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B E FAAEEEN T EAREE M AR OKSEN T, MR UK AR E . 20153 24.13 Gb H
AR AN 24 045 4% Unigene H7ERE, £33 DEGs 1902 4N(TO vs T1)F1 2 134 4~(T0 vs T2). (TO vs T1)ZLAI(TO vs
T2)4H 53 A 40 F1 41 D IhEe/ NI GO BdE s 73 7l 20 AN 24 A Dhfer RS KOG #dE P2 155 Al
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Abstract The second generation of high throughput sequencing technology was used to sequence ice plant under
low temperature stress and to construct transcriptome database. 24.13 Gb of valid data and 24 045 annotations of
Unigene were was obtained. DEGs of 1 902 (TO vs T1) and 2 134 (TO vs T2) were obtained. Two groups of DEGs
were classified into 40 and 41 functional small categories respectively by GO database and were obtained
respectively 20 and 24 functional categories by KOG database and were annotated 55 and 272 genes by comparing
DEGs with KEGG database, which were enriched in 74 and 105 metabolic pathways respectively. DEGs of TO vs T1
group mainly annotated to 4 metabolic pathways; DEGs of TO vs T2 group mainly annotated to 11 metabolic
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low temperature stress in Mesembryanthemum crystallinum Linn., Fenzi Zhiwu Yuzhong (Molecular Plant Breeding (online)), 18(40):
1-11 (doi: 10.5376/mpb.cn.2020.18.0040))
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pathways. It were showed that there were the metabolic pathways of positive correlation: acetone alcohol
biosynthesis, purine metabolism, glutathione metabolism, fatty acid metabolism, brass metabolism, amino acid
biosynthesis and other metabolic pathways, and the metabolic pathways of negative correlation: plant-pathogen
interaction, plant hormone signal transduction, starch and sucrose metabolism. The key genes of starch and sucrose
metabolism pathway were analyzed: the expression of 5 key genes, such as trehalose 6-phosphate synthase,
trehalose-6-phosphatase, beta-amylase, glucose—1-adenosine phosphate transferase and glycogen phosphorylase,
were up-regulated, but down-regulated gene was not observed during T1 (1h) of low-temperature stress; Three key
genes of trehalose—6—phosphosynthase, hexokinase and beta-amylase, were up-regulated and the glucolactone—1,3-
beta—glucosidase gene was down-regulated under low temperature stress at T2 (36h). Eight DEGs in starch and
sucrose metabolism pathway were selected and analyzed by Quantitative Real-time PCR. The relative expression
level of 8 DEGs was consistent with the transcriptome expression profile analysis.

Keywords Ice plant, Transcriptome, DEGs, Starch and sucrose metabolism

HAHEE R S X ks 4 CAGR a2, 4b
IEEH”K%#J'UJ 1 h 1 36 h, #]H Ilumina Hi-seq 2500
Al T HOR, BT UK S AR IR 18 i S ATL ) S

VKR, 24 0Kt H B (Mesembryanthemum crys-
tallinum Linn.), ;2 F A5 FH LB Me sembryanthemum
L) — AR AR AR AR Y. SRR AR,

AHE AR (TSN, 2016). BB, ATt S AL, . 75 e S T I S 1R
% A SR RRES  ITAER SRR . VKSEAEN Aol SE DR 3k 1ML, AN R UK KT (I8
O, BT 8h0, @R, AATESOKEIE  sapm iU e], S BT i 5 kSR R
R BOE A AE KR SC~25C 8T SCEUE i, HukcEitR i & i 2 406,

