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Reference Gene Identification for Real-time Quantitative PCR Analysis in Gly-
cine soja Roots Infected with Heterodera glycine
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Abstract: Real-time quantitative PCR (qRT-PCR) has been widely used in crops for gene expression analysis, and reference
genes are required in qRT-PCR analysis to minimize influences of RNA quality and quantity and efficiency of reverse transcrip-
tion. Housekeeping genes are often selected as reference genes, however many of the housekeeping genes provide stable ex-
pression under only certain environments. So it is necessary to identify and select suitable reference genes for a given experi-
ment. In our study, 24 candidate housekeeping genes were selected for their gene expression analysis, there happened nonspe-
cific amplification products for qRT-PCR of Actin( Glyma. 08G182200). The other 23 candidate housekeeping genes were e-
valuated for their expression level and stability in roots of susceptible and resistant wild soybean accessions under soybean cyst
nematode HG 0 infection at 9, 15 and 20 days after inoculation. Housekeeping genes had different expression level, and some
of them had different expression level between wild soybean accessions, or between different treatments. There also existed
difference in expression stability among the 23 housekeeping genes. As a whole, Cons9 ( Glyma. 10G152200), Cons2
(Glyma. 17G138500) , Consl ( Glyma. 15G270900) and Tubulin_motif ( Glyma. 20G136000) were the top four least stable
genes, and they were not suitable for the study. The three housekeeping genes of Tubulin _motif ( Glyma. 15G132200 ),
Cons6/SKIP16 ( Glyma. 12G051100) and Tubulin_motif ( Glyma. 05G110200) were the most stable genes with M value of
0.698, 0.715 and 0. 727 respectively and with their expression level of Ct =25.7, 26. 5 and 25. O respectively, which indica-
ted that they are ideal reference genes for qRT-PCR analysis under our experiment conditions.
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Table 1

AR AR YR LR
1.2.4 RNA #9385 F= cDNA #9508 KA
PR ZRRE i TR D IS OB K IS, 2R TaKa-
Ra MiniBEST Plant RNA Extraction Kit A& ## X i5¢ BH
SHEAT RNA FOERE, 1. 5% BB I 568 Je vl ok A
I RNA #9583, F NanoDrop 2000 #61] RNA f)ik
BE R4 B, ffi JT] TaKaRa PrimeScript™ RT reagent
Kit with gDNA Eraser 4T ¢cDNA &%, ;L7 F 1K &
F40 pL, &4 14 uL RNA 5 .
1.2.5 314kt SEEAMI, L8 T 24 4
FIEMH (F 1), FIH Oligo 6.0 KA1 T qRT-
PCR 5 #7391 , A R (b at) & .

BEXEBERHE qRT-PCR 5| #1551
Housekeeping genes and primers for qRT-PCR

FEKZ FX Gene symbol FLR E Gene locus

5|4 Primers(5' =3") 2k Reference

TUB4 Glyma. 03G124400

Tubulin_motif Glyma. 04G023900

Consl7 Glyma. 04G047900
ACT2/7 Glyma. 04G215900
GAPDH -

Tubulin_motif Glyma. 05G110200

TUAS Glyma. 05G157300
Consl0 Glyma. 05G207500
UKN2 Glyma. 06G038500
Tubulin Glyma. 08G014200
HDC Glyma. 08050200
Actin Glyma. 08182200
Cons9 Glyma. 10G152200
Cons6/SKIP16 Glyma. 12G051100
GmB-actin Glyma. 15G050200

Tubulin_motif

Glyma. 15G132200

- = o= o=

=

F

R:

= =" = 72 = ® S =" = T A=

*: AGGCTTCCTTCTTCGCTGAC

R
F
R
F:
R
F
R

:AGGGCAATGCGGGAACCA Hu et al. 2009
:GAAGTTGTCGGGCCGGAATA

:GCCAATGCGGTAACCA Kim et al. 2011/2"]

: CTGCTGTTGCCTTCCTCGTT
:GCCACTGTTCCGACAACCTT Libault et al. 2008 %]
:CACCATCACTTGCGTTTGTG
:ACTCTGGCGATGGTGTTAGT Hu et al. 20090
:GCCCATCAGGAAGCTCGTAG Jian et al. 20082
:GACTGGTATGGCATTCCGTGT Sun et al. 20162
:GCCCTCTGATTCCTCCTTGA

