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Abstract: Nymphaea is an important aquatic ornamental plant that plays an important role in aquatic
ecological restoration, landscaping, horticultural health and other areas. The research progress on the
classification and characteristics of Nymphaea by morphology, cytology, palynology and molecular markers was
reviewed, and the phylogeny and phylogenetic relationships of Nymphaea were analyzed from different
perspectives. The current situation of genomics and gene family function analysis and identification of
Nymphaea, as well as the research progress of physiology, biochemistry and resistance of Nymphaea were
reviewed, which provided the basis for the systematic study of reproductive growth and stress response
mechanism of Nymphaea. At the same time, the research contents of embryonic development, reproductive
process and breeding of Nymphaea were reviewed. And in the future, the research of Nympheae should continue
to deepen, the genetic transformation system should be established, and the breeding, whole genome
sequencing of Nympheae should be strengthened, in order to provide important theoretical basis for the breeding
and propagation of new varieties of Nymphaea and the preservation and utilization of germplasm resources of
Nymphaea by using molecular biology technology.

Key words: waterlily ; morphology ; embryology ; gene function;cross breeding

ME % b BE 3% #F (Nymphaeaceae) M 3% J& W, 250038, B AR & W U0 B A (L AD el 258 5 A
(Nymphaea) ZZ4F A= AL R 8  fE 3 B, Bk o i3t )8 i, 2 H A K 5 el o i

Wim HHA: 2024-05-24 WK H M HHR: 2024-11-25

URL: https://doi.org/10.13430/j.cnki.jpgr.20240524001

S EE W 0 7K ARS8 % B R, E-mail : 458002463@qq.com

WFVEE VR W07 0 K A AE 15 A% 5 Fl, E-mail: 56482975@qq.com

E&TE : T IO RI £ BT 4340 H (QNII2023003 ) 5 IR A A BHE GFF ST+t H

Foundation projects: Youth Fund of Zhenjiang Academy of Agricultural Sciences (QNJJ2023003) ; Jiangsu Provincial Agricultural Science and

Technology Innovation and Extension Subsidy Project



208 Mo ow fE

LA S S 26 &

WS UNAEI R IR iy 2 U /N
F [ 2000 4 AYDUA , B2 50 0 FH 21 FASE bl AR A s
s [RTRE M, 7 16 THEZC AT ROM] , B Rl Dy 3 B
(7K SF R A4 L T 2 2 b L E B o b, Bk
HEAL R KA A 2B AR, AT AWK R Hb A B4
J& AR AT LIS e ot A 52 8 SR AR MR 70K
AR TR N2 TRl B2 A4 AR
SRR R ITER , TR DA TR B O 5 A 4B J AR
MR ZEIE iAo 2SI T IR P o A SO i
AT 20 47 [ A S S AR AT ST LR, LU N S
S SR AR Y R ARSI T P S5

| BRSNS R4S AT

EEREYNSE
I 34 42 FE 322 i A P ) 3B PR, L i A i 50 22
Fofr | AR A L FE 4 ] 43y i FEHE % (Hardy waterlily )
5 7 3% (Tropical waterlily) B K255 7 H
A B ARG 5 A, Horh S (T HEE (V. candida)
FBES% (N. alba) FIE % 3% (N. tetragona) "N Tit
FEWEE | S 25 IS5 (N. nouchali) F1 3 B V7 M BEZE (.
lotus cv. pubescens) Ay RETE™ B g AL 5 s
WS YT AL AT RN 73R 5, BRIV bty B 2
W& (Nymphaea) ] P HES Y J& (Brachyceras) i
Pl iV I (Lotos ) RN MEE N )& (Anecphya)
PUSGH Ry SV & (Hydrocallis)™
1.2 EEREYHESERR

i 32 Ja /Rt 2 0 T AEAE ) S B 282
IR 27 2H 2 55 T B I 93 0T e 342 e R V) 1) 2R e i
R SRS ORI e A A EEE L, AR
THAEAE I HEAL S SRR SR AR

R T 25 27 R A P e B 322 i AR ) 43 ol 15 A0
B ARG U B PSS, 1 A0 B A SR o3 Dy ek
V. J& (Subgenus Anecphya) 55 7 1 I J& (Subgenus
Brachyceras) , G U K 4 XOAT 432y g 2| HEE 32 IV
(Subgenus Nymphaea) . ¥ # I J& (Subgenus
Hydrocallis ) F175 #£ IV J& (Subgenus Lotos) ", i 4F
oK, WE 5T 5 AR 25 R A1 76 B S22 a8 AT 40 1) o 48
T RGESr RHEG R S B S Jy A T K =
IEo RARPREE RS [F] B R A B ZE LRI TR
AFRPREEAT LA B , W 5 4 I 326 0 g 1) e 25 ¢
B 7 2% 5 2, O B S T A A o T 4 R 2% 00
FROPHTHRAL T 27 GRS IRT 49 A BE T A Y
30 FHAR R AT T LRG0T, R 45 R i
ZIN R TR TV 322 8 1) it P 3R — 32, B % )

1.1

WYL S ZE T/, RGRRBOE, ik — T fif ik
TEVE @ A SR 40 RARHES T . W IRIBAE X 86
AR SR Y 45 D RIUHREE G 00T W S R
A3 AN ZERE R BOR I R A R A A A KN
VE R B & 1 — 2 5y S MIFR i . RIS 4 5
A BT & 1 D5 FURP - BB SRR R T L3 43
BT, A BRAN [) Bl 32 0 Js 1) s AR T TR AR A
#2555 N S8 VY B U HESE (N, mexicana) 5Tl
IV M S 2% 6 R AT, O BRIV S8 1) 43 25 b o
PRt K
1.3 EEEREEYNHEEZEHR

e 325 T8 AP0 1) o B R AL O S %, 251
IV Ja [] Fg G (e AR H 25 S e il ) By
YE R A AR OR S REE | N. caerulea) FI75A
R (HE 25 3% , N. nouchali) , IR KV JHE 32 V. )& A
A (GRCTE BE 3 , N immutabilis ) . )\f5 K (254,
WES% , N. violacea ) Fll 1 75 A% 1 (1Y B L HE 32
N. gigantea) , Tt #ily M 3% IV J& A DU A5 4 (52 B U5t
WE % , N.pubescens) , ) il 7 HE 3% 37 J& A DU A5 (&
(AR A 8 MR 3% , N. mexicana ) F1 )\ AEAK (B [
YE , N. odorata) , i iy BEE W & A AR (B3
U0 B 3%, N. rudgeana ) F DU A% K (S T i) B 3%
N. amazonum )" o {H ¥ A A AL e € A A5 PR X i
TEJRAEPI A T AR L AR R 5 ORSOC
FRZ AR R AR IR AR

R TR E YR XA EEE SR AEY) A 20
% 1 A T RS N FESS R P BIFSE . AN A% e IR
6 1B 324 JR AEL ) SR A7 I %) ik 0 45 A L5, A TR e 322
A ALY R, B EREET &
Rz, Hor i 25 5% (N. potamophila) I R i) 4544
i B, FHEE (N. alba) WRENS , T LA i) 45
PR DA B2 it SRk 1 2 BB A, Ry S
T it SEVE R S AR AR . W5 A R P R
) 5 R 22 () L AE A 2 25 5%, Zini 51 F
4 H B B R X B S i 4 FhAE W) W AE B R iR AT
WEE, I HESE 19 N AL B 7 A D6 A )2 R
A i, 1 P 38 B S5 (N, amazonum ) | 75 2 [ 3%
(N. gardneriana) FN3% J [1ESE (N. lotus) A AERE
(1% K A it HAT VR 2 2R M AR 20T , AT NS EE S A
TR M SR AT 7 IX 5
14 BEEREYHNAEMNERR