T 30°C o I ZE B 502 B, IR e B3 i

ﬁunuﬁiﬁﬁﬂ%%m@mﬁ%% 2019> m%ﬁzﬂj HRETW

’E%E’Jﬁﬁll’]ﬁﬁiggx

(N SER (YRS e bt BN A 82 )
BRI E 2 —, Home & T 22 PR 2 W A A, 32 SR
TE 20 WS 22 0 T3 1 400 o 2R K 5, o T B
AU R AT, 1 T 2 3 T S5 ORI ST, 2018) 0 BESRA o
S AR B R 0 R 5V AR EE R R, I S
ZME K AEKE T EAER, RA R BES Y
SRAN LR K T AR AP B AWK oy T S T
(Hincha et al., 2002), 3F i i 5P £ K R B il
BeSE i R (LKA, 2016)0 I RIS K ILRE A o1
EAHERGES S TIEH, Z5HEYIGE i i
AR BN, AR B AR R N BRK AL S
AN GE, JE R TERE SRR AT E RN s
SN N O B B (PN ISR, 2015); M EEREAE N
BE A TZS5HEMPE RNAAEKKERE
(Matthew et al., 2008); 53 #MEARIRME R, HE K45

OB KM R R YR SR ESE, 2019; 16
5, 2019). BRI, FF R VKGR IGIR P E TT/MHWWT
Az AN G HLHIAIT E A b A

ARk, E A ] KSR 1A it R s R BRI, 0

R I PB L 2% A T S5 2H 7K P 2Rk R AR R 8 L R

2SN, 1931 24.13 Gb Clean data,
TO Clean data &y 8.47 Gb, T02 Clean data -~ 7.69 Gb,
TO03 Clean data ¥ 8.00 Gb, Q30 HJiid 92.0% (£ 1).
PPt RAF R TAEOR 0T B A3t i (3R 2),
AR P B (Transcip) 25 HC 153 971 2556 A 751,
PR N 1384.0 bp, N50 K 2 397 bp; H1 HFE
1| (Unigene) % it tH 76 907 4%, “F- K &4 751.4 bp,
N50 ¥ 1215 bp.

1.2 Unigene i£%%

%4 5 COG.GO.KOG.KEGG-.Pfam.Swiss-Prot.
eggNOG . NR 4 2 I ELXT, X Unigene ZhfgiERE
WEAT S8R 3), £E 76907 46741/, Horb 24 045 2%

® 1A BEGE A G

Table 1 Statistics of clean data

T T Tl Ak GC &%) Q30 (%)
Samples Read Base GC Content (%)

TO 28 360 950 8 466 724 784 47.10% 92.72%
T1 25735464 7689 769 894 46.98% 92.73%
T2 26 684 607 7974 101 406 46.72% 92.95%
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Table 2 Statistics of assembled results

K X1 (bp)

LS N TR e

LN Fr A K

Length range (bp) Transcript number Unigene number
200~300 31 005 (20.14%) 27 377(35.60%)
300~500 24991 (16.23%) 19 389(25.21%)
500~1000 25523 (16.58%) 14 189(18.45%)

1 000~2 000 33023 (21.45%) 9226(12.00%)

2000+ 39429 (25.61%) 6 726(8.75%)

AR 153971 76 907

Total Number

K 213 095 569 57787754

Total Length

N50 KJZ 2397 1355

N50 Length

K 1384 00 75 140

Mean Length

Unigene f38I7EREE R, (5 EE 3126%. Hid 5 COG $id
FEECXT, 433 7627 SR, i SRR ) 31.72%:
5 KOG $dE FEEuxt, 193 12913 203585, o5 s Rt
KI¥) 53.70%: 5 GO Hdfls FELLXT, 153 13 771 5%3%
B, o RVERIEE N 57.27%; 5 KEGG $¥E JE LLxT,
133 8 625 25V FE, M EREFE A 35.87%; 55 Pfam
Bl txs, 53] 16296 2 ER, M AAERRIERH K
67.77%; 5 Swiss-Prot (4% 2 LU X, 15 2] 15 787 %1%
B, RIERREEINY 65.66%:; 5 eggNOG i & H Xt
133 21 585 26VERE, i MEREELA K 89.77%; 5 NR
Bl bexs, 5523510 26 ER, SRR K
89.77%.

