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Table 1 Statistical of high-throughput transcriptome sequencing data

ARG ISYGIEIE JSEEReEE e H:Xﬁ— _ Q20/% Q30/% ﬁ&ﬂziﬁ?ﬁﬁ%‘s
Sample ID Total Raw Reads /M Total Clean Reads /M Mapping ratio/% Clean Reads Ratio/%

RCK_a 43.82 43.07 87.49 96.89 91.97 98.28

RCK_b 43.82 43.26 87.89 96.92 92.03 98.71

RCK_c 43.82 43.23 87.94 96.89 91.97 98.66

RT_a 43.82 43.35 88.08 97.53 93.21 98.93

RT b 43.82 43.23 87.62 97.78 93.88 98.65

RT ¢ 43.82 43.25 87.62 97.77 93.85 98.71

7E: RCK, ZFEXTHEAL, RT, HPHasi10 disbEid, a. by cRR3MEYZEES; Q20. Q30/F R E=>20. 0MIIESL S EIHAE

=178

Notes: RCK represents blank control group, RT represents samples treated with salt for 10 days, and a, b, ¢ represent the three biological

repetitions; Q20, Q30, the proportion of bases with value = 20, 30.

RCK_a

FPKM 0.719 0.714 0.708 1
RCK_b

FPKM 0.729 0.731 0.727

RCK_c

FPKM 0.730 0.727 0.9

RT_a
FPKM 0.719 0.729 0.731
RT_b
FPKM 0.714 0.731 0.730
RT ¢

FPKM 0.708 0.727 0.727

RCK a RCK b RCK ¢ RT.a RT.b RT.c
FPKM FPKM FPKM FPKM FPKM FPKM 0.7

Bl 1 6 MEARRIEEMEKXERE
Correlation heat map of six samples based on
gene expression levels

Fig. 1
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Notes: Red dots represent up-regulated genes, green dots

represent down-regulated genes, and gray dots represent non-
significant genes
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Fig. 2 Volcanic map of differential expression genes
among different groups
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Fig. 4 the first 20 significant enriched KEGG pathways for differentially expressed genes

251 REMAEM L7 KX EFELT, HE
YR NFEAE S 5 YE 4 ( reactive oxygen species,
ROS) 7= A FiE BRI Zh AP, HIMNRRA BRI
R A T, FHROSWLE, A%
EEA PR NAFAE 2 B ROS 1 BR LK ——RiE
THERAEAEREOR TG BR, A 2 SO A B L
(SOD). iHAfLAN (CAT) &, JF& EEW
KEUIRIM AR . B AR, Ao k8 6 2
24 MG HEAAEBR LR (K 6), Hr, BifEk
L%Ié&iﬂi%%ﬁkﬂﬂﬁ%@%l, SBCN T,
Feik it 25 S AR AR ORI Ry i o R IR SR A ) B AL il
BN, ZREHGAT) 6.46, XU [RF AR I
AT IR MHA T, &R diE L
Ky, EERNPUELR ROS WEBRMEE T, 1Y
SR IS o
252 HEATHRARG EFRE MYTEXT
BN SIER BT IR R I ) IRE Y FAE- S en - 4 oY
BOWIEL, fERMBEMTYRS 55ERT, LuE

Iz Ah S AROK B TR, KB 10 Rk
22 Dt A AT HLE BT EEIN (&1 6),
WROKIIME . AR RERE . TR . IR . i
K . PO SEB BT Y, 7RISR,

ER S RAETE LIRS, RAESMNE T, Tl
R[S A N —BE R YR, DIET R R
T AN BB

253 MMM FABG ER AL HUKNHZE
P EEERES . USSR LA &
BRI AE P, AR R 7 AL 19 N
2P E (IAAS ABA) 3R (& 6),
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Table 2 List of partial salt-resistance candidate genes in root of S. apetala

