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Seed endosperm morphology at different
developmental stages (30 DAP~63 DAP)
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System ( Promega, 3£ [ ) {7 & & % 515 3
cDNA, ik 10 1557 T-20 C i H
1.3 FiERNSEREFEFRL N ESS|WiZIT

% R SapBase 545 £ ( http://www.sapinda-
ceae.com/ ) HICER KL LV SR %R ( SRA i
7. SRP304628), A SHLIRIEEERE
1) 12 MNSEEEE L, a5 AR 17 R
GO 3-HAMEE-CoA & ( KCS) RMEN
U5k 5L R, KR A g 5 3 ok UR T SapBase £ 4
R, 52k & PCR ( gRT-PCR) 5|9t 4k 4
Primer Premier 5.0 iit, 5I¥{FESFHR 1. ¥
Py 50) 47000 A e LT AR
1.4 TEHTEE PCR EFMEIESHT

qRT-PCR Hi ABI StepOne7000 ( 3£ ) 52
P E T PCRAXSEM, RMAAFR K 30.0 L, £
#5 SYBR gPCR SuperMix 15.0 uL, #5145 (10.0
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Table 1 12 candidate reference gene primers and amplification efficiency
R " . GINARRR o,
forward/reverse length/bp  efficiency/% R? C, value
ACT/EVM0004930 WEEE m%%?g%fgﬁ‘ggﬁ&g%;%%% 226 99.23 0.997 21.51
UBQ/EVMO0019311 EREN QLECCTEITOCTCICIN SIS, 176 98.75 0.995 24.59
UCE/EVMO006084 P LI ?ﬂg?fggggég?ﬁég%ﬁgz‘g 256 101.14 0.993 24.33
18r/EVM0012402 18SIZHEARNA %ﬁ%ﬁ%ﬁg’éﬁé‘g@ggﬁgﬁé‘éﬁ/ 117 99.46 0.998 26.68
GADPH/EVMOO14701 ¥ -3- i it Ul %‘éﬁﬁ‘é‘ém?é%%ﬁ%m@gg 107 98.23 0.992 21.59
EF-1a/EVM0013711 HEE T ﬂ?ﬂégﬂ%%ggfggg%%g 142 98.88 0.995 24.38
a-TUB/EVM0000325 afE R H 22@1%{;&ﬁ%%?ﬂ£%2€1%1% 183 100.72 0.996 22.94
B-TUB/EVMO013594 B E A ggggfégéﬁg%giﬁﬁ%m%% 127 101.35 0.994 23.67
PP2A/EVM0018196 S Vig o Ig&%%g%%%ﬁ%%g%?ﬁg# 144 99.46 0.998 27.39
Tip41/EVMO0004487 TipA1 & £ ﬁg%ﬁg?éﬁ&iﬁgﬁ%%ﬁ%%g 183 98.58 0.994 25.53
SAM/EVMO014230  HilA MR H: A5 TTgé%g 2?%%3?@52:/?@?5% 132 99.73 0.998 25.34
CYP/EVM0006460 RHEA G%ﬁ;%i@%ﬁ&g%ﬁéﬁé; J 152 101.12 0.993 27.15
KCS/IEVMO0000575  3-Hfisiit-CoA £l Eﬁgég’;%i?gggﬁ;ggiﬁi’g 125 99.32 0.997 25.96
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9.60% (SAM). 3.11% (CYP),
2.3 REANSERREEEN

HWIWMN S ERRE R LA ACT
BestKeeper. NormFinder Il 2 GeNorm, iX 4 Ff
B, ACT R ARYE Cy 18 b 1 22 HU(E R I
B, EZEEEBAR NS, FoE R
BestKeeper S &R C, 1075 5 R bR 22
BB A I, 22 E%éﬁﬁuﬁ/&%ﬁdﬁtﬁ NS

