRIAL R, BT 3 O 0 2 R XA [R] b i
T reads BEINARZBHEFA . RIFTFRAIZE
B ZRIRETRIG . Bk R A A %
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5 (Wu et al. 2005, Abdel-Ghany et al. 2016)
R FERAG S, KR HEX 3 22 5L
b IR i S AR B DR RO e s ARAE AR B
B AT DR R, BDARTCR & A U E
(non-redundant protein database, NR) (Pruitt
et al. 2005) . BZHEHERFFIEHEE (nucleotide
sequences, NT) (Pruitt et al. 2005) . Pfam &
H R K EE % (nucleotide sequences, Pfam)
(Bateman et al. 2004) . & [ 5 [FJJRHFAE 20
JZ& (cluster of orthologous groups of proteins,
KOG/COG) (Tatusov et al. 2003) . SwissProt
FHE BT YIEHEE (SwissProt protein sequence
database, SwissProt) (Bairoch etal. 1991) .
WA ERS ERAT R A2 (Kyoto
Encyclopedia of Genes and Genomes, KEGG)
( Kanehisa 2002 ) F1 2 K A & & ( Gene
Ontology, GO) (Ashburner et al. 2000) -
15 EHFEFRETF . AR SR KK EE R
4 RNA (long non-coding RNAsS, LncRNA)
HY T 22 6 R W 3h ) e s D T R R
—animalTFDB 2.0 (Zhang et al. 2015) Y%,
R AR 48 3% s Rl 7 K e ) pfam. SO, I A
hmmsearch X 22 i}l 4> 4 55 41 B0 T e i 5 [
F ML T ( Bateman et al. 2004) . {5 f SUPPA
Xof A K 3 A ASCHE ) ) AR B R A AT
(Alamancos et al. 2015) , FEiRFIH 7 Fpaf 48
BYRERAY, AR FBkERAY (skipped exon, SE).
AT T H R (mutually exclusive exon, MX).
5 ] AR BT FE Y (alternative 5' splice site, A5).
37y ] AR BY A (alternative 3” splice site, A3)-
W& T (retained intron, RI). EIH4ME
FR[AFET4EAY (alternative first exon, AF) DA
J A7 A AR BT R Calternative  last
exon, AL). F|H PLEK (v1.2). CNCI (V2)
(Sun et al. 2013, Li et al. 2014) FI CPC (v0.9)
B (Kong et al. 2007) ¥ U4 2 14 A
J¥ %15 Pfam-A 1 Pfam-B %4 % 7T £ hmmscan
[FREER, S84 P 5193 LncRNA 751
(Bateman et al. 2004) .

1.6 FlEEE &5

N%5E P. carbunculus F1 P. micromegethes
RS B DR AT, £ GMAP R X AN
(RIARIE JG FE 1R 7 51 7 il B 21 % H 228 BRI 21
I (Malmstrem et al. 2018) , Z#{ A--max-
intronlength-ends 50000; -f4; -z sense_force;
-n 0 (Wu etal. 2005) o R4k Hoh &5 S0 12 A+
GO EMARER: 1) —%2KERA map
P22 B R H I > BB 2 (1B R s 2)
AN B R s A 20 X B X 2R B S AR [P 10% X
W 3) XK FEARWX B ZHIERFA L1
coverage WA E] 99%LL 5 4) REASLLR 1)
BRI RTES H BL R 20 T ZUAHRS 100 kb L L.
[FEIFFA IR 4 AN AT 3R R A e MR AE T
R b & A
1.7 Hox IRER MK EHRER LR 5551

HUEABE TSR B, R g RN A AP E 2
A Hox ZGRFLRIBh2K, X 7] Be 2 T B2 g 14
TNRAAL T JR R 22— (Malmstrem et al. 2018) .
it — T E Hox S 55 DR 7E 22 6l a8 v 1) e i
FKiEEH, M Ensembl Chttps:/www.ensembl.
org) HRNE T 81 FKBEL 1 Hox SR EE K g
3751 (coding sequence, cds) 1E NS, X
LA JE T Hox KR 48 MANFIZEA . A )5,
M NCBI (https://www.ncbi.nlm.nih.gov/) %
7 8 ( Cyprinus carpio, NCBI % 3% 5 N
PRINA752470 ) . fit ( Hypophthalmichthys
molitrix, NCBI ¥ 3¢5y PRINA705843). 4
KMt (Oncorhynchus kisutch, NCBI &3k
549 PRINA352719) FKFG4%: (Salmo salar,
NCBI #3%5 4 PRINA680991) 4 MFffr) 4
KIS AR, AT R M. ffH Blastn 4
A 81 2B Hy 1 Hox ST FE R eds ¥ 5143 )
EGT 3 2B 3R 4 M) K 2T )
b, G Ce-value) /NT 1070 A KiEF A
5390 45 58 RSB 4 AR AR ) Hox S B R