3 IR PR S TER

Table 3 Unigene functions annotated

1.3 DEGs MiFE L R SiERE S
1.3.1 P54l DEGs L%

Wik DEGs [ EE &7 #r, 153 2 UK AR IR e
DEGs 1 902 N(TOvsT1)#1 2 134 /N(TOvsT2), H:+ TO
vsT1 HFRIEE FIFARISER 1317 4, FURZEER 585 1
TOvsT2 HRIAE FIAIZEER 1184 4, FIZEERE 950 4~
(& 4). JBILXPAL(TOVSTI, TOvsT2) DEGs 4 & &
AT RIS 1 h JESE AR R 1392 A, Hp |
WRIEZEA 1048 4, T IAFRIE I 344 A5 R IE My
il 36 h AFFLFRILIE 1 624 4, Hrb BiARIERR
915 A, FIAKIEIER 709 A KIEMIE 1 h 136 h
HRIEHE 510 A, Horp FIFRIEIER N 269 4>, T
WFRIRIE 241 Ao S50 T1 JEILRIE R A T T2
4N 163.67%, Hr EERE TR 12.69%, T i
LA FERBEIN 106.10%; T1 5 T2 FeFEFRFF, B
WRRIRFE R (269 M) 5 T IR IE R K (241 )2k
A—FHE 1).

¥ TO vs T1 A1 TO vs T2 P2 DEGs 43 Bl RE 2|
NR % 8 MR, 477433 1089 AN 1512 4 4
B, HoH COG #u¥ia 12243 1l 340 /N AT 575 4N, GO £ds
JE 43 5 625 AN FI1 897 AN, KEGG #4iE % 73 7 317 4
F1501 />, KOG #4843 1) 457 A F1 744 4>, Pfam
HlE 2y ) 868 /A 1220 4™, Swiss-Prot ZU4E & 47
il 825 NAN 1176 4>, eggNOG 4 43 1) 1 021 4>
F1 1425 A NR ZdE 27351 1091 AF1 1500 41NER S),
oA NR i B R L g SIS 99%.

1.3.2 GO ##s R Bt 1ol
GO ¥ e th B A4 %1d #£ (Biological process)-

IS B VR B P £ IGO0 KEZ<1000)  PIEPIKEKES1000) A2 (%)

Bioinformation database Annotated Unigene length Unigene length Percentage (%)
unigene number (300 <length<1000) (length>1000)

COG 7627 1144 5299 31.72

KOG 12913 2962 7812 53.70

GO 13771 3232 7929 57.27

KEGG 8 625 1927 5266 35.87

Pfam 16 296 3464 10 892 67.77

Swiss-Prot 15 787 3822 9735 65.66

eggNOG 21585 5406 12 465 89.77

NR 23 510 6 445 12 805 97.78

SR AL 7 1 KK 24 045 6 563 12 823 100

All annotated unigenes

sequence number
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Table 4 Expression of differential genes

