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SRR R B, EARE M AT, e OF
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PYR/PYL/RCAR) %54, B MUY & & 1A 2 3 il
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PP2Cs) [ifith, SE N2 SNF-1 K562 (A LG
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SnRK2/SRK2 ) Hy#id AR, %8 H HAEmERR AL
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FLT-4), B2 4 iy b 7 ok B 3 &Pl
7, FJaiERSE-80 C BRI KAE TR .
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Fig. 1

1.2 FHiE

121 #Fxan s K8 M (CK-1, CK-2,
CK-3. CK-4. LT-1, LT-2. LT-3 f1 LT-4) &4t
S A W R 2R A BN R TAE A RNA 1Y
PEEC . RS #PE A R4, H llumina
Novaseq 6 000 V-5 #4717 .

1.2.2  HESH KT IARE clean reads 5
Pkt Z % R4 ( https://bigd.big.ac.cn/gwh/Ass-
embly/990/show ) #EAT HLXFFF G811 Huxd 3, HoXt
SRR HISAT,

FPKM ( fragments per kilobase million) H[I
100 J3 45078, AR L 1 000 > 6 3y
A, HXE EEY reads. DL FPKM AT 5L 31k
i, RN RSEM,

Tk R A R T AL 25 R AL b
AR 24l kA S RBNILE , 2550t
“} DESeq2, ik {H H]log,FC| =1 Fil padjust <
0.05. [FIEFFIHE® Y = FE& (httpsi//cloud.
majorbio.com ) X} ¥ 15 3| i) DEGs #: 17T GO I
REVEREH KEGG & 50T .
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1.2.3 qRT-PCRZHE 5k 3 45 S i o 1k

AWF5E S T 6 4~ KoHB-others il 54~ ABA {5 %
1% DEGs i1 75E %4 2 1 PCR ( Quantitative
Real-time PCR) H:3iF, FIFH primer 5.0 &% i

Pevk N TR RS i, WS EKE A
KoACT2'" | 51 NS pallie 1, DL 2742 ik

115 DEGs RYAHXTIAKFE .

&1 gRT-PCRE|¥IFIFIER
Table 1 Primer sequences by qRT-PCR analysis

e HEZH (GEHEID) 5| ¥)%%) (5-3') Primers sequence

e Gene name (Gene ID) 1E[7 Forward J% 7] Reverse
1 KoHB-other1(Maker00002036) GCACCAACATCGGGACAAA CTCATCCACCACCGCACTC
2 KoHB-other2(Maker00003789) ACAATGTTTCAGGGCAGAG ACCAATGAAGTGAGGGAGC
3 KoHB-other3(Maker00008096) CAAGAAAGTTTACGAGGAG TCTTACATTAGTGCCATCC
4 KoHB-other4(Maker00014773) AAGACCCTGTGATTGGAGT TAGAAGGTTGAGATGTGGC
5 KoHB-other5(Maker00016058) GCTACGACCACGGACAATA GGCTTCATCCCAATCATCT
6 KoHB-other6(Maker00017922) ATGATGCTCCCTTACTACCC TTGGCAACATTATCCTGAA
7 KoPYL1(Maker00013579) TAAGATTGTTGGTGGTGAT GTCTCGTCCTTCGTATTTC
8 KoPP2C1(Maker00008505) TGTTGACCATAAGCCTGAC GATACGCATCGCCAATAGA
9 KoABF1(Maker00004855) AGATGACCTTGGAGGATTT GCTGATACTGCGGATGTTG
10 KoABF2(Maker00005324) TGAATGATGCCTCTGGTGA GTTGTTGATGCTGCCCTTT
11 KoABF3(Maker00011633) ATAGTGTAGGCTTTGGTGTT TTTCTGTTTGACAAGGGAC
12 KoACT2 (P Zreference gene) ACCGAGGCTCCTCTTAATCC AGCTGGCACATTGAAGGTCT

2 ZRE5pH

21 MFEEERIES

KRR A RE SR T RNA SREUS , 25534
DU FF ARG b S e et o 30 o HE B P o e e A
YPiE, 95T 48 669 538 ~ 61 694 828 1 Clean

ALK 0.02% A4, Q0¥ & F 98.14%,
Q30 ¥ 94.41%, GC &84F 45.11% ~45.60%
(%2), [FRF, BESLER L, % (Bl 2) %W
CKY 5 LT A B4 R —J5, ULHARE & [H]
(A T PR . R, zlxﬁﬁm@i%%éﬂfmur%

reads ( R BT45 5 U 8088 9 S 20 HER ), 45i% ZROEM, RSl 15,
* 2 BEFREAWFHERESH
Table 2 Quality test of transcriptome sequencing data

