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Identification and gene localization of a microcephaly and microcephaly and
suspected epilepsy mutant mise in zebrafish

HE Jialing, WANG Tiangi, BAO Guo, ZHANG Changyong, LI Nan, SUN Deming "
(Experimental Animal Center of National Research Institute for Family Planning, Beijing 100081, China)

[ Abstract]  Objective Taking the congenital microcephaly and suspected epilepsy ( mise) zebrafish mutant caused
by spontaneous as a model, to study its inheritance pattern and phenotype-related mutation gene location. Methods By
comparing the head width and eye area of normal and mutant zebrafish, the microcephaly and ommatidia traits of mutants
were identified; the inheritance pattern of the mutation was determined by constructing a family. Genome resequencing
combined with bulked segregation analysis ( BSA) and kompetitive allele specific PCR ( kompetitive allele specific PCR,
KASP) and Sanger sequencing were used to obtain the location of mutant genes. Results Compared with the wild type,
the head and eye were significantly reduced at 3dpf, accompanied by convulsions and tremors. The mutant gene associated
with phenotype was identified as terfa by gene mapping and verification. Conclusions This study uses whole-genome
resequencing combined with linkage analysis to quickly locate mutant genes. It laid the foundation for the locational cloning
of zebrafish mutants and the functional analysis of genes related to abnormal development of the nervous system.
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Table 1 Main experimental softwares and database links

L JiRA 2 Bk ARG HE
Softwares Version Related links
Picard versionl. 119 https://sourceforge. net/projects/ picard/
GATK version4. 0. 11. 0 https : //software. broadinstitute. org/ gatk/
ZEN version2. 3 https://www. zeiss. com. cn/microscopy/ products/microscope-software/ zen-lite. html

version6

version 3.4. 1. 36

GraphaPad Prism
LGC KlusterCaller
BELh 0 2 B 2

Danio rerio reference genome

GRCz11

https://www. graphpad. com/
https://www. lgestandards. com/CN/en/

http ://asia. ensembl. org/Danio_rerio/Info/ Annotation
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Table 2 CDS amplification primers for candidate genes

S T (s -3")
Primer name Sequence
arfgap3F TTGTGGAGCGTTTGTCTGTC
arfgap3R TCAGCGCTCGACACACTACT
ikbipF TCTCACCGCTAAGGCAGAGT
ikbipR AGCAGTCGACCAATCAGAAGA
terfaF GCCGAGGCTCACATTAAATC
terfaR TCGCAAACACACACATCAGA
chapdF CGCACTCACTCACGGTAAGA
ckapdR TTCCACCACCCGGATATAAA

2 #R

2.1 BT mise IRE S

2 dpf B} mise BE £ 5828 R HH BLEH S A9 /N /N
R ZRAY 5T R Akl ) 84 it . 3@ X 2 dpf Al
3 dpf B2 TN & B, mise BOL (& 1A FT1E)
AR (1B A1 1F) B9 ROSF B I8/ T 0F 4 46 4[] fifg
(1C.1G M 1D 1H) . mise F-¥H A3k 554 (326. 67
+3.36) wm F1(393. 63+5.79) wm, iF # [ il F- 15 3k
FEJE 9 (359.11+8.33) wm (n =8, P =0.0028) Fl
(463.99+4.55) pm(n=8,P<0.0001) , mise B & fa
()3 v /N T IE 5 R, 25 Sk e 2, th Bt 1 B
()% TR, mise BT o R G 1 AP 208 50 51 H
(28013+1454) um? F1(23562+1670) pm?, #F /N T
TeF I M (439211660 ) wm*(n =8, P<0.0001) Fl

IE:A B.D.EHF.G1J 43 BRZHE5 2 d Al 3 d R ARG AR R AR OR I K TSN €, H 4351 /R B RS,
Pl LT 2 AR A, R T A LA A KR L AR50 320 )5 2 d 03 d 2728 (AR [m) it 6 S i AR R 165 T AR B0, S TR AR

fa Xt AR LA, ™ P<0. 001,

1 mise JRJG Y S ML
Note. A, B, D, E and F, G, I, J show the head appearance of the sibling fish and mutant with local amplification at 2 and 3

days after fertilization, respectively. C and H respectively show the overall appearance while the mutant at the top and the

sibling fish at the bottom. K and L are the values of maximun head width and eye area of mutant and sibling fish at 2 and 3 days

after fertilization, respectively. Compared with the control fish, ™ P<0.001.