:CAACCCAGAGAGCGCGTCT Kim et al. 2011%"]
:GCCTGGCCGATGTGGATTGA
:ACAACTCATCTCCGGCAAGG Hu et al. 2009
:GCAGTTGTCGGCGAGCTT

:ACTGGGCTAAAGGGCATTAT Libault et al. 20082
:ACCTTTGGAGACGGGAACA
:AGAGGAAGCGTGCAATGGT Hu et al. 2009
:AACGTTTCCGGAGTAGATGT
ACTAGTTGAGAATGCGGATG Kim et al. 2011%")
:GAAGCGGAGACAGCACGTTA

:GCGCAACAAAGACGACCAAG Hu et al. 2009!'?!
:CTTTGCGGACGCTTATCATC

Kim et al. 20112
:CCCATCCCAACCATTACACC
:CGCAACATGGAGATTCACGA Libault et al. 20082
:GCTCAGTGGTCCGCTCAG
CCCAAGACATTGCGAGAG Hu et al. 20090
:GGTTGTGTCAAAGCGAGTTC Kim et al. 2011'2")
:TGCTGCACCACCGAACAACT Stolf-Moreira et al. 20112
:CCCATCCCAACCATTACACC
:AGGGCAATGCGGTAACCA Kim et al. 20112

ATAAACATTGATGCGCTCCA
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gkl
HHZH Gene symbol FEPFA 5, Gene locus 2|4 Primersl (5' =3") 22 3k Reference

Consl Glyma. 15G270900 F:GCTCCACCAACCGCCACTAA Libault et al. 20082/
R:TTTCGGGCTTCATTGATTGC

Consl1 Glyma. 17G072300 F:TGGCAACAAGGTTAAGGTCA Libault et al. 20082
R:TGGGCACTAACGGAGAC

Cons2 Glyma. 17G138500 F:TTTCAACCCAATCCAATCCT Libault et al. 20082
R:TAACAATGGTTTGCGATGAT

ACTI1 Glyma. 18G290800 F:GGCAGACGCTGAGGATATTC Hu et al. 2009

Tubulin_motif Glyma. 19G194800

TIP41 Glyma. 20G130700
Tubulin_motif

Glyma. 20G136000

Tubulin_motif Glyma. 20G159200

R:TGCTCACAATTCCGTGTTCA Jian et al. 200812

F: AGTGTGTAAATGGCGACC Kim et al. 2011/2"]
R:CGAACCACACTTCCGATTGC
F: TTGTGGAAGTGGCACTATTG Hu et al. 2009
R:TCCATTATCAGCGAGTTCA

F:ACCAATCCCAAATCCTACGA Kim et al. 20112")
R:AGCAAGCATTTCCGACCT

F:GGTTTCGTTTCGGGTTTGAC Kim et al. 20112

R:GATCTGGTTTCCGCATTG

1.2.6 ¢RT-PCR & B cDNA 7 B 6
51N qRT-PCR YW UG MR E . qRT-PCR 7E 5L HI A
BR/A 7] Eco™ 285k 5 B PCR X L b7, B2 1E 2 R
TaKaRa SYBR Premix Ex Taq"™ I ( Tli RNAaseH
Plus) #3517, 20 pL gRT-PCR J i
&AL A 10 pl 1 SYBR Premix Ex Taq™ 5,
8 L cDNA % ,0. 38 pmol - L™" 1 L8 ##1 T
Wen ¥, RN AT R :50%C 2 min;95°C 30 S;(95°C
58,60°C 30 S) X40 PMEFF;95°C 15 S;55°C 15 S;
95°C 15 S, B FEMixE 2 MEA,
1.3 HIESH

¥ F Excel 2016 #4784 40 38 . % A GeNorm |
BestKeeper £l Normfinder X} 15 R B R #F 7R 15

1 2 3 4 5

28S
18S

2 ER55H

2.1 RNA RERHAEKRN

HE PRI 12 3R 1 RNA AT 1. 5% 3
BEWHEE RS VKA, % B 288 rRNA Fi1 18S rRNA jif
TS, RNA SE3& 441 (& 1) ; A NanoDrop 2000
N RNA (1) 20 85 e i 3 B, AR e R MR AT Bl K i
TCAEL Ao/ F T 2400 J5 e R AT A RO A
N L70 ~2.01, 4 B B bf, We AR AL il O 55.0 ~
99.7 ng-pl ™' A I, $2 HUAY RNA A Fj T cDNA
B

