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Hedgehog (Hh) ZNTEZNWIMAG K B ILRE AT HE HEREM, 2R &
TERWFRIN, S5 RUM TP (segment polarity) [197F Bl S 38 Ji7 55 17 J5 4141
FUL BN R, S ERIRREE; ERHEST, RN EES S
PR RS (CNS). HlS5 P IRE LI R & kRS atad, wiA
BT Hh RIEWE S, HEMZIRN S 5B MR T K A A Esr, R
Hh X A2 g JE AR 2 0 70 AL IO A R AT RE 2 — SRR RF L .

AR FE DA R IAANERER 3 Rh 59200 5 B 1 Hh B DE IR AR & 8 i
THREM 13— DR IT . FERURSESH, VES/N T RNA AR5 FRAK Hi 2R
Rk, HEAWEBRIR K EA MR, Hh 5 5@ B, XFhHE
TR REAEZE T T Hh 55 MRS, S15h, Hh AN R AR aEiE
2y FGRAFA, Feh—F05 3R Hh E SER R EA R, EAZIRT Hh {E
SREL, A TRAK Hh (030K 2 DR b R 7 2O 72 . AR R I S2 i,
ST 1 pg/ul mRNA 1R 2 5 BRI R Preh (ERISZKT, IR G AE K B 404 T
LT LR R, R H AR IR GRS AR, YRGS R A IE
WRARNGUERE R, ERE Hh A2 FEIRAGIETS, ARG i 3
KE, YR, 90% A E KA R BRIIR A, FHESIYIK Shh 2 51IR
MR E, XEMMIRGESEHESIVIRIRFEE, L BRAHEN Hh IR E K200
I RERE R ER Th R .

TALEN $ARZ Flt X AR A g B HoR, AT C iR T 2 MR
FEA AL 8 R RAL ARSI = A S B ST T TALEN 3533 PR R B
ASCRIVRIA TALEN $50RX Hh ZER3EAT 1 meBRit ot , e h O i 7R S O i,
BLE IR Hh ZR A G RANK, ZAIE RAME KGR THIL 1™ HRE,
BRI WAEE X EXFR AT AR HR S i o Hoo D RRIE 5 RIE Hh 2]
SRR RMG R, KU Hh 2 D IER R E PR, (578 Hh 205 RAE
T, B SRR i3 KRR I 5 i 3k N AR, HEDN T RE R R HA B
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PRI %3k AT (1 AN A& B 11

ARIGEME T Hh 558 55 5 MHKRIEER (SuFu, Fu, Pich, Kif3a Hl
I1ft88) WMRAAM . HAET, SuFu 2RO F A H OS5 e T 46 ALK,
SuFu Sl FAFRRIU DA K IR SRR 5 A K A E, 5 HR i RIE
JE IR, RO SuFu 75 Hh {5588 AR T HE 4 NMERK
TALNE AR Fy AR AR, IEAGERS Fo AR
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Functional analysis of Hedgehog gene in amphioxus
embryogenesis and mutants construction related to the

Hedgehog signaling pathway

Abstract

Hedgehog (Hh) gene first discovered in Drosophila is essential for
embryogenesis and is involved in the establishment of segment polarity and A-P
organizing center of the wing disc. It was shown to participate in organizing the
mesoderm in sea urchin and pattern the central nervous system (CNS), paraxial
mesoderm as well as limb in vertebrates. In cephalochordate, it took the roles in
patterning the ventral neural tube and the development of the left/right axis based on
the observation of Hh expression pattern in amphioxus embryos. Since the vertebrate
Shh-type genes can specify a series of cell fates in ventral neural tube, the author
suggested that the role of H/ in patterning the ventral neural tube was an ancestral
feature.

In the present study, we detected the function of HA# in amphioxus embryogenesis
using knockdown, over-expression and knockout methods. In knockdown
experiments, the expression level of Hh was significantly down-regulated after siRNA
injection, but the embryos developed naturally. It is known that Hh signaling pathway
has negative feedback, which might moderate knockdown effects. In addition, as a
morphogen Hh protein can specify cell fate in several different ways. One of these
ways is that the duration of exposure to the signal determines cell fate. We
knockdown the expression level of Hh at least have no influence on this responding
pattern. In over-expression experiments, injecting of 1 pg/ul mRNA considerably
increased the expression level of Ptch, a target gene of Hh, indicating the
effectiveness of mRNA. The embryos after injection developed abnormally at the

mid-larva stage. The larva appeared over-developed mouth, frontal eye and caudal fin.
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Statistical data show that no significant differences of survival ratio or normally
developing were observed between the embryos injected with Hh mRNA and negative
control. However, about 90% of larvae in experiment group had an over-developed
frontal eye at mid-larva stage. Since the vertebrate Shh gene has a role in eye
development and the frontal eye of amphioxus has been homologized to vertebrate
eyes, we assume that the role of Hh in eye development may be its one of ancestral
features.