(McGinnis et al. 2004) . S5t FRIE;, PR TTE

fill Jeg, v B SR AH S Tl e 18 B R R DR R A A
B, ASHE 5T 2B Malmstrom 55 (2018) FF /&I
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A TE R H R F LR i, EEL T RIS K
B AHKAI R GO ThReidEEk: GO: 0009948 CHi
JEEIERD . GO: 0009950 (5 IEHITERD . GO:
0040007 (4D, GO: 0007517 LA #S B K B D~
GO: 0007399 (MZE ARG K E )+ GO: 0001501
CH#RGRE )M GO: 0007379 (TTBLFL),
HEEREAM LA 1 581 NEEERNK
( Ashburner et al. 2000, Malmstrom et al.
2018) o M Ensembl H F#EBE S Bk 1 581
AL eds A, SRS b BERAN ik 4 A
VIRh i K A B AT . N TIRTUE
BaRE R, IR Lt B kB A DG HE R 5 2 il
JEFERI 2 AR R AR RS R 451 B
EHXES, KESHERAN GO ERER, X
R B 2 B A TR ) A O R b i 2
FRRIH ERT A RS ) ] AR BT, 2 IR
HRRIL . AMNE FHCE MG AL R BT BB A
5% (t-test)o AHFFLAFA Python [ matplotlib
MR E /- (Hunter 2007) , f#H pandas
A scipy HLITF FE £ 4 42 1143 #T (McKinney 2010,
Virtanen et al. 2020) .

2 4R

21 E#EEWRMIMNEKESHEES T
B+ =R PacBio MFHIA, #1215
P~ P. carbunculus A1 P. micromegethes %%
KGRSO, 7R3k 20.29 Gb A
15.08 Gb [f] subreads ¥¥5, iTiE5 5452
502 996 £ F1 390 292 %% CCS 741, Pk

92629 bp F1 2 675 bp. B )5, EFFELE 371 5
SR SEEE A, 3R1S 371 939 Z5F1 236 787
%A KARRA T, N50 9 2 874 bp 14 185
bp (& . AL, KA GMAP #2 IEfE LR
5 & 4 B ke % # P carbunculus Al
P. micromegethes % ZE R H % [&] (Malmstrem
et al. 2018) , Zr7l3K{5 35 883 A1 20 381 4=
KERARTH], LR 92.84%F1 87.98%
(£ 2). fif§ NR. NT. Pfam. KOG/COG-
SwissProt. KEGG Fl GO ¥ & X} A e & 212
R T HATERE, 23R4 2 5954
12 464 NMEFAREE (R 3. GO HdlEFEE
P. carbunculus 1 P. micromegethes 43 57 ¢
F| 1666 M1 1526 NMEFA, HReAIZ A
Yyt 2 (biological process) ZHifiH 53 (cellular
component) F143FIjEE (molecular function)
1THhRE & % . P. carbunculus 1 P. micromegethes
(S AR i, AR R 2 AR e 4N
M2 (4390000 53.30%F1 48.69% ) fRigtid 2
(31 43.04%H1 39.78%) Flep—A¥ikit
T2 (93508 32.41%F0 30.14%) . 40 ffIZH 5255
EETMIE (551N 28.93%F1 30.28%), Hik
LS (90N 19.51%F1 24.90%) . 7E5>T
IhReFIAN 454 T2 A2 B i DLV Y ()
HIA 65.67%H1 69.26%), HUCGEMALIEH: (4
SN 41.36%H1 41.02%). BLAMEYE GMAP Lt
45, fE P carbunculus 1 P. micromegethes
BRI 16 009 1 8 608 ANEEFA, LM
2339 2 224 NN AR RS A (R4, 5D,

1 BBERMMIMEKEZANFRERE
Tablel Quality of full-length transcriptome sequencing data of two Paedocypris species

FE ¥R Index

Paedocypris carbunculus P. micromegethes

T B ¥ Number of subreads
F BB K Total length of subreads (Gb)
I —EUF 5% Number of circular consensus sequence

T — BT B4 E Mean length of circular consensus sequence (bp)

