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Abstract; To analyze the role of C3H genes during the germination of Fritillaria taipaiensis seeds, this study utilized
low-temperature germination transcriptome data and bioinformatics methods to systematically identify and analyze the
expression of the C3H gene family in F. taipaiensis. Five low-temperature candidate genes with high expression were
identified and their response mechanisms in response to gibberellic acid (GA,) and abscisic acid ( ABA) were
elucidated. The results were as follows: (1) Among 65 identified C3H family members, 7 were classified as stable
hydrophilic proteins and 58 exhibited instability, with significant variation in protein length (197-1 451 aa). Only
FtC3H43 and FitC3H50 were localized to chloroplast/endoplasmic reticulum, while the others were nuclear-
localized. (2) Conserved motif analysis revealed that Motifl and Motif3 were widely present in C3H proteins.
Phylogenetic analysis results showed that 196 C3H proteins were clustered into five distinct clades (1-V), with F.
iaipaiensis C3Hs showing close evolutionary relationships to those in Arabidopsis thaliana and Oryza sativa. (3) Under
GA, treatment, FtC3H22 and FtC3H35 promoted germination during early-to-mid stages (A-C), while FtC3H40 and
FtC3HA46 exhibited stage-specific expression at stages A and E, respectively. ABA treatment significantly upregulated
FtC3H46 but downregulated FtC3H22 and FtC3H35, suggesting FtC3H46 might mediate ABA-dependent cold stress
responses, whereas FtC3H22 and FtC3H35 played positive roles in germination regulation. This study reveals the

important role and complex regulatory mechanism of the C3H protein family in the seed germination of F. taipaiensis.
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Key words: Fritillaria taipaiensis, C3H, seed germination, bioinformation analysis, expression pattern

N DUEE S 38 E 2 #4553 rh 245 04, EL A T i 1k
W% AWy T2 T e 25 D 2 ( XA W45 ,2022)
K W ( Fritillaria taipaiensis) )1 DB 2544 1) &
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A. R 12% ; B. WKL 25%; C. IRHEL) 50%; D. TFHKL 90% ; E. FRREEME 1~3 mm, FFE,
A. Embryo rate is about 12% ; B. Embryo rate is about 25% ; C. Embryo rate is about 50% ; D. Embryo rate is about 90% ; E. Seed embryo

breaks through the seed coat by 1-3 mm. The same below.

B1 XBERSMEELERS M

Fig. 1 Five stages of seed embryo development in Fritillaria taipaiensis
£ 1 EHFLEE PCRSIY
Table 1  Primers for quantitative real-time PCR

SN AR R D 514 BLIa 514

Gene name Gene 1D Forward primer Reverse primer
FtC3H22 cluster29704-TRINITY_DNS58536_c0_gl _il CTTCCCTTGCAGGTCCCATT GTAGGAGCGTTGTCGCACTA
FtC3H35 cluster7141-TRINITY_DN739_c0_gl _i3 ATGCTGCTGCTGGTAACTGT AAGCACACGGTCCAAGCATA
FtC3H36 cluster75787-TRINITY_DN83620_c0_gl _il ATTCTCCCAAATGCAGCCCA CATTCGAAACCGAACCCTGC
FiC3HA40 cluster6131-TRINITY_DN8673_c0_g2_i5 AAGAGCCCTGCCGTAACTTC GGCCTCTTTCGATTGCGAAC
FitC3H46 cluster8985-TRINITY_DN2317_c0_gl _il6 AAGAACAGCGTCTACGCCTC CTGTTGCAGGATCCTTTGCG

OB ARSF S5 BRI 7 2 B R B P 2R B s

1.2.7 XK@ N#1&ik C3H AR A GA,Hf» ABA 422
TR AR TR SRR i BRI
FEA L, R FH B i 2 B A Pk s K 1 DL AR
T At R 5 B BeR Ik K s i 5 S C3H
FLA A NCBI B9 Primer-BLAST % 4% 5 PE 51
V(3R 1), A7 SEm 90 E B PCR SE5, IR 45 3
(A AFG e 38 B B iE A T4 B, 1 FH GraphPad Prism
8.3.0 BRAFH Y ¢ K56 5 ik A 9 Ak B 1) 2% 5 1
It hlE R,

