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A Golden Gate-based efficient assembly system of
transcription units for Sclerotium rolfsii

LIU Jianing”, WU Jie*, IGARASHI Yasuo, LUO Feng , CHANG Peng’

Chongqing Key Laboratory of Bio-resource Development, College of Resources and Environment, Southwest
University, Chongqing 400715, China

Abstract: [Objective] To establish an efficient transcription unit assembly system for the
metabolic engineering of Sclerotium rolfsii. [Methods] Based on Golden Gate technology and
Mobius assembly, the scaffold plasmids for DNA part domestication, single transcription unit
assembly, and application plasmid (multi-transcription-unit) assembly, were designed and
constructed to provide a complete multi-transcription-unit assembly system. [Results] Two
Level 0 vectors for DNA part domestication, four Level 1 vectors for single transcription unit
assembly, and four Level 2 vectors and 13 auxiliary plasmids for application plasmid assembly
were constructed. Using this system, we assembled tens of plasmids for domesticated DNA
parts, single transcription units, and function analysis of scleroglucan-related genes. The
constructed application plasmids could be directly applied in Agrobacterium
tumefaciens-mediated transformation, electroporation transformation, and protoplast
transformation of S rolfsii. [Conclusion] The plasmid system we built has strong capabilities
of DNA design, assembly, and capacity, providing an efficient plasmid construction platform
for metabolic engineering and functional genomics research of S rolfsii in the future.
Keywords: Sclerotium rolfsii; Golden Gate; transcription unit; DNA assembly
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Table 1 Plasmids constructed in this study

Plasmids  Characteristics Description

pGDK4 Aar I—>Sma I—Aar I-sfGFP, KanR DNA part domestication

pGDKS Aar I—-Pvu II<Aar I-sfGFP, KanR DNA part domestication

pGACIA Bsal—Fl«Aar I-stGFP-Aar [I-F11-F12«<—Bsal, CmR TU 1 assembly

pGAC1IB Bsal—FI12-Fl<Aar [-sfGFP-Aar I -F11-F26+Bsa I, CmR TU 2 assembly

pGACIC Bsal—-F26-F1<Aar [-sfGFP-Aar [ -F11-F27«<Bsa I, CmR TU 3 assembly

pGACID Bsal—-F27-Fl<Aar I-sfGFP-Aar [-F11<Bsal, CmR TU 4 assembly

pGAK2A T-DNA, MRS-Aar I-F1+Bsa I-sfGFP-Bsa [-F25-MRS, KanR Multi-TU assembly (TU 1-4)
pGAK2B T-DNA, MRS-Aar [-F12-F1«Bsa [-sfGFP-Bsa [ ->F25-MRS, KanR ~ Multi-TU assembly (TU 5-8)
pGAK2C T-DNA, MRS-Aar I-F26-F1«Bsa I-sfGFP-Bsa [-F25-MRS, KanR ~ Multi-TU assembly (TU 9-12)
pGAK2D T-DNA, MRS-Aar [-F27-F1«Bsa [-sfGFP-Bsa I -F25-MRS, KanR ~ Multi-TU assembly (TU 13-16)
pGHAnl Bsal—Fl-random DNA-F12<Bsal, AmpR =TU1

pGHAn2 Bsal—F12-random DNA-F26«Bsa I, AmpR =TU2

pGHAn3  Bsal—F26-random DNA-F27«Bsa I, AmpR =TU3

pGHAn4 Bsal—Fl-random DNA-F26«Bsal, AmpR =TU1+TU2

pGHAnS Bsal—F12-random DNA-F27«Bsa I, AmpR =TU2+TU3

pGHAn6 Bsal—Fl-random DNA-F27«Bsal, AmpR =TU1+TU2+TU3

pGHAL Bsa [-F12-F11«<Aar [-random DNA-F25«<Bsa I, AmpR =TU2+TU3+TU4+end

pGHA2 Bsa [-»F26-F11«Aar I-random DNA-F25«<Bsa I, AmpR =TU3+TU4+end

pGHA3 Bsa [-F27-F11«<Aar [-random DNA-F25«<Bsa I, AmpR =TU4+end

pGHA4A Bsal—Fl11-F12«Aar I-random DNA-F25«Bsa I, AmpR =end for 4 TUs assembly in pGAK2A
pGHA4B Bsal—F11-F26«Aar [-random DNA-F25«Bsa I, AmpR =end for 4 TUs assembly in pGAK2B
pGHA4C Bsal—FI11-F27«Aar I-random DNA-F25«Bsa I, AmpR =end for 4 TUs assembly in pGAK2C
pGHA4D Bsal—Fl11<Aar [-random DNA-F25«<Bsa I, AmpR =end for 4 TUs assembly in pGAK2D

