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Abstract: Objective To screen reference genes for real time quantitative PCR (qRT-PCR) research in Ampelopsis grossedentata.
Methods On the basis of the conserved sequences among plant species, six candidate reference genes (including Actin, 18 S-rRNA,
GAPDH, a-Tubulin, B-Tubulin, and UBQ) were cloned from A4. grossedentata by RT-PCR in this study. The expression stability of each
reference gene in different tissues (shoot tip, young leaf, mature leaf, old leaf, stem, and root) were analyzed by three softwares
(GeNorm, NormFinder, and BestKeeper), followed by validation of the expression pattern of AgPAL by qRT-PCR. Results Actin, 18
S-rRNA, and GAPDH expressed most stably in all samples and were suitable for reference genes, which were further confirmed by the
transcript level analysis result of AgPAL in different tissues. Conclusion This is the first report on the screening and validation of
reference genes for qRT-PCR in 4. grossedentata, which benefits future studies on gene expression in this species.
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Table 1 Degenerate or specific primers for candidate reference genes cloning

e PAL R SIFA (5°—3) B KA/ C T B op

Actin F: ATGGCAGAAGAAGATATTCAGC 56 1131
R: TTAGAAGCATTTCCTATGCACAA

18 S-rRNA F: TCATATGCTTGTCTCAAAGATTA 54 1737
R: CCTTCCTCTAAATGATAAGGTT

GAPDH F: ATGGGGAAGATCAAGATCG 54 1014
R: TTATTTGCAGGATGCCATG

a-Tubulin F: ATGAGRGAGTGCATYTCVATYC 51 1356
R: TCARTAYTCRTCTCCYTCGTCAC

B-Tubulin F: TACCCDGATMGVATGATGKT 56 692
R: AACATDGCWGTRAACTGCTC

UBQ F: GCWGAKGTTGCTGTHCGYA 56 732
R: TCTTBACCATAGTRTCCCG
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TH9¢ e & PCR 514 (3£ 2). #EX &Kk N 53
KIHEAT qRT-PCR I, SGilid 5@ PCR 45k &F
XS5 e o DLIRTSIR 3 — 5 cDNA ST,

PCR & % Premix Taq 10 uL, &% ¢cDNA 1 puL,
10 pmol/L () £ FilF 514 % 0.4 uL, ddHO #h 24k
R4 20 uLo R N FE P4 95 CHiARTE 2 min; 94 °C
AP 30 s, 60 CiEk 30 s, 72 ‘CHEfH 30 s, 30
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Table 2 Primer sequences and amplification parameters of candidate reference genes and AgPAL

B K 44 B F1WPHI (5°—3) =K/ Mop PR I% R

Actin F: CATTGTGAGCAACTGGGATG 125 129.22 0.995
R: GATTAGCCTTCGGGTTGAGA

18 S-rRNA F: CATAAACGATGCCGACCAG 111 95.79 0.998
R: TTCAGCCTTGCGACCATACT

GAPDH F: TGGCTTTCCGTGTTCCTACT 113 104.77 0.999
R: TCCCTCTGACTCCTCCTTGA

a-Tubulin F: GTGAAACTGGTGCTGGGAAG 114 97.88 0.992
R: GTTGTTCTGGGTGGAAGAGC

B-Tubulin F: AAAGATGAGCACCAAGGAGGT 108 113.85 0.989
R: TCACACACGCTGGATTTCAC

UBQ F: TGAGAATGATATGCCCTCTGG 122 119.24 0.991
R: ATGTGTCCCAACCAAACGAT

AgPAL F: TCAGCACCTCAATCTTCCAA 109 99.80 0.996
R: GATGGGTTTCCACTCTCCAG

qRT-PCR % W {E Applied Biosystems 7500 i &
PCR % BT, RMNAKRMAEBIG 20 uL: SYBR®
Premix Ex Taq 10 uL, 10 umol/L [f]_ N5 414 0.4
uL, cDNA £4% 1.0 uL, ROX Reference Dye II 0.4
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AR o N5 A 2 95 CTIAETE 30s; 95 C
P 5s, 60 CiEK 34s, 40 MEH; JafE 60~
95 CHARIEM I . FA RN ELR 3 K.
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Cloning of candidate reference genes from A.