TR B SRR AS 52 PR B 52, B (RS
Al T AR Bh B S 8 FIOE S O R b o Bl & A
YIAER T 38 25 S 3K, PR B A VR I 7 B A E AR
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0 i R AR (] AR A58 AN TR] B 5 I 7] ) M
SUIMARAEAE S 25 22 5, AP bAvs A 2 S J vty 4
7 I 322 I A 1% A6 K A1 U T 5 O L A0 A 24 A
FENT MR R A BE DS AR B BE % (V. sp. ‘Peru-
Puerto’ )", Tfij ) YT BERE WV J& ) $RGHY 322 11 i A1
TR R M e 322 IV Ja 1) 26 A A A PR LB AR Ok
RE, HaUiin s KNS A 22 7
UG, A0 FRAE AT V5 by B 32 i 2R 495 40 25 1 AR 3
HE AT, B AE P A6 R AT R R A T o ek
i A AT HE U B S R A6 B S RRAE 1Y R S
5%, AR 27 £ BE TR0 B e 326 e AL 40 1) R G ik Ak
FSEL KR
1.5 BEEEREYHNS FRIZEAR

S PR ARTE R G R HEG R R EE D
W), R & AT 95 S AR AL 45 ISSR
53 FHRic SSR A FHRic .SRAP 43 FHRicd FIDNA %
TERS . R RESE2VH] F ISSR 4 Fhric X 46 AN HEE &
FE YN IEA T8 AL ZAEPE AT R T D A S AR R i
DNA 88 E3E , B T 46 ™ I 32 @ AW 1) o 2% %
o Poczai % FIH ISSR 43 FAric 4 T Heéviz i
IR I 7K Sl b B S () 35t R AR RS T 1A
AAZHFIERE . Chen %52 F F ISSRARIC /- #HT T %
VTR 8 A~/ INF F43% (N. tetragona) i5A% 78 5+
FHEIRGE L), 45 S F B, P P9 Ik R 2 RO 2
%o IRBESERFDE T & B 16 XF SSR % Jehric
3T T 240 o3 BEE GEUR AT 5% ZAEPERIREIRZE A
FEIE T I /INFE B3 A0 BURE VA S B A O BN 5T,
HIE S22 0 U8 1) DR AE TN A P E 35 24522 SE il . Parveen
SERI 57 % SSR A FAwic, Xk B B 6 A~ AN[F]
Hb DX A 90 03 /NAEBESE (N. micrantha) /1R FN 92 57 4iE
NI A T T Bt Z RIS . B E A
43 5 3 10 4 SRAP 5147 (11 % SSR 51477,
FH T I 322 i AL ) 1) 58 % 00 22 58 3 RNt A% Z AR 43
Bro DLAR, JRHESES RN B E 58> 40 IR A G
B2 AR AT W5 B R (N, colorata) FI/NAE R T
G SEAUT A | RS AP 91 Y SSR S i R AIE 2
DL R AR W HESE (V. Paul Stetson’ ) fE 2% 524,
W BESE SR A 1 028 L RGBS Z R TS
PR T

I Ah , Qian 5520 F) F A% K& A [A] B IX (ITS,
internal transcribed spacer) . ' £ 14 J& [K rpll6 F1
trnT-trnF X AR PN 158 Pl I 32 i A 40 007 7D ot 250
R ITS \rpll 6 F1 trnT-trnF W] A3 WU 2 AR RE, H.
UERH 158 Folr e 322 J A A7 T Aty R 522 g oty

A HEE Y& , A 20 Ric B AR ) B2 J& A ) i1 7
LR
1.6 AR AEEREARR

2 A LR 2 5 FH A R e AR )
RGO FRYEE . Sun &0 VH] FHHEE & 7 Fh i i 2
PRI R A T R GE kAL o3 A, 2R W RS2 B 32200
]I IRV JE (subg. Nymphaea) subg. Anecphya-
Brachycearas Fl subg. Hydrocallis-Lotos 3 1~4132 , N
RAB IR E J& b P2 KR . Zhang 5572/ FI Kim
S LI A B 1 5w R A R S I SRS R 2, O
FHAEA I AL DR A MG R 8 R B, 460708 B 322
M RG R B OLE , AT & A8 ) () 2E 4k T R 4
HEERELIGTRL, BRITLR RS AT S8, B & DNA
(9 ITS J7 91405 R WA ) i R Ge 4k . Dkhar
LUK 7 o B S%E J AL 19 nrDNA f) ITS X 47
5%, 74N 8 T GenBank H A A I3 41, 43 1] 4 N7 e
YEJRAEY) 0 RGN 5T 45 R S A s A )
31530 5 A& , UEBTRZRE A DNA 9 1TS Fy 41 A A2
N RGN R
2 EBEREVMHNERRES TR

BEESTE
2.1 BEEREYNERRKEEEMNSM

H Al M & A Y PR AT 5 I I B 3 (V.
thermarum ) F1 5 5 B 35 1 55 R 20 € 00 7 52 )OO &
AT, ARATG P FEE 2 22 356 R 20 0 R A5 2 e iy S PR 2
K JE A 368014730 bp, %54 A reads 9 k-mer 73 AT
FiALBLRIZH /N A 49733903 bp, 5 A HIREY)EE
BABMZE A5, 3R T 25760 48 A i gt SE 4
A5 956 MR AE R F1 A 865 1~ (90% ) , WL
I R XA B 0 A R 5 AR R R AT A 5 s v L
FHE | 2R 0 25 R AR S B TR VT R
T EAKEY) AL 2R AR R R B B oG
AR 22— B R 2 ) A 4R
15.49.8 Gb Bl , W 4126 i 1429 4~ contigs, MK K
409 Mb, 147 804/} scaffolds, Hr1 770 4~ [ 2 75 14
Sy fa i b, R R 31580 AN (i gm A KL A,
52 e ) S K B R 160.4 Mb, 3L R4 1Y
39.2%; M ¢ 45 R 46 8 T AL BE 3% R G i R
(Amborella trichopoda ) TEPLAF W FHEY) H B A %
RN, B 520 R RS X R EH R T+
TP B B R A R DR 2 N 4 R S B 32 O
W2 PR R T HEES N
fl. 208 X i AL IS 5 R 2] s o9 6 T
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X W LI 4 JE IR 4 CBF JE N R b4 T T 26 E M
A3, T 11 A4S 4 ALHESE CBF % 0L, JE R 1)
AE % 78 25 W NeCBFs 18 R AL 75 W1 % 4 5 B
FH N ABE ST BE E NeCBFs 52 R0 5 55 Jiih 3 1 4
P AL AR B o W 2 06 SEDT X I AL HEE S 1Y
WRKY 05 5 [ 41 A7 %6 8 F1 40 A, 5 531
NeWRKY #% 55 Kl 69 1~ , 343 At A [l % 5 R 175
ANTRIER AL B ek e AE 0 , X 5 52 WRKY %% 53¢ 5 7 1)
i 30 K2 D REAF ST BRAL I Aty o IOy 8 A XS L R
T 5L K 41 1) bZIP G AT 45 0 A i, R 5
NcbZIP F % i, b1 46 4~ , NebZIP Z 15 il b1 i ) 1 X
A WA TR 5 IR F TR R Y 5 A s, o
NcbZIP45 J2: B35 G Firb s v JE R, i o8 25 R T A
NHESE ST B RS EE S
22 BEREYMERNRESRIEST

