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W E HiCoMaaxtlrs A SR E AN TSR, T Co MBI T EIE B St
e E PCR RMNAKR. HIFREEIT 6 MEFZRIER (actin2, GAPDH, UBI, 18S, MSC27, EF1-a )ff N#&IEN SRR, LI
TEETE R SR AR, R Co M A T &k N SR Rk Fa @t . i@id Refrinder #1 geNorm #4734, #iE Co
il TR E R RN SRR A actin2 Al 18S. KEPURMRER{E A= 18 4 BRI AL E 4, JFEA 100 mg/L CoCI2 X4
o JE REARIEAT AL B, A3 FH 7 348 P 2 5 | PR D A Ty Bl DR B DR R B R I S B A B (HPT) I K1 . IR AL SRR Co
FERfE HPT BRSO RAERET R, RERIEA4 AR PR Pseudomonas aeruginosa 1401 FIFEAK Co @ Xt
TR R EAE I, B BRI HPT L RARX RIA KT A REEA R 6.63 1%, MR m A A 540 HI5A B %
FEART) 140.86% Al 193.62%. MRAEMIRFEA S HPT HEFAFKFS5HEM Co Mi3ZRe /IR ES, HEMELEREN Co
32 BE I35 54 M & B RIRIE A ER TR AR,

KHEIR] KT, NSRRI Hihia; HPT 2K

Study on HPT Gene Expression Regulation of Medicago sativa under

Cobalt Stress

Liu Mianxue =, Fu Yi =, Wang Yan =, Xie Yan =, Huang Min =
Department of Biotechnology, Sichuan Institute of Atomic Energy, Irradiation Preservation Key Laboratory of Sichuan Province, Chengdu, 601010
= Corresponding author, minhuang@siae.cn; = Authors

Abstract Cobalt stress could lead in several toxic effects for plants. In order to investigate the mechanism of Cobalt toxicity, six
candidate housekeeper genes were selected to set up the real time PCR test system. We choose the Medicago sativa as plant material
and analysis the expression stability of these candidate genes. 18S and actin2 were selected as optimized refer genes according to the
analysis results of RefFinder and geNorm software. Medicago sativa were infected respectively with 4 plant growth-promoting
bacteria, and then half of plants were treated with 100 mg/L CoCI2 solution. Transcription level of HPT gene was analyzed at 60 d
after seeds germination. Analysis results indicated that cobalt stress could significantly decrease the transcription level of HPT, but
plant growth-promoting bacteria could relieve toxic effects of cobalt, that enhancement of Cobalt tolerance is quite possible
through the biosynthesis process of plant tocopherol.

KeyWOI’dS Medicago sativa; Evaluation of reference genes; Cobalt stress; HPT gene
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%fi(Cobalt, Co)2—MidiE &R uEk, £EME
VI 2 30 b 0 TR 7 B 2H 1% ot 24 (Paustenbach et
al., 2013), [FI 2RI B . A T U D
A KR E 4 (Riley and Dilworth, 1985) .
E K> L3k Co #& N 5~40 mg/kg, P41
Co ZrET RN 11.6 mg/kg (B E #E45, 1991),
SriX g I SRS B Co it N E SR TG
PR —. AKEFRPHMER Co Al e
AR, mIREER) Co MEMIFEREH
ER, FERI K. Q) L5 4P = BFK
(Talukder, 1994; Chatterjee and Chatterjee, 2000;
Keeling et al., 2003; Li et al., 2009). A fitv% .
ke, T RSS2 1 A B2 B (Kapustka et
al., 2006; Sree et al., 2015). I A= K3 AT I BA K
LR YIAR 2225 K (Ghodake et al., 2011); (2) 40
T W) A5G B A2 ) G 3% 1 (Talukder, 1994; Chat
terjee and Chatterjee, 2000; Sree et al., 2015); (3)521
D) 4 B Py S AR R AR S L PR AL B T
(Chatter- jee and Chatterjee, 2000). 411 f& 1K 5.4
Co XY HIFEFHMER, CRCNIE TR AL