i PR EREER BT

Group All genes Up-regulation Down-regulation
gene gene

TOvsT1 1902 1317 585

TOvsT2 2134 1184 950

HRIEERIER 510 269 241

Co-expression gene

C 4 g 2H (Cellular component)F1 M 43~ I/ i (Mo-
lecular function) = K 2H 1% . (6 HpiE A [F] Ab BE B (7]
T1.T2 UK DEGs #1474t it 45 R B Pi4 DEGs
Gy AR 40 F1 41 DNIhREANRGER 6). AR
Jii: DEGs FZAHE ARk #2 7. g Ml 72 7.
CRR— W R AR e AL RN
R 20 i 1% 53 BAE P AR 6 N TIRE/NE LG .
P2 DEGs LUAl 7 5 K E < B0 7« BhE L A2 A
CHI B R FAED A R 3 AN IS R L BOK, i
i 2.0 5o N DKCRARIRMHE T, A2 0 1 v 2
LR FAE ) i AR AR B R e . 42 40 i
T2 77 1 : DEGs F AL fE “ L4514 ™ JIEE Rl 43 ™ 4
JHL 77 A PR 2 AN s RN A0 O S 2 T T RE /D
2% W4 DEGs HUfE 2 7ok & - 40 i &% Bl 7 A 2
s 75 2 AN RR LR RS, 20 2.96 5 F1 2.07 .
NN DKCRARIRE T X 40 B 2H ik F2 - 40 B 2% B
g3 PR AR "D Re AN R B R . 4> Dy AR R
JiThi: DEGs EZAE AL “HEAbIE 17 45 GG 1t A
“HAZYEYE ThRE/NE. W4 DEGs WA Z R KE:“ 0T
DI RE VA 5 R0 HL - A v 1 7 R LU B A 3.00 i
F12.00 %5, “BER 25 & s R g v R E A
0.5 1% . IR : MRIR I AR IKSE 7 K o5+
THREVR ST 7\ B T HARTE M 7 R 45 & e s R i
PRI B
1.3.3 KOG gk

¥ TOvsT1 1 TOvsT2 4 DEGs 71 B 3] KOG
EAE/ TS BB OPEY 2P RN N i HI |

RS ERREERNERBER T
Table 5 Statistics of annotated DEGs

1048 269 915
344 241 709
TOVSTI TOVS T2

Kl 1 DEGs B

T EJ7AUR J7 B o i ARER R AT R R R

Figure 1 Differentially expressed genes Venn diagram

Note: The above and below number represented up and down
genes respectively

20 MR 24 ANTHAEE S, Fod R (—MEZhEETU), 4351
23] 83 A 151 NMERE, S 18.17%F1 20.29%; T (15
SESHH]) REE 72 A 77 DR, RS
15.09%7F1 10.35%; O (RS 1211, &0 i, f159),
5315 B 46 F1 94 ASVERE, 3l b EE 10.06% Al
12.63%; Q (IRAARE =AM & %, Fris AR 5 3
40 F1 68 ANVERE, 439 i EE 8.75%F1 9.14%; G (B /KL
HEHE 5 23] 28 M1 68 MRS R, Atk
6.13%711 9.14%; 1 (I5 Bz iz S5ACHHAS 2 21 41 50 4
TR, I 4.59%R1 6.72%; K (3636)43 2 31 F1 38 4~
TERLAE R, 5 6.78%F1 5.11%. XfHiZH KOG ThREE:
BEZEAE T, R (—MCIhRETI), ZE{H A 68 4~ O (Bl
JEAEMR, B B, FEAR), ZAE Y 48 15 G (kKA
EWEE S5, ZEN 40 AN T (IR iz 5400,
ZEER 29 N Q  (IRAERE =M ED & L, Fia AR
), C (REE R = A R A 22 MH 9 28 N 7).
1.3.4KEGG HhREIFRE

¥ 20 DEGs 5 KEGG % 2t X (3% 8), TOvs
T1 A1 TOVT2 4 A 155 A1 272 5B RA3 BB, 45
T AR 74 60 105 AR M@ RS, Ho TovsT1 241
DEGs F ZiER 2G5 7% 327 ) ek AN
(16 ) AEY) — 0 EAE(16 MR NS AN
A2 M5 4 AMREHE RS TOvT2 41 DEGs £ 2+
B RZE IR & 24 ) EYE S5 3318 ).

ERFER IR HAMRE  EERAER RUASER  ERAEME RHAR 2R FEFELE  AETUR

| Annotated  R[FVREE  Hdh HREREMH AHEMER FEH REAR RAREER  BdsE

DEG_Set Hodge e GO ARt RREdREE  HdEE O FEdEE AR E NR
COG KEGG KOG Pfam Swiss-Prot eggNOG

TOvsT1 1098 340 625 317 457 868 825 1021 1091

TOvsT2 1512 575 897 501 744 1220 1176 1425 1500
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Table 6 comparisons of DEGs GO annotation by low temperature stress treatment

