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YERT X TR AR M 21 & e B IR R e K F
W BRI ZH 2R rPoRG B  BUR) 23F-HILT , DA S 21 40 i
RE mAE s E A EEE L,

CRISPR/Cas9 % 4t (Clustered
interspaced short palindromic repeats/Cas9)J&—Fft
BT P R BEHLHI A B R g BRIz T
BRI DI Remt o0 LIRS U, AT LA
B BE S 1 gAY, F) ] CRISPR/Cas9 £ AR K
HE CNE 2244, DT R 5T CNE X B 1 i1 1fil 21 85
F1 A G SEBRAE HT, Ay e A #0281 2148 1 Y e 4
BUIE BRI A, DU — 20 o A8 I 0 1Y
o3 F AT SR ST A

1 MRS IE

1.1 HE&EFESER

WEFE M %) AB (i 22 BE L5 fa ) 1 B B 5
R B SR T IR
BE Hy IR K R R G BT L 2 & AT
FRA A o Bt 55 5 ) F2 v iR 48 R T 26~
29 °C,pH & HIAE 6.5~7.5, I ORFFAK BT IE 1 512
S AEFOK BT . SEERTT R BT R B
PIe R ZE Gl oAb o, O 3~ v ER 2= B AR R i
LS B e PR B TE R )
1.2 fHEf&iE CNE F 5l

18 1 NCBI%#E %2 (https : //www.ncbi.nlm.nih.
gov/) 15 B4 5 4 Fh H 1 mE B v £ 7E N Y 16 B
FHEZL, I LASTZ 344 B A5 4 B 1 1l g
W oK f0 7 P9 Y 16 Fl 28 FE R 4« 75 8 Oryzias
latipes  (GCF _002234675.1) , Kk ] f
Mastacembelus armatus (GCA_900324485.2) , 4§
fi& I 1i fli Thamnaconus septentrionalis (GCA_
00982 3395.1) , # 4> fifi Perca flavescens (GCF_
004354835.1) , = #| fi Gasterosteus aculeatus
(BROADS!1) , B B 1 - fif Sebastes aleutianus
(GCA_916700875.1) , #%& Bt ¥t A %1 Jf& Cottoperca
gobio (GCF 900634415.1) , % #| il 5 #% fa
Eleginops maclovinus (GCA_039105255.1) , fif§3k
K 4 ® W fi Dissostichus mawsoni (GCA
011823955.1) , A X J& fL Fg % i Trematomus
bernacchii (GCF 902827165.1) , B # /i #%
Harpagifer antarcticus (GCA_ 90282 7135.1) , 2R

regularly
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S M & B Gymnodraco acuticeps (GCF_
902827175.1) , B % dn W M kK M
Pseudochaenichthys georgianus (GCF_
902827115.1) , 3k ¥ VK i Chaenocephalus
aceratus (GCA_023974075.1) , Jo M &5 vk fi
Chionodraco myersi (GCA_009756435.1) , i fi &5
YKAh Chionodraco hamatus'" 55 D41 (GRCz11)
LRI AT XS . BT foxplb BEIEB] 5 /)
LSRR A A O R R BB DIA O KR
Soxp1b B UTFE UK AR S 25 2k el Atk
[ CNE. FR15 T 7E 3 L 35 D] 241 v Xof 1 18 4 3
P57 AR i 5 0 chr6: 43629743-43629779 [X 1,
oo R R R foxp b,
1.3 chr6:43629743-43629779 (X 3 & B $8 2 1%
1T % sgRNA ik 555 5%

1E Ensembl % #i& /% (http://asia. ensembl. org/
index. html) H1 4% 3 3R 153 BE 5 11 chr6 : 43629743~
43629779 [X 38k I T 745 500 bp FEHIME B, -4 ¥
51| 5 A Crisprscan (https://www. crisprscan. org/)
TEL Pl HEAT MR AL s . A NCBI Rt rp
[ blast T A, X 38 153 Y 4 > chr6: 43629743~
43629779 IX el i Bk #0 5Fp 91 HE AT BE D £ BE A 41
f e X, LABA 72 $E RURE S 1 o chr6: 43629743~
43629779 DX 5 i Bk 48 s 81 S A IS I 5 |
JPAME B NER R PR A TAY TR (L
) B A7 BR A A HEAT 5 1