K R E % TR B2 A B (plant
growth-prom- oting bacteria, PGPB) 8/ x4k i
NEWEBEAEKNE ., PGPB A LAZEI BI85
7 i 2 Fh 7 =R 3 A ) AR K (Farwell et al.,
2007; Glick et al., 2001; #XFNZL4%, 2008; Buysens et
al., 1996; Hao et al., 2010). FEMEHEAE YA K [FIHT,
PGPB AJ£FHE X Co MHE I 52 /e 77 » an@X N
2145 (2008) b laaM FE[H (IAA & & E
5 R SN AR ) R ACC BB REIR], JRd i i 2
KRR g N4, RIAE 126 pmol/L Co i
NRUERE I R A, DARAE 168 pmol/L Co
e R ARAIE L S R R R B3 ) AR K AR DA
SRAT 2 PR PR AR A2 B I A 1 T $R T A ) 4 T
I IE R 45 5 (Ma et al., 2011), (B IAEFIVLHIG
NG AT e

BF T8 v 16 6 (SR AE 1T 7 PR R R I SR 7% il
(HPT)ZE[N, bt A & By 5 g 42 BR T O% i il —
MR R, R LTI RIg T i
FEIE R (PDP) R AL Y 2- HIJE -6- HEHETR
e (MPBQ), #EIMZEMAERTBINAE, REFH&

g 12 5 FhoCHkEE2 —(Penna and Pogson, 2006).

12

A HRIE AL R TG T R F AT, A HPT
BENE, MrhAdEdEmr s aig e 1.4 55/ 1.8
% (Savidge et al, 2002; Collakova, 2003;
Karunanandaa et al., 2005), L5 rMH R4 B
S EIAR) T XHEHMIFRR) 4.4 f¥%(Savidge et al., 2002;
Collakova, 2003; Karunanan-daa et al., 2005). H T4
G M Y A B AR AL SR AR T A AR S
LRY TN RE(Welch, 2003), A RIEASEMEHEZ Fh
a2 R, . TR R IE RS
KRBT, HPT ERERERY RERE. W
2011 AFATARAR I L SR IE 1 AR AT BB NI
1T HPT B[R Rk S5, HPT FF 2% g
(1) 12.47 f5. K HPT ERBENHEE HbR, HIET
EEEE IS L B M A BUSAE Co WHaki T
FARBMEAEREER S, S R RA R iHEE
# o HRTIRBRE A -8 08 15 T ) 3L A R AR+
EHEEREETEATZMRH. BRYL 1
TN AE B AR TR 52 e 1 AR LS, R AR T
iR LR E SR A e, B EEMNER

14 R57
1.1 Co MrEx EILE & WEEER T

B K 60 d Ja R E T, RIAERFMEAE N
(TR ARAR T AR IR 4L 2, i T AR AR AR 350 o AR R
WL, BINRAERAEY T CIEE . R
M oRMESEMESITSE R(E 1), EXA
CoClp 26, MR B A8 TR 42 M I AR ik v A1 A2
YiEre AR BRI fFE 100 mg/L 1) CoCl, #
WACHL G, ASFE B PR A ER AR PR 2 T 7E R i A A
P B YRR R QB E MR EAEY)
B ERC. CK MM-FME Ny 18.66 cm,
Ah G BER A 1336 cms BRI BRI N B
i Sinorhizobium meliloti F&§#kIFAH #, VX% = A
19.51 cm [#2 12.30 cm. 7EAEYIE I, CK MM
Yy Y EAE B RT Y 0.356 g, BB 5 %A 0.204 g;
Bl e K2 42 Sinorhizobium meliloti T Ak O #E
EYEEAE LR 0349 g, AHE)E KA
0.119 g, FFlE&ET CK fibk. (ML CK HE#E,
F&fh Pseudomonas aeruginosa 1401 i1 Pseudomonas
maltophilia 1402 TR PRHE AR (14K =y FIAE ) & T PR
FEH /N, Hoh B Rh Pseudomonas aeruginosa 1401 [
fEtk, 7£ Co )5, ~F¥kkm2rnlh 18.82 cm,
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AW SN 0.395g, ALK BAL T
FERME S R R CK MRk, S5 RMHER CK
PECHH 2 5. B0 R 2 4 B Pseudomonas
aeruginosa 1401 1] #MAI[EMK Co XTETEE &M
BEMEH, HXT CK Mk, 7 akk e
% T 40.87%F1 93.63%.

