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Comparative analysis of differential expression of
mitochondrial genes in three plants at low temperature

WANG Saisai, LI Jin, ZHU Jianbo "

(' Shihezi University, Shihezi 832000, Xinjiang, China )

Abstract: As the energy metabolism center of plant cells, mitochondria play an important role in plant response to
stress. To analyze difference in expression mode of mitochdria gene from the Arabidopsis thaliana, Lycopersicon esculen-
tum and Saussurea involucrata, the differential expression genes ( DEGs) was filtered in the three low temperature tran-

scriptomes and comparison analysis was performed on the DEGs from three plants. All the mitochondria genes were fil-
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tered through blast against the mitochondria genomes that was downloaded from the NCBI database. Promoter analysis
was performed through PlantCARE online website and the mega software was used to phylogenetic tree construction. The
results were as follows: In total, there were 2, 24 and 15 DEGs were found in Saussurea involucrata, Arabidopsis
thaliana and Lycopersicon esculentum, and these genes were mainly focused on mitochondrial ribosomal and electron
transfer chain complex subunits; A few genes were seemed to relate to the cold adaptation that the expression level was
positive to the ability of cold tolerance of the three plants, especially for the NAD1 and NAD5 gene; Through cluster
analysis of expression patterns, Saussurea involucrata and Arabidopsis thaliana were more similar in genes expression
mode than Lycopersicon esculentum, and the expression mode of different genes had a quite difference between different
plants; Further analysis on the conserved motif sequence of these genes, the sequences of Saussurea involucrata showed
more close relationship with the alpine plants such as Climacium dendroides and Anomodon minor than the other composi-
tae plants. In general, the mitochondrial genes had a quite difference on the sequence of conserved motif and expression
mode under the cold condition between the Arabidopsis thaliana, Lycopersicon esculentum and Saussurea involucrata. Tt

was concluded that the mitochondria genes and its expressional regulation could be implicated in the cold adaptation of

plants.

Key words: low temperature tolerance, plants, mitochondrial gene, expression mode
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Table 1  Primer sequences used in real-time fluorescence quantitative experiment
FEH 4 EmGIY(5-3") Bl 514 (5'-3")
Gene name Forward primer Reverse primer
SikNAD1 TGTACATAGCAGTTCCAGCTG AAACGATCCCACTACATCAGG
AtNAD1 TCGAGTGAGATTGTCATGGC GCTCGATTAGTTTCTGCTAGACG
LeNAD1 GGGCTCGATCTGGTTTAGTATC CCGAGCTAATGATAGAGGCAAG
SikNAD3 CTGACTGCTATCTACGATGCG CACTTTGTTTTCTCGCTCCTTG
AtNAD3 CTTTGATCCTACTCGGTGTTCC AACGACTTCTGGCATCACC
LeNAD3 CTATTTAGTGATCAGCCCGCTAG GGAAGGATCGAAACCACATTC
SikNADS TGGTGCTGTTGGGAAATCTG ATCAAAGCGGATACTGGAGTG
AtNADS GTTGCGTATAATGTAAATCCCGTAG GCAGGAACGATCTGACTAGAAAG
LeNADS ATCGCATACTTGGTCACCTG ACAATCAAAGCCGTAGGTGG
SikRPS12 TCAATGTCCCCAGAAGCAAG CAAATTATGACCTTCGCCCG
AtRPS12 GATAAATGTCCCCAGAAAACAGG AATTATGACCTTCGCCCGG
LeRPS12 TCAATGTCCCCAGAAGCAAG TTATGACCTTCGCCTGGAATG
SikRPL2 TTTCTTGGCAGAGTCTTAGGC TCTCCATTTCCTTCACCATCG
AtRPL2 AACCTACCACGAACACCATC ACTACATAAGCGGCCATCAG
LeRPL2 AAATCAACCACGACTACCCTC CTACATAAGTCGCCATCCGTC
SikRPLS CCAACGTTATGGAAGTTCCTGG TCGAAGCCCTTTGTGTCTG
AtRPLS ATTGGCTATGGAGATTCCGC AGAGTGCTTTGTCGTGCTAG
LeRPLS AGTACCAAAGACAGCACCTTC CTTTCCTGTTGAAGCCCTTTG
SikATP6 CCTCCACAGTTTACATCCTGG GTTGTAGACTCTCAATATAGCCCG
AtATP6 CGAGAAGTGTGAGGCATTAAC TTCTTGAAAGGCTTCCCCG
LeATP6 GGCCGGTCATAGTTCAGTAAAG GCTACACCTAATTCCAGACCG
SikCCB206 CATTCTATTAGGGAGCCTGGTC GAGGTACGAGAAAGGGTTGG
AtCCB206 CGTGTTTTCTGTGGTTTTCCC TGTGATTCCAAGAGCCGAAC
LeCCB206 TCGGCTCTTGGAATCACATC GGCAATGAAGTAGGTGAAGTGG
SikCOB AGTAGGTTGGGTAGCTTTTGC ATTCCGGTACAATATGAGGCG
AtCOB TATTTCCTACCGATCCATGCC GTCGAAAACTTGAACTACGCAC
LeCOB TATTTCCTACCGATCCATGCC GGGCGAAAACTTGAACTACG
SikCOX1 TTCTCATTCTGCCTGGATTCG GAGCCCAAACAAGAAATCCAAG
AtCOX1 TCTTAGGGCTTTCAGGTATGC CTGCTTAAAGTGATTGTTACGACC
LeCOX1 TGTATATTCCCATTCTGCCTGG GAGCCCAAACAAGAAATCCAAG
SikCOX2 CTTCCTCATTCTTATTTTGGTTTTCG CATGAACAATCCTTTGCGGG
AtCOX2 ACCAGCCAAAACTCATCTACG CAGCATCACATTTGACACCTG
LeCOX2 CTCATAGTTGGGCTGTACCTTC GTTCCACAAATCTCACTGCAC
SikGAPDH TAGCAAGGATGCTCCCATGTTCGT AAAGGAGCAAGGCAGTTGGTTGTG
AtACTIN11 CCACATGCTATTCTGCGTTTGGACC CATCCCTTACGATTTCACGCTCTGC
LeACTIN TGTCCCTATTTACGAGGGTTATGC AGTTAAATCACGACCAGCAAGAT