Figure 1 Observation of abnormal phenotype of mise embryo
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Table 3  Statistics of F2 phenotype separation

2151 A7 2RI/ 1F H R R A] i R R/ 1E 5 R RA L P1iA
Groups Mise phenotype zebrafish/sibling Mise phenotype zebrafish/sibling X P value
1 25/78 1:3.12 2.15 0. 143
2 35/105 13 0 1
3 44/124 1:2.82 0.127 0.722
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Table 4 Sequencing data quality control and results of comparison with reference genome

55 b Tt 30(%) GC A Bk (%) E RS (%) PRI
Atom number Clean_reads 030 GC Properly_mapped Ave depth
RO1 97,471,743 90. 25 38.45 90. 30 17x
R02 106,703,350 89. 80 37.72 92.73 17x
RO3 238,971,525 89. 47 37.72 92.15 42x
RO4 255,944,524 89. 67 38.08 92.41 42x

:Q30( %) ;B AR T2 T 30 MHRIE b7 SBRIEE L %6 5 IR o Xt 26, Lt 3225 3L PR 40 B 1) IE 6 1Y reads 2,5 &L reads BRI E 43 L
Note. Q30( %), Ratio of bases number with quality value greater or equal to 30/total bases number. Properly_mapped, Ratio of reads match to the
reference genome and correctly oriented to total reads.
&5 SNPs HUESLTHEE
Table 5 Statistical datas of filter SNPs

WFPIRE/NT 4 AR IR KA — S 7 1 . N e
VTR 4 191 WD SO pomr sttt PR SNPs
Sites with coverage Sites with same A . .
. Non-parental origin sites High quality SNPs
depth less than 4 genotype in two pools

SNP i AN S B
Total number ~ Multi-allelic loci

12950890 51244 237933 2421782 6875360 3364571

6 InDels iT BN G IT
Table 6 Statistics of filter InDels
T EREE/NF 4 (1957 5 TR — B 5 EASRIEAR — B

i InDels

InDel S8 2SN AL A

Sites with ¢ Sites with s Non-parental
Total InDels Multi-allelic loc thes with coverage Hes “fl same Ofl .pdl(?n 4 High quality InDels
depth less than 4 genotype in two pools origin sites
3497763 216050 110455 581790 1811334 778134

T A BURAR N e R B, R @R SNP i ED fH, BRELNA IS ED (i, £1 (B2 R B (B 19 8 34, ED B85
IR R 5 B . BEAR bR N Y LR 2 R, B 0 5 M 155 5 19 SNP-index i ( 5 ASNP-index fH) , B (045 4 2855 #4119 SNP-
index A (2 ASNP-index ff) . M & T 75 Ky B 1R it SNP-index {843 4ii [ |, @ ME R W SNP-index {H 4347 K] , ASNP-index
fEA AP, T B e B LR AR 0. 90 i (4 B ELR AR FE N 0. 95 L0 B LR EAR N 0.99,
2 SNP SEHESMIT ED Fil SNP SCIRE7E G (oA b Ay 23 A i 0
Note. A, Abscissa is the chromosome name, the colored dots are the ED values of the SNP sites, the black line is the ED value after
fitting, and the red dotted line is the significance of the association threshold. The higher the ED value, the better the association
effect. B, Abscissa is the chromosome name, the colored dots are the calculated SNP-index ((or ASNP-index) values, and the black
line is the fitted SNP-index (or ASNP-index) value. From top to bottom are the distribution of SNP-index values of recessive pools,
the distribution of SNP-index values of dominant pools, and the distribution of ASNP-index values. Green threshold line in the figure
below has a confidence level of 0. 90, and the blue threshold line the confidence level is 0. 95 and the red threshold line confidence
level is 0. 99.
Figure 2 Distribution of the associated values of ED and SNP on chromosomes in SNP correlation analysis
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113921 (ikbip) ,terfa Fl zgc:85975 (ckap4 )