JEAID log,FC KEGGIIREERE Z 5@k
. BB, R R
em i £ B superoxide dismutase, Cu-Zn family A WAk
. HEEACRE, BRER SR Peroxisome
beitoui el ey superoxide dismutase, Fe-Mn family
isoform_287367 6.10 WL TR
isoform 57012 -4.69 peroxidase Phenylpropanoid biosynthesis
iR R =
) pu=R fati S MAPK{Z = il i - 47)
beitonn 255k S catalase MAPK signaling pathway-plant
) A I S e A AR
besllenng salie L Glutathione peroxidase Glutathione metabolism
) TR A R A6 R
isoform_67198 Tk flavonol synthase Flavonoid biosynthesis
: 5 0HH-6- B R DA R Al
beitouin L2 [ trehalose 6-phosphate phosphatase . e e
-6 B £ R A S
. PR -0~ = & Starch and sucrose metabolism
isoform_134633 -4.24 trehalose 6-phosphate
synthase/phosphatase
: IKIIHE S PG
fEmi, Sl SHi stachyose synthetase A A T
) W TR L Rk Bl Galactose metabolism
_— isoform_49176 7.98 raffinose synthase
ZEE T
isoform_16906 5.82 5-1-ML W H-5-F2 T £ P BRI AR
isoform_31419 -1.20 delta-1-pyrroline-5-carboxylate synthetase Biosynthesis of amino acids
RN HER. LRI =R A
. it SEmR R i 22 Al X ; ;
isoform_272673 5.53 betaine-aldehyde dehydrogenase Glycme,_senne and threonine
metabolism
isoform_228012 2.1 IR L Rt MR R RS At
isoform_8893 -2.72 proline dehydrogenase Arginine and proline metabolism
) KRR T
ksiis 522 i auxin response factor
. A FR N GHIE [H 51 ik
isoform_119200 625 auxin responsive GH3 gene family
. AR MR
isgform_1268/1 3.48 auxin-responsive protein |IAA
isoform_278367 4.36 SAURF & [
— isoform_50365 -7.94 SAUR family protein B BT
e Plant hormone signal transduction
ERRR i Tt 4 2 AR PYRIPYL K ¢
isoform 49285 -6.23 abscisic acid receptor PYR/PYL family
. EElHIe
e = protein phosphatase 2C
isoform_267229 4.96 i A 7 25 T 5 TR
isoform_43536 -2.46 ABA responsive element binding factor
R ZEEE A B I A
isoform_216952 4.44 mitogen-activated protein kinase kinase
kinase1 MAPK(S 25 8K
, 175> IR 1 2R 19 4 Rl
R isoform_182097 4.28 mitogen-activated protein kinase4 MAPK signaling pathway-plant

isoform_140969 1.38

532 A 2R 1 6
mitogen-activated protein kinase 6

isoform_161961 -7.52

B ER E

calcium-dependent protein kinase

-5 A AR ELAE

Plant-pathogen interaction
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TEM AR AR M 7 R 30 S PR PR

isoform_260401 (WRKY22) 1
isoform_59689 (WRKY25) 1
isoform_111656 (WRKY2) |
isoform_149923 (WRKY33) 1
isoform_201355 (MYBP) 1
isoform_44218 (CBF1) 1
isoform_103273 (DELLA) 1
isoform_200475 (ERF1) |

isoform_61079 (SOD1) 1
isoform_173361 (SOD2) 1
isoform_287367 (POD) 1
isoform_25838 (CAT) 1
isoform_58072 (GPX) |
isoform_43369 (APX) |
isoform_67198 (FLS) t

isoform_9570 (stachyose synthetase) 1
isoform_49176 (raffinose synthase) t
isoform_279743 (otsB) |
isoform_134633 (TPS) |

isoform_5074 (SUS) 1

isoform_272673 (BADH) 1
isoform_16906 (P5CS) 1

isoform_8893 (PRODH) |
isoform_293369 (HSP90B

BT TP R BEP T THPIRR EEh

isoform_110747 (ARF) |
isoform_119200 (GH3) 1
isoform_126871 (IAA) 1
isoform_50365 (SAUR) |
isoform_48396 (PYL) 1
isoform_221018 (PP2C) |
isoform_30977 (ABF) |

isoform_216952 (MEKK1) |
isoform_182097 (MPK4) 1
isoform_140969 (MPK6) 1
isoform_161961 (CDPK) |
isoform_170830 (PBS1) 1
isoform_292906 (CTR1) |