KRR AT 5114 Number of full-length non-chimeric reads
A=K IR A 751 N50 N50 of full-length non-chimeric reads (bp)
T IE 5 FLIR 7 #1130 Number of polished consensus sequence
B IE J5 LR 7 51 N50 N50 of polished consensus sequence (bp)

10 900 499 9962 155
20.29 15.08

502 996 390292
2629 2675
371939 236 787
2874 4185

38 651 23 165
2863 4290
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Table2 Full-length transcriptome polished consensus sequence GM AP alignment results

Fa kxR Index Paedocypris carbunculus P. micromegethes
Fox Bl B s (S ATl P8 E D 35 883 (92.84%) 20 381 (87.98%)
Number of aligned reads (percentage of all consensus sequences)
K ExT BB G PTA B E 4 ED 2768 (7.16%) 2784 (12.02%)
Number of unaligned reads (percentage of all sequences)
Foxf B2 bt s B QS A 81 E 43 D 604 (1.56%) 417 (1.80%)
Number of reads aligned to multiple locations (percentage of all sequences)
Foxf B —ab iz Beice QS A P51 E 40 ED 35279 (91.28%) 19 964 (86.18%)

Number of reads aligned to a single location (percentage of all sequences)

£33 KX ESEERNANEKERAFIIERER

Table3 Annotation information for full-length transcriptome sequencesthat unaligned to the reference

1845 Index Paedocypris carbunculus P. micromegethes
A E 2 113 BE AR Number of unaligned reads 2768 2784
NR FERR B GERRI B G S D 2356 (85.12%) 2219 (79.71%)
Number of reads annotated by NR (percentage of annotated reads)
SwissProt T EI L BLHCR: (REREE] B BN A L) 2226 (80.42%) 2 141 (76.90%)
Number of reads annotated by SwissProt (percentage of annotated reads)
KEGG FER R B R QEREIREEE S 2312 (83.53%) 2 164 (77.73%)
Number of reads annotated by KEGG (percentage of annotated reads)
KOG {ERBIH s B i (VRS s BURCR: LD 1 843 (66.58%) 1742 (62.57%)
Number of reads annotated by KOG (percentage of annotated reads)
GO PR B HE B AR (PRI BB B 5 L) 1666 (60.19%) 1526 (54.81%)
Number of reads annotated by GO (percentage of annotated reads)
NT FERFI B EE GERERI B A ED 2334 (84.32%) 2224 (79.89%)
Number of reads annotated by NT (percentage of annotated reads)
PFAM R B SBA R GERAIN B = S D 1 666 (60.19%) 1526 (54.81%)
Number of reads annotated by FPAM (percentage of annotated reads)
TEFTA 0 E AR R B S B R QR B i s BB W LD 1396 (50.43%) 1 235 (44.36%)
Number of reads annotated by all databases (percentage of annotated reads)
B — /R PR B BOSUR GREREB 5 BOBC L) 2595 (93.75%) 2464 (88.51%)

Number of reads annotated by at least one database (percentage of annotated reads)

®4 ERERENRRBE

Table4 Classification characteristics of full-length transcript

$8#5 Index Paedocypris carbunculus P. micromegethes
1 A KL Number of transcripts 19 352 11139
LA 54 3 A 30 Number of known transcripts 914 307
LIS [R]85 K2 Number of novel transcripts from known genes 16 099 8 608
B DR [ 4 3 A2 Number of transcripts from novel genes 2339 2224
e FASF K Average length of transcripts 2134 1 886

H AR N50 N50 of transcripts 2744 3606
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Table5 Novel gene database annotation

FE ¥R Index

Paedocypris carbunculus P. micromegethes

Hii s A K& Number of novel transcripts
B R £ & Number of novel gene

NR VERERI M BOCE GERRII LB 5 ED
Number of reads annotated by NR (percentage of annotated reads)

SwissProt VRSB A B QARSI M BOCR: A EHED

Number of reads annotated by SwissProt (percentage of annotated reads)

KEGG TR FIR e B (PR3 s BORCR: & LED

Number of reads annotated by KEGG (percentage of annotated reads)
KOG {ER I B it (PR R s BORCRE &7 LB

Number of reads annotated by KOG (percentage of annotated reads)
GO FERE BB GRR B LBR 5 D

Number of reads annotated by GO (percentage of annotated reads)
NT VERR B 3 B QERER e B ED

Number of reads annotated by NT (percentage of annotated reads)
PFAM VLR B[S B (RSN B 5 L)