2.6 fREEREF LT

R AR EER AR O 1 i 18 S PR 1 4 o a2k 5 )
MBS FE ) HEAT I, R3S s B B CDS 42
K519, 9 i 551, 18335 Ensemble A MR
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] SL57E B B 34 J@ F SNP, [ I AR il B 5 1% B0
FFI K, MAE LR terfa WP FNES K B, mise 7556
THNE TR ¢.236 G>A RAE LT TGG AN
TAG ZIEEF , FEER I A L (K 4) .

2.7 morpholino 3&F 1% % & &

BT R MF A5, G AL 0] terfa B2 K 5T
FEAM ] morpholino , VEST HLAH ML BE S, 15 3 d
S B R AL B, AT terfa-sMO BYBE L H B
terfa 1R SRR/ /INIR R AL (] 5A) , I B
il T terfa SR HIFRAY 0 FE S ECRT ] terfa-scMO
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JEIA
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Table 7 Annotation of candidate gene in the positioning interval

B AR B AR

Gene symbol Gene name

zgc:194336 zgc ;194336

arfgap3 ADP-ribosylation factor GTPase activating protein 3
zgc: 113921 IKBKB interacting protein

terfa Telomeric repeat binding factor a
zgc:85975 Cytoskeleton associated protein 4
LOC108183534 Uncharacterized LOC108183534

TE A B AR BR YL AR R FR R R InDel 7 04 ED {8, AL HLE 5 ED 8, 2068 4 SR B (A 19 5350 ED {8 8 5 S B R
AT, B AEARBR R Y IR 2 B, B 6 U TSR 1 InDel-index {B (3% AInDel-index {8) , % & 1 224 28 )5 19 InDel-index B ( 8¢
AlnDel-index f8) . M _FZ T 535 Ry etk iR i InDel-index 43775 | 1 PEIE M InDel-index {E 437 [&] | AInDel-index {8 4377 [&], T &l 4
B EHLE (SN 0. 90 1 GBI (HL S5 N 0. 95 LI EBIEL BEEE R 0.99,

3 InDel JCHE4MHTH  ED Al InDel SCHE(EAE YL (A 44 1 193 A 15 0

Note. A, Abscissa is the chromosome name, the colored dots are the ED value of the InDel site, the black line is the ED value fter fitting, and

the red dotted line is the significance of the association threshold. Higher the ED value, the better the association effect. B, Abscissa is the

chromosome name, the colored dots are the calculated InDel-index (or AlnDel-index) value, and the black line is the fitted InDel-index ( or

AlnDel-index) value. From top to bottom are the distribution map of InDel-index value of recessive mixed pool, the distribution map of InDel-

index value of dominant mixed pool, and the distribution map of AlnDel-index value. Green threshold line in the figure below has a confidence

level of 0. 90 and the blue threshold line the confidence level is 0. 95 and the red threshold line confidence level is 0. 99.

Figure 3 Distribution of the associated values of ED and InDel on chromosomes in InDel correlation analysis
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T A WT 5 mise SRR Fy U6 P ZEHE 53 AR TE T mise
Y SRS BREE R W AHRE A7 A B s B WT 5 mise AHE ) 2%
T FE SRR, £ bR T S IR 21
4 mise RAZRHYE T S sd SR

Note. A, Sequencing peak diagrams of WT and mise mutants
respectively, and red boxes indicate the mutated bases of mise
and corresponding bases of WT. B, Codon and amino acid
corresponding to WT and mise, and the changes of bases and

amino acids are marked in red.

Figure 4 Codon and amino acid changes in mise mutant
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Note. A, Phenotype after terfa-scMO injection. B, Phenotype
after terfa-sMO injection.
Figure 5 Phenotype of WT zebrafish injected by terfa splicing

morpholino and corresponding control 3 days after injection
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