)L
isoform_227491 (HSP90A) |
S

B 5 FikiERREAMmEMNECEER
Fig. 5 Key genes in response to salt stress in root of S. apetala

factor, ABF) . Mt 7% MR % & PYR/PYL X Ji%
( abscisic acid receptor PYR/PYL family, PYL )
2 W R B 2C ( protein phosphatase 2C,
PP2C) H: 8 NJEIH . IAA AH R EE K B GH3 JE A
¥ b ERIEAN,  HALRI B AAAE LR RS,
ABA SR R/ TRk . LIRZE IR,
T YR ER BRI FE JC I S5 A5 5 % i h R R AE
FH L S TR) R 2 [ sk B e 1o 5 A
254 MMEOHEBEARG EF AL EOHT
AR A, PR BT TR B RSz e 1R
S JE S AR EE A s s e N A U R, AR AR
RN 6 AP 10 NI AEOC K (B 6), H
H, 2R o 2L E NG AL R ( mitogen-
activated protein kinases, MAPK) MPK4,
MPK6 1 2 Ff 22 2 W2 I7y & W2 5 1 P g A&
PBS1. CTR1 3 Lk, 1 Mg iGibE
1% i 35 1 ( mitogen activated protein kinase,
MEKK ) MEKKT Fi1 1 B 85 4 J61 1 25 11 38 il ik 1
( calcium-dependent protein kinase, CDPK) 1
A 24 BERIk, 1A T RIS, AL S
PABEAE TOHE AR R M N AR A i, R TL R
HEA RN
2.6 MmpRzERAMBRIFE REF o0

kR —RomemE i, HAREERR
ISIVER . SAEY 2 B A i, e s R - i
S AR B A T EAE R, DR IR s 5
Jolp e SR ) 0, DATE B A PP 4 PO, ARHIFSY &
W8I 14 R RN XA T (KI6), W
L BANFR, 480l WRKY %K% . MYB K% .
GRAS ZJi% . bHLH Z %1 EREBP K ji%, Hri,
WRKY Z KBS AR Z, R WRKY %K

JAEAE TG S0 1 R e ot 2 E IR E
3 ittt

FE AT ERIE f N — 2 IR S 5 R 4
TEAR DRI 178 35 A1 o 1 381 008 | A BRI A2 A
41T — RN E S SRR, RAGENER
AR S ST H AR A R e R
VAL BT 004, BRSSP v m ) 20 i
e H P ARG, i — PR A
22 FBR AR LR ER ML 29 Bl Lt o SR,
SFFLIRAEY), URTHFSE JCIRE A R T H %%
SR AR TT R T Eh W38 A S H G S R T i 2 480,
X s PR = DA A ) A FT B 2 5 4 R 30 B 38 1
I RRFE R IR e . AP S AR =054 5
M EE R, R T JC R SO0 IR 4l & 500
mmolL™" Eh 0 4 FE 10 d )5 AYAR R 55 4l 50
TE M Bl AT AR WA B o b, B 0 i
89 MLk RARPTAR e JEF I — L L R X
EINIISEROI A v <o o o S S (YA E S

TEFEYI ) ROS B2 g kR, SOD. 4
k¥ (POD). CAT &% WAYHEE ., BFstkm,
NaCl [ J5 i £5 5 35 1 A34 #k R AR R i
SOD. CAT. POD itk R Pk 7t I AR
VG /MR R, A7 R FAEReTE AR
0V, % ik A0 P T ok AR AR PO,k A O
1 3 v DU R R X R B A T AEXH L ( Nicotiana
alata Link et Otto ) A9 4 48038 bR 36 H A 142 4
KIS SOD, POD. CAT LN &L T B2
F) BRIk, WIRAEE FIRZRAR LR . ARF7EH
KT RLMER, % SOD F, SOD1 24 I
P, 14T, SOD21 4~ L#ik; CATS5 43
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E: SRR IBEH Logy(FPKM + 1) 2R GHEI@ A RFICH RIA LB, Bielist, FE8I8; GNP EESERN, KN
Hh4LFE 0 d F1 10 d 6 MHEAL, SOD1: WAL ILEG, HIRER I AL YE LR, BE5%; SOD2: WA LY LE, K%, POD: it
LW, CAT: il SUbai; GPX: WBEH G Sk ; APX: L-Hidhmigil S /bii; FLS: WISl ; stachyose synthetase: KFibE#
i ; otsB: VEENE-6-WHIRUEIRNG; TPS: MFHbE-6-BHIR & nUEH/BEIRNS; SUS: MWIAES; raffinose synthase: Al FWE& i ; BADH: FiSRhlims
JiEUA; P5CS: 8-1-MLMSmk-5-F3R & il ; PRODH: W& MR S ; HSPO0OB: ATk 90kDa; HSPO0A: 43 T1#{H HtpG; ARF. KN
ENTF; GH3: KERE GH3 MK %; SAUR: SAUR FIEHE M ; IAA: K EMBEM; ABF: BIEMMN LTSN T; PYL: BERZA
PYR/PYL %% ; PP2C: AWM 2C; MEKK1: fEAZF AL A 1; MPK4: 5325000 G 4; MPK6: £ 73 24505 L2k G
6; CDPK: #5{Kfit: s (i ; PBS1: 22 M/ A A A PBS1; CTR1: £%M/7H AM&E M#LH; CTR1; CBF1: #337H+ CBF1;
ERF1: i i % s K 1