Ao IWFE2 ATLUAE Y, Zobn iR I I 22 5 ik O
PR] 3= 2 Ay 2 15 W W % A 5 A %) T 35 R A WA 2R
R /N3 B ] 43 55 NAD , COB ., COX ., CCB
ATP6 RPS Fl RPL 45, UL rE J7 (R 25 57 e ik 5L A

A 240, FEAFETIREEE AR 1SR 8 4,
AWM IIER 5 4, LAY IV HEERH 2 1,
R FEIE A 8 1>, 1 ANZbifR mRNA B R
FH TR 2 5 RE A 15 4, B
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Table 2 Relative expression levels of mitochondrial genes in three plants at low temperature

AHXS 3K log, FC

Relative expression log, FC

P
Gene name WU IT i T
Arabidopsis Lycopersicon Saussurea
thaliana esculentum involucrata
NADH Jii & W3 1 ( NAD1, NADH dehydrogenase subunit 1) 1.45 -1.79 0
NADH Ml &A1 3 9 ( NAD9, NADH dehydrogenase subunit 9) 0.93 0 0
NADH Jit S W% 6 ( NAD6, NADH dehydrogenase subunit 6) -0.26 0 0
NADH Jiit & i W 3% 7( NADT, NADH dehydrogenase subunit 7) 1.19 0 0
NADH i Z 7 % 4( NAD4, NADH dehydrogenase subunit 4) 0.53 0 0
NADH Jii S /i . 3 41L.( NAD4L, NADH dehydrogenase subunit 41.) -0.13 0 0
NADH Jbi /i IV 3% 3( NAD3, NADH dehydrogenase subunit 3) 1.19 0 0
NADH Jit & i W 3% 5( NADS, NADH dehydrogenase subunit 5) 1.32 -1.3 0
KRR H/NTE3E 12( RPS12, 408 ribosomal protein $12) 1.19 1.35 0
KBMHASE /N IE 5 4( RPS4, 408 ribosomal protein S4) 1.45 1.56 0
MR R F /N IE 3£ 10( RPS10, Ribosomal protein S10) 0.93 (chr3) 1.66 0.00 (cpdna)
KM R AE 3 2( RPL2, 60S Ribosomal protein 1.2) 0.79 1.36 0
BRI 11K F 3 5( RPLS, 60S Ribosomal protein L5) -1.32 1.28 0
MR R /N IE 3L 1(RPS1, Ribosomal protein S1) 0.66 (chr5) 1.27 0
KRS IR E3E 16( RPL16, Ribosomal protein L16) 1.19 1.2 0
MR /N IE 3 3(RPS3, Ribosomal protein S3) -0.53 1.52 0
MR 1 /NIE 3L 7( RPST, Ribosomal protein S7) 1.32 1.69 (cpdna) 0
WM AR (1K IE 2 7( RPLT, Ribosomal protein 1.7) 0 1.44 0
KAZ WA TR 11/ F B 12( Putative similar to ribosomal protein $12) -1.59 0 0
NG AT 1 /NIEJE 13 (RPS13, Ribosomal protein S13) 0.66 (chrl) 1.81 0
KNG AT /N IEJE 19( RPS19, Ribosomal protein S19) 1.19 (chr5) 1.26 0.00 (cpdna)
WA E H K% 10( RPL10, Ribosomal protein 110) 0.93 (chrl/5) 1.45 0
ZERiR mRNA BUEAEE R( MATR, Maturase R) 1.19 0 0
ATP &5 % 6 (ATP6, ATP synthase 6) 0 0 -4.91
M2 C & AT (CCB, Cytochrome C biogenesis protein precursor) -0.79 0 0
M (% C 4 JRATA (CCB206, Cytochrome C biogenesis orf206) 0.4 0 -4.26
{02 C & RLATIR C 3 ( CCB452, Cytochrome C biogenesis orf452) 0.4 0 0
iM% C S NATH N 3% 1 (CCB382, Cytochrome C biogenesis orf382) 0.26 0 0
YA % C A BRI N 3 2( CCB203, Cytochrome C biogenesis orf203 protein) 0.79 0 0
A2 b( COB, Apocytochrome b) 0 -1.08 0
i (0% o S LEEIF 5L 2( COX2, Cytochrome ¢ oxidase subunit 2) -0.13 0 0
MR ¢ AALBEW HE 1 (COX1, Cytochrome ¢ oxidase subunit 1) 1.72 0 0

