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Abstract: With the completion of large-scale genome sequencing of human beings and other organisms, understanding the
expression of control elements on the genome has become an important research task in the post-genome era. The enhancer
trapping technology is an effective method for identifying enhancer elements in the genome and understanding its mechanism for
gene expression regulation. In this study, we selected the stable enhancer trapping line TK4 (head and trunk specific GFP
expression), which is generated with the mediation of Tol2 transposon system, and analyzed the trapped enhancers with the
techniques of Splinkerette PCR (sp-PCR), in situ hybridization and comparative genomics. We crossed F1 individuals of TK4 line
with wild-type zebrafish, collected fertilized eggs, and then detected the expression pattern of green fluorescent protein reporter
gene by fluorescence microscopy at six different developmental stages, 6 hpf (hour post fertilization), 24 hpf, 48 hpf, 3 dpf (day
post fertilization), 4 dpf and 5 dpf . The zebrafish genome flank sequence near the insertion site of Tol2 transposon was cloned by
sp-PCR, and the results revealed that the insertion located at the position 27749253 of chromosome 23, and the transgene inserted
reversely inside the intron 1 of rps26 gene. Within the 100 kb region of the insertion site, totally, seven genes including arf3a,
wnt10b, wntl, rps26, IKZF4, dnajc22 and Imbr1l were identified. Comparative genomic analysis by VISTA program reveal ed that
there were two potential enhancer elements in the downstream of rps26 gene, which were conserved non-coding sequence (CNS)
1 and CNS2. The results of in situ hybridization showed that two transcripts of rps26 gene were maternal expression, the
expression of rps26-201 in zygote was earlier than that of rps26-001, and the GFP signal of TK4 line zebrafish was not detectable
before 6hpf, the expression patterns of rps26 and GFP at the late stages display similarity, and also represent differences, which
suggested that the expression of rps26 and GFP may be controlled by the same enhancer, and also by the different enhancer, and
two potential enhancers (CNS1 and CNS2) may play a differential regulation roles on the spatial and temporal expression of
nearby genes (including rps26). In this study, we successfully obtained two potential enhancers near rps26 gene for the first time,
which laid a foundation for further study of the regulation mechanism between these two enhancers and nearby genes in the
genome, and the combination technique used in this study also provides a reference for enhancer analysis.

Keywords: enhancer trap, annotation, Tol2 transposon, zebrafish
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; Grabher ! 5 K4 BT @ ETIES SR
- TK4 Tol2
Balciunas B F1
9 krt4 (keratind)
GFP GFP ( 1A) TK4 TU
F2 E3
(Gal4-UAS)
Gal4-UAS (M165FC, Lecia, )
[9-11]
GFP
GFP 6 hpf 24 hpf
48 hpf 3dpf 4dpf 5dpf
Tol2 13 HERAEREABAELBALAERE
” [13] sp-PCR
SPpPCR PCR [13]
Tol2 1 i sp-PCR
(TK4) TakaRa
1 17]' 7|°'3|' _5 73’ j% 20 d F2
Sau3A | GATC
1.1 #8 50 pL
Tuebingen DNA5uL 10xNEB 5ul Sau3A [ 3uL
Tol2 F1 50 L 37 ¢
TK4 DNA (TaKaRa
) 45 L
50 pL 37 uL 10x T4 DNA
Sau3A 1 T4 DNA 5L 6L T4 DNA
NEB RNA DNasel RNAsein (400 U/pL) 2 pL 16 °C 16 h
NaOH PTU HEPES SPLNK-BOT 2 uyL SPLNK-GATC-TOP
Tween20 tRNA HCI 2 uL 46 pL
BCIP NBT Sigma RNA 95 C 3 min
K PCR PCR (50 pL)
Roche T7 RNA DNA 10 uL 11 uL 2xTaq mix 25 pL
Promega CarloErba SPLINK 12puL Tol2/ SPIR2 uL PCR
NaCl KCI MgCl, 94 C 5min 94°C30s 60C30s 72T
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2min 35 72°C 10 min 15 JRAIER

PCR (50 pL) PCR 1pL rps26

20puL 2x Tagmix 25 uL SPLINK 2 2 pL RNA rps26-001
Tol2/SP2R 2 yL  PCR 94 C rps26-201 ( 2
5min 94°C30s 60°C30s 72°C90s 35 T7 RNA RNA
72 C 10 min [14]
PCR 1.2% (M165FC Lecia )
2 BER5A4M
14 HEETIER
DNA 21 F2REEFEARILZBERTHE GFP Rk
BLASTN  ENSEMBL TK4 F1 TU
(GRCz10) E3
Ensembl 1
Danio rerio  # Oryzias latipes fi 6 hpf GFP ( 1B)
Takifugu rubripes fif Poecilia formosa 24 hpf GFP
Oreochromis niloticus Latimeria ( 10
chalumnae Xenopustropicalis  Gallus 48 hpf  GFP
gallus Rattus norvegicus Mus
musculus Homo sapiens ( 1D) 48 hpf 5dpf GFP
50 kb (www.ensembl.