Go % H Go 24 TOvs Tl TOvs TO2 25 5EMA LUE(TOvs_T1)/ATOvsT2)
Go term Go classify Ratio of DEGs (T0vsT02)/(TOvsT2)
G/ ESunE: (NCIBURE 247 429 1.74
Biological process ~ Metabolic process
i) TRV 239 356 1.49
Cellular process
A 171 301 1.76
Single-organism process
A 98 110 1.12
Biological regulation
SE AL 58 97 1.67
Localization
BN B 76 98 1.29
Response to stimulus
2Lk 73 B ) 5 A 23 51 2.22
Cellular component organization or biogenesis
KAEISHE 23 34 1.48
Developmental process
e ay/bun s 16 25 1.56
Multicellular organismal process
FIH 10 25 2.50
Reproduction
EYishuris 10 25 2.50
Reproductive process
A i 166 298 1.80
Cellular component  Cell
A Ry 160 290 1.81
Cell part
fREEE 1 226 329 1.46
Membrane
iliiakins 88 182 2.07
Organelle
JERTY 177 266 1.50
Membrane part
M H A I 24 71 2.96
Organelle part
LR PN/ 19 37 1.95
Macromolecular complex
Ak X 22 37 1.68
Extracellular region
) URE R 10 18 1.80
Cell junction
7 ¥ g AL T 289 502 1.74
Molecular function  Catalytic activity
AT 254 414 1.63

Binding
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#Ro
Contiuning table 6

Go % H Go ZH TOvs Tl TOvs T02 257K HE(TOvs_T1)/(TOvsT2)
Go term Go classify Ratio of DEGs (T0vsT02)/(TOvsT2)
7T IIRE FeizigtE 42 61 1.45
Molecular function  Transporter activity

RLBR A & e s R T il 1 24 12 0.50

Nucleic acid binding transcription factor activity

o IIRE T 4 12 3.00

Molecular function regulator

PUAAE 9 13 1.44

Antioxidant activity

L AR T 6 12 2.00

Electron carrier activity

AW IRARE (13 AN b2 ¥ A RERE AR (12 Y)W e
(12 A BB ED A (12 ) BARBE (11 AN
SR RAZE R (11 A R & 9 A i 2 a1
W10 M) A 0 BR A (10 AN) B ERAR 15 (9 AN) %
11 AR IE %

TOvsT1 A1 TOvT2 #4l DEGs Z{H &, A
[T A AL BR A VK SR(T1 55 T2), 1E [ 82 0 1 4% 44
WAL BRI EE LD 6 i Ve AR 2 B H AR
TG DT BR AT L 8 B A AR L M BRI A B s
R AU S A Y - e BAE
WY S S e MRS R . AR
FHEIEPEH M ERARSER, FHRAWEZERKE
(I RERFE IR, O LUK SRAR IR M AE T Y K A1 RE B AR
WA DCATLBEH2 (L EE 1 JL Al

1.4 (RIREMEXT 7k SR B R GHR R

KUK SRR E 1 h KEGG H ey FIRE AR AR 15
BAR g B 6 15 B2 & I (trehalose—6-phosphate
synthase, TPS). ¥ 5 §# —6— 1 i Ii5 ¥ (trehalose 6
phosphate phosphatase, TPP).B~ & #; § (beta-amy-
lase, BAL). i %] B —1— Bl R JUig 17 It 2% 4% Iy 0 i
FRAGEESEIL 5 N BB R R I BlRIE, HoR L
TR IEER . 7 KEGG AR i§HHE # (Ko0500)H D-
#il %] B¥ (D-Glucose)~ UDP- 7 %] #¥ (UDP-Glucose)
AR TPS B3 iRk, (Edtiahl —6— i
P& (Trehalose—6P) /™= ) ()R 22 , [ IS Jifd 41 i 32 7 (Tre-
halose)itH i 2 A7 4l iE2 )32 i A0 B R A4 1 FH W g 7R
R8Il 7 4i 7 [ (phosphotransferase system, PTS), /&
PSR TR BE —6— TR , TPP X I >k Y5 i e bl —6— 1ok
TR R A A SR P VBN o PN Y TR MR SR ot SR AR, A
AN AR VKR B IR e e AL o 573 40, 22 20 0