2-18 S-rRNA  3-GAPDH  4-a-Tubulin
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1 356+ 692, 732 bp, SRS E4—5. NCBI
BLAST XTSI BN, Fidk 6 NS BAfE st
1275 5 AR S BTG K YR TE (3R 3), 3R
JIT e B RX L LR 1y By Al T i e 2 Actin., 18
S-rRNA. GAPDH. o-Tubulin. B-Tubulin F1 UBQ /X,

22 ¥IBFFRMSTERES N

i PCR 9 M RIK AR B, 6 Mk N 2%
PRIIREY™ 1 5 UYLy B D — B aenty, Bk
W R ITTE 1 2R A (] 2D, REIASEZR R N2
FERG RS, AT 1S4k QRT-PCR 7347

*3 REEHRIANSERER BLAST LEXER
Table 3 BLAST results of candidate reference genes from A. grossedentata

B[N 4% B [F]5 5L (GenBank %% ) /% I %
Actin W% Vitis vinifera (FQ382126.1) 100 96
W Mangifera indica (JF737035.1) 99 89
W Theobroma cacao (XM_007016371.1) 98 89
18 S-rIRNA W% (AF207053.1) 100 99
B KA Leea guineensis (AF206951.1) 99 99
WEESH Tapiscia sinensis (AF207034.1) 100 99
GAPDH WA (XM_002263109.3) 100 96
Al A (XM_007037842.1) 97 85
BIRW Hevea brasiliensis (KR905466.1) 99 85
a-Tubulin fi% (XM_010666156.1) 100 96
H# Populus tremuloides (AY180376.1) 100 88
n] A (XM_007018307.1) 100 88
B-Tubulin w4 (XM _002275270.3) 100 97
WA #E Salix arbutifolia (KC243681.1) 98 87
B Ricinus communis (XM_002510494.1) 100 86
UBQ A% (XM_010653329.1) 94 97
AR (XM_007015537.1) 80 90
BERK Ricinus communis (XM_002514388.1) 81 88

M-Marker 1-Actin

2-18 S-rRNA
5-B-Tubulin  6-UBQ 7-AgPAL

2 RERSEEF AgPAL EE AL E PCR 318
Fig. 2 Normal PCR amplification of candidate reference

3-GAPDH 4-q-Tubulin

gene and AgPAL segments
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Tortre Hd GeNorm Bffim i v 55 4 2 58 BRI 1
RILFENEFME (M A KV, MBI
FeEthds, M 4 FTRUEH, H{EH] geNorm
BAFEAT VRN, 6 Mk N SRS FR
P # X & GAPDH > Actin > 18 S-rRNA >
B-Tubulin>UBQ > a-Tubulin,

NormFinder %45 GeNorm #4224
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B M AEBUN, Ui IR R A AR E -

5 45 BoR, f# /] NormFinder #fFHEAT 4>
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Fig. 3 Melting curves of six candidate reference genes of A. grossedentata
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Fig. 4 Expression stability of six candidate reference genes

in different tissues analyzed by GeNorm
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Fig. 5 Expression stability of six candidate reference genes

in different tissues analyzed by NormFinder
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Table 4 Expression stability of six candidate reference genes in different tissues analyzed by BestKeeper
I Actin 18 S-rRNA GAPDH a-Tubulin B-Tunulin UBQ
GM [CP] 28.47 12.75 21.84 21.80 24.38 28.38
AM [CP] 28.48 12.76 21.85 21.95 24.46 28.41
min [CP] 27.38 12.44 20.87 19.79 22.59 26.58
max [CP] 29.82 13.47 23.29 26.41 27.83 30.40
SD 0.73 0.27 0.71 2.49 1.83 1.13
CV/% 2.58 2.08 3.26 11.32 7.49 3.99
GM-JUIT % AM-SEARTFIIE CP-BAF S 4L
GM-geomean AM-average mean CP-confidence parameter
4r  GADPH 7 Actin 5. 18 S-rRNA
. 6
rr 3 w
g w’é 4 ﬁ .
= -~ 3 X 9
= g 2 2‘%
1 1
0 ST YL ML OL R S 0 ST YL ML OL R S 0 ST YL ML OL R S
ST-24%  YL-t  ML-pgednt  OL-Znf R4 S-2
ST-shoot tip YL-young leaf ML-mature leaf OL-old leaf R-root S-stem
6 L3HMASERASRONE EIEEE AgPAL EEHIRIA
Fig. 6 Expression of AgPAL genes analyzed using three reference genes for normalization
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