Notes: Log,(FPKM + 1) was indicated on a color scale from magenta (high) to green (low); Gene names are on the right side of the figure,
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and the six saplmes under 0-and 10-d of salt stress were at the bottom. SOD1, superoxide dismutase 1; SOD2, superoxide dismutase 2; POD,
peroxidase; CAT, catalase; GPX, glutathione peroxidase; APX, L-ascorbate peroxidase; FLS, flavonol synthase; otsB, trehalose 6-phosphate
phosphatase; TPS, trehalose 6-phosphate synthase/phosphatase; SUS, sucrose synthase; BADH, betaine-aldehyde dehydrogenase; P5CS, &-1-
pyrroline-5-carboxylate synthetase; PRODH, proline dehydrogenase; HSP90B, heat shock protein 90kDa beta; HSP90A, molecular chaperone
HtpG; ARF, auxin response factor; GH3, auxin responsive GH3 gene family; SAUR, SAUR family protein; IAA, auxin-responsive protein I1AA; ABF,
ABA responsive element binding factor; PYL, abscisic acid receptor PYR/PYL family; PP2C, protein phosphatase 2C; MEKK1, mitogen-activated
protein kinase kinase kinase 1; MPK4, mitogen-activated protein kinase 4; MPK6, mitogen-activated protein kinase 6; CDPK, calcium-dependent
protein kinase; PBS1, serine/threonine-protein kinase PBS1; CTR1, serine/threonine-protein kinase CTR1; CBF1, transcriptional regulator CBF1;
ERF1, ethylene-responsive transcription factor 1
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Fig. 6 Cluster heat map of the 89 salt-resistance candidate genes in roots of S. apetala
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Transcriptome Analysis of Sonneratia apetala Root in
Response to Salt Stress

LIANG Rui-tao, HAN Wei-dong, YANG Shao-xia, CHEN Bei-bei
(College of Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang 524088, Guangdong, China)

Abstract: [Objective] To lay a molecular basis for functional verification experiment and genetic breeding
of tree salinity tolerance, the genetic mechanisms was explored, and salt-related genes were identified for
Sonneratia apetala Buch.-Ham. [Method] In this study, the root tissues were collected from a 1-year-old S.
apetala treated with 500 mmolsL™" NaCl for 0 (control group) and 10 d (treatment group). Then transcrip-
tome sequencing and bioinformatics analysis was performed based on the three-generation full-length
transcriptome dataset of S. apetala. [Result] (1) Compared with the control group, 14401 genes were dif-
ferentially expressed after salt treatment, of which 7153 were up-regulated and 7248 were down-regu-
lated. (2) GO analysis found that a total of 11068 differential genes were annotated in 47 GO items. (3) For
KEGG enrichment analysis, a total of 6 189 differential expression genes were enriched to 134 pathways,
of which 14 were significantly enriched (P-value <0.01, Q-value <0.05). (4) Further functional annotation
analysis of the differentially expressed genes revealed a total of 89 genes was potential salt-related can-
didate genes. Among these, 24, 22, 19, 10 and 14 genes encoded enzymes or functional proteins referred
to antioxidation, osmotic adjustment substances, plant hormones, protein kinase and transcription factors,
respectively. [Conclusion] Genes relating to active oxygen scavenging, osmotic regulation, plant hor-
mones, protein kinases and transcription factors participate in the regulation of salt stress adaptation in S.
apetala.

Keywords: Sonneratia apetala; salt stress; transcriptome; differentially expressed genes (DEGs)
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