FESL AR P R G S = TR AT IR Q20 Q30 GCH &

Sample Clean reads Clean bases Error rate/% Q20 content/% Q30 content/% GC content/%
CK-4 61694 828 9 195 255 893 0.024 4 98.26 94.75 45.60
CK-3 53 516 676 7 984 971 936 0.024 3 98.30 94.83 45.28
CK-2 58 608 596 8751226 148 0.024 3 98.29 94.83 45.41
CK-1 58 170 210 8 665 931 104 0.024 4 98.27 94.76 45.44
LT-4 57 684 098 8613 236 032 0.024 7 98.14 94.41 45.39
LT-3 55 311 392 8 240 665 850 0.024 4 98.28 94.76 45.11
LT-2 48 669 538 7 257 847 489 0.024 3 98.30 94.83 45.33
LT-1 48 871 524 7 274 047 403 0.024 5 98.23 94.65 45.44

22 53ZERFEMAXLE
AHF5E S % Nl Kandelia obovata ( https://

bigd.big.ac.cn/gwh/Assembly/990/show ) , ff £

2 JL R 4H R AR S koO1, 18 33 % i 35 )5 1Y clean
data 5% ILHAMATX LRI, LI =AY
TR B ) FE X R 3 F 96% (% 3), ffhiilt
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_sop MTH other Fll MYB-related 45 %% 51 Kl ¥ Z2 % T 0 15 1) 2
5 ol HSCH B %, 409 4 11.49% . 9.46%. 8.11%.
%_187 T 8.11%. 6.76%. 6.08%. 4.05% f14.05% (#4),
T o200 Hrpr, HB-other K i e 5% [N 744 % 6 1> DEGs,
a0} KoHB-other1 ( Maker00002036 ) KoHB-
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Fig.2 PCA analysis of samples

XF (CREENL RN FEH 4] 1Y clean reads (H ). £
7 Xt (%75 LA 24 Xy & 1) clean
reads 8(H ) FiME—Lext (7ES% )75 A ME—Lb
XH B H) Clean reads 4t H ).
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AT i s A1 I T A s B 148 A4 SR A
+, @ T 25 kAR, Hf, ERF,

other2 ( Maker00003789) #1 KoHB-other3
( Maker00008096 ) T i 3 i5 , KoHB-other4
(Maker00014773 ). KoHB-other5 (Maker00016058 )
H KoHB-other6 ( Maker00017922) | i % ik
(K3),
24 ERFFERETE

PL P<0.05. T2z 5355 FC>2 o FC<
0.5 ik 2, #—2 % DEGs $t & #1148 i1
SEOHT. SRR, LT 4181 CK 411 DEGs 3t
1330 4>, Hrr, 698 1~ DEGs [j#kik (52.48% ),
632 /> DEGs FilFkik (47.52% ) (¥4 ),

#3 HEXER

Table 3 comparison results

[T T SEERT CHEXT2/%) Z I CHEXS26/%) AE— Bt CHUXTER1%)
Sample Clean reads Total mapped (Mapping ratio) Multiple mapped (Mapping ratio) Uniquely mapped (Mapping ratio)
CK-4 61694 828 59 530 651(96.49) 2721 385(4.41) 56 809 266(92.08)
CK-3 53 516 676 51710 126(96.62) 1903 142(3.56) 49 806 984(93.07)
CK-2 58 608 596 56 414 468(96.26) 1904 490(3.25) 54 509 978(93.01)
CK-1 58 170 210 56 184 040(96.59) 1957 228(3.36) 54 226 812(93.22)
LT-4 57 684 098 55 686 289(96.54) 2175 795(3.77) 53 510 494(92.76)
LT-3 55311 392 53 452 339(96.64) 1753 405(3.17) 51 698 934(93.47)
LT-2 48 669 538 47 076 980(96.73) 1401 233(2.88) 45 675 747(93.85)
LT-1 48 871 524 47 282 051(96.75) 1585 312(3.24) 45 696 739(93.50)
R4 BAHERFRFEREEERES
Table 4 Partial transcription factor family and corresponding gene numbers
75 No. S RF R TF family F: R % Number %5 No. R F % Family F: R %E Number