(1) SERT 2652 B PCR N 14 & 4 2 ff
J 5% cDNA FIARDCS | W TR Rl (£ 2) i
B R K AT

(2) 29 i 5 B PCR S 0 FE F ; X i B 4
MR R IEAT EHLERAE (3R 3) , el ad 27 kit
frx et E, Bl Bt 3 WEY e E
52K — A 85 A EE , i GraphPad Prism
8.3.0 HAF Y ¢ A5 Ty v A 20 Ab B[] 22 S
FHEIF R,

%R 2 THRKALEE PCR REER

Table 2 Quantitative real-time PCR reaction system

{7 Reagent i Dose (L)

FiH (¢DNA) Template( cDNA) 0.5
Ef5#Y Forward primer 0.4
7514 Reverse primer 0.4
WZEIK (ddH,0) Double distilled water( ddH,0) 8.7
2xCham(Q Universal SY BR qPCR Master Mix 10

&3 LHEKEE PCRREERF

Table 3 Quantitative real-time PCR reaction procedures

A fiWYELJE fiﬂ'&iﬂfﬂiﬂ (BN ER
Reaction st Reaction Reaction Number

eachion step temperature (°C)  time of cycles
AR P Pre-denaturation 95 3 min 40
Iy Degeneration 95 10 s
LGOS R 60 30 s
Absorption fluorescence value

95 15 s
fERvA S IS 60 1 min
Establish dissolution curve 05 {
s
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JKFEHY ONIVA12G01340.1 #3, Ui — il g 5
LR I FH K A 1Y 3 P 4% 2 5 AHABL Y D) e A RR
Fo KA DR BRI FIK R4 A RS C3H Z%E Y
BITEAS Sy X i A AN 5] aT e J& th 3 AN b
FESEAb R 28 AN [R] ) 35 PR 21 oAb 3 1 s A
A R A m kR (K 2)
23 KENE CGHEEAREKERTFEFMRTEN
o

TRSFIEFF T 45 R s, FiC3H a5 10

MRSFEETY (B 3. A), Hh FtC3H10, FtC3HIT,
FtC3H12, FtC3H13, FtC3H14, FtC3H20, FtC3H44
BI85 Motif 1, Motif 3, Motif 5 Motif 9, Motif 10, %%
Hix £ [al — % i) FiC3H14 . FiC3H39, FiC3H41 .
FtC3H53 ., FtC3H54, FtC3H57, FtC3H58 ¥ & A&
Motif 6 Motif 8 , HoAh 4% MV J% A (AN [] 8 53t LA AH
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5 z-CCCH Al ZnF-C3H1 7 FtC3H Fe K K% b1
I AFAE SN, B S ) Ank (8585 1, Ankyrin) |
KH ( K-homology) .YTH1( YT521B homology) ,RRM
( RNA recognition motif) 55 Z 4548 (K 3:B)
X R FIC3H BEHRE e A Z 2 KNI fgE
e
2.4 KBEMB#MF CIH EEAREREERX DO

o NEGE N =R R Rl TV (A8 BN
C3H L A5 IR IR A IR 2 Fl A T IR
H DURERDF iy C3H JE R 3R IRAE BLiEAT T 434 .
SR BT g SR R B, BT 1 C3H 5 R Y HE Ff 1
B & S — B Bem 63k, BT FiC3H22 (FiC3H35 .
FiC3H36 FiC3HAQ  FiC3HAG6 {EARI 44 iy 5 4
BB B R A 4 TR 5 BB (&1 4)
TER T K it FE b FiC3H22  FiC3H35  FiC3H36 |
FtC3HA0 Fl FtC3HA6 TEW K& A W] 1) 3k i ik 5|
W, % IF 3 46 56 R o] BB 7E i B Bt LA 3 1Y IE
EINEEERTIN
2.5 KA NEHEIE C3H EETE GA, B THRIEHHT