Number of reads annotated by FPAM (percentage of annotated reads)

FE PR Bl Pe v B R B R B B (TR B i BOR S HD

16 099 8 608
1823 1883
810 (44.43%) 480 (25.49%)

642 (35.22%) 385 (20.45%)

755 (41.42%) 445 (23.63%)
460 (25.23%) 273 (14.50%)
535 (29.35%) 311 (16.52%)
927 (50.85%) 691 (36.70%)
535 (29.35%) 311 (16.52%)

243 (13.33%) 137 (7.28%)

Number of reads annotated by all databases (percentage of annotated reads)

ZEDAE AN PR R B QAR B A B 5 LD

1214 (66.59%) 862 (45.78%)

Number of reads annotated by at least one database (percentage of annotated reads)
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ZOLANE PR AR BT I L K, ol RA
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4b, £ 7 581 A~ P. carbunculus 5 4 185 /> P.
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FI% e ) 7 345 A5 995 /> LncRNAs. AR#EIX
%6 LncRNAs IZERIZHALE, Al 7 APYAN )
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SRl 63.31%M1 58.1%. HE Antisense
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carbunculus #4351 5 L 13.68%A1 16.71%, 1E
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Paedocypris carbunclus P. micromegethes

Bl REEERERAERLMIT

Fig.1 Genestructure analysis of full-length transcriptome of Paedocypris

a fll b 437l /2 P. carbunculus F1 P. micromegethes 13RI 254 T 45 R, AP NAKIK R : 1. ATARBTHEAL i GREFMCIRE, AT ETE:
FRAARGEERR, RECANETIE, S0y 3w 280, O sumnlagsi, KOs 7ekin, L0ETERF, &
ORI T, WHEORNZIESNET): 2. ZRIBERACA R 3. B El, GoBEn T A ORRERBR: 4. kB h
B, BtBEan TR REERAR: 5. KIEMID RNA %8 510; 6. e ER,

a and b show the gene structure analysis results for P. carbunculus and P. micromegethes, respectively. The layers of the figure from outside
inward are as follows: 1. Alternative splicing sites (stacked bar chart, different types of alternative splicing are indicated by different colors; light
blue for intron retention, green for 3’ alternative splicing, yellow for 5 alternative splicing, purple for exon skipping, red for mutually exclusive
exons, brown for alternative first exons, dark blue for alternative last exons); 2. Alternative polyadenylation sites; 3. Distribution map of novel
transcripts, with colors closer to red indicating higher density; 4. Distribution map of novel genes, with colors closer to red indicating higher

density; 5. Density distribution of long non-coding RNAs; 6. Photos of two Paedocypris species.
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Table6 Classification of alternative splicing

e Paedocypris .

¥8#5 Index carbunculus P. micromegethes
A AS B )5 R S 30 Total number of genes with alternative splicing 9 404 6068
HMEFBRER AR BT Y) R R B (5 BT AR BT D) R R 43 ED 1428 (15.19%) 719 (11.85%)
Number of genes with skipped exon alternative splicing (percentage of all alternative splicing genes)
AMEF RS RS (5 TR PR B Y)RE R 4 D 133 (1.41%) 70 (1.15%)
Number of genes with mutually exclusive exon alternative splicing (percentage of all alternative splicing genes)
PO TR TS ISR A P25 DR 4 ) 1265 (1345%) 752 (1239%)
Number of genes with retained intron alternative splicing (percentage of all alternative splicing genes)
ST AR B B B (97 AR B R 40 b 2375(25.26%) 1267 (20.88%)
Number of genes with alternative 5' splice site alternative splicing (percentage of all alternative splicing genes)
ISR B (T A DA 4 HD 1990 (21.16%) 1079 (17.78%)
Number of genes with alternative 3' splice site alternative splicing (percentage of all alternative splicing genes)
RCIRAME T AR BT B R (5 BT AR BT P) 3 R 5 4 D 495 (5.26%) 205 (3.38%)
Number of genes with alternative first exon alternative splicing (percentage of all alternative splicing genes)
LA BT AR B EE AR (5 TR AT AR BT 1 4 LD 126 (1.34%) 61 (1.01%)

Number of genes with alternative last exon alternative splicing (percentage of all alternative splicing
genes)
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Paedocypris carbunculus P. micromegethes
pfam plek pfam plek
cnci 1450 cpe cnci 1070 cpc
9 3
1 0
a b
LincRNA £ 8] X < JE4FSRNA [ Sense intronic FH P& F XK IEGRERNA