The engineered nuclease TALEN is a newly developed genome editing tool. We
used this method to generate Hh mutants of amphioxus for further study. After careful
breeding and patient screening, we now successfully obtained FHh homozygous
mutants. Embryos lacking Hh gene function have many defects, including lack of
mouth, symmetric patterning in the pharyngeal region and curved tail. The feature of
no mouth is in accordance with the result led by over-expression experiment. This
indicates Hh is necessary for mouth development. However, the other features do not
accord with over-expression results. We speculate H2 may function indirectly in these
regions.

We also constructed mutants of other five genes (SuFu, Fu, Ptch, Kif3a and
Ift88) related to the hedgehog signaling pathway using TALEN method. At present,
we have already obtained SuFu homozygous mutants. They had phenotypes
(over-developed mouth, frontal eye and caudal fin) similar to that of embryos
over-expressed with Hh. This indicates SuFu is an inhibitor. Embryos in F; generation

carried mutations of the other four genes are immature for the moment.

Key words: amphioxus, embryogenesis, Hedgehog gene, over expression, TALEN

knockout, mutant.
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BRIV (Phylum Chordata) ZFNY) =58 —171, BAFHIB RINML
41000 #, 73y 3 NWTT——R R[] (Urochordata) . Sk F W)L ]
(Cephalochordata) FIEHESNMIW.[ ] (Vertebrata) M. 308 s g T3R5l
11, RERSITR RN ZN—, M FEEN S E 2 P

M EMPRR K ESRE S A MESI AR, DIAZRE. R, MRk
PN 0 255 N, HASSCE #0052 3245 J5 50-60 min B JF4R A& A 28—k BN
2, )R 20 min ZAAERAE—IRORE, CEMPINETT v e, I
FLRARSHIRX RO S0 B IR 1) S EE A 5 JE A 2 R B R AR, &5\
REREL A 256 NN, LN ZEIR C 58 TR R, R AN ZTT IR AR AN [F) 2D
W, E R E AR, HYIR TS IR Z i, TR TR KA AR
TR AS-30 2 S A E T IR bR 05, FEAARAR e A 2 il R, s ) R
Wt 5 MR B JE AN, T IR AR AR ME 72 7%, Hirakow A1 Kajita F 494 H
BRI R RIX A A AR Z BB R, SEh RS,
AT R R AR G5 K, AN — R NANIRIE, LUG 7K Rk B
MR Ril—ENTRRE, B8 7T HREMARZ, U2 0 E 2R,
LS A AR

TEMgRARGE R T, BH 5E MY R R AR 5520 (body plan),
SR A MES ) B LA AR B R IR SRR S B AR, R
A P28 5 T (MBS AL, (E, B PRI DL RSk 0 BSOS SR 4%
B SAh, SCE IR AR L T e, FLIRIRIZE R HS A B DU R, JF
BEAT R AR KA ) J TR A3 18 A,

UEHER, WFFENGLSEIL T RSB a1 AR P BT DL KR F 2 DR 4 T L
TALEN SEEL T ERI R R, 3Ol s B s & R B A4 Ak 1 ) 4 B ah
YT 1 Fkd
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— Hedgehog EE X H{ES@EEE /T

Hedgehog KK 7 &ML T 1980 4, HifE[E ZF}# 2 Nvsslein-Volhard H13%
[ Rk 2 5% Wieschaus 75 KR i 6 5 i SFL 6 U e K 4 485 440 (1 6 DRI R B A0, S
MR G R LIAES2AG 5 24 /NI a4l L, 4l O AR N AR B BAT 7 AL, B
ANEARFEA 3 AT BL (segment) AT 8 ANIEEEHTEBLALAR, AN B WY
A A PPIRTE (denticle), JF H R Z B AR A /5 ui, 11 o W~ B e e
G, RSB IMEAY BEAARIX A, AR a7 A2 . b
ITEN L RABRET, I Hedgehog JE K 9878 f5 4l U AN B (R o ok 17, 1X
FEREA G UGG Rk # 2 oke, Ditk, fATTsiEIX AN FE R 6y 4 4 Hedgehog.

