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1.6 ¥ESH
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HFHF AT, BIARDgTrypsindk
4= K 251420 bp, L7 14543 bplt) IF 7% B 52 AE
(ORF), 43180 ME 2R . ExPASY ProtParam il
HEA DT 9Cy305H7230N 1420018138206, 73T L
9117.63 kD, B it 55 ML s (pl)N5.01. DgFerritinkk
PRl 4= K 25 925 bp, 17— 4597 bp I T8 5] 132 4E
(ORF). Zmfid198 1% 2L, EXPASY ProtParam Fiijll
HEan AN Cag64H4305N025012055 175, TR
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Tab. 1 Name and sequence of primers

ElEZEA ElE 2]l

Primer name Primer sequence (5'—3")
DgFerritin-F GCCGTAAAGTCGTATTGATT
DgTrypsin-F CTCTGGCTCTGACTATGG
ACT-F CCACACTGTCCCCATTTATGAA
DgFerritin-R TTGGTATTAGACTCGTCGTT
DgTrypsin-R TTGTTCCTCTTGACGGTAA
ACT-R CGCGACCAGCCAAATCC

A

47 FoRi%Daphnia pulex (EFX77159.1)
96|— Daphnia pulicaria (XP 046644543.1)
W Daphnia geleata (AHFFT)

KIEDaphnia magna (KAK4020469.1)
87| — ALl & Daphnia sinensis (KA19564722.1)
551 pg %% Daphnia carinata (XP 057369716.1)

1§ 2 AKF Exopalaemon carinicauda (ABQ02536.1)

5 D. pulicariaf % % 7 &k, 5 K B3 (Daphnia
magna)~ %283 (Daphnia carinata)ff) 55 2 % 5
i, e IR (Bl 1B).
2.2 dsRNARIIESLER

L4440 44 FURL K /N2 9150 bp, L4440-DgFer-
ritinf11L.4440-Dg Trypsin B 41 JFURL 11 2% 35 F B 47 5]
96041555 bp. LUK &5 R W 7R, L4440-DgFerritin
HIL4440-DgTrypsin = 20 Jii ki 73 72 975041700 bp
(B 2), 5 P31~ 8 40 5k ) 00 FE A — 35, R
DgTrypsinFIDgFerritin =K FJdsRN AR 7 1Rk .
23 RNATFITEEBESREBEXEERRIESE
AL

TE2% K AT IR BE S, BT e ia 4 1) 5T i
MEYR B R ESEE. S5EGFPAMLL, DgTrypsin
HP BILIRAE SIS R K, XL
KGR B A5 Sk B8 1 U A 3 2 35 B/ (P<0.05), T
DgFerritin?fl W 1] 25 T 388 38 TC 2 35 1 22 5 (3% 2).
H5EGFPHM (K 3A), fEDgFerritin?lH 111k T
WA B (& 3B), 1 &R LEDgTrypsin?l H
Sk ZE AR AL 3C). AN, S SRaG A,
PATH P BRSBTS Z R A

TES% K AT IR T, B Se e 4 1) 25 TR i
BIRBEESH W . FERNAT I SLI T, B IR
5 S I DgTrypsin?ll 1 DgFerritin?l 13k Z 4 #H
Xk KGR BEK S SR R L E Y B3 N T EGFP
H(P<0.01; 3% 2), HAE B EDg Trypsin?H A K AR
&% /NT EGFP(P<0.01; £ 2). S5 EGFPALAHEL
(Kl 3D), ZZIEDgFerritin {13k ZEAHN 5 /N 3E),
M DgTrypsinHL AN 845 /N 3F). [FIFE, 7555
SEEAHF, HPATH R BB LB S £ R
ANBR

TE2%F15% K T o Wk FE 5258 v, DgFerritinfll
DgTrypsinl H1 £20%—30% % T B A 35 th A
CNEETINIEMNEY EAIEE