B K (Maltodextrin) £ ¥ ¥  B% i (Starch, glycogen)32)
7E BAL {46 T AE B2 ZFREARIRS S 0T s Ve K
JELE B 7 1 B2 AL i (glycogen phosphorylase, PYG)- #i
B —1- W IR I M ¥ 2 B (Glucose—1-phosphate
adenylyltransferase) i {t. T, 4= il ADP- & &jf . VK
fIGiHRPE 36h KEGG HE # Al e A i 4 o R B
TPS. CHE A (HK)  BAL 253t 3 DN LR £ 9 N
FRERIA, HIE BN R -1,3-8 % % BE 1 B (Glucan
endo—1,3-beta-glucosidase, GLGC) £ [KFK I A T A
FRIE, FHMEMCIEMMA 1 h 136 h B TPS F1 BAL ¥
KINFER 2 1 FiHFRIEGER 9).

22 SRR S84 Joit il 1t PP 3 - 186 o v s
—IDAEVKSR i AR, B 22 2 B ARG R4
X UK SRR 8 %) T ] i SE AL o AR SRS, DKSRAIR
WA T1 5 T2 RIERN: BEEIRIE PG ) E
K, TPS ik b, TPP XS 21k N, (5N —6-
Tl K2 RAR T I, Ve ok FbE 5 it PYG
GLGC {10 2E 5 ADP- #] %) il ¢ 5, T2 I #] ADP-
PR RS, HIRE 2 TO KF; 7ok, T2 %4
CUPE B (hexokinase, HK) L F 2 1A, {2t D- ]
EIFEA D- BLBE(D-Fructose) B iRtk A D— % % B —6-
IR (D-Glucose—6-P)Ffl D— Fi4f —6- WEERZ(D-Fructose—
6-P); HEFENNE —1,3-B #i A HEE (Glucanendo-1,
3-beta-glucosidase) ] T ik, 7| 1,3-B— Hi FEHE
(1,3-B—Glucan) [r] D— #i &) ¥E 4k, A4 2 1,3-B-
HITENE . W5, B W% HE E R (B-D-Glucosidase) i %
(E IR AL B T B B, 30 2 @ i 260 W Il 5 I ik A
TR mERIAE W, 5N 55 - % 0
FIGHE R RIS B 7w, J5 ek B, & g- 4
EIWEE B KRR R R I % B, SR IR IR . VKR
AN IR e 25 A T 5 @— 7 0 0 T T | A ) e 8 2850
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Table 7 comparisons of DEGs KOG annotation by low temperature stress treatment

KOG Difigs3k TOvsTI  TOvsT2 SR Z {H(TOvsT2)-(TOvsT1)
Function classification Differences of DEGs (TOvsT2)-(TOvsT1)

A RNA [0 T AME i 6 16 10
RNA processing and modification

C REVHI) ™ LE AN AL 13 41 28
Energy production and conversion

D i B A A, AR R, Gtk 10 24 14
Cell cycle control, cell division, chromosome partitioning

E AR iz 5 22 40 18
Amino acid transport and metabolism

G BROK &Yz 54 28 68 40
Carbohydrate transport and metabolism

[ i o e iz S5 A 21 50 29
Lipid transport and metabolism

K eox 31 38 7
Transcription

L S, EHMBE 5 21 16
Replication, recombination and repair

M 290 0 £ OB 1) A ) R A 9 15 6
Cell wall/membrane/envelope biogenesis

o) R 2, AP, G 46 94 48
Posttranslational modification, protein turnover, chaperones

Q DA D5 L, i A 40 68 28
Secondary metabolites biosynthesis, transport and catabolism

