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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. 78S 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 CoCl, 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.

Keywords Medicago sativa, Evaluation of reference genes, Cobalt stress, HPT gene

(Cobalt, Co) Co 5~40 mg/kg Co
(Paustenbach et al., 11.6 mg/kg ( , 1991)
2013) N Co o
(Riley and Dilworth, 1985), Co

(2012FZ0078, 2015S70209)



2714 Molecular Plant Breeding

Co (1)
(Talukder, 1994; Chatterjee and
Chatterjee, 2000; Keeling et al., 2003; Li et al., 2009) .
(Kapustka et al., 2006; Sree et al., 2015).
(Ghodake et al., 2011) (2)
(Talukder, 1994; Chat
terjee and Chatterjee, 2000; Sree et al., 2015) (3)
N (Chatter-
jee and Chatterjee, 2000), Co
(plant growth-prom-
oting bacteria, PGPB)
-PGPB
(Farwell et al., 2007; Glick et al., 2001;
, 2008; Buysens et al., 1996; Hao et al., 2010),
PGPB Co
(2008) laaM
(TAA ) ACC
126
pmol/L Co
168 pmol/L Co

(Maetal., 2011)

o]

(HPT) —
(PDP) 2- -6-
(MPBQ)
5 (Penna and Pogson, 2006),
HPT
1.4 1.8 (Savidge
et al., 2002; Collakova, 2003; Karunanandaa et al.,
2005)
44  (Savidge etal., 2002; Collakova, 2003; Karunanan-
daaetal., 2005),
(Welch, 2003)
HPT
o 2011
HPT
1247

HPT
HPT
Co

1
1.1 Co
60d
(D CoCl,
100 mg/L  CoCl,
@) .- CK
18.66 cm 13.36 cm
Sinorhizobium meliloti
19.51 cm 12.30 cm.,
CK 0356 g
0.204 ¢ Sinorhizobium meliloti
0.349 g
0.119 g, CK - (2) CK
Pseudomonas aeruginosa 1401 Pseudomonas
maltophilia 1402
o Pseudomonas aeruginosa 1401
Co 18.82 cm
0.395¢
CK CK
o Pseudomonas aeruginosa 1401
Co CK
40.87%  93.63%.
1.2
cDNA (D
10
5~10 mg/mL PCR
1.3

Real time PCR
PCR



Co HPT

. . . . 2715
Study on HPT Gene Expression Regulation of Medicago sativa under Cobalt Stress
o GAPDH UBI Co Ct
90%~110% o Co
099( 2 o
GAPDH
14
Co
Ct
188 Ct actin2 ° UBI o
309 B CK 07+ B3 CK
Pseudomonas aeruginosa 1401 EE Pseudomonas aeruginosa 1401
o~ 1 mmm Pseudomonas maltophilia 1402 . 0.6 =mm Pseudomonas maltophilia 1402
g 254 wmm Rhizobium sp. 1305 E 0.5 W Rhizobium sp. 1305
E - W Sinorhizobium meliloti E : W Sinorhizobium meliloti
— B ~ &b
E B E s
\’i = \Q’ =
g HEE
Kz ® =
0 100 ' 0 100
CoCLE (mg/L) CoCloifk & (mg/L)
Conc entration of CoCl,(mg/L) Conc entration of CoCl, (mg/L)
A B

B {4 TR AR TE E T R R Co Tt 32 fE AT

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

1 cNDA
Table 1 Concentration of plant cDNA templates

CoCl, (mg/L) * cDNA (mg/mL)

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

1 0 791
No strain

2 100 6.44
No strain

3 0 8.01
Sinorhizobium melilott

4 100 7.42
Sinorhizobium melilott

5 0 1305 7.64
Rhizobium sp. 1305

6 100 1305 7.95
Rhizobium sp. 1305

7 0 1401 8.83
Pseudomonas aeruginosa 1401

8 100 1401 9.34
Pseudomonas aeruginosa 1401

9 0 1402 7.62
Pseudomonas maltophilia 1402

10 100 1402 7.92

Pseudomonas maltophilia 1402

-k
. o

Note: * Environmental strains were screened and reserved in our institute
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2 RT-PCR
Table 2 Primer sequence for candidate reference genes and real-time reverse transcription-polymerase chain reaction (PCR) amplifica-

tion efficiency parameters

GenBank (5'-3") (bp) (%)* *

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 XM003595069 F: CTCCATTTGCTGCTGCGTCTC 257 108.0 0.995
R: CCACCCCGAAGTCGCTACAC

188 KJ507198.1 F: TACCTGGTTGATCCTGCCAGTAGTC 252 105.2 0.990
R: CAATGATCCTTCCGCAGGTTCAC

MSC27  X63872 F: GTTGAAGTAGACATTGGTGCTAACG 100 93.8 0.997
R: AGCTGAGTCATCAACACCCTCA

EF-la XMO003618727 F: GCACGCTCTTCTTGCATTTACT 295 98.8 0.990

R: GGGCTTGTCTGTGGGTCTCTT

DF CFX-Manager3.1
Note: * All results calculated by CFX-manager3.1 built-in formula

40 - 40 4
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Figure 2 Expression level of candidate reference genes
Note: A: Simples with no Cobalt; B: Simples treated with 100 mg/L CoCl,
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Figure 3 Analysis results of expression stability of candidate reference primers by refFinder software

Note: A: The result of comparative A Ct method; B: The analysis result of BestKeeper; C: The result of NormFinder; D: The analysis

result of geNorm; E: The comprehensive results
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