GA P11 S i A rp e S B A B EE, AT AAT
b 7 KRB, o B 5% K 1 DL BEFP - 1Y FiC3H22
FtC3H35 FiC3H36 . FIC3HA0 1 FiC3H46 7E 1K i
AT XE A B e 7 17 B, A 58 F) FH 5% 3% Ak 2R
IS5 6 G 10 7 32, UEARIR & 14 F 0l &
it GAARFR IS 1 A DL BE R 74 S ) ) S
i %€ ¢ & & PCR K& Ml FiC3H22 ., FiC3H3S,
FtC3H36 . FiC3HA0 H FiC3H46 ik,

GA KL (1 5) , 5 AN ik 5L P 7E Ff 7 i &
)45 A~ I W BB A S ) R B R e R e i, He,
FiC3H22 | FtC3H35 TEFIF#5 & A B, C B0 2%
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Table 4 Physical and chemical properties and subcellular localizations of candidate genes of Fritillaria taipaiensis

=i 5k *Eﬁlﬁ}’% p==y B H

wumy M FRE I s
FL K 44 R LA 1D Number of oL SEHL Eig 14 EX e . ’
R R Relative o~ . . Subcellular

Gene name Gene 1D amino acids pl Instability ~ Aliphatic A
(aa) molecular mass index index localization

(kDa) ’

FtC3H1 cluster28568-TRINITY_DN56336_c0_g2_il 450 49 076.94 9.44 44.16 63.84 2 A%
Cell nuclear

FIC3H2 cluster6672-TRINITY_DN10163_c0_gl_i10 277 31 070.78 5.73 60.79 63.90 I A%
Cell nuclear

FtC3H3 cluster6671-TRINITY_DN10163_c0_gl _il5 462 54 009.84 9.14 67.60 34.87 2 A%
Cell nuclear

FiC3H4 cluster57512-TRINITY_DN79127_c0_gl _il 719 80 283.00 5.85 44.64 78.44 Bl
Cell nuclear

FtC3HS5 cluster30919-TRINITY_DN49025_c0_g2_il 378 42 713.09 7.99 45.87 54.58 A A%
Cell nuclear

FiC3H6 cluster39185-TRINITY_DN37378_c0_gl_il 238 26 390.51 6.94 77.38 51.30 20 A%
Cell nuclear

FtC3H7 cluster21364-TRINITY_DN6175_c0_gl _i2 531 59 392.37 5.63 56.63 56.63 A A%
Cell nuclear

FtC3HS8 cluster43122-TRINITY_DN18538 _c0_gl _il 361 41 537.84 5.17 47.04 64.35 20 A%
Cell nuclear

FtC3H9 cluster44982-TRINITY_DN18687_c0_gl _il 253 26 469.1 8.73 58.23 39.41 Bl
Cell nuclear

FtC3H10 cluster7791-TRINITY_DN54952_c0_gl _il 209 24 398.52 8.22 54.61 57.42 2 A%
Cell nuclear

FiC3H11 cluster] 2446-TRINITY_DN54952_c0_gl _i7 225 26 215.60 8.43 56.86 58.53 4 M A%
Cell nuclear

FtC3H12 cluster46023-TRINITY_DN54952_c1_g2_il 207 24 166.16 7.99 54.71 58.45 2 A%
Cell nuclear

FtC3H13 cluster46024-TRINITY_DN54952_c1_g3_il 219 25 416.64 8.24 58.06 61.92 Bl
Cell nuclear

FitC3H14 cluster]15858-TRINITY_DN1193_c1_gl_i8 1451 161 314.06 5.23 50.31 60.52 A A%
Cell nuclear