PR R B RE RO A, RirRERES N
S LA AR R S BRAH DG

AR 4 Rl S 3 R R E M R TR 12
AN P9 S 5L R A SO SR Rl AN 6] & A I RO
M AP Fa ek, Ik 2 R, Wi AC Al
BestKeeper .15 53041, PP2A F1 Tip41 1F 3 %
T AN [] 2 75 Bt 0 RIAS ) 2 2R R e Pk 38 R e
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Fig. 2 Melting curves with a single peak for the 12 candidate reference genes
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Fig. 3 The quantification cycle (C,) values of the 12

candidate reference genes
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ik vh B i T ACT 1 I 5 B 1iE 52 6 19 A 2 6k
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Fig. 4 Relative expression of the KCS gene in
diverse tissue samples using selected
reference genes
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Table 2 Stability ranking of candidate reference genes in seeds at different developmental stages and
across diverse tissue samples

T
Method

FaEtEHE4 (F-fK) Ranking order Chigh-low)

1 2

3

5

6

7

8

10

11

12

AR R B I T Seeds at different stages

ACr Tip41  PP2A  UCE  EF-la  UBQ 18r  B-TUB  CYP a-TUB  SAM  ACT  GADPH
BestKeeper Tip41  PP2A  UBQ  EF-1la  18r UCE B-TUB  CYP SAM  a-TUB ACT  GADPH
NormFinder ~ B-TUB  UCE  Tip41 PP2A a-TUB EF-1a  UBQ 18r CYP SAM  ACT  GADPH
GeNorm EF-1a/ PP2A Tip41 18r UBQ  UCE BTUB  CYP SAM  a-TUB ACT  GADPH
RefFinder PP2A  Tip41  EF-la  18r UCE B-TUB UBQ  a-TUB CYP SAM  ACT  GADPH
AFZHZ All tissues

AC, Tip41  PP2A 18r CYP  UBQ EF-1a  SAM UCE  GADPH a-TUB ACT B-TUB
BestKeeper Tipd1  PP2A 18r  Tip41  UBQ  EF-la  UCE SAM  GADPH a-TUB ACT  B-TUB
NormFinder Tip41 ~ SAM  PP2A 18r CYP  UBQ EFla GADPH  UCE  aTUB ACT  B-TUB
GeNorm PP2A/CYP Tip41 18r UBQ  EF-1la  UCE SAM  GADPH a&TUB ACT B-TUB
RefFinder PP2A  Tip41  CYP 18r UBQ SAM  EF-la  UCE  GADPH a-TUB ACT B-TUB
KCS 5K VL PP2A Fl Tip41 fE M NS HHIHRE 4 FEERNE RIS

Bf, #7 & & 63 DAP 3 ik &= T 30 DAP, 1fi
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AT TS T A 50l N 2 3 K 5 A R A F o
38 Bl I AR — B0, Ari R EF ST R A
ACT & H R Shy 3o 5 56 36 36 40 i 1 ) & 4
[RIE813 AR G 45 S e I ACT 5k PR 7 SC 5 SR ol
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Selection of Reference Genes for Gene Expression Analysis in
Seed Development of Xanthoceras sorbifolium Bunge

LI Lin-kun', LIANG Chong-jun', NING Chu-long®, ZHANG Wei', JIANG Guo-Wef,
ZHANG Xin?, WANG Li-bing'?

(1. Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China; 2. Forestry College, Northwest A & F
University, Yangling 712199, China)

Abstract: [Objective] : To assess the suitability of the ACT gene for gene expression analysis in seed de-
velopment of Xanthoceras sorbifolium, and to identify the most stable reference genes for gene expres-
sion analysis in X. sorbifolium. [Method] : In this study, four mathematical algorithms (ACy, BestKeeper,
NormFinder, geNorm) were carried out for evaluating the expression stability of 12 candidate reference
genes based on the web-based tool RefFinder. [Result] : The RefFinder result showed that the gene
PP2A performed the best, followed byTip41, EF-1a,18r, UCE, B-TUB, UBQ, a-TUB, CYP, SAM, ACT, and
GADPH at the different seed development stages in X. sorbifolium , and the gene also had the highest
score, followed by Tip41, CYP, 18r, UBQ, SAM, EF-1a, UCE, GADPH, a-TUB, ACT, and B-TUB at various
tissues. [Conclusion] : PP2A and Tip41 are the two most stable reference genes for gene expression ana-
lysis in X. sorbifolium.

Keywords: Xanthoceras sorbifolium; reference gene; gene expression; seed development
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