1 HYICNDA SRR
Table 1 Concentration of plant cDNA templates

1.2 BAR SRYR B ¥ FE AL

7 4 R4 cCDNA BERR AL B 75 5(3R 1),
I BRI N SO Ak =R 10 £53K15, TlER
W5 R IGR FESIAL T 5~10 mg/mL 2 [8], PCR
BRFF A LI ER

T CoCl, ¥ (mg/L) 18 AR R AR~ cDNA  BIHIR EE (mg/mL)

NO. Concentration of CoCl, (mg/L) Strain of infection * Concentration of cDNA(mg/mL)

1 0 o 7.91
No strain

2 100 V" 6.44
No strain

3 0 B b AR R T 8.01
Sinorhizobium meliloti

4 100 B b AR R T 7.42
Sinorhizobium meliloti

5 0 IR 1R % 1 1 1305 7.64
Rhizobium sp. 1305

6 100 988 1 8 B R 1305 7.95
Rhizobium sp. 1305

7 0 R 2 AR L 14 1401 8.83
Pseudomonas aeruginosa 1401

8 100 R 2 AR L 14 1401 9.34
Pseudomonas aeruginosa 1401

9 0 WE S 2B 1 1402 7.62
Pseudomonas maltophilia 1402

10 100 W 22 2 1 M £ 1402 7.92

Pseudomonas maltophilia 1402

FE: % AH TR ORAT IR A B 0753 R R

Note: * Environmental strains were screened and reserved in our institute

1.3 5199 38 R R e A
ik NS Real time PCR i 2k 7R X

A, B HEVKAN PCR 4 M4 R B
A RARREY RN, THER, HRABK

N5 H A B SRR SR R R A
R AT KBS G R I 90%~110%
ZIE), AHRRHIIKT 099 (& 2), Wit5IMrFE

1.4 ZEAZ T MK THREKTF
X N SR BT HE Ct (BB, ik
JLPR 188 [ Ct B VI He %, H OO actin2 ZE[A

13

M %2R B GAPDH J:[K F1 UBI ZE[RI7E Co it 3f
e Ct NS, BonHERRRIAKT.
JEEIFE Co WHER, RN KA E ARSI,
WA IR XS 22 5 4 %) WE B A 08 45 S5 A SR AR AR UK
(P52, GAPDH JE[A IR IA K 2 23] s X,
Co JipiE 27 R4 M 4 22 Fh 2 G T )2 2%, 20
AU BEA, BRIt 2 5z =B UBIL JE A
KISWKZ R T, FIENSEEET Ct [HH45EH
1E 25~35 Z [H)(F 2). 2K 1) Vnin+1 /8T 0.15,
CRE RS AR, W 2 XN S BRI
18S Al actin2.
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K2 #IEN ST 5 K HLSEN 2 BRT-PCR 9 AR S 4L

Table 2 Primer sequence for candidate reference genes and real-time reverse transcription-polymerase chain reaction (PCR)
amplifica - tion efficiency parameters