FiC3H15 cluster46647-TRINITY_DN4171_c0_gl _i3 594 65 212.85 5.97 51.61 56.84 YL
Cell nuclear

FitC3H16 cluster9046-TRINITY_DN11650_c0_gl _i2 562 60 853.93 5.04 53.20 66.80 A A%
Cell nuclear

FtC3H17 cluster50440-TRINITY_DN23124_c0_gl _il 352 37 964.55 7.38 57.18 61.36 2 A%
Cell nuclear

FiC3H18 cluster51795-TRINITY_DN70421_c0_gl _il 240 27 469.58 8.27 48.80 62.17 Bk
Cell nuclear

FtC3H19 cluster54319-TRINITY_DN34823_c0_g2_il 717 77 345.63 5.97 65.27 66.96 2 A%
Cell nuclear

FtC3H20 cluster56098-TRINITY_DN7214_c0_gl_il 308 31 724.78 9.53 39.69 56.59 4 M A%
Cell nuclear

FtC3H21 cluster56099-TRINITY_DN7214_c0_gl _i2 315 33 190.17 9.54 53.54 53.11 ok
Cell nuclear

FiC3H22 cluster29704-TRINITY_DN58536_c0_gl_il 305 32 181.78 9.51 38.25 56.43 20 A%
Cell nuclear

FtC3H23 cluster62103-TRINITY_DN6441_c0_gl _il 427 46 953.41 8.11 29.35 71.01 A R A%
Cell nuclear

FtC3H24 cluster65067-TRINITY_DN74175_c0_gl _il 216 23 497.94 8.79 74.97 65.51 20 A%
Cell nuclear

FitC3H25 cluster67330-TRINITY_DN14685_c0_gl _il 197 21 987.93 8.20 64.48 63.35 A R A%

Cell nuclear
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FtC3H26 cluster67331-TRINITY_DN14685_c0_g2_il 289 31 875.98 6.86 51.95 62.15 Bk
Cell nuclear

FiC3H27 cluster3198-TRINITY_DN1814_c0_g2_i3 452 50 881.64 9.70 60.56 57.37 4%
Cell nuclear

FtC3H28 cluster70663-TRINITY_DN538_c0_gl_il 631 69 856.33 6.43 67.31 61.66 2 A%
Cell nuclear

FtC3H29 cluster6494-TRINITY_DN538_c0_gl _i3 717 77 345.63 5.97 65.27 66.96 A A%
Cell nuclear

FtC3H30 cluster9106-TRINITY _DN538_c0_gl _i4 350 38 579.68 9.60 49.22 55.46 Bk
Cell nuclear

FtC3H31 cluster72579-TRINITY_DN31027_c0_gl _il 578 62 530.96 4.59 58.63 62.04 2 A%
Cell nuclear

FtC3H32 cluster17046-TRINITY_DN13518_c0_gl _il 775 84910.02 6.38 54.31 74.28 A A%
Cell nuclear

FtC3H33 cluster21582-TRINITY_DN57864_c0_gl _il 247 28 126.02 8.74 55.11 52.19 Bk
Cell nuclear

FiC3H34 cluster74498-TRINITY_DN69918_c0_g3_il 580 61 823.26 8.29 61.99 54.59 I A%
Cell nuclear

FtC3H35 cluster7141-TRINITY_DN739_c0_gl _i3 366 41 517.07 7.22 50.55 66.34 2 A%
Cell nuclear

FtC3H36 cluster75787-TRINITY_DN83620_c0_gl _il 547 57 998.92 8.32 45.59 57.55 A B A%
Cell nuclear

FitC3H37 cluster74809-TRINITY_DN29556_c0_gl _i2 401 43 056.17 8.19 45.47 56.56 A A%
Cell nuclear

FtC3H38 cluster74808-TRINITY_DN29556_c0_gl _il 444 47 718.36 8.69 53.97 62.75 20 A%
Cell nuclear