W 32 32 R I BE I F S B R A, 21 0
M S 1 A K & & RN FE R PE BLHI R T T 485 BR
B B 2 T [ 43 M RS2 AE (R SE SE Rl NeA NS, 2
B NcANS 1E 15 B AL 25 3Rkt i 7 , NeANS 1R )
T HA 5T MYB FIMYC 1945 607 5 LA
Z 5w AR KA DL AR R SRHR P ERE
AR TG, 28 T R0 35 W38 T 130 43 oz 35
R ER . B KR TR T REE AL A R A AR
By 5L Rl NsAGL6 1 NsAP2, 31 g % & 45 B W s
NsAGLG6 RefH #l ma I+ 6 W EE wr -2 A ke &
NsAP2 M =Rl m STk s eI R B . Lty
AT, S A VB 5% & R I 52 25 0 il 6 2 7% il 3 )
(NnGT6)TEMRAINIT R G35 % R R ik = 1l
25 5 A R A R A LA T M AR
1 FRIZIL R W] INRAE 7B ; Zhang 25 HE KT 16
HE AWK (NCIG0274510) FIH W i 1 3L 54 7%
fit 55 [ (NC8G0218160) J2& i - Bl 3 4% (T8 il 1)
FLILIR s Wu 552 ) F s s 2 R 2H 40 B 17 B
i FP 28 [ £ (V. “King of Siam’ ) ¥ {4 1€ [ JE B AL
il , &I UA3GTs B DRSS B A Qs v & #5 OC B4
FH, AT RES S 22 2 [ (0 AR 0B K, , i e bf
G IR A RS KT D B N TR RE A B AR R
BEAR, B o7 2 A5 B P R i 2R B S A
() S K] HMGR Fl DXS 76 46 7 A &5 ip ik 2
1R, BRI R P R DR G SR AR R A ) Ao i 5
FIAEAE W B 5 Li S5 R G S 2l 2740 /R T HESSEE A o
WHEHEE T IEMEE EOt ARK R LIEAEE
FITRAR 518 A O , Ry 2R GobIF o0 2 A ) 1) A 5

e K R B LA A
3 EEREYABHRIEERR

3.1 K/MEFREERTELZEHRAR

HEE 26 P M A T P 75 R L S S R AT, XA
T T YR A EES % E L, Povilus
LGRSO RBOE LR AR B X R 17
% R S22 1) E TG 7 1R % 1 el B dEA T T RS, S5 3R
3RS Ny N R 51 OO e S =B 1 0 L a2 N W
Fc T4 e 2 A B AR 17 2R AL 1 B9 20 i A 1
A A ARG . Zind S5 FAE U R BRI A
B AT RS IV R A IR ER M TC 0K, e IR HLA £
A Y EOBUCERAE A RER | e B4 EL A DU 4 i
W) 5 AR5 &R A S D) R BRI GTI%R K A
WEE 1 S A T, R IR K S 1 S B2 TR 47
WAEY/INFEL - DU A F D T AR R s AR Ry B
BN, IRER MR BRO  OER B B A 28R KA
TR =431, BR AL s A0 40 it o Th 1, Bl
JVASSE Sy ) 200 i DU A% 5 44 5 PRIBUAIE 9 45 R E UE S Ay
W 22 1) S SR VR Ay DO 200 M DU A% 54 , KA Bt
W 245 A T B = A3 RO A3 AR & B,
Shy BRCHT B T VR I 2 A 5 B AR Ml T R i 52 1Y) i
T INE T S R DU FE RE T 1 F S 1 K
15 DU R & AR, LA A X KA D) g
AL, R SE Sy U 4 i O A2 254, S DX F R
Z B0 A B T AR FEARAE , HR/INL T | A
Jic P AR it % B 2o A v 18 T T B 2 AR A1 e 3
(RS AE A AC A5 SR DR IR~ F B AR T B S 245 52
AL
32 EMEN BEMEZEMRREERR

FERIE 1SR ARR & 15 W R I B R 1, O THHiE
TEACHY A K AR IR S B B 2 ol R
i 150X YRR R NIV B 3 IV AL () A6 S A AT
SR FACN TG 1A TSR, 2 B0 4 R I Hi 32
WV JEAE Y AR HE T ) i R Tk 45.63% , HAE K Y
AN IE A BIRRARAE N R B EE R E
RS T BEECR D = A0 A2 16 ), W1 20 mg/L &
L5 . 20% mg/L B R F1 10% FEA & (R B 22 e B
& B BGERE SR AL . (R REE O BEE 1Y
FE S W2 B SZE A A B IR R M Bl I R k. DA b
FIFAASRIAE A B8 R & A5 R et i & 1 DL ISR
SRy v I AE ) I A A T SIS

I 32 352 03 I %) B 2o e B JEL 8 S 3R A1 ) [
2 EmEAF RN A . Williams 255 F 57 B B 34

4.
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(N. odorata) ¥ J5 {6 ¥y & 1) K B b 72, R UM
15 min J5AEMTER: Sk EWTA B85 1 hilf AZER
& FALL, M IE K 2~6 mm, F28)5 2.5 h 3%
ARIRER I HAEAE S AT AL ZURI T 5 4 )
RAEE LA T mm/h R AR . Povilus 2844}
PRAT 5 HE A BEE A 4240 52 0 IR IG & & 1 # ik
TIBst, 25 R0 5 A6 K B N AFFE R IE 8
Bk 5 22 d IRRG B, BE s IR FL 2 Ak, T A IR
FLZFFEAEAE . UL LI R R T HRM G
I S22 A6 0 ) % 3 R S R G s A, SR T 9 B S A
MAERE S b iy & S 2 s I R R IE 22 9

T AR GY TR M IS 5 D AR A B SRS O
BN EEIN R G5 Rk FAER B & AN
WRRG T 2 3 80058 T AR F S0 45 SR IR 2 i
AR QRTS8 I A A Wi A 238 | e B S 45 S0
e

4 BEENEEEN UIEREETR

41 H“BEMEE

W ELAT =5 16 6, Forb oty S R 0 A
VI R BN LRI LR T Y RS IV AT
YA SRR AN A GRS MEEL At
5% F B R AL AL 0 K IR RN A R 15 5
DTS EET, BEE AR AR o R I F 117 F,
Hrp A IR H 9 Rl AETT H 20 Fl  BLE R 2 Fh A
il 3 b R 4 SRS R R 6 F R v
BT 68 Fi, XoF HIE 2 AL I H 28 i Ak 5 W 5 LA A2
AT T WL HERT B A RrifE— 2P i fb =

KT M AL WS )7 T, IS 7X) 62 /1~ Bl
JEFE ) AL A A TGN, FRCHS % oS I 5] 39
FlAb G4 S50 AH G, i FE S P A 21 27 Ak &
VISR, AEESESY R A k- Bk AR
X I 32 ) A6 A 0 EAT 0 BT, 5 SR 2% B R
X ISR BRI ) I B AL 1) T 2R
4.2 HUMEEMD

i 322 2 T ) K AR S B M) M e 3 5T
T HESE (N. tetragona) F-3B AL 45 1A W B RE 1, HAR
HRER Y AR AR, TIE SR 1 LA 4 R AR R T
W B S IKAA . BRVK B BT R X 6L 2 A
T R KR & B SRR TS Y B G DL, 45 SR IR
FERR AL (N, *Xiafei” ) W& B IR AR AE G B8R i
FE, TR K A S B R DL A L