Sense overlapping [ U AEAERNA [ Antisense 3% P 55878 EE KK IEHIRNA

B2 KIEmi% RNA TillLR
Fig. 2 LncRNA prediction results

a b 437l Paedocypris carbunculus F1 P. micromegethes (1) 4= K4 3% 41 B 4 FhA [RI3CPE T 1 AR RS RNA 45 21+ B ¢ fld
435172 P. carbunculus #! P. micromegethes [ K JE4mH% RNA 4325, Antisense. & CHEK ARG RNA: LincRNA. [ ] [X K AE4mES RNA:
Sense intronic. FEF N7 T X KAESiS RNA; Sense overlapping. 3£ [H A4 5415 74 &K A4S RNA

a and b are the Venn diagrams of the full-length transcriptomes of P. carbunculus and P. micromegethes, respectively, drawn from the LncRNA
results predicted by four different software; ¢ and d are the classification of LncRNA of P. carbunculus and P. micromegethes respectively.

Antisense. Antisense strand; LincRNA. Intergenic region; Sense intronic. Gene intron region; Sense overlapping. Gene overlaps with exons

2.3 Hox RIRERAMK BARKERE K L€ SRR CBRANGE) PN SRERL )
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P E SR, (X EEE R AP Hox RIREERIN 4, KX 4 DR AN E TR 1) 4 KA S 4 8t
RIBEOAGRZ T ff. NEEBRMJE T Hox KX i Blastn 55 5 1) 48 > Hox ZXR A cds
BRI M R FIENE DL, TR WA SRR FRIET I (& 3). @I EE (e-value) /)
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Fig. 3 Comparativeresultsfor Hox family genes and developmental related genes

a. N[ e-value B LI S0 Hox FEEEFEOR: b. Hox S i 8 i B S LU HUR I R oo 7E e-value BE Jy 10 00, 2if
FPYAS P K SR AR R B Y Hox ZXBEFE TR (R (02 oK N B AH IR TR (0 300 S BIAH REBE IR 2 (3o 70 B ) 228 L (R 20
HAEAE, (HE BRI A KR S R B B Hox ZEFD; d. AN e-value BIME T X BIRUAL BAHSREFECR; e KEMSCEE HX
Bl SRR AR,

a. Number of Hox family genes aligned at various e-value thresholds; b. The relationship between alignment coverage and the number of
aligned Hox family genes; c. When the e-value is set to 10, five full-length transcriptomes searched for Hox family genes (orange means no
alignment, blue means aligned, green means the gene exists in the reference genome, but no aligned in the full-length transcriptome; d. Number of
developmental related genes aligned at various e-value thresholds; e. The relationship between alignment coverage and the number of aligned

developmental related genes.



2 34 R AE SRR ) A K SR A S 235

Hr hoxbSa e ik 4 a1 44K 5 S 20 2l b
BRI 2 R 05, AN AE B A R A I B R A
hoxcsa i & I 7E 22 6 J (1) 2 5 TR A R A T
Tk, (EZLERJE N RR ) K s A AR
[ERE AL DU 2% L R (1 3R

R AR R R B A K AR B B g v ke
FHAREHEEMIMEN . NI uE 2 jE kK F AR
FEDR ) s B0, 2N EaR 4 A Fh
KRR S S A 1 581 NMEE M
FH7E A cds 44T Blastn EbXF (B 3¢, d),
AT HoAth 4 NP Fh, BRI PE RS %
JZI ERIATE Z R EARRIER . B, 7R
VA 10720, 385 Hoxh 20 53 7 AR KRR I
K PG SN - 4 5132 8004 900+ 1050
F1 1060 KRB AHREERAEIERIL, (A6
JEH SR EIZ) 1100 NE B HREERAFERIE