FtC3H39 cluster19036-TRINITY _DN4475_c0_gl_i2 474 51 357.58 8.30 65.75 52.55 2 A%
Cell nuclear

FtC3H40 cluster6131-TRINITY_DN8673_c0_g2_i5 403 43 881.26 7.70 48.40 49.16 Bl
Cell nuclear

FiC3H41 cluster77480-TRINITY_DN16936_c0_gl_i2 453 48 727.54 8.15 63.95 52.12 i %
Cell nuclear

FtC3H42 cluster78032-TRINITY_DN1084_c0_g2_il 290 30 203.35 9.41 40.12 59.07 2 A%
Cell nuclear

FtC3H43 cluster78033-TRINITY_DN1084_c0_g2_i2 211 21 952.00 9.04 39.00 65.88 IESIUN
Chloroplast

FiC3H44 cluster4 123-TRINITY_DN2542_c0_gl _il 334 38 122.88 9.03 64.24 44.40 20 A%
Cell nuclear

FtC3H45 cluster81369-TRINITY_DN3855_c1_gl _il 663 71 302.72 6.06 56.71 69.26 20 A%
Cell nuclear

FtC3H46 cluster8985-TRINITY_DN2317_c0_gl _il6 344 36 813.05 6.50 43.85 63.63 2 A%
Cell nuclear

FtC3H47 cluster81371-TRINITY_DN3855_cl_g2_il 568 60 538.17 8.33 61.52 71.29 A R A%
Cell nuclear

FiC3H48 cluster19413-TRINITY_DN17227_c0_gl _i3 327 36 065.53 7.11 68.58 55.50 4 M A%
Cell nuclear

FtC3H49 cluster84181-TRINITY_DN83414_c0_gl _il 326 36 393.35 8.37 49.79 43.01 2 A%

Cell nuclear
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FtC3H50 cluster3371-TRINITY_DN34731_c0_gl_i9 620 69 041.45 8.18 39.50 75.40 P 5
Endoplasmic
reticulum
FtC3H51 cluster86593-TRINITY_DN20698_c0_g2_il 372 40 128.84 7.69 41.48 57.55 A A%
Cell nuclear
FtC3H52 cluster] 6680-TRINITY_DN817_c0_g2_i2 781 85 403.04 5.06 48.47 64.24 Bk
Cell nuclear
FtC3H53 cluster88835-TRINITY_DN5123_c0_gl_il 516 55 157.75 8.45 64.20 45.78 20 A%
Cell nuclear
FtC3H54 cluster92353-TRINITY_DN84390_c0_gl _il 416 45 204.95 9.18 51.70 52.79 A A%
Cell nuclear
FtC3HS55 cluster95900-TRINITY_DN18845_c0_gl _i4 320 36 069.21 5.88 39.74 53.75 A R A%
Cell nuclear
FtC3H56 cluster95909-TRINITY_DN18875_c0_gl _il 424 47 571.29 5.50 63.08 56.84 20 A%
Cell nuclear
FtC3H57 cluster20656-TRINITY_DN3136_c0_gl_i3 453 49 358.47 8.09 61.90 53.84 A A%
Cell nuclear
FtC3H58 cluster98009-TRINITY_DN3136_c0_g2_il 503 54 738.05 9.08 62.34 61.47 Bk
Cell nuclear
FtC3H59 cluster16329-TRINITY_DN19288_c0_gl_i6 467 51 259.38 9.00 49.14 43.51 20 A%
Cell nuclear
FtC3H60 cluster102916-TRINITY_DN72647_c0_gl _il 378 40 730.05 6.78 65.74 58.17 A B A%
Cell nuclear
FitC3H61 cluster105855-TRINITY_DN33257_c0_gl _il 469 50 324.83 8.60 55.13 71.56 AR A%
Cell nuclear
FtC3H62 cluster106165-TRINITY_DN24007_c0_gl _il 224 24 738.72 8.27 29.32 58.93 20 A%
Cell nuclear
FtC3H63 cluster81370-TRINITY_DN3855_cl_gl_i6 1131 124 210.38 8.62 57.54 53.20 A A%
Cell nuclear
FitC3H64 cluster2261-TRINITY_DN2317_c0_gl _il7 330 35 803.16 8.43 61.41 54.67 A R A%
Cell nuclear
FtC3H65 cluster106427-TRINITY_DN2317_c0_gl _i21 992 108 650.03 8.70 53.40 51.42 2 A%

