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WE: N T HUKSE(Mesembryanthemum crystallinum) i 5 EhAH S R 2H 2%, FIA Humina Hi-seq TM2500 =538 w23l 5 5 AT
FLUKSEIH J1 7E 400 mmol L NaCl el R 5 4R 1 22 5 ik . 553801, M\ 400 mmol L=t NaCl et Aot HE ok gt fy
JL3k45 13.01 Gb Clean data, Q30 ¥ KT 90.08%. FL3k15 123 42 RFKILA KK (DEGs), fHE 73 N LIFHER, 50 T
B, HAIhREERMEEA 96 4~. H4E Unigene 751117 GO COG Ml KEGG 1R, ikt 8 M Shidbtimi Rz Rk
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Transcriptome Analysis of Mesembryanthemum crystallinum under Salt
Stress
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Abstract: In order to understand the salt related genomics in leaves of Mesembryanthemum crystallinum, the
expression of transcriptome genes was studied under 400 mmol L NaCl stress by using lllumina Hiseq TM2500
high-throughput sequencing technology. The results showed that there were 13.01 Gb Clean Data from the leaves
treated with 400 mmol L' NaCl and untreated, the Q30 base was more than 90.08%. Among them, there were
123 differential expression genes (DEGs), including 73 up-regulated genes and 50 down-regulated genes, in
which 96 genes were annotated. The eight salt-resistance DEGs of were screened out based on GO, COG and
KEGG annotation. The plant hormone metabolism-related genes, including abscisic acid 8'-hydroxylase gene,
indole-3-acetamide synthase gene, jasmonate ZIM structure domain protein gene were down-regulated, auxin
responsive protein and cytokinin synthase genes were up-regulated. The sugar metabolism-related raffinose
synthase genes was up-regulated, and plasma membrane H*-ATPase and dehydrated protein genes were up and
down-regulated, respectively. These would provide a foundation for studing on salt tolerance genomics and
molecular biology of M. crystallinum.
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VK3 (Mesembryanthemum crystallinum), B[ K-
Hde, A& R (Aizoaceae) H L@, JFr™
JEIM FE BRI ZR B VKSEAE 20.0%~40.0%iF K< JEE 1
fik-F 400 mmol Lt NaCl T 347 FLAG A5 (A 5 14221,
ICEEFEENEFRYI, 1 100.0 g VKK EH 31.0 ug
AR 77.0 ug PLEEEE. 926.0 ug p-TA% F&K. 079
wHEBW, BTl UCRYE N —Fh R B s A S T e
AR D BE I BE3E, [EAFIRNGF SR 2 HE) Fh
Ho RTINS UK ST 7T T LA TP e IR
BHA. prhAdsAes BT, s A7
KPR 90 W R R 5635

B S I 5 % N ) vi b liea = G e K7L IV | 22567 7))
H, JUHE SR A R SRR T OR R A 55 B,
HAT, FH o i i o 1AL 3207
W, ATLAAT . R G S WO A R 2 LRI
S AT ER AR AE SR TP I8 T A s 2H R A TR T R
3T AL R 565 R T 3 AH DI DA P i e 2 — (134,
UKSEIR 73 - 18E 22 M D e R R 2H 22 B FEANER KGR
FEER I IE T TR AN 2, SRR A
e M e S B AR IR IR EE R R T v . AR
W5t A lumina Hiseq 2500 i@ &R, Mo
T IE T TR AR BT SR 6 38 A B 5 VKSR Fr 2 R ) R
AL, DLFHROKSEM B o SR OCBEEE DR, DhDKeR
M #h 3 PRI AH 22 Ao A P TR 2%

1 PRI ¥

1.1 #E

VK3Z (Mesembryanthemum  crystallinum) # - >k
H TR A LR B i RO FL . FhF4
3% H202 7 E 3 min, F/KMBEEER, ¥ FhriEE
TR, BTEFETERE =0, ik
BAEK B WM TS, 33 %, Phia
2H (S) Xt i 4H (Control) % 3 7. 4 2 d %% 1/2Hoag-
land 7R 1k, BT ANTAURES, #4780 2
MG, MfE, vlEeihehd, 4 2d sBigne
% 50 mmol L NaCl ] 1/2Hoagland & ##, H.F|

400 mmol L1, XJHR{YFE 1/2Hoagland & #, LA
Jay9R4EF 2 d 52 1/2Hoagland & 75K 1 VK, T8 75
Py 35 ), PKSERIREEE, BY R R RAR [FERAL B
AR & LB R e sk o ), Rk 3
MEE, BMEENTAEN IRGEETRGRE
H, REGEYR, A7 T-80°CHBRIRVKAR & H o

