F16E E 3
202545 H

RiEEYZER
JOURNAL OF TROPICAL BIOLOGY

Vol. 16 No. 3
May 2025

ECER

ERFA REMS

DOI: 10.15886/j.cnki.rdswxb.20240114

KR4 B 1 R R S BRI IR ) A 2 I oz
REEREAEFRZTUHNTAR

s ﬁﬂﬁ/#’ ‘f\%ﬁi, jlj%/®9 rf_:g

5, Bk e B

CEEFE R AR, MRS W31 570228 HE)

W OE. N TRRKE(Nypa fruticans) ST TEARDGIR KT (0 AR BRI 7 5554 4 1Y 25 S84k, ASBIFSE38 1 3
PR, FRIE T /KA T 7E ARG IR KT (CK A A 2RJ65R 100%., Z1 4 A SRR 30%., Z2 S A 2RGIE 20%) T
LR PRAR A NG SR 3R 22 v o B SRERE: MO RRACE T /KBRS 7E 40 d I, ZI 18 48k L il (SOD) 1
P Lt CK i 57.1%, Z2 Lh CK & 62.1%, ZI i¥ i %04k Wy il (POD) ¥ 4 Lt CK 55 41.2%, Z2 Lk CK & 35.7%,
Z1 [T . (MDA) & L CK ik 42.6%, Z2 b CK 1% 32.9%, ZI {4 &K (Chl) & & b CK A 61.1%, Z2 b
CK 1§ 70.3%, Al M (SP) SR E L REES, ZI AR LI CK K 57.6%, Z2 ¥ CK 1% 48.1%., /KHf
I TEMO IR, 76 10 d 247 A 3 TH ARG G | B4 e B AODRR A 1 55 0 20k 3 i ' R
SRR R IEAR L, F RIS, KRSt 48 = SRR AN 7 A R KT ol R AR AR AL

SRR AKAHR; LR Az B 5 e kel
B 5 KS: Q945.79 XHERFRER: A

STEHRE: 1674 - 7054(2025)03 — 0461 — 08

TS, MRS, XTI, 4. KM P i RO B PR ) A B 1 K e g 21 2 S AR AR BOIE TS [9]. Bl A2,
2025, 16(3): 461-468. doi: 10.15886/j.cnki.rdswxb.20240114

EAR K TE L7 VP2 i R i I A2 e T R R 2
R EERESS R XU, SR AR Z R AR T R Y
EERGZ—, BEAERWAESHMED, KA
(Nypa fruticans) & —FP 5§ J& T 451 F} (Arecaceae)
JKEBJE (Nypa) W ELLLA AR Y, HA B KU 5 |
ez W EEAE Y, KRR SRS S0 Y B, 4k
A2, HOPR A AT LA i 20, WA G B
ATEIE . AL, TERGFREPI IR b A2
TR 7 T B A A 2 e R s KRR
B AR m BRI E . 2021 48, s iE
IKARF By — R ARA R, IR A (B R R
PP AAE 2 ST 20% ~ 30% YGRS B
FAAEYE S (Ardisia gigantifolia) K, VT
W A2 (Keteleeria fortunei var. Cyclolepis)éﬂ]fﬁ?’fﬁ
BHR N 60% HYPREE T 3ZO0HRa RN, HAK, R

i HER: 2024 -07-06

FRFAE, YA 681 DL S A B R 5 40 i 55 %
PR AR, R SCEFS (ORI ST 2 B, 165 F ) 7K AR A
TEREEZ R 8 ~ 10 m, fiBHIBEZ K 50% ~ 80%. 7K
BB . % A SRR AR AR TR O IR R,
I, 38 3 FR Y AR AR 4y B EAROG BT T iy AR AR
b I Bt Skl ik 22 5, B e R K BB B AE AR
WK 1 A B 15 5 3% 21 4] o 37 £ 5] 2, g 7K
BB 2 F TAER AR AR

1 #RERZE

1.1 REREEARER S TR A
F1 T 7R 26 W 20 A6 AR O 4 IXCB O A B i B A
(19°56'52.86"N, 110°34'28.26"E) , 1% X1k H I& 3¢
J AR H BRI BGE 1 2 000 h, A BH AR SRk
11~ 12 7 Ko BB, 438308