FEA GenBank /7715 BIFF(5-3) PP E (bp) PIERCR(%)* M RH*

Gene GenBank ACC. No. Primer sequence (5-3) Amplicon length (bp) E (%)* R2 *

ractin2  JQ028730.1 F:  GATGCTGAGGATATTCAACCCC 133 106.2 0.994
R: CCATGACACCAGTATGACGAGG

GAPDH XM003595990 F: TGGAAATCAATGGGAAGCAGG 190 95.0 0.991
R: ATAGGTGAATCAGCAGATGGAGC

UBI XMO003595069 F: CTCCATTTGCTGCTGCGTCTC 257 108.0 0.995
R: CCACCCCGAAGTCGCTACAC

18S KJ507198.1 F: TACCTGGTTGATCCTGCCAGTAGTC 252 105.2 0.990
R: CAATGATCCTTCCGCAGGTTCAC

MSC27 X63872 F: GTTGAAGTAGACATTGGTGCTAACG 100 93.8 0.997
R:  AGCTGAGTCATCAACACCCTCA

EF-1la  XMO003618727 F: GCACGCTCTTCTTGCATTTACT 295 98.8 0.990
R: GGGCTTGTCTGTGGGTCTCTT

VE:* i HHCFX-Manager3.1 B8l ki i 28 o S U3

Note: * All results calculated by CFX-manager3.1 built-in formula

30 1 =l CK 0.7 q ] CK
BEEm Pseudomonas aeruginosa 1401 EER Pseudomonas aeruginosa 1401
—~ 1 mmm Pseudomonas maltophilia 1402 . 0.61 mmm Pseudomonas maltophilia 1402
E 25 wEE Rhizobium sp. 1305 § )5 W Rhizobium sp. 1305
E - WM Sinorhizobium meliloti ;:: 0.3 W Sinorhizobium meliloti
- —~ &
E 5 201 ES 0.44
5 2 = &
WE 2 L FE
¥z 15 #®a
10 4 i
0 100 0 100
CoClLiK i (mg/L) CoCLif & (mg/L)
Conc entration of CoCl, (mg/L) Conc entration of CoCl, (mg/L)
A B

P 1 e AR T R S AL A e IR Co i 32 e A6l

Figure 1 Analysis of Co tolerance of plants infected with PGPB strains

40 40

35 35
= =
= 30 = = 30 [j
5 e ] == 5
T 25 —— C s T — ==

20 + - T r T T T 20 4 T T v v T T \

actin2 GAPDH UBI 18S MSC27 EF-la actin2  GAPDH UBI 18§ MSC27 EF-la
0 mg/L CoCl, 100 mg/L CoCl,
A B

K2 &k NS IERIERILKP

T AL TCEREASKS 25 5 B: 100 mg/L CoCl, 4b FEE A K I 45 5

Figure 2 Expression level of candidate reference genes

Note: A: Simples with no Cobalt; B: Simples treated with 100 mg/L CoCl,
14
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1.5 AZ 5 YIRS AR

EHAEZL NS5 T A refrinder
(http://iwww.leonxie.com/referencegene.php) X #% ik
WS IR R IEFE AT 2t . ARHE DU A ARy
(Comparative ACt, BestKeeper, NormFinder 7/l
geNorm) [JELE( Bl 3A~&] 3D), B0k skid Co
Wraa N 2 B R R KR E R
18S>actin2>UBI>MSC27>GAPDH>EF1-a( &l 3E). i
F geNorm #5304, #iE N2 51V E (K 4).
%iﬂJﬁ‘/ﬁﬂji—i Vn/n+1<0.15, W " A n 4S54 41

AT EATI . g A RPN T R A N S 5
IE@ Vnin+l BI/NT 0.15, LRGBS A FI#E
B, WM R 2 xf N SHE 18S 1 actin2.

0.8

3.
= 0.6
3H '7" 0.4
o2 o
s 3 02 l l
0.0+ T T oy Y _— —y 1
$ & & & O o
* \\\\\ _\\\ \;.‘\ \\
k\ \
& FaE et —P
Most stable Least stable
A
. 0.6
< 04 ;
#H > ;
w202 ‘ E 3
o 2 1 1
isHININIRERS)
S 9 N\ A ~MA o
J A o o\ " e\
R N A S
I N
d— et et —
Most stable Least stable

-

e

-
—
e

X b N
\‘T“' y ™ \‘\\‘\ & \\‘\\\\ \\\ o
N X
&— et faE I —P
Most stable Least stable

E
K13 refFinder %Xt 416 4 25 51 WD R R R 1R 20 AT 46
7E: A: Comparative ACt {5 145 ; B: BestKeeper 7341
453 C: NormFinder 23 #7145 5 D: geNorm 73 #1455 E: 5]
WIRaENE Ga i a1
Figure 3 Analysis results of expression stability of candidate
reference primers by refFinder software
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0.014 j -0 3100 Bl Al simples

0.012 4

0.010 4

0.008 4

0.006

Pairwise variation

0.004 4

WORS

0.002 A

0.000 +

V3/4 V4/5 V5/6

b1 %2 b e 3%
A E A EH

Number of reference genes

K4 ik N 251 M 7 pras R}

Figure 4 Analysis of the optimal number of candidate reference
genes by geNorm

Note: A: The result of comparative ACt method; B: The analysis
result of BestKeeper; C: The result of NormFinder; D: The
analysis result of geNorm; E: The comprehensive results
1.6 HPT ZERERA LT