1 ~124k¥%HM:R_ T 9,R_C9,R T 15,R_C_15,R_T 20,R_C_20;S_T_9,5_C_9,S_T_15,S_
C_15,5_T_20,S_C_20, R : 40 itrFfr 5 S - Sy v il T - B e O A0 B G2 Xof HEAR B (B2 D B oK)
9 LM 9 d IR 15 3RS 45 15 d HUFE ;20 . 3505 45 20 d ke, T,

1-12 represent respectively R_T 9, R_C_ 9, R_T_15, R_C_15, R_T 20, R_C_20, S_T9, S

C9,S_T_15,S_C_15, S_T_20, S_C_20. R: Resistant accession; S: Susceptible accession; T: In-

oculation with soybean cyst nematode; C: Inoculation with water; 9: Sampling at 9 days post-inocula-

tion (DPI); 15 Sampling at 15 DPI; 20 Sampling at 20 DPL The same below.
1 fitif RNA BRI 1. 5 % BB HE ik B FR ik L i

Fig. 1

Agarose gel electrophoresis of RNA samples
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e
g
e
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& z
2 005
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©
£ 020
Y
w8
R g 015
® =
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gz
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0.05
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Fig. 2 Derivative melt of 24 candidate housekeeping genes
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JEMR o CtAELAERE AR H] 922 Al S e T 5 DR AR i 1]
RIKMZES . W 23 MFHEIEN I FRFE Wk
B, REREE A M) A b 2 AN SRR (18] 3) o ANt
th GAPDH F1 ACT11 ( Glyma. 18G290800 ) 3 1A = 4%

&L Ce{E 20500 21,6 #1022, 751 Tubulin_motif
( Glyma. 20G136000 ) 1 UKN2 ( Glyma. 06G038500 )
FIR PR, -1 CofE A0 31. 4 F129. 2 HE
HEPRBFEN TEMNZEH, FRERTEAF
an AP ]SS [F) A B o) AF AR R A F R 25 5%, Tl HL
ANFRE K HE K 3R 35 F B 22 7 A B AN S A ]
WAEHT BT A K §0E], Cons9 ( Glyma. 10G152200)
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SRR R T K RIS

I 5E i PCR 207 b P S LA 0 27

B Ct {HAHZ % K, 15 8. 1, TUAS ( Glyma. 05G157300)
2= 1. 2,710 ConsIO0( Glyma. 05G207500) , Cons6/ SKIP16
( Glyma. 12G051100 ) #1 Cons2 ( Glymal7gl4750) #H2=
(B0 O3 FEAS [F) Ak B (b e B AR B KK 8]
Cons2 ( Glyma. 17G138500) Ct {HEAHZ &K, N 1.9,

Cons17 ( Glyma. 04G047900 ) A 22 0.7, 1M Tubulin _motif
(Glyma. 15G132200) #1 Tubulin _motif ( Glyma. 19G194800)
AHZE(EY A 00 A UL, 358 S8 ik DI FEAS [ B A R
ot ANTRI b (B2 D B OE A AP B R K) 2R,
FIR PRI, HAZEHERAHXS Y

36.0
] ®R_C9
34.0 " ey
— = = | DR_T_I5
320 i = I BR_C_I5
2 300 - - - T ma- OR_T 20
5 - ®R_T 20
Z 28.0 - ! i l ' ! - - ‘ N — ! - : AS T 9
o 0y B - l - g i l ! AS C9
S 260 - I ’ o1
=4 i I E = X ! o XS_C_15
24.0 A igton
: S :
22.0 l = ! =S_C_20
o ity @5@.@@@@@@@ R
&liry@'\ '\r\‘, \\9 6\ #@\ 0@ @ 56\ \‘,0 'P° 6\"»\%%0 & O \
‘i\ ¢ @ \ \ K ((@(ff@’éx @(’)y
S5 PSS e;gofw(f@‘# f&’&@
AR & o L