The arrows indicate the directions of Bsa I or Aar I recognition sites.

®2 AMRPFAANEENFSIY

Table 2 Primary sequencing primers used in this study

Primer Sequence (5'—3") Description

TP52 ATGCTTCCGGCTCGTATGTT Sequencing primer for pGDK4/5

TP57 TTCAGGGTCAGTTTGCCGTT Sequencing primer for pGDK4/5

TP36 ACATTTCCCCGAAAAGTGCC Sequencing primer for pPGAC1A/B/C/D

TP39 CACGACAGGTTTCCCGACTG Sequencing primer for pPGAC1A/B/C/D

TP38 TCTCTTAGGTTTACCCGCCAA Sequencing primer for pPGAK2A/B/C/D

TP37 GAGCTGTTGGCTGGCTGGTG Sequencing primer for pPGAK2A/B/C/D

flE¥R; 16 °C 5 min; 37 °C 5 min; 60 °C 14 KBFHFEHELELE

5min, —% Bsal i 30 MEFF 5 BRI A #E7 7% W& =) 2-5 uL BN A KA E
f, 1 PaqCl 7 60 MEH G FEATHALA  TOPL0 A ANMI(BCIO0L, Jbot i fERE N £
R A BRA w4 AL E etk . B8R kA
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A T
Tl'ﬂl’]SCll‘pthﬂ unit
5 Terminator
DIST, PROX; CORE  5'UTR J[NTAGJ| €DS1 m{ CTAG m TERM
Met Met Ala Stop
GGAG  TGAC TCCC TACT CCAT(z) AATG AGCC TICG (*)JGCTT  GGTA CGCT
FIl F2  F3 F4 F5 F6 F7  F8 F9 F10  FIl

B ™
pGDK4 %—[& sfGFP cassette >—( KanR'>—| ori Iﬁ//

pGDK35 //;—[% sfGFP cassette | { KarfR:)—' ori|—//
% M

AATGCACCTGCAC AGiC TGTGCAGGTGATCG
TTACGTGGACGTGTC ;GAC,.ACGTCCACTAGC

C Method #1:
Blunt-end ligation Method #2:
) : Exonuclease-based recombination

B NNNN CTGTGCAGGTGATCG

“SOVWNN Disrupted
7 NNNNES SfGF

D Blue light White light

1 FT DNA THFRAENLEOBUER Level 0 AR [RIRE

Figure 1 The schematic diagram of Level 0 vectors for DNA part domestication. A: The 4 bp standard part
overhangs that was generally defined by FungalBraid'', GoldenBraid"*, MoClo!'®, and Phytobricks!"\.
F1-F11: Identifiers of 4 bp overhangs. The complete codons are underlined. The stop codon was indicated
with an asterisk. B: The core region’s structures of Level 0 vectors pGDK4 and pGDKS. C: The cloning
methods for DNA insertion into the Level 0 vectors pGDK4 and pGDKS5. The dash lines indicate the cleavage
sites of each Aar I enzyme. D: The transformation plates under blue and white lights.
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assembly, & T 414 Level 1 254Kk, WK 2A,
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T 20 2 B B i — e Bk b . o, sfGFP
FERHIOA DM VR B (G, DNA JOiF4%enT,
Aar 1 7] LIt Fl1<—Aar I-sfGFP cassette-Aar [-F11
X — 0 I R BV TRk, B4 2 0 R
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eSO N, A3 AR EEDI Y pGP UL (R AR
B R YU R JE A ek A, 3X 2 Fil
BLHI AR B i T — 2 A A s
4 oA

pGACIA/B/C/D iX 4 A~ERARNE I 0 55 55 B
TCAEA SESE U, 43 SR I B i — 2R kL
G NZERNAT ) TU 1/2/3/4, %5 SEPASCRZH S
FRANR . MRS ST, wEHRER
pGP JCHA FURL (A2 & A 8 1. CDS FZ& k¥
3 AN, B FI-F11), $RJGUEIR G50