org) (http:// GEP
genome.lbl.gov/vista/mvista/submit.shtml) ( 1E-G)

% 1 sp-PCR 3|#F%5 5%k F5™
Tablel sp-PCR primersand linker sequences™

Name Sequence (5'-3)
SPLINK 1 CGAAGAGTAACCGTTGCTAGGAGAGACC
Tol2/SP1R TCAAAGTCCCTCTGCGTGTC
SPLINK 2 GTGGCTGAATGAGACTGGTGTCGAC
Tol2/SP2R GCTGGCTGACCAATTTTATACACACTC
SPLNK-GATC-TOP GATCCCACTAGTGTCGACACCAGTCTCTAATTTTTTTTTTAAAAAAA
SPLNK-BOT CGAAGAGTAACCGTTGCTAGGAGAGACCGTGGCTGAATGAGACTGG

TGTCGACACTAGTGG

= 2 1R%F rps26-001 5 rps26-201 5149551
Table2 Probe rps26-001and rps26-201 primer sequences

Name Sequence (5'-3")
rps26-001- F1 CTAAGAAGGGACGAGGGCAT
rps26-001- R1 GCGTAATACGACTCACTATAGGGGCTTCACATAGAGTTTGGGCA
rps26-201- F2 GCCGCCGTGTGAACTATAAA
rps26-201- R2 GCGTAATACGACTCACTATAGGGTGGCTTCAGAGATGTCCCTG
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Fig. 1 GFP-expression of TK4 enhancer trapping transgenic zebrafish at different developmental stages. (A)
Transgenic components of TK4 enhancer trapping line. (B—G) GFP-expression at different developmental stages.
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Base genome: Dr  Chromosome: chromosome GRCz10 23 27699247+27799361 1-100.115

A i A P N P . A
anf3a wntl0b  wntl tps26 1KZF4 dnajc22 Imbrll
Calc. window: 100 bp 100%
Cons. width: 100 bp
Cons. identity: 70% Tr
50%
Calc. window: 100 bp 100%
Cons. width: 100 bp
Cons. identity: 70% Ol
50%
Calc. window: 100 bp 100%
Cons. width: 100 bp
Cons. identity: 70% n n "M | l ﬂ h M On
| | k. b J l LA | l I. I 500
Calc. window: 100 bp 100%
Cons. width: 100 bp
Cons. identity: 70%
Pf
50%
Calc. window: 100 bp 100%
Cons. width: 100 bp CNS1 CNS2
Cons. identity: 70% Le

Calc. window: 100 bp

! 50%
100%
Cons. width: 100 bp
Cons. identity: 70% Xt
| m 50%

Calc. window: 100 bp 100%
Cons. width: 100 bp

Cons. identity: 70% Gg
50%
100%

Calc. window: 100 bp
Cons. width: 100 bp

Cons. identity: 70% Rn
50%

Calc. window: 100 bp 100%
Cons. width: 100 bp

Cons. identity: 70% Mm
50%

Calc. window: 100 bp 100%
Cons. width: 100 bp

Cons. identity: 70% Hs
50%

b 81k
Annotations: Lk 21k 41k 61k
“Gene UTR )
¥ Exon " CNS Insertion site

B2 BAISMEXEEREREBESH

Fig. 2 Comparative genomic analysis of the flank sequences of the insertion site. Dr: Danio rerio; Tr: Takifugu
rubripes; Ol: Oryzias latipes,; Pf: Poecilia formosa; On: Oreochromis niloticus; Lc: Latimeria chalumnae; Xt: Xenopus
tropicalis, Gg: Gallus gallus; Rn: Rattus norvegicus, Mm: Mus musculus; Hs: Homo sapiens; UTR: untranslated region;
CNS: conserved non-coding sequence.
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rps26-001
rps26-201 rps26-201 rps26-001 rps26-001
rps26 rps26-201 ( 24 hpf)
(0.2 hpf) GFP 6 hpf 24 hpf
rps26-001  0.75 hpf
4 hpf rps26-201  0.75 hpf  rps26-001  rps26-201 GFP
rps26-001 rps26-201

rps26-001 4 hpf 48 hpf

rps26-001 rps26-201 Control rps26-001 rps26-201 Control

02h 24 h

0.75h|"

4h

6h
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12h
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[ 3 rps26-001 F rps26-201 R AERE L B B D & AR P R F4 32
Fig. 3 Insitu hybridization for rps26-001 1 rps26-201 transcripts at different stages of zebrafish embryos.
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