EEIHHA: 2024 — 08 — 04

EEWAB: WA E ST ABSHEINT H (ZDYF2023SHFZ172)
"E—1EE . FM(1998—), B, R RFEAERBE 2021 i LAF5 4, E-mail: 15529981129@163.com
SEEVEE: BRI (1996—), 4, WG R K AR A 22 e 2023 G L AT AE . BFSE T 1) A S RS 4 A%, E-mail:

gengxiao0421@163.com


https://doi.org/10.15886/j.cnki.rdswxb.20240114
https://doi.org/10.15886/j.cnki.rdswxb.20240114
mailto:15529981129@163.com
mailto:gengxiao0421@163.com

462 oty AW R

2025 4F

24.4 °C, Fe i FHRIRY 28 C, HIFHARIERY
18 C. FRKEEE, VMK EN 1 696.6 mm,
A28 %50 1 834 mm, 3% I A9 KU L ZR
TR 3=, AE P XGE R 3.4 mes™!, K
3m%, XSS R A AL B AR AR T R
SRIUEZS:
1.2 RIEEIT PEE 225 Bk K 3H— 2 K R
G [ AEHTEY . BRI 20 (45 £ 5)em, IR
(18 = 3)em] VE R ik g A BHIEA T /K BB 4 v 3 9] 1
GEERH 40 d) o 7 S AL DN 7 ARk 19 308 1 X030 B
40 d HI7KABLI T F s

HRAE A SR BE T 0 A ) BB 2 AR P R
(50% ~ 80% ) H.if & A i ik, % & 1 3 LR
Ab 3L 3 A )2 6 B 1) S €6 )8 e 5 21 AH
X AREIREY 100%(CK, XF1R) | 30%(Z1)F1 20%
(22), F 20234 5 A 11 HIFMR, 400 E7E 54
AN, AN/ F 3 A bR AN, A A B
15 BROKAB AN, 3k 225 #k . 4hARFI T 3.14 L 1Y
FeEh, BRAE bR, R TR T 40 d AR Ak
B FEUE AR, PebR T LR 3 d RIS IR, R
FHSCHR [10] /9 5 3500 5 452K 9: 00, 12: 00 1 15:
00 45385 B4 P AN 416 HE A B R 14 5l -3 ek 23
(# 1),

F1 BARAEHER SR

Tab. 1 Relative light intensity measured in the
three light treatments

5[] Time CK Z1 72
9: 00 100 33.4 22.1
12: 00 100 32.1 19.8
15: 00 100 30.9 20.2
{6 Mean 100 32.3 20.7

1.3 FEEEFAZE TE0. 10, 20, 30, 40 d BFFEHLFR
A /NI A5 Ab BRI R, R4 T AR B BRI 5 FE
55 40 K45 /N X 45 Ak BE P B AL Pk %k — wk R T A
Pyl i . FENURE T AR T, RS b B PRk T
RGN, I NERA TP BENLRE T 3~ 4 Ffn
fisf H B e, SRS PV AL B, 47 0] S50 =
—80 C vKAHHEATIRAE, F5F 40 d RAEJ5 HEATHE A5l
i XS 5 gk H T I 2 AT 1 &R (Soluble
proteins, SP)& = . N . ¥ (Malondialdehyde,
MDA )% 2, 42 (Chlorophyll, Chl) & & L) K

E AW Ak B (Superoxide dismutase, SOD) Filid 4
kWi (Peroxidase, POD) U3 P4 . 7 40 d BRI
R /INX A AL A 15 A, AR HE B
TR LRAE, B A FIT