2% KWW E T, 5 EGFPAM L, %
JE & 1£ DgFerritin?fl ' DgFerritinZk K If] 3£ 1k &=

38 Daphnia pulicaria (XP 046637120.1)
78 Ik Daphnia geleata (AHF5%)

KIEDaphnia magna (XP 032789097.2)

55 Fé?i:f%Daphnia carinata (XP 057367300.1)

L ¥R ¥E Daphnia pulex (XP 046450552.1)

=P Portunus trituberculatus (AEK81609.1)

—_—

0.20

1 DgTrypsin (A)HIDgFerritin (B)FE K ] & Gt AL A

Fig. 1

Phylogenetic tree of amino acid sequence of DgTrypsin (A) and DgFerritin (B) genes
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AR 1 7.92%, TG 2 3% 2 7, 1M #£ DgTrypsin
DgTrypsinkk [F [f) 1k & 2 & K T 27.45% (P<
0.01; & 4). FES% KAWL T, THH b &
#%& DgFerritinfl DgTrypsinff] #8 X 3% ik & 5 EGFP
ZHAH B 23 ) S 2 B AIS T 40.39%41155.96% (P<0.01;
& 4).
3 g

EAR T, REFEUN 5T BN, HIXE
DgTrypsin?& K 5 FREE D. pulicaria R H—3, &
HH I e o S A i 2 1 B R DR D e b B R i A
SPPE, Bz AT ReAE LRI e R & —E )
KEIWREIRE. [HAFRIE, BIVELE RS T
W A ST 9 32, 5 78 Dg Trypsind [R 7 25 T 1%
MR BRI REA P TR E M TRe . ML
2, ZI B DgFerritink: K 5 D. pulicaria® N —
X, EREATRSR G R REGE, HiZEERIL) iz 5
MEHARRE BT, ATRES 5 TR NS, $T
A A A T

W, Hsh b R A i . R, 72
AR KB ISR, O A Re K. BT
R, & AR RS 5 TR 52 s i & ik
WA R AT, B A MRNA AR
Z TR R R e A e g,
L5 F 525 Wi K RN TR 78 RH O ) ik (8] 49 1 128 0 5
k. CYP302A17 K ({1 7TBRAE S T B0 h S 40 7)1 8k
(Daphnia sinensis) Wt 5z 5 [EJ4E K- K G 2 & ™.
Miyakawas VR I, TE 2 K 42 3 Bl (Hox 3+ extra-
denticleFlescargot)~ R %1 ¥ 2 18 % 55 Kl (JHAMTAN
Met) ] JWR I 215 5 18 B8 55 R (InRANIRS- 1)) 5 4R
WG T R B VI 5 . CaoZ " I 523, Dageut
IR (Daphnia galeata cuticle protein gene)fJJTER T
|7 B FERIEAS I 58, £ 2 F = 9 ) 52 0
W T . FEARTTH, DgTrypsinFlDgFerritin

FER PR Re S B & e TR Sk BRE -
72 BH, e B 1 B AE 1T IR Sh W e Heog H e
Zh) Kk B A RS R RS AR . JiangZs™
I, PR 1 2 IR ) R A R AR FUL O B R IR &)
PRFY B H B B, B i 2R 0 K IR VROIR 4 A
I By B, 1 78 R gl A I RA AV HH 2 IR K P
Wi 57 J5, S ONE R R A S R R . Wed
ey ee ) 1R B HE R TR S8 T AR
Wd 7 0 HR R AT A T A A T ) B PRI, [
75 Wt B 3 R A A 5 2 A T 0 R I S 2 () 5
g1 B4k, HLAE %) Ul 52 1d i 38155 AN i 0 B T
R R . TEARW T, 2%F15% K T B
W, SXHEEA L, DgTrypsintl F 25 3% 103k
TN Sk 5 K39 B 2 0/, 1] B2 JiR i 1 g 2

A B
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K2 dsRNAFETHE
Fig. 2 The induction of double strand RNA