Kl 5 o T HPT EER{ERFT PGPB Al I
B3k Eiats . LLactin2 A1 18S AN S IIFEA
H R B BRAE A A Il 4 B0 5 Rl (HPT) I R IA 7K -
MEGER RS (1) PGPB M ETE B 5, MRk
) HPT ¥ A HECRIIR T, 1T s i) e 4%
Fi Rhizobium sp.1305 FfEf#kH, HPT #%/K Pk
B 7 CKAEMA 13.91 fif. (QEALE AT 100
mg/L Co WMan}, CK HEAKR HPT &K RIAKF
TREEXE 27%. BT HPT ZERZwmEAEFH &
BEAE R B BRI, FL SRKF IR B2 P
FHEYAE B a R TR, AT
Jiir 38 F¥) BE 77 (Collakova and Della, 2001) . (3) ¥
Pl PGPB J5 AR K, L HPT J:[H 14 K P1EZ
Co i s Wl & m T CK HE#k. M
i Pseudomonas aeruginosa 1401
Al Stentrophomonas maltophilia 1402 ) 4 #k
£ Co WA, HPT FEDREE 5K 20 5 2 7] 25
M CK FEFRR 6.63 £5A019.03 £,
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VAR R SRR NFRRS, B IR A
Stentrophomonas g =3 0 mg/L Cocl, *ﬂi é& T%‘:/%:L ’HZJZ_:}E Ij‘] i%'\%?\ E(J jj,%% EP j’JFE”Ejz %‘ﬂﬁ’fﬁ °
e —O0mELCocl g ) 2R L BRI R B
seudomonas ==

Aeruginosa 740/ =

T
Rhizobium sp. 1305 -

M-
1

o I
CK 3,

Sinorhizobium meliloti

0 20 40 60

HPTHE[R 4k 7K
Expressio level of HPT

FI5 AL A HPT J: R Rk KT
Figure 5 Analysis of expression level of Alfalfa HPT

HF 55 w0 oAl A B W A R (HPPD 2[4, TC
H O p-TMT B [ 1 8% S oK P 3847 7 40 4

£ Co i 18 J5 35 2 B0 IR S B ) 3 (Ul R B R) .

HH HAEAmE KRR HPT 2R 2 H Co
PraRiE i, HPT BB ECNF e/ Co XHHEY)
FrAERREAE ISR T

27k

Real time PCR 5 ARTEAEA) o i #2 BE R R IA
WFCH N 2, ABECEZEARNIEH, 7
R E &M P EIENS IR R A IR
K EEF MR B KV % 7% K (Pombo-Suarez et al.,
2008; Infante et al., 2008), 1fi HAS[F] 4 J& 6 2 i
T, FHREFRE KPR A RIE S
RBIFE Zn BESAER Cu BhaskfE T, REERER
WS EE R A 25 S (FV LTINS, 2014; SKAEHESE,
2015). AHFFEHIES 6 MFERIER T, Co Mria
~ 18S Fl antin2 (1) A ZFa e IR GF, 1% GPRDH
SEFLPR SR, B Co FEMEAE FH R ) T 405k 40
H AR U et A, St A% 356 R LR 40 e 2 ) i 2
/Ne BER HPT B:FRIA (B 5) Stk | AWE(E 1)
BT R (D)TERE AT, HF PGPB 1
HikkS CK AHELI) HPT RIS 55 /K 1 B S8 K,
FAh Rhizobium sp. 1305 W ARAER HPT H3t/KF
FiE E CK PR 13.91 f%, {EHkmE SEMEH
5 CK ##°F. BRI E SRSy hrE i
ez > B WERR LV RZMAEN R 5,
A Em R R R MER K2 —. AEpaFsE
TAE WA A B o 3 R4 R 4E R AR