1.4 EBISRNERZ  BE, MR TRV
£k 0.000 1 @) FREUKZ) 0.3 g BB R, F4%
5 Hv i 2 BOR (B 7 85 12 2% vP W . EDTA-
Na2 fil PVP)IRA, FEVKIB A1 FOFEE A0 o Bl
J5, AE 4 °C & F, LA 16 000 x g BES.O SIxHR A
PIPEAT 20 min BB ANEL DISKE B3, TR
SERY SP e FEE TG PRI R o 72 SP F i,
KT s i gk, IFE A AR I B
b, X1 SOD 1M, 275 T 3k [11]
5, ek b AR il A R R % v TE D A
R DU sz N R 22 SR TR 0 57 (U), IF
BRI R R U-g's XHTF POD 3R E, 1)
KT SCHE [12] M7, LA ODyyo fEL 128 fb 3 2R
VB S il 1% B A7 1 A A v, TS R N
U-g'min"'c MDA 72 88T 3CHk [13] 89
75 ¥k (TBA 5 ), MDA 78 = il MR M &1 F 5
TBA VIR B4, 76 532 nm i KA e Kk
W fE, 600 nm P AT B/ INICAA, 1T Chl 7% 5L
I D0 REAE T SCRk [14] 8905 25 (80% PN IR 43 )
W 422 85% A& 5 mL 80% PR 1) 20 1A v,
HAE DG TR PRI E N 2258 24 A ok 1k G
RIAT)

1.5 HRAERSWAZE H TN T
B B KBRS v B, SR AEE B 40 d 194
M5, WAL R T VKRR 468 R A TN T, 15
FI| RANseq AR P45 5%, X452 A9 I 4h Iy 2
FH fastp BFHEA TR, SBRTTST 20 SATRAE
) B 32 A5 1) e B, 2 a AR G R O g it AR,
HEBR TAATERE S L KA 50 bp KUK BT &K F
Q20 HYfI i & Reads, B {R e 8R4l g . &
i X — A, B T BT 22.6 G 5 IS
DL R 278 143 /i i a2 B . Bl R X
SORE B 11 1 0 A T A AT T SR DR, AT AR
T AR RS, B Unigene, 411 )5 3L 128 245
ko AT ISR (Z1 A Z2) 5% RAH (CKO) Y &
ik 22 5 . ffi A Trinity #6477 Sk 4126, FIH
BUSCO Al A7 4 2B 45 0P Ay, K BRI04%; FIH
bowtie2 X {4 # 47 HL XF Fil %€ &, H Trinotate X 4
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NR FESA TR, 15 2 A6, FH EDSeq2 #4722
ST, MHMAGELEGLH T kLA,
eggNOG-mapper ¥ £ [1 5T 5 473 B, H R i
T 1T GO T RE & 4L 4, Go 1 By BE I A
39 491 F&; A R SOAR, ik AT YL A 1E
F MR AE AL P A A G Y 36 R 303 A& H
RIEF T AE GO BHiE, #17 GO EH4HT.

1.6 HFEBSHWELEFE  FHE H Microsoft
Excel 2021 # A4 3H5HF- YE FAR R, R SPSS
Pro TEL AT Ak AT e 1o #r, 24 P < 0.05 I 5%
NG L, SOD i . POD {4 . MDA

P, SP A Chl % &4 FH K R Oy 22 0 Hr
(One-way ANOVA) J7 ik AT ik & PR A 3, F 2k &
i1 cnsknowall 7F£EF 5 224

2 HBRESH

21 FAEXBEGETAEMGBEMENTL N
3% 2 AT, R 40 d J 7K BB 1 Y T 0T R R £
WAE Z1, 72, CK Z [ A 3 2 55 ik 21,
725 CKZ i BEER, Wik 21 % CKAK
T 57.6%, Z2 5 CKAKR T 48.1%. Z1., Z2 [a] fi AR
AR AR E

F2 ERR 40 d EAELSENENE
Tab. 2 Biomass of Nypa fruticans seedlings after 40 days of shading

F845 Indicator 71

z2 CK

T Fif Dry weight/kg 0.128 + 0.017™
fief i i Fresh weight/kg

H3 L Root-shoot ratio

0.474 +0.062"™
0.133 £0.025°

0.16 £0.016™ 0.106 = 0.006™

0.534 +0.047™ 0.462 +0.032™

0.163 £0.023° 0.314 +0.034°

1 ANRIFRFRR RN 2 BIfF7E B 22 5 (P < 0.05), nsRn BB HZEF (P> 0.05),

Note: Different letters indicate significant differences between various light treatments (P < 0.05); ns indicates no significant

difference (P > 0.05).