W S22 S SR T BRI TR I SR B T . VR
S 5k BT S B S 1) 2 A AR, N T ARG IR 3R

g Ak PR S 9 AN ) 5 AL, 6 I b FE R AT 45
G PEA L W5 A R O R S 1Y T FE HL R A Y 4R
HEI IS L Al IR B A ORI S X AT R
16 B ARG T B SEVEHA T PR, 25 R IIR e A
HIEE 32 119 TS S 1 5058, T 4% W8 (V. “Tina” ) 15 2 #ift
(N. ‘Wood’s Blue Goddess’ ) iUt FEM IR 2 . W
Mg AL S AT R BLIEMEPE MM R AR B h 2
(N. ‘Colorado’ )it FEM: i , XLETHFEM: A A A
AT I R R S SR F PR AL E ROk, IEAh, XD
WA S A I 1 LA B S FIEA Tl BV, & B
Pz B3N (N. ‘Black Beauty” ) fR-Z LSS
(N. ‘Josephine” ) Fifis BH P 5508 , e B = 5% {4y i B 14
3% RANIRDE B XA [A) A7 5 1 ) R S A 1
HES2 T IF A5 0 Tl TR A B 5 K 20U (V.
minuta) 7E 5 T HL DX R [R]EE G A5 14T 1A R &
PUPESEATORSY , S5 R R W R U A% vl DL ) A
BP0 A FEAE () AR K e A8 Ak A 38R I 45 R L AS
[ ST, 76 T B (50% ) 2518 T B AR fE e A
Jr /b H BEE AL AR RE R AFA K, B BOR bt
AL 2R G0 St B, R R ek 78 B 3 7 R b
AF X AR IR P L TR B — s A R o
43 %HE

e 4 1 S5 B Z e BR AT -1 A M 250,
NOAT AT o B, ot B A R B 2R A A B
BRE AN IR A O 2R R R T
PEEFE J 3 IRBESE R i S 4 2 43 B /N AL i
ENGAE R R AR B S R SRR IR O, e B2 S L
FESZHRNEREY G B RESES.
FERREACH T BENE S A LA S 2 B A= ) &
BCAF I AR o RSO N BT B S I i A= 19 A R ATL
LIRS TR ST, 45 2 B B 22 i A o e vh 10 RE W 1R
4 B (SPS, sucrose phosphatase) il Hf 4 5% Ak, i
(NI, neutral invertase) A] BEfESE T HEHEAIFL S, AT
PRAF I BR2E 00 R A . X 2l 22 S TR R g T 1 1)
2250, AR SR E G A S A i R

Guo S5 7R IR IL T 8B MEE (N, atrans )
FRi =z H A RIRRAS , 2 IR IR 5 i B 251
R T REBAKAS Y FTEVEREFTER , I 7T 76 /%
BRI 5 77 A 5 22 (R BT AEL AR , A AT ik 2D Py e 5 [A)
5 24 5 AR B B2 115 3500 7R VR 3 B T, i
M P B S PR B U A AP A
=

AN, INETT S S T A S a4 4
SR 2R 5 RERITE S A 2 mg/L 2,4- AR EL
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P L0 He il dse vy , O HLA4SC #5003 IS 13~18 d 94
R S A B R ESME IR

5 MEEZEREYVHEHE

WS F T X2 IR AT, 0
AR YRR E RS A BT, AR RS
{14 S22 (s PP 45 < B SE AR S5 AP K (V. “ Atttraction” )
ZF AR ARAT 1 AT RSE 15t A% 1Y B Gk AP KB (N. “ Tian
Ci’ )" BB 2T i S5 (N, rubra) 778 WP BE A5 21 1)
Brim A H 52 (N, “Pink Moon” )™ ; Bl 3% 3% £ 5 Rl
I (N, “Joey Tomocik ™) 2545 Fh i 45 21 (14 i A
T Y5 (N, *Wanvisa”) 7, APHEARE 77X H i
TEALD AL Yu SR AR T 1 CodA I
R PAFIETE T, RS T —HERBSTEATIN X AR
A PP I BE IR 2R o DR, Je 58 B RN T 1
AT H AT RS BT o A ) 3BT B

1E 150 Z 4F i, i A i} %€ i 3% 2 227 Joseph
Bory Lartour-Marliac #] H A T2 F H T 100 2
AT FE RS i Bl XY BTV 2 b R Th R AR TR
GRS TR IR K 1 RS AR R ACAS 2 R 1A M
(N. lotus cv. pubescens )VE AR T I8 T , 15
T 4N BRI R ICHE R

TAER , I 55 0 i 2% A2 108 5 i s Ao H
BT R SE F AP AYHGS . 5140, Songpanich 25 4351 LA
TS S HEE 3% HP A8 M) 21 (V. “ Supranee Pink” ) A3
HIESE Ry BEAS FIACAS 3 7 th T I 8 1 (bl . 3
(1) BT 32 5 b 5 L AF 2k O Jo T T S B 3 AT
TEMZ BRI, I L B I b A TR S
+ (N. ‘Detective Erika’ )™ oAb, 78 BE 3% A9 24 52
B ARV 2 T A B B T T
B, HARae A S s A A A H R
BT UL IIBESELE ST T & A se i), thL T
ZRACANE RIS X T E 0 1 RS 1 5 S A 58
HERR , WTHESE A B A AR 26 T E RS, I
Vs A0S A B A ) 2 A R 2 R R T B
M T A58 52 KE 1T A2 06 5 WA 5 T FEJ& TR A
ARG MY, 45 K IR A2 K5 1 R A% (Pre-fertilization
barriers ) Fl15Z ¥ J5 & i (Post-fertilization barriers ) J&
T B S 5 VB A e 4 R 5 ) E R, bz
T B0 A B Ay 777 SR SRR R AR T Y
32 VA 3 [N Feronia (FER) W W 4% i 3%
RBOHD, Ca” {5 5 11 i) CBLs. CIPKs #l CDPKs,
ABA G 5L R DA KR I Y R G R PME T RE7E A

A5 R 22 A A %) A B B A P A S
6 R

FR(, B P AN 9T & X B 3 O TE 252 L R Gtk
a2 R TR ST AR T T
FHICBIEFE , BWF T IR BE ) BEAT A FR R R0
& F W S & AT () LRI B ST T AR SR G VR 215
N E, FEA LT LA

B — NI 5 R S i ) ) R S VR I AN
YR L B G, BT A A A A B A AR
1, TR AR B A AR B T AR IE AR KR DL
LR, A ThRic HeAR K 304 i 5 9 I8 A 7 84
ZREMFIT, AT AN [ o 5% ] 1) st 4% 1 5
PLICEATTIR B SR 5O 2R, F 5% B 322 Ja A 40 1 Aol Joit %
AT e, R A B AL S H AR F-BOW AR
T Al ¢ ) 3B A% R A R A B p5 R AT RS, M RS 7
P ALy S 00k

5 AT T MR AR R . MR
b7 A B LB IR 2 1 B IR ok IRt
T AR R AN B R RIS R T .
T e 20 P R S A AL AN L TR AR 2R, T P T
T SR I D BRI 4808, ARG LR E R T
BORAS MR K AT SRl X T R RS 4> B D
TAET A EE,

55— AR S TT R R JE AR A 4 L AL P T
Yo B EHT A Lk, $AHT W B IR A 5 A B 5
L 28 58 B 4 S PR A0 9 L & A, (LR A0S B 52 1
T S FHE % 11 I DR 2P 91 25 S e, TR b 1y e o5 i 5
B S A LS Bh R A 7 4 JE DR A 0 e T4 . s 75 3
T} FE 2 L PR 2H 9 PP 91, T LR G T g B 3 S A
Y3k R AL S5 R FN T RE , 48 715 B 3% T8 M 400 ] 11 35k A%
a8 T AT R S S A A R D RE R Ge AL I
PRl R 25 HAT E R