Cell nuclear

BT IR (AR IR LR 2 3 %), I FiC3H22
FiC3H35 76 A B .C I3 Al RE 3@ 1 Wi ¥ GAL {5 5,
IF w45 A L0 W & R FtC3H36 TEFP T
By &1 E I R 3k E T A 5 FrC3H40 FEFh
Tk A BRIk & T AR 8, Ui FiC3H40
TE A B 38 28w 107 380 3R R A2 2 12 i 40 b B
K 3 FtC3HA6 TE E B i B2 3R 3k (560 BAH Le 1
29 2.5 %), B H EELE L N GA RS 5 IR
Fh = J5 W8 &
2.6 KBN#B1&iE C3H EE 7 ABA B TH X
XS

1E ABA ZbBE S5 (K 6) , fER T &1 B.C .E

B, FiC3H22 WY RE & B E T, M7E A.D B
W1, FiC3H22 B3k 5 W) B EREAL A F i & B.C
B, FiC3H35 B RiA B E W, mAE A B,
FtC3H35 WA B E T X A ; FiC3H36 2AE
P8 &1 C D B 5 22K T 0 R, FLAd I I
Wi 254k ; FtC3H40 78 A B D BRI R E & T
XTHE C I R AR TR R FtC3H46 TEWT A Y A |
B C W 3Rk & 25 ot ey, FLA A S99 TE A B AR Ak

Wit 5 &

THY) C3H BEAEHE FE— e 1, m iR

3
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Green triangle indicates Arabidopsis thaliana; blue circle indicates Oryza sativa; red pentagram indicates Fritillaria taipaiensis. The same

below.
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Fig. 2 Phylogenetic tree of C3H gene family proteins in Fritillaria taipaiensis, Arabidopsis thaliana and Oryza sativa

4k A mRNA | JE T 52 BT 3L K ek a8 45 | 76 48
YK & B kA EZEAEH (Tian et al.,2023),
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AP o A 45 R s, C3H 2R 1Y 28 SR 5 A+
X A R R A 25 1
N TANF C3H R F R EY U RE T pH 2
BA 25,65 KA N+ C3H FMRIFHHH
45 SRk 2 A BN T -0.5, 40 K3 4 K
H DURERD - C3H 8 [ T2 2R /K 8 1, 0 20 5 Aor
T B 7S, B FtC3H43 F1 FiC3HS50 & 7 75 M- 2 A

R R A8, HoA4y C3H B A0 T T, i
TN 255 0 J5 L2 WF 58 K AR T C3H 452 75
BRI TR AL T BB AR R AL

TER H DUBRIRIRL B 2 958 1 B B, BDARh 4T
WEARAR B B, 65 4~ C3H JE R #R . 38 = £ ik, X nf
At C3H JLPRRHEAE Y A K & 1 R e O AIG IR r3e
IR A G, W e 25 7 RR A
AT R . R ER S AN B B — LR
¥\ R ik 1 FiC3H22 ., FiC3H35 . FiC3H36 .,
FtC3HA0 F1 FtC3HA6 B\ & K [ D1k b 5 G
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Fig. 3 Conserved motif and domain analysis of C3H family proteins of Fritillaria taipaiensis
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about 20%. The growth trend of seed embryo is relatively weak at 25 °C, so in this study, only the germination at 4 °C is focused on.
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Fig. 4 Transcriptome analysis of C3H family members at different germination stages of seeds
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