22 AEXBEGHTKEMOENEETL N
& 1AL, RIS 0 F1 10 d I, 3 BA AL BE(Z1 F
Z2) XK BB 1 SOD JEPEA F= A G it# i
FRM (P> 0.05), £ 20 d A}, Z1 1 Z2 BRI
AbFRZ 8] (%) SOD T PEAF7E % 25 5% . 30 fl40d
BF, HE B A 3 G 2 B v T SOD IR M, 5 X IR A

w
o
o
[}

[ mZ1 * o~ e
300 =Z2
nCK

270t !
240 ¢ !
210t

180 | l ii ij
150 i i ! i g

. C -

0 10 20 30 40
HERHAT A Shade time/d

*[RF P <0.05; ** f{3FE P <0.01; *** {LF P <0.005;
wkkk L JE P<0.001;ns {0FE P>0.05, T,

* means P < 0.05; ** means P < 0.01; *** means P <
0.005; **** means P < 0.001; ns means P > 0.05. Similarly
hereinafter.
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Fig.1 Superoxide dismutase activity of Nypa fruticans
seedlings under different light intensities
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MAIEL 2 BT AL, B B X5 K AR 41 POD {5 PE7E 0
10 d A 7R B E R (P> 0.05), Z1 {E 40 d
5 CK MR B 25, H CK & 41.2%, Z2 7F 20,
30, 40 d 5 CKAH A 8% 2 5, /0l e CK &
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Fig.2 Changes in peroxidase activity of Nypa fruticans
seedlings under different light intensities
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10 d %A 774 B Z5m (P> 0.05); 76 20 . 30 . 40 d
oA E R, Z1 53 0 T CKAK 9.5%. 47.3%.
42.6%, 72 433k CK A 4.2%. 41.9%. 32.9%. Z1
M1 Z2 (IR B 2 [0S A B 25 5 . BB AL B

TKHBAI T A9 MDA 75 &t A B 6 6 BEZH BRI
19.5¢ 71 = o e
18 "
nz?2 ]
1sp K i

121

- o =
=_ i i i i i = j
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B3 AREEREBETKBHERA_BIETWL
Fig. 3 Changes in malondialdehyde content of Nypa
fruticans seedlings under different light intensities

AP 4 AT, S BIE KRB SP AR 10 d
i Z1 5 CK F77E B 522 R4k, b BB 522 5.
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Fig. 4 Changes in soluble protein content of Nypa
fruticans seedlings under different light intensities

ME S AJAI, Chl % &85 CK AHELAE 30 L 40 d
FEAE RN, 7E 20 d B 22 5 71, CK e i 3%
FZ5 76 10 d AT 0 d A Bk, 21 4y
M CK B 26%. 0.6%, Z2 43 9] b CK A% 8.2%.
5 0.6%, 7£ 20 . 30 . 40 d I} Z1, Z2 iy R & &
TR, 21 439 CK AR 10%. 66.3%. 61.1%, Z2 5%
R EE CK K 42.7%. 54.6%. 70.3%, 7 B 1Y % iR
MR e Bt
23 AEXBEGTKBLHEHERANTE N
6 I, 5 CKAHEL, Z1 41 F I 69 687 4%,
Hp g #2557 (P <0.05) 11 857 4%; N IHEERH 58 558
%, WEZERN 1970 %, MifE Z2 4, FIER

D O
OO

TR FriE/(mg-g™)
8
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[ mZ1 R R B
rmZ2
. mCK =
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B5 AREREBETKBHEHERSETN
Fig.5 Changes in chlorophyll content of Nypa fruticans
seedlings under different light intensities

73322 5%, BEZEFHY 1856 4% T 54 923
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M) | tropism( [[*E) . embryonic pattern specification
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53 (CC)H 5L A 22 5% LB K T 0.1 B9 plant-type
cell wall(AF ) #Y 41 Jfl B ) | cell surface(4H il &
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i antioxidant activity($T %8 ft i 1% ) . peroxidase
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AR AR TG V) o

P41 72 5% IR 4] CK AH Lo, A8 92 0 1
(BP)ZE[H 22 5% L 1) K F 0.1 A response to blue
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photosynthesis, light harvesting in photosystem 1
OEAETERH, JER G | HiEiZk) | photosynthesis,
light harvesting(J% & 7E H, J6 4 38 ) . abaxial cell
fate specification( 75 %l 4fi Jfd fiy iz YR %€ ) . cytokinin
catabolic process(4Hl il 73 24 & 4 @ AC I 3 #2 ) .
hormone catabolic process({# 2 43 ff A} o 72 ) |
cytokinin metabolic process( 4/ 24 Z I FE) |
floral meristem determinacy({£ JF 43 4 4 41 e &