1.2 FHA R RNA $RER. B4

F PureLink Plant RNAReagent Kit 17| & 2 Bt
VKSR IS RNA, A EIEEETHIIRE Az F1 Asgo
{8, THEREAIREE, SR)5 T 15%0 A S DI A it
Jee K, Ao B S A fE ik A B IE R A E A TR
ANFATHSRAN T, HRE A R . IsHAEY)
& IREEHRFNT L, NN AR AT AT AR FA
oty JEER R R R iR . FERIRIA TS

2 R

2.1 BHARA BT

Xof HE R 2 Ak B DK S i P 2 v 0 A
s, IR 13.01 Gb A %% ¥E (Clean data), H
WA 6.62 Gb, B ACEE )N 6.39 Gb, H: Q30
BAEY KT 90.80%, KA P45 R T 5E, WTH TG
BRI HT. IR LRI, S SLPR A 69 734 Sk HAIE A
FF 51l (Unigene) il 131 228 4% 4% A7 51| (Transcipt),
N50 435l 2 323 11 2 058 bp, 4% 5 Bk iem; H
HK: i >y 200~300 bp 1 Unigene 3 &% %, 45 22 060
%, 17 31.63%, HFEEKEMIEI, Unigene =
Wb

2.2 Unigene ZhRE: R

N3k13 Unigene FIZhREERME S, @i NR.
Swiss-Prot. KEGG. COG. KOG. NOG. GO fl
Pfam %5 8 NI TR 0T (3R 2), 1E 69 734
% Unigene H, JL3k75 26 360 %(37.80%)iEH, LA
b 8 MBI 2 4y ) 3515 26 079 (37.39%). 16 708
(23.95%). 9624 (13.80%). 8029 (11.51%). 14 431
(20.69%). 24 156 (34.64%). 15700 (22.51%)#1 17 910
%(25.68%) 73 %%

2.3 ERRIKFER T
I 3o teF HER B 3 Ak B UK S i R 22 R SR IR Y
Ak, HIRTF 123 4 2 7 R A8 B [ (differential
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expression genes, DEGs), 4% 73 4~ LifiZE A, 50
AT IHEER; # DEGs K751 73 AIAE 8 Mt
PErh AT IR, L3R 96 & FL A ThAEIRE, COG.
GO. KEGG. KOG. Pfam. Swiss-Prot. eggNOG
FINR 23 5IER 19, 43, 23, 37, 76, 67. 86 f192

FEI) 43 2% DEGs 3570 8 3 K36, 0l N AEWid 8
AL AN 5 Ihie, 393N 27 D IRE/NR(EER 3),
LI FEK) DEGs LIACHTIE R . 4 Jifg i 7 A i —
RV RE 3 AN TR N R &% dH 7 1
DEGs LAZHf . AT AHas MLty 4 4T

%, LLNR $ds B ER R iemr, 14 95.83%.

