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Identification and validation of reference genes for RT-qPCR
normalization in Komagataella phaffii at different growth
stages

LU Mengjiao"?, ZHAN Chunjun"?, BAI Zhonghu'?, YANG Yankun''?
1 National Engineering Research Center of Cereal Fermentation and Food Biomanufacturing, Jiangnan University,
Wuxi 214122, Jiangsu, China
2 Jiangsu Provincial Engineering Research Center for Bioactive Product Processing, Jiangnan University, Wuxi 214122,
Jiangsu, China
Abstract: [Background] The methylotrophic yeast Komagataella phaffii (K. phaffii) or Pichia pastoris
has received extensive attention as a cell factory to produce recombinant proteins and build biosynthetic
pathways. Real-time quantitative PCR (RT-qPCR) is a rapid and efficient technique for detecting gene
expression levels in the study of the K. phaffii expression system. However, normalization is required to
ensure the reliability of the results obtained. [Objective] To screen and verify the most stable reference
genes in K. phaffii at different growth stages for accurate normalization of RT-qPCR. [Methods] Sixteen
candidate reference genes (rps8b, rpl35a, rpl10, eif5a, rpll9a, porl, rpl23b, 0887, tifl, olel, rpli4b, gs,
sun, sdh2, trxl, and ccpl) were preliminarily screened by transcriptome data analysis. After the C,
values of the candidate reference genes were detected by RT-qPCR, their expression stability was
analyzed by applying qBASE geNorm combined with NormFinder. [Results] The optimal number of
reference genes by geNorm analysis was 2, and the most stable genes were rpl/9a and tif]. The
NormFinder analysis demonstrated that the most stable gene was tifl. In addition, we validated the
candidate reference genes using fdh encoding formate dehydrogenase and afdh encoding the bifunctional
alcohol/formaldehyde dehydrogenase. [Conclusion] Two reference genes, tif] and rpli9a, were required
for accurate normalization of RT-qPCR at different growth stages of K. phaffii. This study provided a
reliable basis for the analysis of expression quantification of related functional genes and enriched the
reference genes in RT-qPCR analysis, facilitating the study of gene expression regulation and application
at different growth stages of K. phaffii.

Keywords: Komagataella phaffii; reference gene; RT-qPCR; geNorm; NormFinder
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ODgoo H il AT5e kR, 2l K ihZk. 8. 16.
24, 32 h B ODgoo M 10 BB, 12 000 r/min
O 2 min FFFHR AR, RAFTE-80 °C VKA .
1.2.2 2 RNA $ZEA0 cDNA &%

W PRAEAE—80 °C MR AR 4l RNA $2HL
) S R 4l a5 RNA . {# ] NanoDrop 48
HNAT UL A3 66 B TR I S RNA 1 v B ot
o I 2% B W RE I HL UK RS IS RNA (1)
SERCPE . SRJ5 T HiScript III RT SuperMix for
qPCR (+gDNA wiper)ist il £ 2: B L [ 41 DNA Ff:
B 5GER 1), HEMA 4xgDNA wiper mix
4uL, A 800 ng RNA fEM#AR, #MEKRE
16 uL, 42 °C$§%4%2 min, JiIA 4 pL HiScript 111
RT SuperMix, 50 °C 4% 15 min, 85 °C K
5s, cDNA *¥I{RfE7E-20 °C %5
1.2.3 EEZFEASEEMSIME T

TE K. phaffii T A8 3P 4 B s 1 b -
I % A BE N S B S0 BROE R acrl |
gap WITFRCEEEHE, A A NCBI M3k (ncbi.nlm.
nih.gov)i%&it5 ¥, Thih 58-62 °C, 5I¥IKEN
18-23 bp, ¥ G BAKIE N 80-120 bp, 5| ¥4 7E
SN S MER AR A IR AR A K, T
RT-qPCR #5519 A ke S vk S 3 20, i
FRIG i th Ze s — W By 3 RCR s 5 1 e N
ARG,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