T FC FRMRR AT A £k i, BMRR R i/ E IR RIB A chr R 1% R i Y G55 ; cpdna F27R % 5P H - 244 5E
R 4 2
Note: FC indicates the relative expression level under low temperature conditions, chr indicates that the gene is encoded by the nuclear

chromosome, and cpdna indicates that the gene is encoded by the chloroplast genome.
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Table 3 Results statistics of real-time fluorescence
quantitative PCR in three plants mitochondrial

genes at low temperature

wwum M i ki
Gene name mblfiop”" Lycopersicon '.Suussurea
thaliana esculentum involucrata
NAD1 + + + —— _
NAD3 + + + _ +
NADS + + + S _
RPS12 ++ o+ _
RPL2 + + + 4+ -
RPL5 - ++ o+ -
ATP6 ++ + 4+ + —
COB + o+ __ _
CCB206 + + _ L
COX1 - + +
COX2 + + + +

HE: + o+ +FORIZEE R LIRRARER R, + +308 Bk
PR R R FWRBAREARE; -—- R THERR
REREE, - KRR THELARERE, - R THEBER
B,

Note: +++ indicates that the up-regulated expression of the gene
is very significant, ++ indicates that the up-regulated expression of
the gene is significant, + indicates that up-regulated expression of
the gene is not significant; ——— indicates that the down-regulated
expression of the gene is very significant, — - indicates that the
down-regulated expression of the gene is significant, — indicates

that the down-regulated expression of the gene is not significant.

AR R FE R 7 2 IR E R BT AR Ak, ]
Ak AR, HEE G S0 g ARk R — 3,
BB — 2, SRV E AT, S E A —
FEMISERG IR 25, AR AT fE S T 3 sk AL iR 25
O, HH R A AR AR 3, 5 AT DL R AT A 56 4
BT o ARLEAR b =Rl 4 (9 AIKL 22 52 ak S I 5 %
UG — B, /D B P B A G e 3k = K /N AT RE
NN EE S T R D Y
2.4 =TEYNEAEFREERNBIFAH
3 2 X = P L 2 S R G B R A O e,
I WG % AH 5 i JE R = ZEH NAD1  NAD2 | NAD4 |
NAD5 . NAD6 . NAD7. NAD9. ATP6. CCB382.
CCB206 . CCB256 ,CCB452  COB . COX1 Hl COX2,
3 ar i H G s, a2 v A FH e R A
B o S L ) VA TWY o 7= B D/ N 72 L DAY o

S IR P I e IO TG | 2l 2R ) e A K R
L TCAT 5 T TR ) 87 TG A | 7K A% R e 182 G A I 4
55 Jifp36 o 15 TG A AR e R G A4 A L S5 9 e
N TCA I Bl T R0 G i T DX R L B IR R G A4
CAAT-box . GC-motif , 1% .(» J& 31 F 614 TATA-box ,
Z 5 BRI circadian 25 B A S [F T BE 1
KAERRE, 2 B T 0 0 B A G 2R R 3 (5]
B ICHF A S8