#* 3 FFENZE DNA THARE N BUE R

Table 3 Domesticated DNA parts for Sclerotium rolfsii

JCHYALE HO6 N AN R 2kt . filhn, TU 1
ZHAE I pGACIA, TU 2 41255035 pGACIB.,
F2F pGP BURL AL E 19 BUA— A — 15
47 Aar 1 Fll T4 DNA i BBl S AR R EA 719
WE RN, e 245 2 W i 5 5o ok 24 0
pGT Jitki(I&l 2B). J T Wi X% A N-tag 5% C-tag
TGN, AW T — & Kozak (Bt
seAE )40 linker (F5-Kozak-F6) 3 51 Jii K
pGP213, Fl—" & 2k 1 )7 51 (F8-TAA-F9)
MR pGP214. AT N-tag 5 C-tag JiT kL
WF, AT RIXE R pGP213/214 #EATERAR,
RIAT 58 U 2H 26

WAk, BF Aar T M REIER 5, FEL
BAASZH 26 SN AR A B R (R 40 J8)e A T
FEARAL R A, FATHEAT TAFIMRE R Aar 1
AR, 25 REBY Aar T fH & Abs
WEFI (1 pL /20 pL SRR 20%—40%
BF, &P BN D) 5 i 2 IR 5 min,
PEIEGE L 60 AN (Gt B FRSCR B 4 BV ) 52
S 2 RS LT, X (A5 25 AR
T —F, WK 2C R, 8SABENLEEER
pGT61 MY TERE, 5" a3l 75 3 1 7% 4%
ARIER, 3ZIEFHEKRMEESA 4 DNEIE
e, RUBHME 2R E] 50%.

AT B Ik S AR Ry 5 B NME TR A T
— S I FE SR, 15 8010 PGT BORLA 3£ L
4, FORTA) . RS A5 A WA s R
SM 2,

Part F1-F5 F5-F6 F6-F8 F8-F9 F9-F11  Description

Psrl pGP216 Promoter of beta-tubulin
Psr2 pGP65 Promoter of CYT gene
Psr3 pGP217 Promoter of GPD gene
Psr4 pGP73 Promoter of TEF1a gene
(fF2%)
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Part FI-F5 F5-F6 F6-F8 F8-F9 F9-F11  Description