M. DNAZ T i, A-1. IPTGE 3457 L4440-DgFerritin B 41
JROBL B0 B Mk B-1. TPTG% 5 % i L4440-Dg Trypsin 2 41 5 Hi )
TR PR

M. DNA molecular standard quantity; A-1. The strain carrying
L4440-DgFerritin recombinant plasmid induced by IPTG; B-1.
The strain carrying 14440-DgTrypsin recombinant plasmid
induced by IPTG

%2 RNATHEERBESSWEINAOESESH (FEHREE)
Tab.2 Morphometric parameters of D. galeata at 5" instar after RNAi (mean+SD)

P! K (mm) 3k #AK (mm) AN Sk ZE K LBEKG LM IE
2% K i EGFP 0.8783+0.0687" 0.1650+0.0127" 0.1886+0.0177" 0.6034+0.0482"
DgTrypsin 0.8033+0.0790" 0.130040.0169" 0.162040.0167" 0.5256+0.0599"
DgFerritin 0.8750+0.0526" 0.1567+0.0114" 0.1793+0.0126" 0.5846+0.0537"
5% KT EGFP 0.8533+0.0823" 0.1483+0.0182° 0.1742+0.0181° 0.5444+0.0485"
DgTrypsin 0.7350+0.0325" 0.1100£0.0117 0.1497+0.0151" 0.4600+0.0463"
EGFP 0.8400+0.0718" 0.1575+0.0316" 0.1874+0.0342° 0.5881+0.0856"
DgFerritin 0.8033+0.0431° 0.1260+0.0197 0.15650.0205" 0.4896+0.0563"

i ANE e RER TR IR 5 R R 20 2 [R] 19 2 2 22 5:(P<0.05)

Note: Lowercase letters indicate significant differences between the control group and treatment group (P<0.05)
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K3 HILEERNATL FHIESARA
Fig. 3 Morphological changes of D. galeata after RNAi

2% KW AT IR FE: A, EGFPH 3 50 5 JE % B. DgFerritinl 55
SEHIVIRR; C. DgTrypsinHESESTIVRR, 5% N HIRE: D. EGFP
Y55 S0 B T%; E. DgFerritinfl 55 5Ws %5 %%, F. DgTrypsinZh,
ERI A

2% E. coli concentration: A. D. galeata at the 5" instar in the
EGFP group; B. D. galeata at the 5" instar in the DgFerritin
group; C. D. galeata at the 5" instar in the DgTrypsin group. 5%
E. coli concentration: D. D. galeata at the 5" instar in the EGFP
group; E. D. galeata at the 5™ instar in the DgFerritin group; F. D.
galeata at the 5" instar in the DgTrypsin group

(IYTBR R 25 52 1 AR PN B 5 1) 90 i B Wt B
W A Y R G R, 3E T RE % T DgTrypsinil
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B AR AR MR TS R E 5, X
YEFR AR RS IR R & B BOR R O,
Smietana’s "W 82 3|, 7E H 5% 30 W) Faxonius limo-
susH, FerritindE R 5 H LA % V1M . 7EMK
ST, B QYR R 1 PtFer i IR B 240 JRE 11 4
MOA7 5 203 T A G o AN v BE R BRI AR A, &
BHTEAR Eh e T2k B A =R T B B A R 1E
FIY, 3R 85 S 4R 3E B, Acartia tonsa H & 5P
BN RBERENIES, EANSERER
S EEMER. M, 75 2 5 5 W8 (Drosophila
melanogaster)H, FanisZ ™% I, 2 A HFILE 3
IR R AR FE Hp 3R ERIA, HAN TR 5 IR G
KEFEVIFR. ERLE T, ERET US55k