128 4 AT IR N TG /4 LTRE B 7% i i
I JeAF ABRE J2 i PRIAEG U 75 3 0 455 v 1% G B T
. FEFHE P BFE T IHM ATP6 F1 CCB206 3 A
B R s 8405 14> ABRE #10 4~ LTRE JofF,
VLI ABA W i oG F A RE 5 HA 6 5515 5 A ¢,
PR IF PR 3 R 0 K 22 Bk TR 34 ] e 9 L
Ja s 7414 LTRE 5¢ ABRE, Ul NAD1  NADS5 #l
NAD9 %% | (AR ST NADT 1E o i 25 (IR
LR, H L R 8 7 XA 8 R & B LTRE Al
ABRE, U W32 K B RS & 3R 34 5 HA 5 =15
SEEE, FHHTH A NAD1 F NADS JEREM 5 F
FEM ATP6 F1 CCB206 FE [N, ¥ 7] & 8 ABRE Jo {4
PIFAAE . B b R 2R bR 3R 38 1 ZE R 2]
TEHFe k¥ X 5 & B LTRE 5% ABRE, i B £ ki
PRIER Y 3R 38 32 IR AR 5 A G R 1R 5 1Y
A AR R EAS A Y ) AR K25
25 AEEREENMEYENGEERFISNS
Xttt

i L NCBI AR 48 A [\] 3 1 3 B2, B 4% 17 AR
v hak B 35 1 1 A 40 e A G 5 B 1 9, AT £
FE90 500, IR R G & B BB, B T A 2
AR DR 2 3 B g 5 4 W e B R AR T - VI
FEILIN | X B A A RO 35 RO A 81 L s B AR
5P, HAE R LA B DL AS A ) B Y
2R A g A B AP B G B O NADL, NAD3 |
NAD5 .NAD7 NAD9 .COB .CCB ,COX1 .RPS3 .RPS5
I RPLS 45 FLAT 5 DR ST 45 48 38 0% 56 PR 91 A it
& 3 AT, 535 5 4 A6 A e H 25 B[R] 8 —F) (H
HF AR BE A0AS &, 5 5 e 20 A fBL 2 35 1
PRIT A& 6 AR EE CH RO L, 55
FEDRSY P H AL A v 1), BRADL R I 5 H i ok, 3
34 53 A AR FEH B AR, HER A PUIE R, 3R
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Table 4 Main function of the promoter element and statistics
ThREoo iR b R
Responsive element function and quantity statistics
- SRR E A I
Cene name Low temperature responsive element Abscisic acid responsive element
T ENER il EipLs AR IT gl
Saussurea Arabidopsis Lycopersicon Saussurea Arabidopsis Lycopersicon
involucrata thaliana esculentum involucrata thaliana esculentum
NAD1 1 2 0 2 0 1
NAD2 0 2 0 1 2 2
NAD3 0 0 1 1 1 0
NAD4 0 0 1 5 1 0
NAD5 0 1 0 0 3 1
NAD6 0 1 2 2 1 1
NAD7 0 0 1 2 0 0
NAD9 3 1 1 1 1 1
ATP6 0 0 1 1 6 0
CCB382 0 0 0 0 0 1
CCB206 0 2 1 1 0 0
CCB256 0 0 0 1 1 2
CCB452 1 1 0 0 3 0
COB 0 1 0 2 0 2
COX1 1 2 0 1 0 1
COX2 0 1 3 0 1 1
S AR Y ) LORAR P 91 22 S AU EAE HOBTT NADH. #3241 1 A B2 B0, AR T

Mg, 05 AR Z A K, WERST
ME I Z AR 28 5, — B R B 5 T
AEIREEIE TIA 5, BARTIE A5 4E 0] H 255 [A] R
HRHEY), BAE LG R IR BT, 5 U7 4R BF
AT EE WO LA A5 s L) B0 AR R T, U

B LR R TE S FE R 2, 2Rl A B il
I ZIREE BB, 5 R 25 4 o 5 H A 56 B A )
HBERZE 5

3 WihE5E&%®

SAEYTEARR T 22 5 RIR N, FEAEL D
TE T 13 B 45 52 4 W 0 5 RV R 2 1 P e 3
PR F A A 6K SR i 17 ML ) 4 ) A 2, AR S
B KT P I A A S 356 DRI i 8 38 22 5 S5 IR I A2 1
ZIRIAY G F ek X I I B AE OC L IR o B kB,
Hr R AR I o NADH I & i 7 5 L [H 2% 5
Tk z , WIRE IT 5 2 i & W38 14 52 e 32 22 2

