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Transcriptome comparison of Rhizopus chinensis mycelia with
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Abstract: [Background] Filamentous fungi are important production strains in fermentation
industry, and their morphology is related with the production of target products. Rhizopus chinensis
CCTCC M201021 is an important filamentous fungus isolated from Daqu for Chinese liquor,
produces some important industrial enzymes, such as lipases. [Objective] Rhizopus chinensis
CCTCC M201021 can form two typical mycelia morphology, the aggregated and dispersed, in
submerged culture with different fermentation performance. The objective of this work was to study
the intrinsic difference associated with different mycelia morphology based on transcriptome
profiles of R. chinensis. [Methods] Based on high throughput RNA sequencing, gene transcriptions
of high expression and significantly differential expression from R. chinensis mycelia with different
morphology were compared. [Results] RNA sequencing released the significant difference in the
transcriptomes of mycelia with different morphology. In the 20 genes featuring the highest RPKM
values in the transcriptome of the aggregated or dispersed mycelia, most genes with the highest
RPKM value were ribosomal proteins genes in the aggregated mycelia. Chitinase genes and signal
transduction genes were found in the dispersed R. chinensis in addition to some ribosomal proteins
genes. Analysis of 20 most up-regulated genes in the transcriptome of the aggregated or dispersed
mycelia indicated that differential genes associated with cellular process and signaling were
up-regulated in dispersed mycelia, besides significantly differential genes related to metabolism.
The value of RPKM suggested that most of unique transcribed genes in both mycelia were
transcribed at a low level, whereas those in the aggregated mycelia were more various and with
higher value of RPKM than the dispersed one. Moreover, the higher lipase activity of aggregated R.
chinensis agreed with the higher transcription level in the cells. [Conclusion] Our findings indicate
intrinsic mechanisms of mycelia morphology differentiation and their influence on metabolism.

Keywords: Rhizopus chinensis, Morphology, Transcriptome, Differential expression, Lipase
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Figure 1 Fermentation performance of the aggregated
and dispersed mycelia of R. chinensis
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Table 1 RPKM values calculated for transcriptome
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A KA SFHI(E H{E
Morphology Maximum  Average Median
Aggregated mycelia of 38 427.98 68.36 1.52
R. chinensis
Dispersed mycelia of 67 780.26 64.13 2.28

R. chinensis

i a Differentially expressed gene
No significent difference
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Figure 2 Volcano plot of differential gene transcription for

R. chinensis with different morphology
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Table 2 Genes featuring the 20 highest RPKM values in the transcriptome of aggregated R. chinensis

JER 1D B ThRefiig RPKM {8
Gene ID and category® KOG description RPKM
Information Storage and Processing
Translation, ribosomal structure and biogenesis (J)
A12821 60S ribosomal protein L44 38 427.98
A05628 60S ribosomal protein L31 18 985.09
A04276 60S ribosomal protein L31 17 709.55
A06801 60S ribosomal protein L14/L17/L.23 15 436.65
Al1751 60S ribosomal protein L34 13 212.06
A14552 40S ribosomal protein S25 12 901.19
A09437 60S ribosomal protein L34 12 278.05
A06355 40S ribosomal protein S20 10 628.63
A03750 60S ribosomal protein L23 10 192.61
A10301 60S ribosomal protein L27 9982.22
A16564 60S acidic ribosomal protein P2 9616.07
A07218 60S ribosomal protein L14 8 949.74
Metabolism
Carbohydrate transport and metabolism (G)
A16838 Glyceraldehyde 3-phosphate 12 964.82
dehydrogenase
A11039 Glyceraldehyde 3-phosphate 11 135.12
dehydrogenase
Secondary metabolites biosynthesis, transport and catabolism (Q)
A04505 Alcohol dehydrogenase, class V 16 326.61
Function unknown
A08829 Unknown 37 660.96
A01509 Unknown 32101.34
A07922 Unknown 23 668.11
A05703 Unknown 20 480.22
A01519 Unknown 16 297.08

T " 248 KOG ZhReZEl).
Note: *: KOG function category.
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*3 SHGSEIRERIEE RPKM ERSHIET 20 MEHE
Table 3 Genes featuring the 20 highest RPKM values in the transcriptome of dispersed R. chinensis