SE U, N BEE E AP TAE . BT, PN A
BT I 14355 B A bR & R B B, (LR o o LA
EFNF R R 5 E MG 2288 AL TR B AR 7 H ik
KIEK A C R, — I T IEE SR e ), DL
PRATEZ E R AR T — R A BEE T A, 2
T FH & Z Ak R B S A R T, B A BAR A
Homn R AR N R . R SR YA
TURGE BT WL I R, B A0 B AR AR H: R
T . PR msR I F AR RS B BT S Rk
H R B AR AL L = H AR i A R



2 H

UHAE . MRS R ALY I R 0 213

MR . SRR OB E B R kS, Rl
FH R R BORS B B FH A5 22 9 RS2 3T o P 14 7 32 2
iﬂ_‘:*o

55, ISR AEE o T AE W F IR A S . T4
I B o F AW 2R HOR , F1 S F 9 B S Y 4T
PE AL CHT SR T AR T . — SR R R G
e AR, ¥ ] RE E ¥4 i I8 BE T i 9E Pk ARG 56 B L N
(CodA .CBFs .HSP90 .bHLHs % ) i N\ A7 S ,
T H2 ve AT PR S O T JE . R A i s
T B R AT ) (0 AR 0, 38 o e S D B R 3
T FEMESE . — JEF 5% B G A B 19 2 T-HL
il , 12 FH B L IR (ERFs . WRKYs ) J i A0 )8 15
T R G A S A A, SRR A T R
i RS 3 RS2 5 P AN TR S i AR MRS L . DU
TEAT IR 15 IV 8 4 58 B e X AF GBI 5T, % 85 IV
SEE RS S I K (RbohC1 . CIPK 645 ) 4 mfﬁu

TTERANIFFE , A 55 T 32 15 Vi 2 3 s i (1L 2
WK
Sk

(1] BRVKEB . MR AL X HE T YR T 8 SR AL B S BOR 5T
A EAUR:, 2021
Chen B Q. Effect of water lilies and lotus on remediation of
phenanthrene pollution and eutrophication. Nanjing: Nanjing
Agricultural University, 2021
[2] S OKAEE R G X
Mat: faUR:, 2021

Liu M. Study on the restoration effect of aquatic ornamental

HE TR IR I R BRI

plants combination on eutrophic water. Nanjing: Nanjing
Agricultural University, 2021

(3] poezE. 4w 40 X S A B S AON B 5 . R
R R, 2013
Yang Y H. Studies on the physiological and ecological
responses of cadmium stress on waterlily. Nanjing: Nanjing
Agricultural University, 2013

[4]  Jesurun J, Jagadeesh S, Ganesan S, Rao V, Eerike M. Anti-
inflammatory activity of ethanolic extract of Nymphaea alba
flower in swiss albino mice. International Journal of Medical
Research& Health Sciences, 2013, 2(3): 474-478

(5] U, RS, Brdy, sk, SOV, AWl o e s A
BFBIFICHERE . RIS AL B, 2019, 20(4) : 829-835
LiSJ, YuQ, Chen C, Zhang Y, Wu Y P, Yu G. Breeding
progress of waterlilies in China. Journal of Plant Genetic
Resources, 2019, 20(4) : 829-835

[6] Dkhar 7,

characteristics and phylogenetic implications of the nrDNA

Kumaria S, Rao S R, Tandon P. Sequence

internal transcribed spacers (ITS) in the genus Nymphaea with
focus on some Indian representatives. Plant Systematics and
Evolution, 2012, 298(1): 93-108

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

wER, XL, S,
tt, 2008: 23-24

Huang G Z, Deng H Q, Li Z X, Li G. Waterlily. Beijing:
China Forestry Publishing House, 2008: 23-24

AT, BRI, ARARIL, (120K B S AW m AL i ek
ALK/ LA . WAL RE, 2017, 58(8): 1353-1356
YuCW, ChenY C, YuD B, He S M. Comparison of flower,

AN BT . st AR AR

leaf, tuber and genome size of 5 subgenera of waterlily.
Journal of Zhejiang Agricultural Sciences, 2017, 58(8): 1353-
1356

AR, B, WL, SRR, B, R, MR, S
FAL . 49 Y IR IR R B ZARE B S 2B P U Al
2441, 2019, 32(11): 2670-2681

Su Q, Yang Y H, Tian M, Zhang J Z, Mao LY, Tang Y W,
Bu Z Y, Lu J S. Phenotypic diversity analysis and
comprehensive evaluation of 49 waterlily resources. Southwest
China Journal of Agricultural Sciences, 2019, 32(11): 2670-
2681

WP, ATBiRE, A4E, MEM, B, B, KXk, 4
7, A, AT, AR R ORI R S R AT
PR SHAVEYRSFA, 2021, 42(10) : 2777-2788

PanQL, FuYG, GulJ, ShengYH, LiQ X, RaoY, Zhu T
L, ZhouY, ShiY H, Zhao Y, Wang J. Analysis of phenotypic
diversity of Nymphaea L. in Hainan, China. Chinese Journal of
Tropical Crops, 2021, 42(10): 2777-2788

AT, MRIEW), ARARAL, 73K . B A (] S g R S A
TR0 LA AR RL, 2016, 57(5): 718-720
YuCW, ChenY C, YuD B, He S M. Preliminary comparison
of fruits and seeds of different subgenera of Nymphaea. Journal
of Zhejiang Agricultural Sciences, 2016, 57(5): 718-720
Pellicer J, Kelly L J, Magdalena C, Leitch I J. Insights into
the dynamics of genome size and chromosome evolution in the
early diverging angiosperm lineage Nymphaeales (water
lilies). Genome, 2013, 56(8): 437-449

W58 . 6 PRI Fy- A 1) 540 S M SE TP . 4RI & Rl
2021, 19(20): 6910-6917

Yang K. Leaf anatomic structure and cold tolerance evaluation
of 6 Nymphaea varieties. Molecular Plant Breeding, 2021, 19
(20), 6910-6917

Zini L M, Galati B G, Ferrucci M S. Perianth organs in
Nymphaeaceae : Comparative study on epidermal and structural
characters. Journal of Plant Research, 2017, 130: 1047-1060
WAL, FHTT, XUTH, WAE, REfRdt, IRIDAE . 4 FhiE s
AERBITE S W M i B4 . HL T e, 2022, 41(1)
61-65

Yang M H, Zheng X K, Liu S X, Huang X, ChengJ T, XuY
C. Scanning electron microscope observation of pollen
morphology of 4 kinds of waterlily. Journal of Chinese
Electron Microscopy Society, 2022, 41(1): 61-65

Taylor M L, Cooper R L, Schneider E L, Osborn J M. Pollen
structure and development in Nymphaeales: Insights into

character evolution in an ancient angiosperm lineage. American



214

N7/ B A

e

&

8

26 4

S

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Journal of Botany, 2015, 102(10): 1685-1702

Zini L M, Galati B G, Zarlavsky G, Ferrucci M S.
Developmental and ultrastructural characters of the pollen
grains and tapetum in species of Nymphaea subgenus
Hydrocallis. Protoplasma, 2017, 254(4): 1777-1790

B, UL R, IR, XS, IR, INVRT . BEER Y
FEREBHIIE . PALRI4l, 2023, 43(7): 1227-1235
CaoJ, DaiZL, XuYC, LiuCG, XuT, Sun C Q. Studies
on pollen morphology of Nymphaea. Acta Botanica Boreali
-Occidentalia Sinica, 2023, 43(7): 1227-1235

JADRUEE . B SR 0 B 1 A= ) 2 A SRR 252705 . Jbat s v
BB, 2005

Zhou Q Y. Floral biology and reproductive morphology of the
Nymphaeaceae. Beijing: Chinese Academy of Sciences , 2005
P, LR, WG, R, KRR, skETT, RSCHI
M2 IR 5 AT IR 16 FE ) AL LS M WS . x4
WE R, 2023, 8(15): 1-14

LiuZY, Yang G S, Huang SR, Chen Z, Zhu T L, Zhang Q
Y, Yu W G. SEM observation of pollen morphology of 16
species of 5 Molecular Plant
Breeding, 2023,8(15):1-14

SR, B, W, NI, B, Kk, WA, S
FAL . MEEFPFUST IR AL 2R 0T L DNA $R 80 &T 1A
P40, 2020, 41(2) : 258-266

SuQ, Yang Y H, TianM, BuZY, Mao LY, Zhang J Z, Pan

subgenera of Nymphaea.