#R1 chr6:43629743-43629779 ¥ 25 5 51| . S22 46 %
qRT-PCR 3| ¥ FFIER

Tab.1 Information on chr6:43629743-43629779 target
sequence, mutant detection, and qRT-PCR primer
sequences
EIk7 B2 JFH(5-3" JHiE
Primer name Sequence (5'-3") Application

chr6-TS1 CCGAGAGATAAAATAGGTA  FE[HFER
chr6-TS2 GGCGGTTTTGACTTCGGAAG  K:PH ks
chr6-TS3 GGGCGTGTCAGCGTTCAAAA  HE[H IR
chr6-TS4  GGAACGGCAGAATTGACGTCGGG [ f
chr6-F1 GACAACATACGAGAGCATGGCTG Z&78 {4
chr6-R1 CATTAGGGGCTGTCATCCTGC  ZE75 A4
foxp1b-F1 TCCAAACTACCTAGCAAGCG  qRT-PCR
foxp1b-R1 ATTCCTTTGGTCTCGTTGAGG  qRT-PCR
p-actin-F CGAGCTGTCTTCCCATCCA  INZ ALK
p-actin-R TCACCAACGTAGCTGTCTTTCTG WNZILH




1 1A W, 4 A H CRISPR/Cas9 £ AMFFE AR ¥ A it 7o 44 X0) B L f 1 21 85 11 A2 B A 52 1) 3

BT 4 4 sgRNA J¥ 5 & 15, 0 0 5
scaffold J¥ #1147 PCR Y1 DL il 25 AR SNtz S Al
PCR %1% :95 °C 5 min; 95 °C 30 s, 60 °C 30 s,
72 °C 15 s, 3 34 PMEFR 72 °CAEAH 5 min, W T2
J¥ 45 W5 T 4 °C- F£ . Fl H QlAquick PCR
Purification X 7] & (Qiagen /A 7 , %5 : 28104) X}
3R PCR =¥ A7 2l Ak, JF B U i T 20 pL
RNase free 7K #1. #]F T7 ULTRA & 7N 53347
45 (Thermo Fisher Scientific, 525 : AM1314) %} 4l
1LJ5 i PCR P24 84T 37 °CHEF 4 h, 52 )il sgRNA
MR AN 55 5% S 7= W) 42 DNase 14 4L 20 min Ji5 ,
i FH LiC12 5 B X sgRNA Ay Ziifk . %f sgRNA ¥
JEHEFTINE I, 53 B R A7 T-80 °Cok AR £ H

A 5E T HI Y Cas9 Joks H o [ B2 e K A=
AW AESE B4R L Cas9 JBRE 25 B s 1 N ) il
Hind T £eVEAL)5 , FIJH] mMACHINE™ T3 #% 544
5% & ( Thermo Fisher Scientific, 85 : AM1348) ik
TR SN 5 3745 Cas9 mRNA, 2L E W )5,
Iy BEARTE T -80 °CUkAR £
1.4 BRUESREBAEHERIE

sgRNA 5 Cas9 mRNA I8 1: 4R A&, I i
R SHOE ABE S 1 T 40 a9 s, &
A WE G 0 1 R 5 A 1 ng/uL. g X chr6:
43629743-43629779 X 3 (1) 4 1~ §E 55 sgRNA, 53
SIE S SO MU NG 1 5 78 BUR A 28 °CHE FR 46
B WELE 24 hGBE S it iz, R A
A AR A SR SRR (9 2 R 4 DNA, I I 2848
AT 51 ) HEAT PCR 348, K60 %, 2 28 738 44
PCR S I 1A & « 74 31 iR i DNA A4l 1 uL, PCR
Tag Mix (i#MEHRE, §25 . P112-02) 10 pL,chr6-F1/
R14%1 pL,ddH,0 7 uL. SR 4544 :95 °C 3 min;
95°C 305,65 °C 30 5,72 °C 1 min, 3£ 34 MEH
72 °CHEAH 5 min J5 , T 4 °CIR-AF . AR5 EH]
Fi 38 PCR P=9) 4 TTEL B U] 38 047 56 52 | Tl
VIP= Lk 2% B He W58 e B 47 LK, T 523t chr6 :
43629743-43629779 1 i HE A5 04 55 A Gt 5K
ROBASNGE B RIGEO | RSO = 1
B0 S FE AT )T 22 chr6: 43629743-43629779 il I 52
Uzt EA R S S iy
1.5 MIAERFERES