1992-1993 4F 8], Hedgehog (HA) JE A B A [ (152535 15 5l M SR g vp o B ok
2 Ji ML e et ok 2 o P A B L RIVRRR R o 6 SR W HR S B 3 1
A HRN P e g 2 AL RS ANR L KBRS A 3 A,
437 4N Sonic Hedgehog (Shh). Indian Hedgehog (Zhh) Fll Desert Hedgehog

(Dhh), 1, Shh Rl Ihh 5 R4 Hh Bk R i0E, S 5 A Hh
FIPEELRUS, 2 A Shi KHEH . Shh A1 Twhh (tiggywinkle hedgehog), 3 A Ihh
FEFER: Ihh. Ehh (echidna hedgehog) #1 Ohh (gigihar hedgehog).

Hedgehog FIEHE (e — RS S /r T, IR E e %5 H
TEVERT . SR Hedgehog 85 25 43 17 M (segmental polarity) 17 B S 335
RRTE AR B r Y, HAR) Hedgehog & A S 5 IR Z 104617, fE#EH
i, WERAEIR Hedgehog £ FIE S 638, B4 FTA TR 2 RIF M 28 2 52 3]
s EHEZNYII) Sonic Hedgehog SIS 5 HRMHA KRG (CNS). HizzHhINE
LR B9 & > Indian Hedgehog 2K 12 588 10 & &1,

Hedgehog #1 (Hh) VARTHTER AR, H N KA AESEME, LR
) Hh & A4 g4k i 2. Patched (Ptch) £ Hh fI%24K, B —A 12 IR &R
M, 5% Hh {550, &2l 57— MR 1 Smo M3EH:, Pteh 5 Hh 1)
LEO SRR IXRPNE]. ER2 kAN, Cubitus interruptus (Ci) /& Hh {5 5 5%
KANA T, 'R LLE Costal 2 (Cos2) 456; Cos2 &2 —MiE S AEAH, EA
{HRTLALE A Ci T HiR 4324 PKA. GSK. CK1. Fu fl SuFu X JLAHEE AR, M
MEs— N2 6. /£%A Hh {558, Smo AWM, K, B&4& R

6
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Bt 23t Ci B IR ER ML, BEERIGIN Ci B (ihim i R A, S5 R E— A
HAMHNEER CiR, CiR 7] LU0z M SRR R (1 e 5% . /£ Hh {5 ST,
Ptch fi#FR*%) Smo I, SR)5 Smo #CE:RE I AMME L, Jf Hjg LAATEMRES
M RAELE, MR AR S, f Ci MR A PRk, B2 Ci ARk
HEAAIIEAZ, SuFu 2454 Ci WS M EGI R b, XA T, Hh {55
B GG £ SR E Hh (558, Fu 24E SuFu AR, BERt
[f) SuFu & AFAELE S Ci T, XK, Ci ATCLE sk N, B et
R (B 1-D.

EBHEBYT, Hh (55 HEEFHELSE, Hh 454 Preh LUS, Smo 2l
BRAEE L, AT ER) Smo A GG, WRALEM IR, W Hh
{5 5 E s A AR R EE, XM Hh 55 H S 5 T0E s+ Hh
BT R R R EE R

H-N
E.%ﬂ’cl A oo VRETH
W[
e

J,Y

\ Hhtargets  / \
1-1 i Hedgehog 15 5 1%%% (51 H Ingham, 2011)
Fig.1-1 The Hedgehog signaling pathway in Drosophila melanogaster(From Ingham,
2011)

= IEXRYEREF B B

Shh FEFMESIYIENG K B BAEEEM, SCEA Hh RGP Rk
7 B S HEEH AR, X B S E frh Hh (O ShRETT Rk S HESY) Shh (T fE
FHERLILEZ b o BT A S50 5 50 B A SR AR BT SR AR (1 ™ 1,
AICH siRNA A3 HIRUR S B AR AR o Hh FRIEAESHASN G UK mRNA SEHL