EAS A T BRI REAN [R] AR AP BOA 2 5 [ D i 28 5 B0 R

4589

=1 RNAHKRERAE

Table I The concentration and purity of RNA
#lﬁj A260/280 A260/230 WJ—E

Sample Concentration (ng/uL)
8 h-1 2.124 2.002 153.08

16 h-1 2.182 2.029 222.48

24 h-1 2.168 2.055 210.56

32 h-1 1.963 2.144 178.04

8 h-2 2.176 1.848 185.60

16 h-2 2.187 1.998 283.12

24 h-2 2.096 1.380 156.48

32 h-2 2.215 2.242 169.52

8 h-3 1.963 1.844 161.04

16 h-3 1.633 2.440 226.36

24 h-3 2.176 1.848 195.60

32 h-3 2.214 2.094 173.12

1.2.4 RT-qPCR 1t
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Figure 1 Growth curve of wild type Komagataella
phaffii GS115.
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Table 2 Candidate reference genes were screened based on transcriptome data

N 7 (A=

Gene Production Locus

rps8b 40S ribosomal protein S8 PAS chr1-1_0439
rpl35a 60S ribosomal protein L35 PAS chrl-1 0302
rpll0 60S ribosomal protein L10 PAS chr2-2 0054
eifSa Translation initiation factor e[F—5A PAS chr3 1048
rpl19a 60S ribosomal protein L19 PAS chr3 0091
porl Mitochondrial porin PAS chr2—-2 0392
rpl23b 60S ribosomal protein L23 PAS chr1-3 0300
0887 Hypothetical protein PAS chr2—1 0887
tif1 Translation initiation factor eI[F4A PAS chr3 0595
olel Delta(9) fatty acid desaturase PAS chr2—-1 0072
rpl14b 60S ribosomal protein L14 PAS c131 0011
gs Glutamine synthetase PAS chr4 0785
sun Mitochondrial outer membrane and cell wall localized SUN family member PAS chrd 0046
sdh?2 Iron-sulfur protein subunit of succinate dehydrogenase PAS chr3 1111
trxl Cytoplasmic thioredoxin isoenzyme of the thioredoxin system PAS chr4 0284
cepl Mitochondrial cytochrome-c peroxidase PAS chr2-2 0127

2 RNA IR HEEEAC L kA M 4L R

28 S
188

12

VKB 1. 5. 94351k 8 h RS 3 N EY2#EE 8 h-1, 8 h-2

18 h-3; VK 2. 6. 10435 16 h #ESNAY 3 DMAEYI¥EXE 16 h-1, 16h-2ﬂl 16 h-3; JkiE 3. 7. 11

I 24 W FESL I 3 N AEY SR E R 24 h-1. 24 h-2 Fil 24 h-3; VkiE 4. 8.

3 AT 32 h-1. 32 h-2 F1 32 h-3

290 500 32 h A b

Figure 2 Electrophoresis of total RNA. Lanes 1, 5, and 9 are the three biological replicates 8 h-1, 8 h-2, and
8 h-3 of 8 h sample; lanes 2, 6, and 10 are the three biological replicates 16 h-1, 16 h-2, and 16 h-3 of 16 h;
lanes 3, 7, and 11 are the three biological replicates 24 h-1, 24 h-2, and 24 h-3 of 24 h; lanes 4, 8, and 12 are
the three biological replicates 32 h-1, 32 h-2, and 32 h-3 of 32 h.

RPERUR B RNA S8R, TR LA, BFRENE, R T EMRZES RBCY)
AL F IR 4E cDNA A . B, CV EM/MCRERBRE . UL K. phaffii
23 ETEREAREWIREASERATGE  PWHNANSIEN gap Flactl FEXTHE, fiidk
#HR T 16 MEAFE K BB CV AR/ T X BRIE A
A AR A R s (% 3).
RSB e M RUE RIAIBIE R 24 NS EES Y SRR R AT
BEFEDAE MR E N S HE IR o D ify R ik 4 3 [ ¢ R S S ) cDNA BLARBE BEAR BEAE AR
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. RT-qPCR 5|9 br it £, Fridabruell  /R. P HE50RTE 95.05%-101.19% 2 0], &tk
L RER (slope) it 8 A — D IER X R 51 MIERBRHKT 0.988 9. FHAFEIH 54
P B E=(107"917—1), PS4 Rk 3 Bt WL AR 1