1 ERF 17 11 ARF 4

2 NAC 14 12 Dof 4

8 WRKY 12 13 GRF 4

4 bHLH 12 14 MIKC 4

5 MYB 10 15 M_type 4

6 bzIP 9 16 SBP 3

7 HB-other 6 17 DBB 2

8 MYB_related 6 18 GATA 2

9 AP2 5 19 HD-ZIP 2

10 B3 5 20 SRS 2
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TEARNRINEY G YRGS Lk
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Maker00003789 50
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LT

GG CEFUREAGHE . CEER-REE AT a- K
MR 5 4% KEGG il I, Hr, MHYMER
S SE P E LS DEGs Blimi L, HER
2.6 MERESEEEXEREZE

ABA {5 5B R R WM R 55 % FE g h —
FEEHREE, WNiZER R DEGs #HATHA
29 &, KoPYL1 (Maker00013579 ), KoABF1
(Maker00005324 ) FlIKoABF2 (Maker00011633 )
FLH FH#E L, KoPP2C1 ( Maker00008505 ) il
KoABF3 (Maker00004855 ) A T AZFA (5 ),
2.7 QRT-PCR WiF

Xif K TE R 6 4 KoHB-others Fil 5 4>l %
W2fw =~ ik4e DEGs #1717 qRT-PCR ¥k, £53R3E
WX 11 SRR AR 35 5 e Sy 2 P 25 SR — 3K
(&1 6), FeHH A o vl 4
3 Itk

sk iy (RNA-seq ) FAXTHERIZ 88 HAT
e P ERR MR R SR, Bl iz PR e
M=% ( Brassica rapa L.) ", sy ( Malus
sieversii (Ledeb.) Roem. ) 2 25 Z FAt i 58 5L A
MIBFSE R, TAE B IE S LT A B R A K
o AR H, KFEM Q20 A H 4 L KT
98%, H Q30 fEH /3 LB KT 94%, GC it
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*5 ZERERHEATH KEGG @R
Table 5 Top 10 KEGG pathways of DEGs number
KEGGi# 1% HHKID ERIEFEHE PfH — ok %k
KEGG pathway Pathway id DEGs number P value First Category Second Category
i 2 g2 B S Ab .
YR TS X ' 55T
Plant hormone signal transduction IEELLTE A BLLyas 7 EnVIronrpentaI imaten Signal transduction
Processing
o o FAb R AR LD 5 P
RN & AR : .
Phenylpropanoid biosynthesis map00940 22 0.000 000 2 Metabolism Blosynthesm of other secondary
metabolites
A5 R A ELAE BHLRG BT
Plant-pathogen interaction il L Iz e sz Organismal Systems Environmental adaptation
T AR A R Bk A& YA
Starch and sucrose metabolism B U1 Bl sile 7 Metabolism Carbohydrate metabolism
. HEEfE B AL EE x
MAPK{E 5l B -4 X ! (R
MAPK signaling pathway - plant map04016 11 0.124 596 7 Enwronr_nental Information Signal transduction
Processing
S FUE A R wRAE YA
Galactose metabolism el b2 - e che e Metabolism Carbohydrate metabolism
JeEEH-R&EERE R e A
Photosynthesis - antenna proteins EELIEE v By Metabolism Energy metabolism
-1 FRER AL v’ AL
alpha-Linolenic acid metabolism gL Uk ¥ (RO Metabolism Lipid metabolism
Hh R AQ A R F SRR
Glycerolipid metabolism map00561 7 0.124 6612 Metabolism Lipid metabolism
- [k 2 N 2 2 R A 14 . Py
) S AR LAY
Cystelne_ and methionine map00270 7 0.345 086 9 Metabolism it et el
metabolism
*6 Z=REHFMAEI+H KEGG &R
Table 6 Top 10 KEGG pathways with significant differences
KEGGi& 4 HEKID  ERIEEHE PfE — %ok R G S
KEGG pathway Pathway id DEGs number P value First Category Second Category
. . S - HoAt RA AR ) A B R
R IED A K R ; '
Phenylpropanoid biosynthesis map04075 22 0.000 000 2 Metabolism Blosynthe5|s of other secondary
metabolites
g g A5 B b o
R E TS d g Fotks
Plant hormone signal transduction map00940 31 0.000006 7 Enwronmental Eaten Signal transduction
rocessing
JeEEH-R&EERHE R Ae AR
Photosynthesis - antenna proteins TiE(RLAEEE v Gt Metabolism Energy metabolism
- FURE A R AR & A
Galactose metabolism LY 2 BT B Metabolism Carbohydrate metabolism
FT AR TR AN ) AR R - . .
. . AR KA
C_utln, sube_nne and wax map04016 5 0.002 4277 Metabolism Lipid metabolism
biosynthesis
a-F pREZ AR AR KA
alpha-Linolenic acid metabolism map00052 7 0.007 326 3 Metabolism Lipid metabolism
B PRI I KRE H (I AGE-RAGE(E 5
ik NI 43R P
AGE-RAGE signaling pathway in eI < B ZEe Human Diseases Endocrine and metabolic disease
diabetic complications
R0 A =05 A R it [ EAGES IRl
Sesquiterpenoid and triterpenoid map00592 4 0.012 627 6 ; Metabolism of terpenoids and
) ) Metabolism .
biosynthesis polyketides
; . . - AN 22 SR A
KHE DREWE R AR ; .
Carotenoid biosynthesis map00561 5) 0.013 924 4 Metabolism Metabo_hsm of terpenoids and
polyketides
R AR e A
Nitrogen metabolism EpLIET g L Metabolism Energy metabolism