ReBUR A 5 S B Rl s T Beh B AL 3 5 C . 5 HEAL 3 (B ok K ) 59 BRI R 28 9 RIBURE 5 15 - S 58

15 RIBURE 520 35 26 20 RIUHE

R: Resistant accession; S:Susceptible accession; T:Inoculation with soybean cyst nematode ;

C :Inoculation with wa-

ter; 9 :Sampling at 9 days post — inoculation ( DPI) ; 15:Sampling at 15 DPI; 20 :Sampling at 20 DPI.
3 23 MEREREEMRIAKT

Fig. 3 Expression level of 23 candidate housekeeping genes

2.4 HFRERWRIERE TN

N T MR G A HUR e T 23 R R AL
TEHF A KGR R R IAAR M, A S By BestKeep-
er .GeNorm 1 Normfinder #/4F23#7r T 5% 3L K Ct
(B, IFAR IR AR B Cr (AR X Rk i
2.4.1 BestKeeper #E M- F XA H 954 2 Best-
Keeper 8% HI47 2¢ 55 IR A [] it it LA [] 4 2 A%
ANTR] BURE IS 3] G {H 1) s o 22 RS S R HOR PP i
PRI IR IR E P, o 22 TN 78 St RAEO BN, J
PRI Py 2 IR o M AT, A o 25 RN A S R BB K T,
BN RIRFE MR . — ML ARiEZE R T 1 i,
UEIZHE R R E M 22 0 23 DMRZEE 20 A
R BEARE , I CERYARIEZE A 0. 405 ~0. 863, 71%
FRECN1.43% ~3.05% , FKiLFFEER 2 MHFR
[ A HDC ( Glyma. 08G050200 ) 1 Tubulin _ motif
(Glyma. 19G194800) , H Ct #5 #E 2% 43 5 2 0. 405 FiI
0. 440, A5 5 2B B4 1. 43% Fl 1. 52% s i e AN FasE
BIFER ELA A Cons9 ( Glyma. 10G152200) | Cons2 ( Gly-
ma. 17G138500) A1 Consl ( Glyma. 15G270900 ) , H: Ct

» N

FRAEZEII KT 1,435 4. 029 1. 400 F1 1. 309, Ct [

AR ZHM N 13.78% 5. 53% Fl 4. 69% (32 2) .
2.4.2 geNorm M3 KA H 6954 geNorm AR
FERFAFEESE M AR R NIV R RS T
M A8, GRS E . AT T RGA R A RUE 1)
3R K Cons9 ((Glyma. 10G152200 ) | Cons2
(Glyma. 17G138500) #1 Consl ( Glyma. 15G270900 ) ,
H MAEH8 1.061.0.769 #10.703, LikxiaE
H) 2 & Tubulin_motif( Glyma. 15G132200 ) 1 Tubu-
lin_motif ( Glyma. 05G110200) , M {g Jy 0.223; H X
% Cons6/SKIPI6 ( Glyma. 12G051100) (M f{& %
0.240) (K14) .

I Z A N 2 B DR R A7 A o T L 3R A B8 Ok #f
WAy S E B PCR Bds . FIH] geNorm BAFTH51Y
PRUEALIN T BCRS 2253 (V0,0 ) AT RURHE NS
HIECH o ARE S AE T, RN $E 2 D F L FE
NS HED HAREC R FRCX 22 5 V,,, 4 0. 074,
INT 0. 1S (ELS) PR, [N e S B IR Tubulin_
motif ( Glyma. 15G132200 ) 1 Tubulin _ motif
(Glyma. 05G110200 ) 1A P Z: B[R BV AT 38454 A
B Y S R B PCR &
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Table 2 Expression stability of 23 candidate housekeeping genes evaluated via Bestkeeper software
Ct{H Ct value . R
. b 11 v R RY
ZH Gene HRBL Gene locus P /M =St Standard deviation CV/%
Mean Minimum Maximum