J C, LulJ S. Genetic diversity analysis and DNA fingerprinting
construction of waterlily germplasm resources. Chinese Journal
of Tropical Crops, 2020, 41(2): 258-266

Poczai P, Matyas K K, Szabo I, Varga I, Hyvonen J, Cernak I,
Gorji A M, Decsi K, Taller J. Genetic variability of thermal
Nymphaea (Nymphaeaceae) populations based on ISSR
markers: Implications on relationships, hybridization, and
conservation. Plant Molecular Biology Reporter, 2011, 29:
906-918

Chen Y'Y, Fan X R, Li Z, Li W, Huang W M. Low level of
genetic variation and restricted gene flow in water lily
Nymphaea tetragona populations from the Amur River. Aquatic
Botany, 2017, 140: 55-61

TR, ERLE, XMR, BEA, NI, MRER, SR, 6
P . BT SSR UEOLHR LM G B AL O AP BT . R 24
2023, 50(10): 2128-2138

SuQ, WangHY, LiuJ, LICN,BuZY, LinYL, LuJS,
Lai Z X. Construction of core collection of Nymphaea based on
SSR fluorescent markers. Acta Horticulturae Sinica, 2023, 50
(10): 2128-2138

Parveen S, Singh N, Adit A, Kumaria S, Tandon R, Agarwal
M, Jagannath A, Goel S. Contrasting reproductive strategies
of two Nymphaea species affect existing natural genetic
diversity as assessed by microsatellite markers: Implications
for conservation and wetlands restoration. Frontiers in Plant
Science, 2022, 13: 773572

BALE, BT, WA, TuB, R, W, R

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

. FLT SRAP 3 FHRic 19 147 0y i3 J& AE Wt 1% Z e oy
M. BT A2l 2023, 54(2) : 454-466
Mao LY, Long LY, Huang Q W, Ding L Q, LiHM, Chi Z
J, Tang Y W. Genetic diversity analysis of 147 Nymphaea
Linn. plants based on SRAP molecular marker. Journal of
Southern Agriculture, 2023, 54(2): 454-466
BALE, BEE, ks, EAAR, R, R, Sk
‘f“ f@/]\?f??: PepeEr, KK, BHLAL. T SSRAFFHric iy
B Z R AT . R MO R A A AR,
2024,48(5) :57-68
MaoLY, LiHM, Long LY, Huang Q W, Tang Y W, Yu'Y
P, Huang X Y, Tan X H, Nong X H, Zhu T L, Lu Z S.
Genetic diversity analysis of Nymphaea Linn. based on SSR
markers. Journal of Nanjing Forestry University: Natural
Sciences Edition, 2024,48(5) :57-68
JREE, WL X, Ekn, BEA, BER, BRC, i
F . BT AEPF B AE A IEE SSR A SURRAEIAT . PERE AR 2%
iz, 2021, 34(10): 2076-2083
Su Q, Tian M, LiuJ, Wang LY, Li CN, Li X M, Huang Z
W, Wang H Y. Construction of core collection of Nymphaea
based on SSR fluorescent makers. Southwest China Journal of
Agricultural Sciences, 2021, 34(10): 2076-2083
BALE, WA, RHEME, TuNB, FOut, mikh, Bk,
T, RIBEE, KK, R AR IR AL A B R A
SSR (1443410 M H PP AR 4387 . AR Al 2441, 2024, 39
(7): 775-784
Mao LY, Huang Q W, Yu Y P, Ding L Q, Cai Y B, Huang X
Y, QinQ, SuQ, Nong X H, Zhu T L, Long LY. Distribution
and properties of SSR in transcriptome of Nymphaea Paul
stetson flowers. Fujian Journal of Agricultural Sciences, 2024,
39(7): 775-784
Qian Z Z, Justus M M, Wang Q F, Itambo M, Li Z Z, ChenJ
M. Molecular identification of African Nymphaea species
(water lily) based on ITS, trnT-trnF and rpl16. Plants, 2022,
11(18): 2431
Sun C Q, Chen F D, Teng N J, Xu Y C, Dai Z L.
Comparative analysis of the complete chloroplast genome of
seven Nymphaea species. Aquatic Botany, 2021, 170: 103353
Zhang HH, SiY, Zhao R A, Sheng Q Q, Zhu Z L. Complete
chloroplast genome and phylogenetic relationship of Nymphaea
nouchali (Nymphaeaceae) , a rare species of water lily in
China. Gene, 2023(858): 147139
KimY S, Min J, Kwon W, Song M J, Nam S, Park J. The
complete chloroplast genome sequence of the Nymphaea
capensis Thunb. (Nymphaeaceae ). Mitochondrial DNA part B:
Resources, 2019, 4(1): 401-402
Povilus R A, Dacosta J] M, Grassa C, Satyaki P R V,
Moeglein M, Jaenisch J, Xi Z Z, Mathews S, Gehring M,
Davis C C, Friedman W E. Water lily (Nymphaea thermarum)
genome reveals variable genomic signatures of ancient vascular
cambium losses.