BER 1D B Thiefiig RPKM f&
Gene ID and category® KOG description RPKM
Information Storage and Processing
Translation, ribosomal structure and biogenesis (J)
A12821 608 ribosomal protein .44 20 480.14
A05628 60S ribosomal protein L.31 11 555.25
A04276 60S ribosomal protein L31 11 033.60
A10301 60S ribosomal protein L27 10 134.83
A09437 60S ribosomal protein L34 9676.16
Al1751 60S ribosomal protein L34 9234.64
A06582 60S ribosomal protein L13 8761.11
Metabolism
Carbohydrate transport and metabolism (G)
A12858 Chitinase 11 074.77
A08357 Glyceraldehyde 3-phosphate dehydrogenase 8522.19
Cellular Process and Signaling
Signal transduction mechanisms (T)
A05762 Circadian clock protein period 15 620.14
A04753 Circadian clock protein period 10 274.76
Poorly Characterized
General function prediction only (R)
A01860 Protein involved in thiamine biosynthesis and DNA 8 545.15
damage tolerance
Function unknown
A06840 Unknown 67 780.25
A16951 Unknown 53 498.96
A10486 Unknown 29 658.33
A00017 Unknown 28 337.12
A16305 Unknown 13 402.58
A14531 Unknown 9627.28
A09855 Unknown 9299.04
A07019 Unknown 8329.13

et 514 KOG TiRedel.
Note: *: KOG function category.

2.3 ARESEREEZERFIENERSH
TE AT RIS B SRR b, BB X B2 5

FRHEH, RPERIA 22 AR R S I E T 743 HT
X ik 22 5 W M P<0.05 Y22 R IE A H RPKM
{EIEA T hR A 5 45 i Base mean (BM{ELJEF T HE4R,
Fie B2 AR EORAR, A BEBCR A HES T 4
FRFGAEEER R 20 A FEREF T, 450
F4. 5PN,

FERER W F R R 2 AU RN 20 4
SR, A 10 N EA KOG ShEen B SL R s T

PRI GEE 4), F2W AR . BokbEwmT
LB FE MR S haa . Hob, JLT RGN
A13906 WAE] T FEMZETFRIL, H5% 3 Foy
BOSHIAR RN ILT R A12858 JHAHMIFE, Ui
AH A 200 if0 BE - i 5 2 0 v R RO 25 TR A T BB A7 2]
T . FEAT S AR R FRE 2 S EUN
K 20 NEEHE A, A 8 N HA KOG ShEERY)
LD TRl 2GR 5), (B 290 IR | IR
AR A S R, SRS 2 5
A KA, BR T SRR 2RI, S
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x4 BESERFLBERZZEREZERET 20 MR
Table 4 20 most up-regulated genes in the transcriptome of aggregated R. chinensis

RESBMH 43S BM fH

L[ ID S haefik B i B e P
a o ase mean of the ase mean of the b
Gene ID and category KOG description agaregated mycelia dispersed mycelia Fold change
Metabolism
Energy production and conversion (C)
Al1119 NADH-dehydrogenase (ubiquinone) 5034.82 5.590 899.87
A03509 Monooxygenase involved in 5291.12 10.250 515.82
coenzyme Q (ubiquinone)
biosynthesis
A17422 Monooxygenase involved in 3337.24 6.520 511.25
coenzyme Q (ubiquinone)
biosynthesis
Carbohydrate transport and metabolism (G)
Al15746 Beta-1,6-N-acetylglucosaminyltransfe 879.35 0.930 943.00
rase, contains WSC domain
A03893 Beta-1,6-N-acetylglucosaminyltransfe 2078.27 2.790 742.90
rase, contains WSC domain
A13906 Chitinase 4473.97 6.520 685.40
A11039 Glyceraldehyde 3-phosphate 175 347.08 266.690 657.47
dehydrogenase
Lipid transport and metabolism (I)
A12841 Squalene monooxygenase 18 913.57 14.920 1267.65
Inorganic ion transport and metabolism (P)
A12511 Na/dicarboxylate, 1 089.53 1.860 584.20
Na/tricarboxylate and phosphate
transporters
A15169 Na'/dicarboxylate, 542.62 0.930 581.90
Na/tricarboxylate and phosphate
transporters
Poorly Characterized
General function prediction only (R)
A02512 FOG: Zn-finger 5715.78 0.930 6 129.50
A14573 FOG: Zn-finger 5889.51 3.730 1578.95
Function unknown
A03347 FOG: Low-complexity 14 447.11 13.050 1 106.62
A03801 Unknown 5840.18 0.932 6262.90
A04837 Unknown 1382.29 0.932 1 482.35
Al15644 Unknown 793.56 0.932 851.00
A04157 Unknown 1412.32 1.860 757.27
A01824 Unknown 1765.13 2.790 630.96
A15472 Unknown 489.00 0.930 524.40
A12438 Unknown 483.64 0.930 518.65