AE/N RN E R % 7> T IIREM DEGs LML

ERREEFK GO TIREERE GO MReiE  ME&WENE 2 MR NENHERZ .
* 1 ARG F 2 HELIR PP A D e R
Table 1 Statistics of assembled results Table 2 Function annotated of Unigenes
K Fe A I IR B R Ko FER UL L 300~1000bp >1000 %
Length (bp) Transcript number Unigene Number Database Unigene annotated
200~300 25759 22 060 NR 26 079 9035 12 490 37.39
300~500 25093 19 497 SwissProt 16 708 5430 8874 23.95
500~1 000 24777 13427 KEGG 9624 3102 4837 13.80
1000~2 000 28 855 8721 COG 8029 2135 4891 1151
= 2000 26 744 6 029 KOG 14431 4507 7675 20.69
JAH Total 131 228 69 734 NOG 24156 8001 12 220 34.64
K ¥ Total length 158 144 854 52 698 219 GO 15 700 5321 7494 2251
N50 2058 1323 Pfam 17910 5203 10756  25.68
T4 Mean 1 205.12 755.70 B Total 26 360 9168 12523 37.80
% 3 ZERARILFER GO YReIERE
Table 3 GO annotation of differential expression genes (DEGs)
GO Ik GO function & Number
e Rt fE Metabolic process 23
Biological process Mt Cellular process 18
L) FE Single-organism process 16
Jl N % Response to stimulus 10
W15 Biological regulation 9
SEAL Localization 3
2 23 B AE A . Cellular component organization or biogenesis 2
KEILFE Developmental process 2
Z A 2 Multicellular organismal process 2
{55165 Signaling 1
ZHHIIFE Reproductive process 1
W52 Multi-organism process 2
Y Z G2 Immune system process 1
4HfI2H 53 4ijfs Cell 12
Cellular component AUMLR 4 Cell element 12
M #s Organelle 8
JiEi 45 k) Membrane structure 8
225 R4 Organelle element 2
JIE 45 #3543 Membrane structure element 2
K 3 K45 Complex macromolecular 1
Ju4h X Extracellular region 2
JiEdt I Membrane-enclosed lumen 1
Pl HEAIETE Catalytic activity 29
Molecular function S5 4t Binding 21
g yEPE Transporter activity 2
WERREE & e IR TiE M Nucleic acid binding transcription factor activity 2
LRI Electron carrier activity 3
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ERFIEEFK COGIIREERE  COG ik
FEVERENT 19 % DEGs #HTH RFVES K, H3kA
11 AN Ihaesr 2K (FR 4), FEEFRE E (EERNEIZ
AR G (/KL & EE 54881 Q (IRAARHE
FEVEE G G 1B AR A R (— M ThRE
). MEYEKREEREA KRERRIEL, EEHM
B, #WEEITRAER. WK EiE R
R, CASIRAEARE = YILE & i 185 o AR
AR, Ul I AR ) 2 R T UK A i Bl
R AR 1 ) B M

Z£RFEEFN KEGG TheerE®E A 234
DEGs 927 B (3K 5), 70l & 4/t 10 AT %,
BB EG TSSO D) B NREME K
(2 ) FFUREAWE ) BRERAEE AN B
KEAEDE LAY T AP P06 (L AN
FALBERRIL (L A a-WRRERARI (L AN) JE kA
PEACU(L MR IR IAFIE A G (1 AN
X ULHA R 38 R VKR S R AR R R AR
TR

* 4 ZRERIEILH COG WIREERE

Table 4 DEGs COG annotation

2.4 ZRER ST

T T BRI R UK S A I 4 SR AT
DifeiERe. e R AREER I RHER 6), &
KEWPEA iR R Gl TS BB
H*-ATPase & [l ()14 531 Fi T 351.4%. 500.0%-
877.9%71 459.6% 1%, M|Wk-3- 2 I IR ML A g i
IR 8- SERIAERES ZIM S ek I An i
KR 2 BT AR 3K )00 43 0l R R T 100.0%. 80.7%-
85.4%71 100.0%. A I, XiZEFRIAERFSE TH
Vi PESERRENER, ENEICEIERKSE .

3 Wik

EAR H AT O 2 F AR B A AL T B 7= A B
TUKSEVFZ IS RN, (B 7 7KP 0Ky
RZ HUIESS B FFRABE T e dd
TR S H A5 mRNA SRR, BEag )
BT IRRIER A DI RE . VRSN ARRRE A
Yy, B FEE A D R4S S 34T X

45 No.

iBEVER: Function annotation

HEER P FI% = Number of Unigene

AEVR 72 A A4k Energy production and conversion
FAIEIE 540 Amino acid transport and metabolism

BR 12 548t Lipid transport and metabolism

THLE T8 518 Inorganic ion transport and metabolism

—RIhEETM General function prediction
i HLi Defense mechanism

< TO TV OZ «—60mMmO

WKL &Y i2 548 Carbohydrate transport and metabolism
TP B IR LSRR 4 R Translation, ribosomal structure and biogenesis
SR NI A 0 % 4 Cell wall/ membrane/ envelope biogenesis

WAACHT=I & B ¥ F1CHH Posttranslational modification, protein turnover, chaperones

YA P~ A i Fa 1R Secondary metabolites biosynthesis, transport and catabolism

I I N e e e e R N 4

# 5 ZREFIEFFN KEGG ThEEi R

Table 5 Differential expression genes KEGG function annotation

%5 No. VERE Annotation LR PR B %0 Number of Unigene %K 5. % Total of Unigene
ko00906 By | FAEW4A AL Carotenoid biosynthesis 2 36
ko04075 ¥ E (5 54 S Plant hormone signal transduction 4 265
ko00052  -FLKE{R i Galactose metabolism 1 81
ko00350 i R Tyrosine metabolism 1 62
ko00908 T KZ‘AEMA AR Zeatin biosynthesis 1 26
ko00950 SRl AE B A= 4 i 1soquinoline alkaloid biosynthesis 1 33
ko00190 A LR 1L Oxidative phosphorylation 1 230
ko00592 o~V J§kEZ1RH alpha-Linolenic acid metabolism 1 73
ko00500 ¥} AIEHEAR i Starch and sucrose metabolism 1 235
ko00073 )i\ WAL FIE A=A B Cutin, suberine and wax biosynthesis 1 34
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Table 6 Expression abundance of differential genes in Mesembryanthemum crystallinum leaves under salt stress