Sciences, 2020, 117(15): 8649-8656

Proceedings of the National Academy of



2 B MR A RIS 215
[35] Zhang LS, ChenF, Zhang X T, Li Z, Zhao Y Y, Lohaus R, [43] Bz, M/ME, o=, #AE, BA R, R, T
Chang X J, Dong W, Ho SY W, Liu X, Song A X, Chen J B, BEA. MR SRR WEACAS B A W07 0 2
H, Guo W L, Wang ZJ, Zhuang Y Y, Wang H F, Chen X Q, ST . MR AL TR, 2024, 25(4) : 647-659
HulJ, LiuY H, QinY, Wang K, Dong S S, LiuY, Zhang S Mao LY, Tan X H, Long LY, Huang Q W, DengY Z, YuY
Z,YuX X, WuQ, Wang L S, Yan X Q, Jiao Y N, Kong H P, Ding L Q, Wei Y J. Sequencing analysis of transcriptome in
Z,Zhou XF, YuCW, ChenYC, LiF, Wang J H, Chen W, different parts of Nymphaea ‘Paul Stetson’ flower. Journal of
Chen X L, Jia Q D, Zhang C, Jiang Y F, Zhang W B, Liu G Plant Genetic Resource, 2024, 25(4): 647-659
H, FulY, Chen F, Ma H, Van de Peer Y, Tang H B. The [44] LiZJ, Zhou W J, Wang P, Chen Y F, Huo S J, Wang J, Tian
water lily genome and the early evolution of flowering plants. D, NiuJ, Zhao Y, Song X Q. Transcriptome analysis reveals
Nature, 2020, 577(7788): 79-84 the senescence process controlling the flower opening and
[36] HtE, 2, B, THE, W0F, L. R L closure rhythm in the waterlilies (Nymphaea L.). Frontiers in
CBF N Z M SN E S . o FHmaE Plant Science, 2021, 12: 701633
2024, 22(12): 3829-3841 [45] Povilus R A, LosadaJuan ] M, Friedman W E. Floral biology
Huang X, Chu GM, ChengJ T, Wang LL, XuY C, Yang M and ovule and seed ontogeny of Nymphaea thermarum, a water
H. Genome-wide identification and analysis of CBF gene lily at the brink of extinction with potential as a model system
family in Nymphaea colorata. Molecular Plant Breeding, for basal angiosperms. Annals of Botany, 2014, 115(2): 211
2024, 22(12): 3829-3841 [46] Zini L M, Galati B G, Ferrucci M S. Ovule and female
[37] wWeagle, nhorlE, BAEH, 2J6M, JEHL. MEE WRKY ZK ik gametophyte in representatives of Nymphaea subgenus
A4 5 DR ] S 5 AT T . Tl 252440, 2022, 49(5) - hydrocallis and victoria (Nymphaeaceae; Nymphaeoideae).
1121-1135 Aquatic Botany, 2015, 120: 322-332
Pan X F, Ye F T, Mao Z J, Li Z W, Fan K. Genomic [47] QDY JHPRUR . 38 B (RS IR DF5 . THIbAe 273t
identification and molecular evolution of the WRKY family in 2010, 30(1): 78-84
Nymphaea colorata. Acta Horticulturae Sinica, 2022, 49(5) : Dai H F, Zhou Q Y. Embryological studies in Nymphaea lotus
1121-1135 (Nymphaeaceae ). Acta Botanica Boreali -Occidentalia Sinica,
[38] ke, e, B, AUk, WEL. MR R T bZIP 2010, 30(1): 78-84
FWEH) o> T AL S S RE A M . b ARl B 27, 2021, 54 (48] FMET, BRSERT, DRBUME, UL R BEEAE SR B R F R
(21): 4694-4708 Hh iR T A AR AL L R BT BRI AR AR, 2022, 31(1)
Ye F T, Pan X F, Mao Z J, Li Z W, Fan K. Molecular 21-28
evolution and function analysis of bZIP family in Nymphaea Sun C Q, Tao M Q, Yao Y M, Dai Z L. Change of anatomical
colorata. Scientia Agricultura Sinica, 2021, 54 (21) : 4694- structure during the development process of reproductive
4708 organs of Nymphaea tetragona. Journal of Plant Resources and
[39] WREUAI, BESCHL, #ERAE, UG, M2, B9, X1 Environment, 2022, 31(1): 21-28
- RS AE T KA B (NCANS ) LR K B+ e e 554y [49] Zhang HH, WuHY, Zhou Q, Zhao R A, Sheng Q Q, Zhu Z
M. s FRIVIE R, 2024, 22(6) : 1815-1822 L. Flowering characteristics and reproductive biology of
ChenK L, Ban WZ, DuLJ, LiSJ, Zhou X H, Luo T Q, Nymphaea hybrid, a precious water lily. Scientia
Liu Y P. Cloning and analysis of anthocyanidin synthase gene Horticulturae, 2021,287: 110268
and promoter in Nymphaea colorata. Molecular Plant [50] JEGREL, e =, BEH, 8, W, IR, B E.
Breeding, 2024, 22(6): 1815-1822 AR MR SE LG R B A & AR IR 5T . A R 2 4
[40] B Kbk, BEZEALSS TR B AHOCIE N se b FIB NIRRT . 19 2020, 41(7): 1380-1386
e m AR, 2011 Tang Y W, Long LY, Huang Q W, SuQ, Chi ZJ, LulJS,
Luo H L. Isolation, expression and function analysis of floral Mao L Y. Pollen germination in vitro and cryopreservation
organ identify genes in water lily. Nanjing: Nanjing reserch of anecphya waterlily. Chinese Journal of Tropical
Agricultural University, 2011 Crops, 2020, 41(7): 1380-1386
[41]  SRAE . B2 BN S L Il BL I8 o P S SRR 007 . b st [51] BoLEE, BHIE, GRS, k=, BB, BRHIE, A
FIERREBE RS, 2018 B, UARE, TR, CARD 2R AE R B R R AR
Wu Q. Cloning and functional analysis of flavonosyltransferase KIBESE . PR AR #4R , 2019, 32(5): 1155-1161
gene from water lily. Beijing: University of Chinese Academy MaoLY, TangY W, Xie Z X, Long LY, Huang Q W, Lu Z
of Sciences, 2018 Z,YuY P, SuQ, Ding L Q. Pollen germination in vitro and
[42] WuQ,WulJ,LiSS, Zhang HJ, Feng CY, YinD D, WuR tube growth characteristics of Nymphaea ‘Paul Stetson’.

Y, Wang L S. Transcriptome sequencing and metabolite
analysis for revealing the blue flower formation in waterlily.
BMC Genomics, 2016, 17: 897

[52]

Southwest China Journal of Agricultural Sciences, 2019, 32
(5): 1155-1161
W, AN, B, BIEA, R, TR, B4