16

Ve, AEE A RIS O HPT HERERIA L

WEZRTIRYA L, EEMmGRERIMREA
f. (27E Co MHEMEEH, CK HEMk HPT ZHERIE
KPR EAFEYE KRR AR —8E. R
HiIfE Co B ZME T, HPT JERIFE /K T
ZRREAREEAS, R R A R R AR R R A AL I
BT =AMk R, HPT R &k BRIk,
#5 CK 5 Sinorhi- zobium meliloti $%FhERE, Hik S
MAYEY BT HPT REEmRisk. &1
HPT % 3% /K P4 ey AR R °T 5 BOCE s KPR B
iy (Savidge et al.,, 2002; Collakova, 2003;
Karunanandaa et al., 2005). fEX}HT Co fif )it
Firp, XS R T R A I S

IRk
3.1 M

B RN IRIR S 8 Wi K me i KA S
15, WHBESER. 4 EHENEERT R
(121°CKEE 2 h)yHiik. BIRJESH 3 Ry 5 5 K
M 7 KABMER 1 mL 1 PGBP B TH:
Flo 5EH 12 MS 59315 Co B59R3E (%
100 mg/L CoClI2) 1/2 MS #E4TH;:9%. £5374 M4 MR
FE 2000 Lx, HK24°Cx14h, #[a] 20°C=10 h, &
J& 50%. ik )5 60 d KAV KL, Gittaik ik
EAEY R, AR & 10 MEYIEEE.

3.2 Btk R

W 4 PR AE W R ER E R MR (R 1),
T A 359 R A IR 78 P AE il 38 A 55 o S 0 2R A5 AR )
fle Lk

3.3RNA #RHEU K cDNA &

HYH R 30 d J5, REEMMM - 4H 20 AR
%, f#H] Bio-Rad T RNA $2EURF & IREUE
PRE RNA, f#H] iScript cDNA Synthesis Kit &,
¥ 8 cDNA, #HEHZRENEUH. 4
Snapdrop100 X #5 I cDNA BRI E

3.4 5|19 5RAE
HEL 6 NEFER(EE DM NN S I
(1) actin2, Zmh4iiE2ReiEH; (2)GAPDH,
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Yt 3- W H i AR (3) UBI, dmhidiz s aE+:
g (4)18S, ZWmidixBEik & (B) MSC27, £
2% Kakar (2008) 15| ¥ ¥ it; (6) EFl-a, Zmtd H A%
FEAER T~ . f#H Prime Primer 5.0 #H47514%t,
SI1P6 R R (i) SR 2 A PR A R 5E R

CIEVER YR R L T G oy
(2015) 7% . Krdl{X #% 5 CFX 96TMRealtime
System (Bio-Rad) “¢ )t ¥ & PCR 1¢ . PCR f&
% 10puL, FERF N 2x Sso- fast Premix 5 puL, ##
B 02uL, 5l # % 05uL, ddH20 3.8 uL ;
Real-time PCR &5 95°C 30 s, 95C5 s, 60°C
5s, 50 MEH, 65CZE 95°C, #EFF 0.5°CHEfME
25orHT. R CFX96 P EAETHE S 51 M0ksift il
LRI AR AR E. @I VAR 2RI N 2
S P A

3.5 A& 5| WRffEiL

f /1 Graphpad Prism6 Xf %% i% £ Cycle
thresh- old (CYE AT 74T, &iENS5IMFRERE
oM SIS J7:(Zhang et al., 2015) . #&:1
CDNA BEHR (1~2) Hh 2% 1k N 2 5 DR 1) 20 A e 1
PCR A& H1 PCR #F 5 3.4 M[FE, Frfibriy
wHE 3 ANER.

3.6 HPT ERFERE @RS

R4 5 ZMR 1 75 IR 2E TR SR I L AL e 4 i 2
[Al(GenBankNo0.AY957391.2) 5> 41|t 514, 1E17) 5]
) HPT702F: 5-AGGGACGGCTTATTCCATCA-3,
5a IF] 9l Y| HPT988R
5'-AATACCCGCTTCTGACCTAAAC-3'. LLf#ik N
SIS, 18 3.4 ikt 7R, R
# 1 T cDNA HifR(1~10) HPT EERF A M E
EIKF.

& STk

KRS ARBR AT U SR BT AN SR 7T
AT N EFAEHES S 10T fE YR T
fE: HEERS T SUES. A AER R I F &
B AHISOR.

B
AT FE H DY 1128 BT R S TR TH
(2012FZ0078, 2015520209) %% By »

17
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