R — A Th RE T 83 151 68
General function prediction only

S RENTHE 15 29 14
Function unknown

T 55 i AL 72 77 5
Signal transduction mechanisms

U MRz, 7w iz 12 19 7
Intracellular trafficking, secretion, and vesicular transport

Y B L 5 16 11
Defense mechanisms

z 11 e 4 11 25 14
Cytoskeleton

IV L TO 5 T1,TO 55 T2 ik & 2 ik il 2 3 K

15K M ERER SR EXRERERBIES T

H3K 9 i/ DEGs T2 &, ZEREK
i FE K 1 TPS (c22439).TPS (c37455).TPS (c31293).
TPP (c21588).HK (c30615).BAL (c36048).BAL (c3-
6010)-PYG (c36980) 3t 8 /. LAUKZE Actin K
(c38220)/F AN %, #4T qRT-PCR % ilFE . qRT-PCR
' DEGs HIAHX 15 &8 5 g R IE KT AHRT(E 2),
RHHI A i 8 R0 {5, Hr BAL(c36010)

S D UK Ry AR A 3 A i 7 {1 2L 3 5
B IH ve B SR AR FUSE A

2 T8

(R IEB 38 25 AT, Ry eh ek KA 39
RN ATIATERE S R, SO R P R R aE
1) #1412 (Benina et al., 2013). H#, $EACEHEAE D
R 38 B4 A 432 593 AHIE SE (Janska et al.,
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Table 8 Comparisons of DEGs KEGG function annotation by low temperature stress treatment

e KEGG IhfgiER TOvsT1 TOvsT2 ZA{H(TOvST2)-(TOvST1)
Number KEGG function annotation Differences (TOvsT2)-(TOvsT1)
k000940 KNI HRED G K 12 24 12
Phenylpropanoid biosynthesis
k000230 W A 0 12 12
Purine metabolism
k000480 A IDEH IRARE 3 13 10
Glutathione metabolism
ko01212 Jig iR AR 1 10 9
Fatty acid metabolism
k000941 FE L) R 0 9 9
Flavonoid biosynthesis
k001230 IR LW A AR 4 12 8
Biosynthesis of amino acids
k000330 s 2 B AN = IR A X 3 10 7
Arginine and proline metabolism
k000071 I 7 TR A 1 8 7
Fatty acid degradation
k000053 PO AL A TR A 0 6 6
Ascorbate and aldarate metabolism
k001200 A 5 11 6
Carbon metabolism
k000500 E M AR MR AR 16 12 -4
Starch and sucrose metabolism
k004075 HYIHRESHS 27 18 -9
Plant hormone signal transduction
k004626 T - SR LA 16 6 -10
Plant-pathogen interaction
1209 8710 @71 NT2
1000 -
800 -
B
3 600 -
w®
®
% 400-
200 -
0- S —

€22439

37455 31293

ERFAEREDcs

B 2 22 5 RIK B SO SN € B PCR AR Rk &
Figure 2 The relative expression levels of DEGS by qRT-PCR

21588 30615
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Table 9 Expression of the key genes of starch and sucrose metabolism under low-temperature?stress

g 2 fRi R FPKM (TO THHR:FFKIE (TO T2)Z HFKIE HH D
Enzyme Name Abbreviation TO  T1 T2 (TO T1) Genes (TO T2) Genes  Gene ID
expression expression

EC:2.4.1.15 iiF#Hk 6- BEIR O TPS 3024 70.41 103.89 UP UP 22439
Trehalose 6—phosphate synthase
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Trehalose 6—phosphate synthase
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Trehalose 6—phosphate synthase
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Trehalose 6—phosphate phosphatase
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Hexokinase
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beta-amylase
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beta-amylase
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Glucose—1-phosphate
adenylyltransferase

EC:2.4.1.1 WEEERRIL G PYG 40.18 101.63 55.08 UP 3 36980
Glycogen phosphorylase

EC:3.2.1.39 #&MEAEE -1,3-8 WA M EHE / 286 1469 694 DOWN 20139

Glucan endo—1,3-beta-glucosidase
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