ID K Gene XtHE Control  Jpill Stress %
¢7333.graph_c0 Az K i 3 (A %E A Auxin responsive protein gene 4.16 18.78 351.4
€9555.graph_c0 Y5y %L A BEEER Cytokinin synthase gene 0.49 2.94 500.0
€26505.graph_c2 M T4 & R BEZE R Raffinose synthase gene 0.77 7.53 877.9
€22932.graph_c0 H*-ATPase 2[5 H*-ATPase gene 0.47 2.63 459.6
¢17335.graph_c0 N W3- ZL IR R L e &5 BB 3E IR Indole-3-acetamide synthase gene 3.00 0.00 -100.0
€27100.graph_c2 MIEER 8'-FR 3L LB R Abscisic acid 8'-hydroxylase gene 8.02 1.55 -80.7
€24509.graph_c0 FEFIEARREG ZIM S5 3R 3L K Jasmonate ZIM structural domain protein gene 20.83 3.04 -85.4
€17958.graph_c0 Ri/K B EFEH Dehydrin gene 2.67 0.00 -100.0

M1, AR 5025 Pl 58 IR AR ) S FE A 7 AL
FEAWTSE A, FH lumina HiSeq TM2500 =38 &l
FEH AR MY T UKSEAE 400 mmol Lt 5 /i T i Fr
SRR BARE, MM EIRECAERE, X
FIk 22 S (R FE RGEAT LU 4T, 3R BH SRt J5 kR
PIREY I AR R A H E A O T R R (A
IRIERA T M.

WY EILT S5 T i A aigsh, Hxrdh
Fo 3B PRI R AN AL o R R A R
—VE, —FEER T CUE 2 AR BN, T 2 AR
NEA AR AR L, BhNa R, ik
St R VA TR 8- g WIWR-3- LR FR L i A
A8 Tt AR 546 5] i R T Z I 485 A4 38R 1 B (R ) R T R
ik, MAKRWNE A MESRRAEER LR
I8, BIBEFRTH EIEER(ABA). A K ZE (AUXIN).
HRATROA) I 24 2 (CTK), (Eitgnin a2,
AR KA K, SEmUCETI A 2.

ERE R, Y R ROk E A YR
KIEENBIER, WIEHBIE M IE PR, fERIA
ZE SRR R, ORISR R A RS RS G Rl R R
Fik, ARTE TR T, DIEEaiEn
F1BIEH, IR UK 2 b i 32 1

JRJEE H*-ATPase J&4H i i i 1 [ —Fh E ZE ) e
wH, EEYNAEGESS R REEEEH. 7F
HoKF L, FJE H-ATPase 5 T HMAK KA E
AR A 22 A e S R0, R il ie XA A3 R T
BE. BEWIBAEFRATE, SEMNEKKE
RN, XA RE S SRS A A0 IR S )
R R AN K. GUTREY, YFuELEY
1 1) 5 JE A JE AR T T HF-ATPase 4538 )i 17
AR R, FEER N E R, VKR AR
H*-ATPase J&[Al_FiiZIA, v DAIE5E HY IR 5130
1%, KE Nat/H g s E, $em NatshHEr)

AE7, B> KA TFANR, 4ERF T KY/Na“TFH7, M
T 32 KSR SR a N 52 1 . K EE R TE T R
PR EAREEAE SN EA, BiKE
PR R ERIA, RECT EiE Tk B E B R
BRI AE BRI R

HE it P 2 B — 2 470 2 R AH PO f S [
RIFAERRRIARA, Jk3E£ 5t 400 mmol Lt £5 il
BJE, fE—RIIEFEILFEEHR FETARAT, N
MEFAKEE. NP L, ATEEHE 7
FOOE R SRFE DR, A JE T 10 KSR T 5 G BR L A
FTNRESUE PR AL S FL (1) 27 2 mt, R Aok T3
L B B L
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