—_
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). post-embryonic
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Z1vsCK Z2vsCK
EnhancedVolcano EnhancedVolcano
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Total=128 245 variables Total=128 245 variables

-Log;o pvalue A%F P {HHLA 10 ApJEE AT EUS FHER 61 Log, fold change H Y fold change /R FI7E 2 AMEEAR 2 [A] )
FIRFEEAL

-Logo pvalue is the negative value of the logarithm of the pvalue taken to the base of 10; Log, fold change refers to the
logarithm to the base of 2 of the fold change, where fold change represents the magnitude of change in gene expression between
two samples.
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Fig. 6 Distribution of differentially expressed genes
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Fig. 7 Dot plot of GO Functional Enrichment
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PE) o YA AL (CC)HE N 22 5 L IR T 0.1 B
plastoglobule (i{A&/]NEK ) | thylakoid light-harvesting
CREMOEHT0) . PS T OLRS 1) | light-harvesting
complex I O 4 3K &2 & /K11 ). photosystem 1
antenna complex(Ot R4 11 K4 & A 1K), light-
harvesting complex (Y i $8 & & 14 ) . photosystem
I GE&E 4 1), photosystem(Jt: & 4t). chloroplast
thylakoid membrane protein complex ( FT-ZRIAZSHE {4
JEEE I G | cell surface(4 il e1a ) . 43T 31
fig (MF) %L K] 22 5 L) K F 0.1 B9 tetrapyrrole
binding(PUMEIE 254 ) | pigment binding((A & L5 5 ) .
chlorophyll binding("4¢ % 4% 4 ) . protein domain
specific(FE FIdf5714) | cytokinin dehydrogenase
(ZMff 24N A ) | oxidoreductase activity (LA
RS ) | auxin binding (42 K 2454 ) | transporter
activity(5% 12 F 1 P ) . auxin transmembrane (£ K
KB P2 ) | auxin influx transmembrane (4 K %
L B 4% 1z ) | hormone binding (IR 4565 ) o

3 i it

3.1 KA EARABAEHEREETL ML
K- GHEBH ) Yot &l A 4 g s i HLAT U, 38 B2 114
A B T4 A AR T, A B A a8 5 )
SRR o AN VLRI AZ G R UL, 7E
WE R IR F 60% MY 2514, 32 19 36 AR X
BN, ITITAG I A 9 0 B SR 00 B B ) 0
A &y 0 A K B AR SRR A A B R A
Py AR SR, Ao 82 A3 B DU 2 11 55 4 1 1)
FEAVERN, FBO=A: IR A LSRR KR
SR, R I0 ) IR AR R U AR & B, KA
A TEARO G REKOE T H Ak ) B AL il (SOD) il
1 A ALY (POD) A TG E 24 AT T+, MDA 5
IR, AR 4R, R R AR TR

TRBR &I B AEAR Y BT T HHE S A B A i
(SOD) Flit & AL Wi (POD) TG e 24T AR T, A
FIF KA v 18 RO IR RS . X P2
FFR RS (RS R —3 I EA S
B o, RT3 B XTAE A3 ol P — i s R B 4R
T, T S A 0 5 O L 00 T IS B PR 5 v, RS R S
AR AR & i, IR RE I IE 3 A KA
AP Bl

O2 Fl HyO, SEAH Y EAR il A rp = A 1y 2

TE AR, BATTRT 2t AR o B A 5 A A ARk A
Ve, SR A2 T8 % (MDA) o 3 & 7K M8 43 A5 1)
ARSI R K 23.8 ~ 25.5 °C, I X B 0E 4 iR AT
ik 27 °C Db b, BRI R L R S
THERIE VAR ), R0t FE iR aa T, ARG 4
A Sk il &, S SRS P O R RBEIR | B2
) A A B 92 8 A U S, A 3 B 7K BB 1) e 4L A i
T o BN ok 3 R R MR SR A R SRR RE T T R .
IR T AR AR A 6 BR A1 T 19 MDA 5 2 & AIG
5 ZHANG 52 58 45 R ARAT