TE: % B KOG IR °: 2R EEERES MG BM M 1.
Note: : KOG function category; *: Fold change is the ratio of BM value between the aggregated and dispersed of R. chinensis.
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RS SHSERBLARZEFRREZRIAE 20 MEE
Table 5 20 most up-regulated genes in the transcriptome of dispersed R. chinensis

RES BME SIS BM (H

JEFE ID KK BY) 122 R0 5 he B i 2SR
Gene ID and category® KOG description ase mean of t 6.: 'ase mean of t .e Fold change”
aggregated mycelia dispersed mycelia

Cellular Process and Signaling
Posttranslational modification, protein turnover, chaperones (O)

A13911 Predicted E3 ubiquitin ligase 1.070 96.98 0.0110
Signal transduction mechanisms (T)

A07819 Tyrosine kinase specific for activated 2.140 134.28 0.0150

(GTP-bound) p21cdc42Hs

Al14224 Protein tyrosine phosphatase 2.140 126.82 0.016 0
Cytoskeleton (Z)

A16109 Profilin 16.085 973.53 0.016 0

Information Storage and Processing

Chromatin structure and dynamics (B)

A16862 Chromatin-associated protein Dek and related 19.300 1 588.98 0.0120
proteins, contains SAP DNA binding domain
Metabolism

Energy production and conversion (C)
A01943 NADP/FAD dependent oxidoreductase 1.070 80.19 0.013 0

Amino acid transport and metabolism (E)

Al4421 Alpha-isopropylmalate synthase/homocitrate 1.070 187.43 0.005 7
synthase
A02789 Glutamate decarboxylase/sphingosine 91.150 5305.95 0.0170

phosphate lyase
Lipid transport and metabolism (I)

A12883 Acyl-CoA synthetase 2.140 377.66 0.005 6

A09120 Acyl-CoA synthetase 2.140 222.86 0.009 6

Al11247 Acyl-CoA synthetase 4.280 398.17 0.0100
Secondary metabolites biosynthesis, transport and catabolism (Q)

A10500 Sorbitol dehydrogenase 37.530 10 624.95 0.003 5

A12160 Sorbitol dehydrogenase 2.140 497.02 0.004 3

Function unknown

A05981 Unknown 1.070 207.94 0.005 1
A01258 Unknown 1.070 154.79 0.006 9
A10101 Unknown 1.070 118.42 0.009 0
A00590 Unknown 1.070 117.49 0.009 1
A10425 Unknown 1.070 110.03 0.009 7
A03006 Unknown 27.880 1 866.87 0.014 0
A04737 Unknown 1.070 67.14 0.0150

Tt 2GS KOG THREZEH; ©: 22 RASEGE RS S HCE H1k BM fHZ 1.
Note: *: KOG function category; *: Fold change is the ratio of BM value between the aggregated and dispersed of R. chinensis.
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WA H 41 HA KOG DIRe B SEH & Tt
FEESRY], WiES SRR BIRNZ RS
FEH A13911, PINZ 515 SO B 2R
N A07819 5 ZATRARIREIN A14224, LIRAEN
WISHEE 456 8 A0 B 2R AT LT 48R 1 Profilin K&
B A16109), XUELERBREN], AT A%
T H MR ARG S SRR . ATLR 4
Profilin 7E4I AL s ML A8 ki FE ip thg & 2
YERIP, ATRERENR T /BT E RS R I BRIR S