B FATR 00 W W 52 400 o) e v W3 2 1l DR IR T
AW T s, Z a8 T IRE T 255K
15 00, X AR IR it 27 M4 4 5 Z24E A ( Daniela et al.,
2007) . AREITS F AR OB T NADH A9
FAL AR Y25 5 W NAD1  NADS #l 5 7% h i
F L AR A R R M, Rt e O S R AR
VeI bR A2 M 22 S PR Y H 1A% 3 i
AU IV PR35 7R V2 38 T L B A A [F Y
R IZE SR IUR S T AA
HEAEH], Rk B A B T B B
&3 A7 B T80 A SR TE A, 980 1 P AEUO0) 4 i
B 45t 75 ( Verrier et al., 2008; Rayapuram et al.,
2008 ; Gaudet et al., 2011) , AR IFMFE M ZE S
ARSIV e R ) 1 ek 22 S 3 SR R 2 [ A AT DX ) 4
MATIZE SRR K2 B3 LHERIL, F
i R PR IR SRS A CCB  COX 55 3k PR A HT Fl
A v ARG 2 38 22 e 3 3 3k 22 D31 [ A o
R IR Y 52 14 22 S 4 B PR 5 3 ) I G 5 AR G i PR
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Y0 &F Ammopiptanthus mongolicus (NC_039660.1)

W HZE Helianthus annuus (MG770607.2)

49 %4t Chrysanthemum boreale (MH004292.1)

A% Panax ginseng (KF735063.1)

25

43
83

78]

97199

74

L

L35 Saussurea involucrata

’/ 100 { HE8E Anomodon attenuates (NC_021931.1)

100

888 Bupleurum falcatum (NC_035962.1)

&5 Vicia faba (KC189947.1)

—— F+Z Salvia miltiorrhiza (NC_023209.1)

JA®L Nicotiana attenuate (NC_036467.1)

B Capsicum annuum (NC_024624.1)

FALF Hyoscyamus niger (NC_026515.1)

66 L2535l Lycopersicon esculentum (NC_035963.1)
E¥% Eucalyptus grandis (NC_040010.1)

HIE Brassicaoleracea (KI820683.1)

WM %) Populus tremula (NC_028329.1)

HIFEIT Arabidopsis thaliana (NC_037304.1)

H&I# Botryococcus braunii (LT545992.1)

‘ Ti%E8E Climacium americanum (NC_024515.1)

100 |
I

0.05

A 3

JLBRE Trebouxiophyceae sp. (NC_018568.1)

2R AR Il 22 S A R [H 19 kAL 23 B

Fig. 3 Evolutionary analysis of differentially expressed genes in mitochondria at low temperature

(1022 53 R IR O ] T HAL W AP AE Y, e T -8
SRR 32 P, 2 A T -1V By &R 43 W 5 [
HRZ 2R E , RAEAEN Vi cCB
ATP6 W0 25T ¥ 38 3222 52 w1 2 Ho v 7
e 368 B 1) B J B 4, 3L o 4 ) R A R AR
PLAA RE 1 #6 IR I &% 3 R B X IR B 38
(Jacoby et al., 2011) , = FpA ¥ 76 AR e T &
IR R 42 BIL ] 9 22 55, T RE R B 1 H AR IR it
S22 S — AN SR 3 3 0 I I A DG i A 4
RS A5 th, AR S 2 g 46 | 10 H 25 55 [F] s
FPHEY)  BAE S R IR B BGL, 57 4R EF
A= EE WO LA A v LR ) ) AR R RS A, R
5 H AR W) 1) LR P 51 22 S AN AR I AE R
5 B SHARKRREZ 76,

I DL B X = AR ) Y SRR 2 S 3R G B K

PRI [H 2 1k SR P 45 11, 5 3 5 0L o A
Xt T 2 o 7 5 PR %) 2 I A B B O AT A [ ¥
TS 52 VA ) 2R R 22 8] 8 ORI L8 <1 5 57 23 B 1
H BAR T M A AE | ) H 2 2 TR JE A R Y, (3
FEHEAE O R TR B A0, A 5 7 AR B | A 5 K
LA 25 g LA ) ) A B R T i — R T
FERAIE 1 — o 2oL PR L DY Y IR 22 5 3R 8 5 H
B v TR 52 PR AH G IR X — 2598
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