— AR 7 AEARR O K S P 184 i -4 25
e dE R fa e WO G R, (HAWE 5 B, 1]
20, 30, 40 d KBB4l i A 4 3R 1 i Lo BRI .
IO S = A AT RS F T KA 4 e o A
IR ZE R RIS RE, BE LT e 2T 6 Wi, 38 Kok
A B B TR AE AR 2 OB A 7= 1 SRR Y o

FERIBAZAAE T, 0T LA K AR 401 1 1R 25 19 1R
AL S EERE n, S6 A VE FH I RIS, 554 F)
TR B PO A K R B Y 3 i), SOD, POD
TSR S, W e R S AR, WA A S
AERFFRE 13X LE AR b R AR S KBRS B FE OB
T IGHE IR MSCRITA FH AR 3 ) TR A
3.2 KEMMHBEEMABKENERAES A
5% I v 30 2 0 B AR A [R] O B BT 5 B
40 d B K EBIT R EA T A S AL I, O 3k 2% S A
PAF T REEIEAGE S . 4 Z1 5XIA
CK HIE, A= 9233 # (BP) HH s B2 IR T HE 4 9
MR AREE RIS KA, SXTIRAAH L, 35
FAZL Z1 BYMIARIE B3, XA B FAE e R
JEPIREE Y RA R R, 48 R IR R 3R
HRE 1. IR, MIARIE S & AR MRS iRIE S Ak
kA= T ARk, (R 22 235 44 S M o7 3 B B BE )
WA, A A AT LASE 2ok 81 I ROUE 45 4 Ofe 2 <5
H B A= BEAILRE A S B A RRAR LR i 53
(CC) H XTI AN T AR 7= T i i
Wil o AT ) R0 4 B RE 1) B o RN 25 4 e A T IREE, LA
TE N FARAEE . 4 F-IIEE (MF) il B 3 B 4
W TURE LA T 2244k i A ALY s
FIVR AL [ 1 A IR A B T e R iR N 1
AR ST, el A O B 5 R A A AR A o BT
AR TE MR SR A B T BRI N 2 TS PR
PR3P 20 M 5 52 SR A B 0 o AR DR PR AR T T,
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KRGS S EAMWEERN AL, fE0 I %
i A K R AR AR N 9 0 A RV B A, TR
S RN LR B N 18 B (s M ) AR et R e T
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Physiological response and transcriptome differential changes of

Nypa fruticans seedlings under low light environment

WANG Peng”, HUAI Zhiwen, LIU Zihan, LEI Peng, GENG Xiaoxiao"
(College of Ecology, Hainan University, Haikou, Hainan 570228, China)

Abstract: An attempt was made to analyze the physiological changes and transcriptome expression differences
in Nypa fruticans seedlings under low light levels (CK:100% of natural light intensity; Z1: 30% of natural light
intensity; Z2: 20% of natural light intensity) through shading experiments to reveal the physiological responses
and differential changes in the transcriptome of N. fruticans seedlings under low light levels, providing a
scientific basis for the breeding of N. fruticans. The results indicated that at 40 days under low light conditions,
the superoxide dismutase (SOD) activity in N. fruticans seedlings was 57.1% higher in Z1 and 62.1% higher in
Z2 as compared to CK. Similarly, peroxidase (POD) activity was 41.2% higher in Z1 and 35.7% higher in Z2
compared to CK. Malondialdehyde (MDA) content was 42.6% lower in Z1 and 32.9% lower in Z2 compared to
CK. However, chlorophyll (Chl) content was decreased by 61.1% in Z1 and 70.3% in Z2 compared to CK.
Soluble protein (SP) content remained stable with no significant differences observed. The root-shoot ratio was
57.6% lower in Z1 and 48.1% lower in Z2 compared to CK. Under low light levels, N. fruticans seedlings were
adapted to reduced light intensity within approximately 10 days by enhancing antioxidant enzyme activities,
increasing leaf area, and promoting lateral root growth. Even in lower light availability, seedlings were further
adapted to the environment by improving light absorption efficiency and regulating hormone levels.

Keywords: Nypa fruticans; shading experiment; physiological response; transcriptome
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