UEAb, FEX e 22 P 3GR I, REEA /L

BHIASAAE 8 M 7 AN SEHETIREARA, HAA—s%k
RZEFARE K, XESLHIIRRA T — 5T

PR T IR 22 B RN, SE— X i
TEA AR FIRFELH AT T /0T o ARPEEE SR I)Y
S0, RS BES TR AR A F3k i L 4351k
218 M1 26 4>, Hid Ay KOG IhREE R LR 4351
114 /NFI 12 /4> REES VR S AT 5L R U
FIEAS IR A AT BEAAAE B R 2 E IS 51,
S X R R 25 R MR B 0 A 208 25 IR ) 3k il
20 AT, LSRN 6 T 7 BN,

*6 RETERBMERIZARIEZE RPKM EESHIAT 20 MEE
Table 6 Unique genes featuring the 20 highest RPKM values only in the transcriptome of aggregated R. chinensis

S ID S5 Taedtiig RPKM f{H
Gene ID and category® KOG description RPKM
Metabolism
Amino acid transport and metabolism (E)
A07760 H*/oligopeptide symporter 68.41
Coenzyme transport and metabolism (H)
A12057 Coproporphyrinogen III oxidase CPO/HEM13 32.63
Energy production and conversion (C)
A14739 NADP"-dependent malic enzyme 23.56
Cell cycle control, cell division, chromosome partitioning (D)
A02897 G-protein alpha subunit (small G protein superfamily) 20.44
Information Storage and Processing
Transcription (K)
A05800 Regulator of arginine metabolism and related MADS box-containing transcription factors 31.04
Cellular Process and Signaling
Cell wall/membrane/envelope biogenesis (M)
A00080 Glucosamine-phosphate N-acetyltransferase 19.10
Function unknown
A13955 Unknown 137.36
A04678 Unknown 106.68
A04897 Unknown 105.42
A00520 Unknown 85.89
A01816 Unknown 80.54
A01033 Unknown 69.94
A10735 Unknown 43.08
A13787 Unknown 30.45
A00868 Unknown 27.82
A12428 Unknown 26.78
A00934 Unknown 26.22
A00301 Unknown 19.40
A00685 Unknown 19.33
A05480 Unknown 16.90

T " ZHE KOG ZhReZE).
Note: *: KOG function category.
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®7 SHSERBMERIZARIEAE RPKM ERSHIAT 20 MEE
Table 7 Unique genes featuring the 20 highest RPKM values in the transcriptome of dispersed R. chinensis

BLP 1D K2 Bl pu RPKM &
Gene ID and category® KOG description RPKM
Information Storage and Processing
Transcription (K)
A04197 Transcriptional activator FOSB/c-Fos and related bZIP transcription factors 8.56
Replication, recombination and repair (L)
A12580 DNA repair and recombination protein RAD52/RAD22 4.70
A17356 DNA repair and recombination protein RAD52/RAD22 2.75
Cellular Process and Signaling
Signal transduction mechanisms (T)
A04979 FOG: FHA domain 231
Metabolism
Lipid transport and metabolism (Q)
A13259 Cytochrome P450 CYP4/CYP19/CYP26 subfamilies 2.03
Poorly Characterized
Function unknown
A09548 Uncharacterized conserved protein 4.29
A05597 Unknown 112.01
A13661 Unknown 15.38
A02239 Unknown 13.20
A11719 Unknown 11.15
A01906 Unknown 10.42
A14838 Unknown 7.95
A06754 Unknown 7.25
Al4241 Unknown 6.22
A06706 Unknown 5.00
A17133 Unknown 4.33
A13355 Unknown 4.21
A15494 Unknown 3.89
A10487 Unknown 241
A17621 Unknown 2.03

Tt 289K KOG Hrfe2 .
Note: *: KOG function category.