KHET 96%., AL, qRT-PCR 45 B, Frdk
i DEGs M AZfb a4 5 5 Al 45 AR — 8, Y

B, ASHIFST G S AL e A s 4 R R, I e SR A
TR
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Fig. 5 Expression of DEGs in ABA signaling pathway
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Encyclopedia of Genes and Genomes, KEGG )
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2 55 55 S50, ABA ZAEY)E W AR M
Bl I e M LN S Sl & W= N A 2= 817 B i
“ PYR/PYL/RCAR-|PP2Cs|-SnRK2-ABF/AREB-I!
FERER T AR BOEWY, ABA {55 i&1%
HHCEFZEY % e MAFS . Zhang
GPIBESE KB, Bl OT o Rk 1) RCAR12 1%
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Transcriptome Analysis and Gene Discovery of Abscisic Acid
Signaling Pathway in Kandelia obovata under
Low Temperature Stress

GUO Jin-min', YANG Sheng', LIU Xing', WANG Jin-wang'?, WANG Wen-qing®, CHEN Qiu-xia'

(1. Zhejiang Institute of Subtropical Crops, Wenzhou 325000, Zhe’jiang, China; 2. Wenzhou Key Laboratory of Resource
Plant Innovation and Utilization, Wenzhou 325000, Zhe'jiang, China; 3. College of Environment and Ecology,
Xiamen University, Xiamen 361102, Fu’jian, China)

Abstract: [Objective] To understand the molecular mechanism of Kandelia obovata in response to low
temperature stress and cultivate new varieties of cold resistance. [Method] Based on the annual contain-
er seedlings of 'Longgang' K. obovata, a cold-tolerant mangrove cultiva, the control group ( CK ) was
treated at 15 °C for 12 h and the low temperature group ( LT ) was treated at =5 °C for 12 h. lllumina HiSeq
sequencing platform was used for transcriptome sequencing, and the genes related to abscisic acid signal-
ing pathway were discovered. [Result] The results showed that a total of 148 transcription factors were
identified by transcriptome sequencing, which belonged to 25 transcription factor families. Among them,
ERF, NAC, WRKY, bHLH, MYB, bZIP, HB-other and MYB-related families contained more genes, which
were 17, 14, 12, 12, 10, 9, 6 and 6, respectively. A total of 1 330 differentially expressed genes ( DEGs )
were screened in the differential group, of which 698 ( 52.48% ) were up-regulated and 632 ( 47.52% )
were down-regulated. KEGG pathway enrichment analysis showed that DEGs were significantly enriched
in plant hormone signal transduction, phenylpropanoid biosynthesis, galactose metabolism, photosynthes-
is-antenna protein, and alpha-Linolenic acid metabolism. Among the abscisic acid signaling pathways, Ko-
PYL1, KoABF1, and KoABF2 were up-regulated and KoPP2C1 and KoABF3 were down-regulated, and
the expression of these genes was consistent with the gRT-PCR validation results. [Conclusion] ERF,
NAC, WRKY, bHLH, MYB, bZIP, HB-other and MYB-related play an important role in regulating the re-
sponse of K. obovata to low temperature stress. Phytohormone signal transduction, phenylpropanoid bio-
synthesis, galactose metabolism, photosynthesis-antenna protein and alpha-Linolenic acid metabolism are
important KEGG pathways in K. obovata in response to low temperature stress. KoPYL1, KoPP2C1, Ko-
ABF1, KoABF2 and KoABF3 genes in abscisic acid signaling pathway can be used as important candid-
ate genes for future studies on the response of K. obovata to cold stress.

Keywords: Kandelia obovata; cold stress; transcriptome; transcription factor; abscisic acid signaling
pathway
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