IREAE % sk A ST R Sk (R 25 et
i = )\ R PR30 4 HU ) R B 1 B RS R,
S5 418 %) Hh 381 gl O Y ST ) O 2 S o ) 3 40 A
NP i Joi IR T R, HLP 5 0 s SR H 3 S
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Stal)%)) 2k 8 1 B DR 0, tH R T 40 L B 4 )
AL BT 7> 4 RO BAF R 2T
%™ PRI REY, BEAES MR K
KREMEERKETREZEEH . EARPRH, 5XF
WAL, REE2% R IIT B E T, BB
DgFerritin?l H DgFerritin X 1] 3 15 8 J6 . 3 %
K, B K KA R K TG B2 kb . (B
5% R E T, S5XT A M, &I &AL
DgFerritinZl ¥ I 25 K FAH X Sk 25K 35 . 35 k2>
HL.DgFerritinJ X 1) 3¢ 12 5 5 35 41K T 40.39%. 31X
2 W VR R B Kl AT B ) T PR 8 A AP AR R R
DR AR o Ik B, E TR B KRR SR E,
T BT BEAE BRI 1) Sk 2 T 25 AH X T %) R AH B
FEE. tbAh, fERIEfEF, SPATH AR I T — L
B TE WA R R T I IR 3 W R T AE T I &, R
DgFerritink K [P T BR 1 52 1 25 T2 8 10 1E 5 AE
K. HUEAT WL, DgTrypsindt R fl DgFerritin3k X 5
LIRS B K B B VAR .

A5 BB T B A A SRR A T M B

1.2 2%E. coli 1.2 a 2% E. coli
09 09 | b
0.6 + 0.6
=
8=
8 03 r 03 |
a
8
o O 0
g EGFP DgFerritin EGFP DgTrypsin
Q
&~
ﬂg 12 - a 5%E. coli 12 a 5% E. coli
® 09 + 09 +
& b
=
0.6 0.6 | b
03 F 03 |
0 0
EGFP DgFerritin EGFP DgTrypsin

AN[E AL B Different treatments

K 4 BB DgFerritinf1 DgTrypsin#E [N R 15 EERNA T )5
R4
Fig. 4 The changes of DgFerritin and DgTrypsin gene expres-
sion levels in D. galeata after RNAi

ANTE NG B 7R AN [R) A 2 2 (] 11 2 2 22 57 (P<0.05)
Different lowercase letters indicate significant differences in
different treatments (P<0.05)
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FUNCTIONAL BERIFICATION OF GENES RELATED TO HELMET DEVELOP-
MENT IN DAPHNIA GALEATA: BASED ON RNA INTERGERENCE AND
MOTPHOLOGICAL OBSERVATION ANALYSIS

ZHU Hao, DENG Dao-Gui, JIN Qi-De, YIN Yi-Hui, HAN Ling-Feng, WANG Zi-Xin, LIU Jia-Hong and FU Lin-Ran
(School of Life Science, Huaibei Normal University, Huaibei 235000, China)

Abstract: In order to explore the molecular mechanism of helmet development in Daphnia galeata, this study investi-
gated the expression of two genes related to helmet development (DgTrepsin and DgFerritin) and changes of helmet
morphology in D. galeata under RNA interference. The results showed that at a 2% concentration of E. coli, compared
with the EGFP group, the DgTrypsin-interference group exhibited significant reductions in helmet length, relative
helmet length, and the ratio of helmet length to head width, accompanied by a 27.45% decrease in DgDrypsin expres-
sion. However, no significant morphological or gene expression changes were observed in the DgFerritin-interference
group at this concentration. When the concentration concentration of E. coli was increased to 5%, both the DgTrypsin
and DgFerritin groups showed significant decreases in all three helmet morphology metrics, along with respective gene
expression reductions of 55.96% and 40.39%, respectively. These results indicate that higher levels of RNA interfe-
rence have a stronger inhibitory effect on the morphological changes and expression levels of the target genes. The
findings demonstrate that DgTrypsin and DgFerritin genes are involved in the development of D. galeata helmet
providing a valuable reference for further exploration of molecular mechanisms underlying the morphogenesis in Daph-
nia.

Key words: DgTrypsin genes; DgFerritin genes; Helmet; Daphnia galeata; RNA interference
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