3
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Ak NI RIE W TR, WE I Hh 35K 52 21080 T S B AR K & P 325,
CABCER T SC Bt Hp SE R K ZhRE . #EM A S SOM TALEN BORFR B 1 Hh, 1
EIE A Hh AR, FEXRAR B SRR K BT IS, DIRTTZ
R E AR KT PRIIaE. Ah, ARSCEME T 5> Hedgehog 55
i HLE AR ORI R O RAR A, T SR 5 A B AL D R B e SR

P _HE WEf Hedgehog EEBURFT R IEWF

TERE AT, B TR D) Re s 0T B BB RS ik R .
/NFHE RNA (small interfering RNA, siRNA) & RNA TSI &Y, &R
K52 HAMAHAR mRNA JUERPY, A SCRIF siRNA KK Hedgehog (HR) %
RIfIZRIE, ARG T Hh RIEKE R 0 IERG I sem,  BEmHEN Ha 7RG K
B PIhEE. o, BADEAESME R Hh () mRNA F45 HENSCE R
RAZFGIIH, FATIE RIS T, i1 Hh FIEKF LR JE X IEAG B52md . FRATTHA
S8 I AR R — 1E— R SRRk 2 B Hh WA

— RIERE
1 SCIG a4

AFSLIRILH T 2 M Ef: AIKXE A (Branchiostoma belcheri) Fffl%
HISS E i (Branchiostoma floridae), ¥JRNASZE N TEHE . mifksinfiid R
IESCIG FT IR 43 5k B IR B A % Bk SCE .

2 siRNA BRIt 5 &/

ATRYE A IR B Hh 2751 (GenBank 3¢5 AJ245882.2), #il&
BT A siRNA, JPAIILE 2-1.
# 2-1 siRNA J75]
Table 2-1 Sequence of siRNA
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SRR Sense (5"-3") Antisense (5"-3")
Hh siRNA-1 CCAGUACGGUUCGACAUAATT UUAUGUCGAACCGUACUGGTT
Hh siRNA-2 GCGAAGUUCUGACGUUCAUTT AUGAACGUCAGAACUUCGCTT

Hh siRNA-1 F1 Hh siRNA-2 frgt5 B8EFe 51 70 AL+ 3 B Hh BERH 57
UTR X1 CDS [X . X% siRNA A disedifi it (L) oA WA R G,
BeAt, FATELEZ AT G R T — 2% B A A5 RE A ) control siRNA /E NI
XTHE . T JER 1P siRNA K3 oK 588 250 J5 I Nuclease-free H,O & 1 pg/ul, 7535
A7 F-80°C VKAH »

3 mRNA &%

2K Hh 9738 H B OB ARSI IR ) cDNA B, 51%7°4: Hh-F:
5" - GAATTCGAATTTAGCCGTTAATAGGGAG-3" (Jill EcoRI BV 1), Hh-R:
5 - ACTAGTACACACAGCCGAGTAGACACTT-3" (Jill Spel B VI 5). PCR =
Y e 43 pGEM-T Easy #H4& (Promega Cat#A1360) 1, £ F#il G H
EcoRI Fl Spel XY, FEEE pXT7 BAAK T7 BT N L whEA s,
Hh-pGEM-T Easy #5415t F oK & bl Hh FE K FI#R%T, Hh-pXT7 ST R R &
il mRNA. HACHT B FI DHSa A1 TOP10, 3% IF 6 1) 70 B B E 32 USRI,
FORLI R Omega 28] [(R77 & (Omega Cat#D6943-02). Hh-pXT7 ] Pstl
By, PRAERIERIBURL, RS VE & I mRNA BB, mRNA 5 AR
F mMESSAGE mMACHINE T7 Kit i]% (Ambion Cat#AM1344),

FEREFRIE LI, BATH Rfp mRNA (Yafid 20 {475 Y65 1) mRNAD fHxd i
SCHEN Rfp FEN a5 X33 H pmCherry-1 ik (JWH Clontech A ], 5I¥1F41
N :  Rfp-F:  5-GTTGGTACCGTCGCCACCATGGTGAGCAAG-3' , Rfp-R:
5-GCCACTAGTCTACTTGTACAGCTCGTCCA-3's PCR =44 W V] [F1AL )i
HIH P pXT7 H AT mRNA.

4 BRRERCES

WERA I B 528 Liv 2510, JESHEHEH P97 R /K P i i A4 A
(Sutter A5 FINERREL IS (WPI, A5 I1B100F-4) %55 #JF=675,
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