LT AN R ) I T 85 AT DA £ RS K X
LR AR ] A i (O-dianisidine, Sigma /A A, %
5 :D3252-5) (W S AR B T s Hh AR 1 (I 21

), DR AT 25 R i 17 % o 1T FEURN SF- 35 0 %5
{ELR H W7 LA LT 20 M A it ™ SE D BRI T -
S1 MR TE 28 °CHEFRA h 85 3% 52 h 1Y T ST 4 A
Y 2 AU B £ Ui, AT BRI R AL IR JIG 1 min
J& . FIH 1565 pL O-dianisidine 24 {43 (1.2 mg O-
dianisidine,0.8 mL Jo/K Z,9.0 uL ZFREN , 3T
TelE K I E 2 E 1565 ul) F1435 pl 3% AUE,
IR TR 5 WK IR I A 3k ' e £, e (B[] Ry
20 min, PEE5H S, iINA 1 mL 4% PFA 7E 7K -
PEOR 1% 2 h, IR 1 mL 3 R (8 mg &R
LB, 30 uL AL K , 5 uL Tween-20, % T TG il
K I A 2 1 mL) AL H 20 min, 45K E
I IERGAEAE T 50% Hm o & TR B s T
PEAT G R AE B Tmage T 3004 X6 U3 5 4 Fn B
A IR ]G O-dianisidine Z% {0 A% T FR AIG 25 5 (H ok
e,
1.6 RNAREUK qRT-PCR 731

WEEALDT 101N KT 2 52 hiWEES ARG,
K H 500 pL Trizol( Thermo Fisher Scientific, 575
15596018CN) # AT 21 K s fE = MM & J5 . A
200 pL 505 RA AR 15 sJ5 B0 ASr B A AH ;
INCHE B Z KA (B RNA) 8 2=l a8 b, I hn
N EERFR Y S LLTTHE RNA RNA TUHE FH 75%
1 Z PR, B I % % T 20 uL JC RNase 7K H , fif
JH NanoDrop 43 B s H e B A i

AR $2 BUAY RNA i 1 ABScript Neo RT
Master Mix (Abclonal 2 &) , 525 : RK20433) 47
Wi 5k . I >R F SsoFast Eva Green Supermix
(Bio-Rad, #2 5 : 1725200) 7£ CFX Opus 96 5 i}
PCR %4 (Bio-Rad) [ #£47 qRT-PCR £ 5 . PCR
PIGTRFE W1 A58 95 °C 30 s, B 40 MEER,
FEAMIEER 95 °C 10 s 12 58 °C 30 s, 31 ¥IF51E I
# 1. qRT-PCR 55K 27 kb A7 40 #r , LA
B-actin FEENE NS AL
1.7 SitEHH

B 2 B R R BASSEAT | BT A Bl ¥ LS
PR IER (n=3) Fon o PHALEURE 09 L3R
Student’s ¢ 43 M7 ; 3 2H 5% 3 2 LA I ¥ ok H
ANOVA 7387, 3 3% FH Tukey #E47T M P &2 8 L #KC .
DL P<0.05 £ r i 3 Pk 22 7 (%, P<0.05; **, P<
0.01; *** P<0.001; **** P<0.000 1) , 3 ffi /i
ggplot2 R R FAAER]
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2.1 chr6:43629743-43629779 7£ 2 K R AR =F
e 2

Fb B 17 Fh A0 20 0 5 DR A BB, &5 R WoR
chr6:43629743-43629779 7t 4 Fh {1 1L o5 % vk £
FESPEBRE T 32 bp [P A1, X 26 4% 0 7 51 7 BiE
L 55 13 Fh2L i .28 rh A A7 78 HLORST BE 8 (&

1) . i & JASPAR K 3fi Xf chr6: 43629743-
43629779 #% LT HNHEAT T i sk 245 G 2P 1Y
T, % PH chr6 : 43629743-43629779 #4041
TF AE 5 53 N 1 GATAG ¥ 78 19 45 & r &5, 1
GATAG6 # Ik W RE 6% I8 455 1M & 2B ik 0. D B
45 AR IR T 08 1Y chr6 : 43629743-43629779 14
TWETERY CHE CNE A RE S SR 2R L 20 8L 1 Y
A