216 LI/ ¢ S I G B 26 £
2 IEIRUEL Y B IR AR AL 1 2 FIAE R A K 241, 2023, 32(1): 39-49
SR LA R, 2016, 57(10): 1689-1691 Chi M H, Cheng Z, Yang Z J, Wang Y J, Jin Q J, Yang M H,
YangMF, LiYP, LouY T, Zheng Z S, Zhang S F, Wang L Wang X L, Xu'Y C. Evaluation on cold tolerance of 50 tropical
Y, Yuan M A. Effects of culture medium composition and water lily materials. Journal of Plant Resources and
culture time on pollen germination and pollen tube growth of Environment, 2023, 32(1): 39-49
waterlily. Journal of Zhejiang Agricultural Sciences, 2016, 57 [61] ¥, TEA, B4, £#1L, BigE, T5E, WEF,
(10): 1689-1691 WA . AT T 7 R T 1O i FEME PR . T
[53] Williams J H, Mcneilage R T, Lettre M T, Taylor M L. Pollen A4, 2022, 34(5): 46-52
tube growth and the pollen-tube pathway of Nymphaea odorata Cheng Z, Wang Y J, LvCH, JinQJ, YangM H, Wang X L,
(Nymphaeaceae). Botanical Journal of the Linnean Society, Ye C X, XuY C. Evaluation of cold tolerance of seven tropical
2010, 162(4): 581-593 waterlily varieties under natural low temperature. Acta
[54] INETT, WRERE, S4B, PMERE, WL R . MEES AR A Agriculturae Jiangxi, 2022, 34(5): 46-52
SESLARARAY A I A WL TR AL =4, 2017, 33(4) [62] Mgk, BitE, WhEEar, S, i, P, 1R, X
890-894 RTS8 Tl 22 X AR 8 194 A F g e B FEAE PR . Y195
Sun C Q, Pan Y P, Shan Y B, Sun G S, Dai Z L. Cellular LR, 2023, 50(23): 123-128
mechanisms of low self-fertility of water lily variety almost Yang M H, Huang X, Han Y Q, GuoJ X, Li ZY, Zhong M,
black. Jiangsu Journal of Agricultural Sciences , 2017, 33(4): Xu'Y C, Liu C Q. Physiological response and cold resistance
890-894 evaluation of 8 water lilies under low temperature stress.
[55] ZER, iR, KXKJe, B, FH, XNFH, MLk, i\ Jiangsu Agricultural Sciences, 2023, 50(23): 123-128
FE 4 AN B IR A R BV S AR BT Ar TR E R [63] XAy, WM, Mrdh, £, &5, 2N, 220, #Hil
2024,4(9):1-14 A LTSI 5 Rl A P25 A . A B IR S B
XiL,ChenZ, ZhuTL, Huang SR, LiHY, LiuZ Y, Yang 1%, 2020, 29(1): 44-51
G S. Phenotypic variation and color phenotype in 4 Nymphaea Liu GY, Zhou W, Chen L, Wang H, Jin Q J, Wang Y J, Li
subgenuses. Molecular Plant Breeding, 2024,4(9):1-14 N, Xu Y C. Comprehensive evaluation of shade tolerance of 11
[56] Sk, skad:, FRRRS, BOC, BN, Fr2d . MEEE G irst Nymphaea tetragona cultivars. Journal of Plant Resources and
B . oA, 2021, 48(10) : 2087-2099 Environment, 2020, 29(1): 44-51
Wu Q, Zhang H I, Wang X H, Zhao W, Zhou X, Wang L S. [64] FULWF, BEABH, 45ER, PR, 2550, WR3C, Jhif.
Research progress on flower color of waterlily (Nymphaea). ARG B S I A IBUS S A A R 1 R AU A b A B 7 A
Acta Horticulturae Sinica, 2021, 48(10) : 2087-2099 YRR, 2022, 43(4) : 798-806
[57] JhHE, WL, TAL0F, T, XM, B8 ¢, M. i WangHY, BuZY,LiXM, LuJS, LiCN, Huang Z W,
J& 62 A ARIFFN LA AR B ANE LS GC-MS 43 b . iy AT AE Su Q.Growth and antioxidant physiology effects of Nymphaea
Yyidie, 2022, 30(4): 567-574 minuta under different light conditions. Chinese Journal of
SuQ, Tian M, Wang HY, Wang LY, LiuJ, Zhao PF, BuZ Tropical Crops, 2022, 43(4): 798-806
Y. Volatile components in flowers of 62 Nymphaea cultivars by [65] i, WM, Z2E4, 2R, SEM, MR, 28, b
GC-MS. Journal of Tropical and Subtropical Botany, 2022, 30 WIRH, FRCWF. BRI iR A R T S AL AT . B R
(4): 567-574 %, 2021, 42(12): 3443-3450
[58] frik, XUbers, ARUR, BHEZ, 220940, WEA- g . P IEE SuQ, Tian M, Li CN, Li XM, LuJ S, Huang Z W, LiJ
{5 A6 W %90 A ) GC-MS 4 M7 . A TR 5 IR B A3 M, Bu ZY, Wang H Y. Transcriptome sequencing analysis of
2017, 26(4): 104-106 leaf vivipary in water lily. Chinese Journal of Tropical Crops,
Shi N, Liu X J, DuF F, Chang Y J, Li N W, Yao D R. GC- 2021, 42(12): 3443-3450
MS analysis on components of essential oil from fresh flowers [66] MWk, SCEAME, A0, BV, PMBLE . BRI I A iR 2
of tropical water lily. Journal of Plant Resources and St B AR A oK AL S AR S &R L R AR SR,
Environment, 2017, 26(4): 104-106 2022, 33(9): 2431-2440
[59] #HE, 560, il , T5E, WAL 2 FhIdE A FE Xie H, Ai X M, Li Y H, Zhao C B, Sun Y Y. Relationship
S ARG VL T 3 (A A B N % B SRR TR . T R B2 between epiphyllous bud of tropical waterlily (Brachyceras)
2022, 50(9): 128-134 umbilics and carbohydrate metabolism in different parts of
Huang X, Chu G M, Xu Y C, Wang X L, Yang M H. leaves. Chinese Journal of Applied Ecology, 2022, 33 (9) :
Physiological response and cold resistance evaluation of 2431-2440
different parts of two kinds of water lily to low temperature [67] GuoY,LiX,YuanC, LuJP, LinF, LiYM, Kang Y, Yang
stress. Jiangsu Agricultural Sciences, 2022, 50(9): 128-134 G S, SuQ, Yin J M. Dormancy induced by floating starvation
[60] BEAZ:, BT, tpkln, FEK, &, Mililt, TFHE, method in Nymphaea atrans. Scientia Horticulturae, 2024,

TRIDAE . SO0y By B AR A TR TEVETTA . AR T U S BT

337: 113512



2 1 WA MR B A Y PR R 217
[68] #NET, HUER, MR . A E 458 A SR it var. pubescensxNymphaea lotus. Journal of Northwest Forestry

[69]

[70]

[71]

[72]

[73]

FERIFIE . TLP R4, 2014, 26(1): 49-52

Sun C Q, Dai Z L, Pan Y P. Study on callus inducement from
young embryos of different water lily hybrid combinations.
Acta Agriculturae Jiangxi, 2014, 26(1): 49-52

AUH , R, TR, A, R, SR T S R R
Al KW LR . LT R 22, 2018(3) : 208-210

Li SJ, Wei Q, Zhang Z, Shang Y D, Liu A C, Wu Y P.
Breeding of a new variety of cold tolerant Nymphaea ‘Tian
Ci’. Northern Horticulture, 2018(3): 208-210

RO . 2= P B ST A ol A ) 52 IRl PR 5 T A el 20
2017, 16: 24

Bai B. Yunnan new variety of Nymphaea ‘Pink Moon’
received  international Chinese  Flower
Horticulture, 2017, 16:24

Stroupe S. “One man's weed is another man's flower” the story
of Nymphaea ‘Wanvisa’. IWGS Water Garden Journal, 2010,
25 (3): 2427

Yu C W, Qiao GR, Qiu WM, YuD B, Zhou SR, ShenY,
Yu G C, Jiang J, Han X J, Liu MY, Zhang L S, Chen F,

Chen Y C, Zhuo R Y. Molecular breeding of water lily:

registration.

Engineering cold stress tolerance into tropical water lily.
Horticulture Research, 2018, 5: 73

U, PSS R I R IR N P BT R R T 0
JeMAFBEREH, 2008, 23(5): 95-98

Li S J, Tao L B. Breeding of new varieties of Nymphaea lotus

[74]

[75]

[76]

[78]

[79]

University, 2008, 23(5): 95-98
Songpanich P, Hongtrakul V. Intersubgeneric cross in
Nymphaea spp. L. to develop a blue hardy waterlily. Scientia
Horticulturae, 2010, 124(4): 475-481

AR T T RS T € M . P AR S A
2013(10): 4-7

Li Z J. The first batch of cross-subgenus cold-tolerant water
lilies were cultivated in China. Chinese Flower Bonsai, 2013
(10): 4-7

SunCQ, MaZH, SunGS, Dai ZL, Teng NJ, Pan Y P.
Cellular mechanisms of reproductive barriers in some crosses
of water lily (Nymphaea spp.) cultivars. Horticultural Science,
2015, 50: 30-35

Sun C Q, Ma Z H, Zhang Z C, Sun G S, Dai Z L. Factors
influencing cross barriers in interspecific hybridizations of
water lily. Journal of the American Society for Horticultural
Science, 2018, 143(2): 130-135

Sun C Q, Chen F D, Teng N J, Yao Y M, Shan X, Dai Z L.
Transcriptomic and proteomic analysis reveals mechanisms of
low pollen-pistil compatibility during water lily cross breeding.
BMC Plant Biology, 2019, 19: 542

Sun C Q, Cao J, Wang J H, Zhou P, Xu Y C, Chen F D.
Pectin methylesterase regulates pollen germination on stigma
after pollination in water lily. Scientia Horticulturae, 2023,320
(7): 112207