TC RIS RIS IR, KA 365
BLH RPKM (Y IR T RPKM ~F-3418), 551
FEOTHCS TR, K36k R oAy SRR SE A AT R
RIS ERIAVR S o 1 FARE SR D RE
HERE, A FER LR TR0 14 MR IIRE
KA, R R — L Fk AR e e AT

SRR IIREERE, fERESEREGTH 24
IR LR, A02897 Fil A00080, HIHENHIFSY
EAZ SRR T —se2k R e 2hl
A02897 YE G [ o Wi, W[HESS T IREEH
W BT | Fhs A SE S A s R
BARAMENE N ORI A00080, FIHESY
T S AREA DGR A S, SAER R E RS

TR A2 . BRAh, PSRRI 6 A
A05800 F1 A04197 43 HITESR AN /3 B A Ay R
ho BMRTS, RAENAMAT F35 3 PI7E S K Fl
FMFRAE DA RS T EOS TR, BRRE
WA AT REAEAEE N E 20 R BE SN, X T RE 2
ML ZE R, o RTRES B AR S 1 AN A SR
SRR, DTG BRI ™ A S IR G
24 AREESERBIEHBERERIESH
EEXHEARBENRIITG , 43T AR A5 R A o
(IR R A06672 5 A075061 ik,
ZERNR 8 Pin. BdmRM, W8 R R e R
BRI RIR BRI = TR AR, 225385
FEECY Fafs . BTARAR NG e 1 B Bt 3R
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Table 8 Expression analysis of lipase genes in R. chinensis with different morphology

R A DR RESBME 43S BM fH SR

Lipase gene Base mean of the aggregated mycelia Base mean of the dispersed mycelia Fold change®
A06672 4270.21 16.78 254.48
A07506 11 398.33 70.87 160.83

T ZESAREORRAES S HES IR BM 2 .

Note: ”: Fold change is the ratio of BM value between the aggregated and dispersed of R. chinensis.

B, REEZSTHRNR IR A T S i AR,
TEKARFE NGB (R. oryzae lipase) BRI, A&
PR TR ARTE 25 3= S5 i B s e 20 i g s 1014
A AR, HERE R E R R WA P
(A= 72 K- AT B B IV TS R 1) s KT sl G
B ORAEE AR DT ) S W IRAFAE 22 57

3 4w

ASBIF T oF 8 AR B YRS 5 7R A 7 I U g A
TR RS RS HIRIAEAT T RNA-Seq F45%
4orHr, A EEA RIS TR R S A A e
HUKFRINTEZE . WPER BN, PIAMIE ST I
FENEE SR AW R 2252 . I A FIE ST
AR 57 3 Tk i v 4 2 DR R 22 S 3 Ok e W 35 R
TR, AU R B AT 25 0 B D e s W
A, i H MR A E A EA R AR S TR
JEMARZEN R, AlREREE AR RE
AR FIE I EEOA RSO RERE R,
LR ER T2 5EA RIS, Wal Rt T
T HAt— L S R ATE SRR DhBE . T2 s
TR A g 2 1 R DR Hh e A AT RE -5 A TR S A DG Y L
T RS (R S AR EE N . fE R S TR AR
BEFEFIIREEN M, bR T3 S A LA
AW ZESAL, SSRGS R APIE A —Lep J 4
W SE SRR EEFRINEN . XM
M S AR AT FOB BN T 00T, A RIK IR
EARFR R IR, (FRASHEAMA RIS N TE
2R IEAT I 8 A= 5 O N
XTHEAREE IR N TREE R e e R, AR TR IR
F 0 7 il A 7 7K Y- BT RE 5T 5 I A R AT ) s 7K
FHGRA K LR VL EER, R RAESHE R

N REAATE R N e AR I R, X B A
2R, AT BB TR AR AR A M R 1)
U, AR AT R IR AR A A g — R
1T 73 HCRR A TR T ERsE v, B AR AR £
I, K TIEE RSO UR, RS IR N E
Ao ARBITTEERN T #2 AR LR 25 AR B N ERL
il SRR T — 2ok . Ah, WHE A A
B AR IR LR 25 25 SR I B I 1 T g
AT, RS BRI SRR I — ST 2N
FIIRES BB 8=, (EfFE— 0.
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