D. rerio GTTTTCATTTGCCGAGA-—~——~— GATAAAATAGGTACAGGGCG--TCTC-——————————————————————
0. latipes GATTCCA----AATGAA-———— AACAGAACAGGTT-GAGATG--CTTCAACTCCAATCTAACTAGTACCGA
M. armatus AATTTCA----AAGAAG-———— AAAATAATAGGTA-AAGACA--TTTCAACTTCAATTTAACTGGCACAGA

7. septentrionalis ~ATTTCA-—-~-AAGGGGAGGGAAAAATAATCGGCG-AAGACG--TTTCGCCGCAAATTTAACTGGCGCGG-

P. flavescens

AATTTCA----AAGAAG-———- AAAATAATAGGTA-AAGGCG--TTTCAACTTCAATTTAACTGGCACAGA

G. aculeatus AATTTCA----AAGAAG-———~ AAAATAATAGGTA-AAGACA--TTTCAACTTCAATTTAACTGGCACAGA
S. aleutianus AATTTCA----AAGAAG-—-GAAAAATAATAGGTA-AAGACG--TTTCAACTTCAATTTAACTGGCACAGA
C. gobio AATTTCA----AAGAAG-———- AAAATAATAGGTA-AAGACG-TTTT-GACTTCAATTTAACTGGCACAGA
E. maclovinus CATTTCA----AAGAGG-———~- AAAATAATAGGTA-AAGACGTTTTTCGGCTTCAATTTAACTGGCAGCGA
D. mawsoni CATTTCA----AAGAAG----~- AAAATAATAGGTA-AAGACG-TTTTCGGCTTCAATTTAACTGGCACCGA
T. bernacchii CATTTCA----AAGAAG-———- AAAATAATAGGTA-AAGACG-TTTTCGGTTTCAATTTAACTGGCACCGA
H. antarcticus CATTTCA----AAGAAG-———- AAAATAAAAGGTA-AAGACG-TTTTCGGCTTCAATTTAACT -~~~ GA
G. acuticeps CATTTCA----AAGAAG-—-—~— AAAATAAAAGGTA-AAGATG-TTTTCGGCTTCAATTTAACTGGCACCGA

P. georgianus
C. aceratus
C. myersi

C. hamatus
L J L J L

——————————— G-TTTTCGGCTTCAATTTAACTGGCACCGA
——————————— G-TTTTCGGCTTCAATTTAACTGGCACCGA
——————————— G-TTTTCGGCTTCAATTTAACTGGCACCGA
——————————— G-TTTTCGGCTTCAATTTAACTGGCACCGA

7 bplk & 6 bplikk

19 bpiit 2k

chr6:43629743-43629779 £ 17 Fh (S [MIFEAT I 51 LLXT, VKLY 4 F £ 28 (M iR ok 0 15 0,07 HEAD 35 17 T0I0 4 S DR (9 45 5 005
SEHE AR H 1Y) 2 chr6: 43629743-43629779 FLAKEL 1) 32 bp .0 22 57 51 o D. rerio BE 1y i1 5 O. latipes 5 s ; M. armatus K8k T
septentrionalis ##5€ 2 [fifili ; P flavescens 438 G. aculeatus =H111;S. aleutianus W28 Bl ; C. gobio ¥ BEA A 851E s E. maclovinus &
F 3 R M A0 5 D. mawsoni 13 R F Hitl A0; T. bernacchii 1A [CJH FL G £ 5 H. antarcticus BAR R 105 G. acuticeps ‘R HRIefE s P
georgianus T TR WAV ; C. aceratus JsH7 vkt ; C. myersi JeWE T VK ; C. hamatus T Kt

The sequence chr6:43629743-43629779 was aligned across 17 fish species. The sequences of four species, highlighted in bold, represent
"white-blooded" Antarctic icefish. The orange boxes indicate predicted transcription factor binding sites, while the blue box marks the
specific 32 bp core deletion of chr6: 43629743-43629779. D. rerio (zebrafish) ; O. latipes (medaka) ; M. armatus (tire track eel) ; T.
septentrionalis (greenfin filefish) ; P. flavescens (yellow perch) ; G. aculeatus (three-spined stickleback) ; S. aleutianus (rougheye
rockfish) ; C. gobio (channel bull blenny) ; E. maclovinus (patagonian blennie) ; D. mawsoni (Antarctic toothfish) ; 7. bernacchii
(emerald rockcod) ; H. antarcticus (Antarctic spiny plunderfish) ; G. acuticeps (ploughfish) ; P. georgianus (South Georgia icefish) ; C.
aceratus (blackfin icefish) ; C. myersi (Myers' icefish) ; and C. hamatus.