*3 AEEEMENEER RT-qPCR IR ETEEH

Table 3 RT-qPCR primers for reference genes and target genes and their amplification parameters

BEH 191751 IR BOR PR MR

Gene Primer sequence (5'—3") Amplified fragment length (bp) E (%) R*

rps8b F CCTTGAGCCACCAGTTCCTT 105 98.91 0.989 4
R CTAGTTCCTCGCCCTCCAAA

rpl35a  F  CAAGTCGGAGCAGGAGTTGG 112 95.64 0.990 1
R ACGAACAGCCTTAATTTCTGGG

rpll0 F CAAGCCGTTCCCAAAGTCCA 100 101.19 0.997 4
R TGGGAAGTCATCGACAGCAG

eif5a F CCATGTTGTGGGTGGATGGA 100 100.08 0.996 3
R AAGACTGGTAAGCACGGTCA

rpll9a F  AGACCCAAACGAGACTGAGC 109 96.36 0.9899
R TCTGGAGTGTCCCACAGGAG

porl F  AGCGTCCTTCTTCTTGTCGG 105 100.13 0.995 6
R ACTGCCAATGCCCTAGACAC

mpl23b F  CATGTCTCCAACAGAGGCGG 106 99.73 0.994 9
R CATTAACTGCGCCGACAACA

0887 F TCCAACTCGACTGGTTCACA 105 96.26 0.989 3
R GCTGGCCCTTGGTAACAGTA

tif1 F CCAAGACATCACGACCAGCA 100 96.30 0.991 4
R GAGCAAATCCTGAGAGCCGT

olel F TCAACCGTTCGATGACAGGA 101 100.01 0.999 4
R CTGATGGGAACTCGTGGTGG

rpll4b F  TCAGCTCACTTCTTCTCTGCT 107 95.05 0.992 1
R CTCCGATGCTGTCAAGGAGG

gs F  CCTACTACGCCGACCCTTTC 112 100.02 0.988 9
R AGCTTGGCACACTCATGTCT

sun F  CCTGGAACACAGAGGGTGTC 104 100.11 0.996 3
R CCTTCCAATCAGCCATCCGA

sdh2 F  CGTAGATCGTGTCGTGAGGG 104 97.10 0.997 8
R TCCGTGCTCTCATTCTGGTC

trxl F  TGAGTGAGGTTGCTGCTCGT 111 95.91 0.9915
R GCTTGATAGCAGCAGCATTGG

cepl F  GTGACGGTGCCAATAACGGA 102 99.76 0.998 2
R CAGCCAAGGTCCACAAGTCA

actl F  TTTGGACTCTGGTGACGGTG 105 98.37 0.989 3
R TCGGTCAAATCTCTACCGGC

gap F  ATGGAGCAGTGATGACGACC 106 99.54 0.993 7
R GCTGGTGTCGACTACGTCAT

afdh F  CCAGGTCGTTCTCCTTGACG 91 97.63 0.989 6
R AAGGCAGTCAACCCAACCAA

fdh F  AAGCACATTCCTGACGCTGA 112 98.71 0.990 6
R CACCAGCAACGACCAACAAC
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Figure 3  Fusion curves of candidate reference genes and target genes.
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Figure 5 Results of the geNorm program analysis. Expression stability ranking (A) and the minimum
number (B) of reference genes required for accurate normalization of reference genes at different growth

stages for K. phaffii based on geNorm program analysis.

20r

—
w
T

o
W
T

Stability value
=

<
=

N

6 NormFinder 5% 5 %7 Komagataella phaffii 1~ [ <M EX £ EE IR

&‘V Q o@Q o\x Q;Q\”;’@ &> \\ Q%%\ AQ%\O Q\{;OQ\&O %N\\ GN\ %5 \\qo \Q\ &
A

BFRE M HEF

Figure 6 Expression stability ranking of reference genes at different growth stages Komagataella phaffii

based on NormFinder algorithm analysis.
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Figure 7 Relative expression of fdh (A) and afdh (B) at different growth stages. Gap, actl, tifl, rpl19a, and
tifl & rpli19a were used as reference genes for data normalization. * represents significant difference.
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