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Fig.1 Developmental stages of 'Blue Bird' water lily leaves
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Tab. 1 Basic information of the NcKNOX protein family in water lily

HEHAFR @I /aa 3T ik /kDa sy ARERRE WIRIREL  JUKMEE WA E T

(%111])) Gene  Amino acid  Molecular Instability ~Aliphatic Grand average of  Subcellular
Name  number/aa  weight/kDa index  index(AI) hydrophobicity localization
NC1G0108910.1 NcKNOXI 1371 15.20 8.30 49.32 74.49 —0.468 Nucleus
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NC4G0011790.1 NcKNOXS 443 4.82 5.29 58.34 66.84 —0.667 Nucleus
NC4G0020470.1 NcKNOX6 780 8.46 6.03 46.25 71.01 —-0.406 Nucleus
NC4G0153810.1 NcKNOX7 302 3.21 5.09 58.05 77.35 —0.308 Nucleus
NC5G0049120.1 NcKNOXS8 800 8.69 6.92 47.53 69.46 —0.554 Nucleus
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KNAT7 S5 P AL G 28 HEAGE o Py ) B BERRAIE, S B I ) 10 R S R A

BIE 32 A8 B TR0 2R b B SRR 5, L T Class MK B R J2: XU A 490 v — > e Bk 1Y
SRR R T B, BEOR B TR KNOX BRI KHE, 78 &R g0 kK & W o (UA % i

Class:
% Class I
N Sy Class 1I
v 8 s
3 2 g 2 Class M
s 2 B S B 2 ki )
&L s RE: R g & 3 Species:
3 2 @S § S & S
\gﬁ =l SNl | § s §\§ @é& . Zm £ K
\ ‘ 4 KNAT MRiJF
i
~ Soly % i
\ Os 7k *Ei
<
m Nc i T
Osos,
= %0355,
001(;0,0948
Clam!;l%g4 ‘
Zm00001d040611 /—) 1
Zm00001d035439 { \‘li Solyc06g072480 Q
E 5
So\ycmg\mss\" Az z &
KNAT2 Zm00001d033404 2
NATO 3@47042
e
“5@%5@“ g, 22
o ,
Y

=y
g

3
S
8
S
a
g
&
%
S

1
C]aSs I

B3 #EIT. & KT EXMEZE KNOX EENREXEWNSH

Fig. 3 Phylogenetic tree analysis of KNOX proteins from Arabidopsis, tomato, rice, maize, and water lily
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Fig. 4 Motif, structure and conserved domain of the NcKNOX gene family in water lily
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Fig. 6 Cis-regulatory element analysis of the promoters of KNOX genes in water lily

27 KNOX EEFRKHBREEEBREMFAEL
BRRIESHT AR T SRR A
B RG A R 05 S4B, 73 HT T NeKNOX
FE PR R DR R AN [R) & 5 BB 0 R ) 36 AR A X
(F19), Z5FEoR, T35 KNOX %K L 50H fik 4=
B (Viv) B s 2k, rEdERG A (Nvi) I R
K235, W NeKNOXI11, NeKNOX12 F1 NeKNOX14
%, XU FRF MR B RS RAET R E

B b3 1 I -A 28 KNOX 3 R 7E T A i A FilE

64 A ik, I NeKNOX13 . NeKNOX7 Fil
NcKNOX3 % ; 1 I1-B2% KNOX JE [H b, i T
NcKNOXS8 Fl NeKNOX15 1E R A ARG LE M H s
Rk, HARRAREMRILNER . BME FEE,
ToZ MM ik SRR RR AR, KZEL NeKNOX
FEDNERS 1R 3 I 5 g RaA s 2 BRI
B XU NeKNOX 75 &M A R B 3o Fe



850 PO E Y E R 2025 4F

0 Mb
NeKNOX? — NeKNOXS
C,
5 Mb NcKNOX15
cKNOX14
NeKNOX9
10 Mb — = ja} ~ o < " © ~ o
= = = = = = = = = =
@) o @] @} o @} O @) [} @)
15 Mb NcKNOX7 — NeKNOXI2
NeKNOX1 NeKNOXS — NeKNOX10
20 Mb NeKNOX3 |- NeKNOX6 _ —
— NcKNOX13
25 Mb
NeKNOX4
30 Mb
35 Mb
40 Mb
45 Mb

7 BEE NeKNOX EFE R EEL ST

Fig. 7 Chromosomal localization analysis of NcKNOX genes in water lily
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Tab.2 Summary of NeKNOX genes in water wily with synteny to the genomes of Arabidopsis and other species
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i 32 RIIT KA At S
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Ne X1 - -
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Fig. 9 Expression pattern of NcKNOX genes in viviparous water lily leaves at different developmental stages
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Identification and bioinformatics analysis of KNOX

gene family in water lily (Nymphaea)

XU Huixian®, LI Jie, LI Meier, ZHANG Ruxin, WANG Tongxin,
LI Tingge, ZHAO Ying, WANG Jian"

(School of Tropical Agriculture and Forestry, Hainan University/Key Laboratory of Germplasm Resources Biology of Tropical Special Ornamental Plants
of Hainan/Key Laboratory of Genetics and Germplasm Innovation of Tropical Forest Trees and Ornamental Plants, Ministry of Education,
Danzhou, Hainan, 571737, China)

Abstract: The KNOX gene family encodes homeobox proteins that function as transcription factors and are
integral to regulating plant growth and development. To investigate the bioinformatic characteristics of the
KNOX gene family and its potential roles during viviparous seedling development in water lily (Nymphaea),
this study identified 15 KNOX genes from the Nymphaea genome using bioinformatics approaches. These
genes were distributed across chromosomes 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, and 13. Detailed analyses were
performed to assess their physicochemical properties, cis-regulatory elements, and interspecies collinearity. The
physicochemical characterization revealed that the KNOX proteins ranged from 249 to 2270 amino acids in
length, were hydrophilic, and had molecular weights between 2.84 and 24.95 kDa. Subcellular localization
predictions indicated that most KNOX proteins localized in the nucleus. Furthermore, the majority of these
proteins contained four conserved domains—KNOX1, KNOX2, ELK, and Homeobox KN. Based on structural
features and phylogenetic analysis, the KNOX gene family was classified into Class 1 and Class II, with
Class II-B potentially representing a specific clade unique to Nymphaea. Interspecies collinearity analysis
revealed that 13 of the KNOX genes shared conserved synteny with KNOX genes from Arabidopsis thaliana,
Solanum lycopersicum, Oryza sativa, and Zea mays, with the highest level of homology observed with tomato.
Additionally, promoter analysis identified numerous -cis-regulatory elements related to growth and
development, hormone response, and stress response. Expression pattern analysis across different development
stages of leaves suggested that Class I genes likely played a pivotal role in the formation and development of
leaf viviparous shoots in Nymphaea.

Keywords: Nymphaea; KNOX gene family; leaf vivipary
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