(K 3¢

24 KBRS BRI Z RS R

PR T JE v A T OREE R GO MRk
P Chnai e IR ERER B
W R B ARG R SR SR Rl 45 1 b F gk
RAEFAEEER, MRESHEF 1 581 LR
GO MREEMIMIFER cds 751 5 B AN Fh
(1A K e B AT LU, KR 2L 8 5 2%
ERAMERELS, & tR%, RO E
X 5 e A DG (R R T AR BT AN 22 SR IR
e FS5HERHAAMIERTLEE EZR, £ P
carbunculus #', 5K G MR FIH
2.0 MY, HARIERSPIA 2.4 AN BTN
A (t=-1.98, df=37, P=0.056, K 4a), P.
micromegethes R[4 BT Y] A7 fU7E K B AH G K
DRI AN LA 35 (R 43 310 2.5 5 2.6 AN BY DI A5 (t
=-0.11, df = 30, P = 0.914, 4a), 1t P.
carbunculus /1 & & AH ¢ FE ] 5 HoAth 25 R 35
F1ANZRIBEFRRIALE (t=0.05, df=76,
P=0.958, & 4b), Tfj7E P. micromegethes 14}
BN 11 A1 1.2 (t=-1.19, df =53, P=0.239,
Kl 4b). 7£ P. carbunculus M gZ3, HAth L
(R4 8 78R (18.6) ZFEE T KB H*

R (13.2, t=-2.83, df=85, P=0.006, K
4c), SRIMTE P. micromegethes H &k & k< FE A
(13540 B F40E (4.2 KT HAREE R (17.2,
t=1.06, df =61, P=0.292, Kl 4c). £Fxft
Rlfh &3 4F, 78 P. carbunculus W, & & H3E
DRI 0 JF At 5 B 4 Sl e U 38 1.5 AN 2.4 IR ik <
fF (t=-2.83, df=11, P=0.017, & 4d), 7
P. micromegethes H, 73 Akl £ 1.4 X1 2.2
W (t=-2.78, df=6, P=0.032, K 4d), X
KUELE B, K E SRR PRE %H
4350 2 AR T R DR 2 b p At B PR

3 Wik

A W 9% 38 i *F P carbunculus 1 P.
micromegethes Jf fi& A K s il 7, we i 1 22
il J& 3X AN PR ) A K e s SO, Il DA
RN E. XS REAGE R
XA BT B K s AT VRS, 43 AE P
carbunculus I P. micromegethes H13%75 19 352
11 139 ME MK FA, 50X e 5%
AITFE T HRHAE 7 RAF e AR DRV ERE . B2 T
Z: 25 B R0 e RS B RIS I 4 K e A 4L
Pt — B R IR R S0 i . IR R %
KTty TR BT A . KAESAS RNA
Sy MG E B A, R I JE X N AN b
TERE R RIL R AR R E R RE . e
AR BT REAL i, IR ZR B i AR T /N AL
(5T HLHIER AL 1 5T (0 s 4%

Malmstrom 45 (2018) HFF AP, ZA6H)H
TEFE R IR 5 5 2N IR B JE A k& A HAth o
Rk B Hox ZKIRIER . Hox FIEIER
ORI YA TT IR DA B
SR E, AT KL TREAY)
TEARRIR R, — FOXSe R R AR, 2538
AR R B WY B o 2H 43 B AR B R R

(Krumlauf 1994, Sordino et al. 1995, Santini et
al. 2005, Hejnol et al. 2017) . AWFFR KB, 22
il o 7 JE R 41 E R B 1) Hox SR B R E K =
PIARFIRING, 456 MHTH 7T I 22 6L i 7 2



* 236

%44 E Chinese Journal of Zoology

60 %

B A 3 Total genes
= JE THE B RGO H 2 Genes belonging to GO terms related to development
i g b
L 1.4 14

25 2.6

N
wn

g
=)

—
(=)

BB AT AR YA R
The average number of AS loci per gene
.O ot

o

P. carbunculus
(P =0.056)

P. micromegethes
(P=0.914)

—_ = N
D T g
S W O

—

B ERK PSR THE

The average number of exons per gene
_
S o
(=] W

Nt
wn o

(=)

P. carbunculus
(P =10.006)

P. micromegethes
(P=0292)

e 2o o = = o=
N R Y 0 O N B~

The average number of APA loci per ge

AR T BRI IR OB

(=1

P. carbunculus
(P=0.958)

P. micromegethes
(P=0.239)

2.4

BRI PR FE R A SRR

The average number of fusion loci per gene

P. carbunculus
(P=0.017)

K4 BEEFAZREHZERER
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a~d PEERERIS R EMRA T A GO ML B R ZE KA A2 K KPR P A 5 (a); BB P2 RIR IR
frridE (b); MANERFESNETHE (o) SMERNTHREERV SR (D.

a - d. The average number of alternative splicing sites (AS) per gene (a); the average number of the alternative polyadenylation (APA) site per

gene (b); the average number of exons per gene (c); the average number of fusion gene sites per gene (d) possessed by the genes annotated to the 7

GOs related to development and all genes.
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