1 chr6:43629743-43629779 # % /5 5 Lb 3 A K B8 5% [ F Tl
Fig. 1 Multiple sequence alignment and transcription factor prediction of chr6:43629743-43629779

2.2 chr6:43629743-43629779 S5 B5 0 & B R & 10) , i chr6-TS3 F1 chr6-TS4 #1 w5 (1) & 5 3% R o

WEAE

J T PEAL R [ HE 5 (chr6-TS1-chr6-TS4) Xt
chr6: 43629743-43629779 By R 503, 43 Wil £
4 A5 A5 B fa v 59 IR G 21T PCR 47 3 1
T7E1BEYT, 1 LA A RYUBE ) £ R G R A Ry B
XFRE L 25 BN R 2 s, chr6-TS T #E 5 11% # 4 2
FIRF] T 100%(10/10) , 72 BHIZ 0 2 RE WS A 20
% S chr6: 43629743-43629779 Fr BE B R 5% o A
2, chr6-TS2 $E 5 A AR AT AT 58 A5 14 (0/
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8 10% (1/10) F140% (4/10) . FEF DL |45
A HWF 5T 1k ¥ chro-TS1 #8 5 FH F )5 42 %) chr6:
43629743-43629779 (N RE 58 B I ¥ 1Ml 212K
FAE AL 2 o
2.3 chr6:43629743-43629779 Ei B B 2 4 #1151
DamaEamNER

AT RO SF A g A% ST F chr6 : 43629743~
43629779 JH 45 1Ml 215 11 AR A B RE , A chr6-
TSI 5E A T X BEE 4, chr6 : 43629743-43629779 1%



134 i, 45 F ] CRISPR/Cas9 £ AN R <1 AR i i 0 %8 BE 5 0 1 £1 8 A A 52 5

TN SEE R v O | EAR: 4 = Lacy ) v 3 O] ST N s 0 ) i s DaE e o =R | AR S = B R NS )
G R TN Coyr) BRI AR (Ctrl) FNEF AR BURR AR chr6: 43629743-43629779 i 15 2 7% A 55 1Y () 4
(WDVE X IR, S S RRIG A R E 28 .

M 1 2 3 4 5 6 7 8 9 10 WT WT WT PC

(a) chr6-TS T & mBRas R s ik 1]

Gel electrophoresis image showing knockout efficiency at the chr6-TS1 target site

M 1 2 3 4 5 6 7 8 9 10 WT WT WT PC

(b) chr6-TS2# A5 R BRAL R L Ik (4]

Gel electrophoresis image showing knockout efficiency at thechr6-TS2 target site

9 10 WT WT WT PC

(c) chr6-TS3# 5 R BRAL R AL Tk (4]

Gel electrophoresis image showing knockout efficiency at the chr6-TS3 target site

M 1 2 3 4 5 6 7 8 9 10 WI WT WT PC

(d) chr6-TSAH sk i BRaR BTk A
Gel electrophoresis image showing knockout efficiency at the chr6-TS4 target site
M. PrifEdh Marker; WT. SfA: TG PC. BT AR I B3 B ia00) & e (i 9 Control template , H T30 UE T7E L B0 520 (4
Rt
M. Standard Marker; WT. Wild type; PC. Positive control; The positive control is the control template provided in the kit, which is used to

verify the effectiveness of the T7E1 enzyme cleavage reaction.

E2 ETFT7E1EIEME A E 3T chr6:43629743-43629779 HIRY B 0%
Fig. 2 Assessment of knockout efficiency of chr6:43629743-43629779 by different target sites using T7E1 digestion
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Tab. 2 Survival rate of zebrafish embryo after injection
N 12 hBET 4k 12 h 7G4k 12 W% 24 hFET 4L 24 h 17T %L 24
JB Total Number of Number of . Number of Number of .
2[5! Group A . Survival rate at . Survival rate at
number/”| deaths at survivors at 12 b/ deaths at survivors at 24 h/%
12 WA~ 12 /A4 ’ 24 b/ 24 b4 ’

YA U IR WT 100 1 99 99 3 97 97
AR Ctrl 50 2 48 96 5 45 90
chr6-TS1 60 3 57 95 3 57 95