HDC Glyma. 08 G050200 28.3 27.3 29.4 0. 405 1.4
Tubulin_motif Glyma. 19G194800 28.9 27.9 30.3 0. 440 1.5
ACT2/7 Glyma. 04G215900 24.6 23.6 25.7 0. 440 1.8
TUB4 Glyma. 03G124400 26.4 25.2 27.9 0. 487 1.8
Tubulin_motif Glyma. 05G110200 24.9 23.9 26.2 0. 490 2.0
GAPDH - 21.6 20. 8 23.0 0. 489 2.3
UKN2 Glyma. 06G038500 29.2 28.3 30. 1 0.515 1.8
Tubulin_motif Glyma. 15G132200 25.7 24.6 27.3 0. 540 2.1
ACTI1 Glyma. 18G290800 22.7 21.4 24.9 0. 540 2.4
Cons6/SKIP16 Glyma. 12G051100 26.5 25.3 28.0 0.575 2.2
Tubulin_motif Glyma. 04G023900 26.4 25.0 28.0 0.579 2.2
GmB-actin Glyma. 15G050200 24.3 23.0 25.4 0.579 2.4
Tubulin_motif Glyma. 20G159200 26.0 24.7 27. 1 0.612 2.4
Consl 1 Glyma. 17G072300 27.6 26.8 30.8 0. 659 2.4
Consl7 Glyma. 04G047900 28.6 27.2 30.0 0. 665 2.3
TIP41 Glyma. 20G130700 26.0 25.0 28.0 0. 691 2.7
Tubulin_motif Glyma. 20G136000 31.4 28.9 33.2 0.779 2.5
TUAS Glyma. 05G157300 24.4 22.8 25.4 0. 785 3.2
Consl0 Glyma. 05G207500 28.4 26.9 31.1 0. 838 3.0
Tubulin Glyma. 08 G014200 28.2 26.7 31.2 0. 863 3.1
Consl Glyma. 15G270900 27.9 25.6 33.1 1.309 4.7
Cons2 Glyma. 17G138500 25.2 22.4 27.7 1.399 5.5
Cons9 Glyma. 10G152200 29.0 23.9 34.9 4.029 13.8
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Fig. 4 Expression stability of 23 candidate housekeeping genes evaluated via geNorm software
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Fig. 5 Determination of the optimal number of control genes for normalization

2.4.3 Normfinder FMBFRABA WA IR 5

geNorm b, Normfinder #4457 ¢ £ I (4 £ 5 P 5
BRI B Cr EF AL AR ik, AR5 R A ik [
RIXTLE TR M RPN EE N BORREYE . M HAU),
FENFGA AR E . A WEFT o 20k e A 2 1 R I Oy
Cons6/SKIP16( Glyma. 12G051100) (M {E & 0.050) ,

HIR AN Tubulin _motif ( Glyma. 15G132200) (M 1N
0.051) F1 Tubulin _motif ( Glyma. 05G110200) (M {H
H0.064) , FRikFE AT E Ry Tubulin_
motif ( Glyma. 20G136000) (M {H &y 0.315) . Cons2
( Glyma. 17G138500) (M {i# 0. 285) FlI Cons9 ( Gly-
ma. 10G152200) (M {E >} 0.268) (£ 3),

% 3 Normfinder iFMEEFREREHRXEROEE S

Table 3 Expression stability of 23 candidate housekeeping genes evaluated via Normfinder software

P HPIz T M {H B Bz AT M fH
Gene Gene locus M value Gene Gene locus M value
Cons6/SKIP16 Glyma. 12G051100 0. 050 Consl Glyma. 15G270900 0.134
Tubulin_motif Glyma. 15G132200 0.0s51 Tubulin_motif Glyma. 19G194800 0. 136
Tubulin_motif Glyma. 05G110200 0. 064 TIP41 Glyma. 20G130700 0. 154
ACTII Glyma. 18G290800 0.070 Tubulin Glyma. 08G014200 0. 184
UKN2 Glyma. 06G038500 0.077 Cons10 Glyma. 05G207500 0. 187
TUB4 Glyma. 03G124400 0.099 Consl1 Glyma. 17G072300 0. 188
Tubulin_motif Glyma. 20G159200 0. 101 Consl7 Glyma. 04G047900 0.193
GmpB-actin Glyma. 15G050200 0.103 TUAS Glyma. 05G157300 0.210
GAPDH - 0. 105 Cons9 Glyma. 10G152200 0.268
Tubulin_motif Glyma. 04G023900 0. 120 Cons2 Glyma. 17G138500 0.285
ACT2/7 Glyma. 04G215900 0.125 Tubulin_motif Glyma. 20G136000 0.315
HDC Glyma. 08G050200 0. 134
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