WG & 52 h)m Mg WT . Crl \ TS1 41
% 20 He AT i 2r A A g e (18 3) , IR Image J
XTI 2T G g DT i SRR
TS1 AR IMELE A GBS R E LT
WT 4 K Ctrl 2, WT 41 5 Crl 41 22 1] i £1 8K 11 5+
SRR A TC W 2 25 5 1 TS 1AL IR i 21
EHREIRS WITHA BEES, 5 Cul AT
FEF (B 3ME4). XTSRRI K A
Yo, WP A 5 BT, b R A
66.67%. X chr6:43629743-43629779 mtb I 4
(TS1-S) & chr6:43629743-43629779 i 4 4 I 28
(TS1-F)IRBGEEA T L2185 1 e .22 SR b, 45
R TS1-SH 5 TSI-FAH YL A i & 2 5%,
TS1-S 4 G (05710 %8 Bl G B FR 43 ' % B (A

I R T TSI-FA (K 6 fIE 7). DL ES5 R R
Y, chr6: 43629743-43629779 1Y i 2 i 35 FE AL BT
At 1M 2188 AR B, B2 PR SF AR i T chr6 -
43629743-43629779 TE Il 21 7 11 A= A B2 rp ) v
TR REEH

2.4 chr6: 43629743-43629779 B 4 B Z P& R
Sfoxp1b BEEH)FRI%

R ST chr6 : 43629743-43629779 [X 8 T i
55— AL foxplb 7E chr6 : 43629743-43629779
AR B4 (TS1-S) 5 HFAERVZH (WT) H i3RIk
# 5% il iF qQRT-PCR X} TS1-S 5 WT 4 #4754
Mr, 5 R BoR, 5 WT4LM L, TS1-S 4 foxp1b %
HEsE N T420%, B BEEER (K
8).c

TS1. chr6:43629743-43629779 SR s WT. BFA R Crl. W8 2 BRIEHE N (1yr) BBRZL 3 O-D . O-dianisidine Il 18 F 4% (73 52 hpf A #EAT
ILZTER 1 e 8 SR BRE T 04> PR (3 26 I 5 4 A IR R A R B 2 2 PR B0 L5 LR : 100 mm

TS1. chr6: 43629743-43629779 knockout group; WT. wild-type; Ctrl. tyrosinase gene (tyr) knockout group; O-D. O-dianisidine
hemoglobin staining; 52 hpf indicates the developmental stage of zebrafish embryos during the hemoglobin staining experiment; the number

in the bottom-right corner represents the ratio of phenotypic individuals to the total number of individuals in the group; scale bar: 100 mm.
3 WT.Ctrl & TS14851 5 & ff iKY O-dianisidine L &
Fig. 3 O-dianisidine staining of wild-type, control group, and TS1 group zebrafish embryos
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Impact of conserved non-coding element on zebrafish hemoglobin
production using CRISPR/Cas9 technology

CAO Ruimeng'*?, XU Yicheng*, CHAN Jiulin*?®, XU Qianghua'**, WU Zhichao**, HU Peng**

(1. College of Marine Living Resource Sciences and Management, Shanghai Ocean University, Shanghai 201306, China;
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Abstract: Hemoglobin is a vital component of the circulatory system in higher organisms, and its
dysfunction is closely associated with conditions such as anemia and cardiovascular diseases. Antarctic
icefish, whose blood appears white due to the absence of functional hemoglobin, serve as a unique model
for studying the biological functions of hemoglobin. We identified a conserved non-coding element (CNE)
located in the intergenic region chr6:43629743-43629779, upstream of the foxp1b gene, which may play a
key role in hemoglobin production in fish. However, its specific regulatory function remains unclear. In
this study, we utilized CRISPR/Cas9 gene-editing technology to generate zebrafish heterozygous mutants
with knockouts of this CNE. Hemoglobin staining was subsequently performed to compare hemoglobin
production between the wild-type control group and the mutant zebrafish. The results demonstrated that the
knockout of chr6: 43629743-43629779 significantly reduced hemoglobin production in zebrafish.
Additionally, qRT-PCR (Quantitative Reverse Transcription Polymerase Chain Reaction) analysis revealed
that foxplb gene expression was significantly lower in the mutant zebrafish compared to the wild-type
controls. This study indicates the molecular mechanism by which CNEs regulate hemoglobin production by
modulating the expression of downstream genes. It highlights the critical role of conserved non-coding
elements in hemoglobin synthesis and offers new insights into the regulation of this essential protein.
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