Psr5 pGP78 Promoter of UBI gene

Psr6 pGP218 Promoter of DUF21 gene

Psr7 pGP219 Promoter of CWF19 gene

rPcamv pGP113  Reversed oriented promoter of CaMV 35s

rPsr4s pGP114  Reversed oriented promoter of TEF1a gene

rPsr5s pGP115  Reversed oriented promoter of UBI gene

SrDsRedE2 pGP88 pGP21 pGP13 Red fluorescence protein

P2A-SrDsRedE2 pGP184 P2A peptide with red fluorescence protein

EGFP pGPI1 pGP28 pGPl14 Enhanced greed fluorescence protein

P2A-EGFP pGP221 P2A peptide with enhanced greed fluorescence
protein

sfGFP pGP92 pGP26 pGP93 Super-folder green fluorescence protein

P2A-sfGFP pGP185 P2A peptide with sfGFP

FFLuc pGP223 Firefly luciferase

ReniLuc pGP224 Renilla luciferase

Nnull pGP213 Kozak sequence to take place of N-tag

Cnull pGP214 Stop codon sequence to take place of C-tag

6xHis pGP39 pGP40 6xHis epitope tag

HA pGP41 pGP44 HA epitope tag

c-Myc pGP54 pGP57 c-Myc epitope tag

FLAG pGP48 pGP51 FLAG epitope tag

nucleoplasmin NLS pGP141 pGP181 Nuclear localization signal, NLS

SV40 NLS pGP182 pGP183 Nuclear localization signal, NLS

HygR pGP82 Hygromycin B resistance gene

G418R pGP38 G418 resistance gene

BIpR pGP136 Basta resistance gene

SdhR pGP85 Carboxin resistance gene

Tsrl pGP15 Terminator of beta-tubulin gene

Tsr2 pGP68 Terminator of CYT gene

Tsr3 pGP72 Terminator of GPD gene

Tsr4 pGP76 Terminator of TEF1a gene

Tsr5 pGP81 Terminator of UBI gene

GME1658 pGP133 GME1658 gDNA, predicted genes involved in
scleroglucan synthesis

GME4934 pGP135 GME4934 gDNA, predicted genes involved in
scleroglucan synthesis

GME7171 pGP138 GME7171 gDNA, predicted genes involved in
scleroglucan synthesis

GMES5438 pGP139 GME5438 gDNA, predicted genes involved in
scleroglucan synthesis

GME4711 pGP140 GME4711 gDNA, predicted genes involved in
scleroglucan synthesis

GMES834 pGP137 GMES834 gDNA, predicted genes involved in

scleroglucan synthesis

http://journals.im.ac.cn/actamicrocn
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A
pGACIA
pGAC1B Bsal> CAGA | GGAG GICA
F12 Fl1 F11 F26
pGACI1C @l (1CA [GGAG
F26 F1 F11 F27
pGACID

pGACIA /

F1 F11 FI12

T4 DNA ligase
Aar 1

le N|
) TU: Transcription unit !
C pGT61 transformants
5’ junction 3" junction

M 1 2 3 4 5 6 7 8

1.1 kb
0.8 kb

2 Level 1 A5 FRTAEFZE

Figure 2 Level 1 vectors and procedure for transcription unit assembly. A: Level 1 vectors for transcription
unit assembly. CmR: Chloramphenicol resistance gene. pGAC1A/B/C/D are designed for TU 1/2/3/4
assembly separately. B: The transcription unit assembly procedure. Domesticated plasmids and the chosen
Level 1 vector (e.g., pGACIA) are added into one tube containing T4 DNA ligase and Aar I to generate a
pGT plasmid (TU 1). C: Presentative colony PCR results of pGT plasmid taking pGT61 as an example. The
0.8 kb fragment confirmed the 5’ junction of vector and promoter, and the 1.1 kb fragment confirmed the 3’
junction of terminator and vector. 1-8: Single colonies of pGT61 transformants. M: BM 2000 DNA marker.
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Table 4 Commonly used transcription unit plasmids

Plasmid Transcription unit Description

pGT27 Psr1-SrBIpR-6xHis-Tsr3 TU1,; Basta resistance; 6xHis tag

pGT28 Psr2-SrBIpR-6xHis-Tsr3 TU1,; Basta resistance; 6xHis tag

pGT29 Psr3-SrBIpR-6xHis-Tsr3 TU1; Basta resistance; 6xHis tag

pGT30 Psr4-SrBIpR-6xHis-Tsr3 TU1,; Basta resistance; 6xHis tag

pGT31 Psr5-SrBIpR-6xHis-Tsr3 TU1; Basta resistance; 6xHis tag

pGT32 Psr6-BlpR-P2A-sfGFP-Tsr3 TU1; Basta resistance; stGFP expression
pGT44 Psr3-HygR-6xHis-Tsr3 TU1; Hygromycin B resistance; 6xHis tag
pGT45 Psr3-G418-P2A-sfGFP-Tsr3 TU1; G418 resistance; sfGFP expression
pGT46 Psr3-SrSdhR-6xHis-Tsr3 TU1; Carboxin resistance; 6xHis tag

pGT47 Psr3-BlpR-6xHis-Tsr3 TU1; Basta resistance; 6xHis tag

pGT48 Psr1-GMES834 ¢5 partial-rPsr4s TU2; GMES834 RNAi

pGT49 Psr1-GME4934 el partial-rPsr4s TU2; GME4934 RNAi

pGTS50 Psr1-GME1658 el-¢2 partial-rPsr4s TU2; GME1658 RNAi

pGT51 Psr1-GMES5438 ¢8 partial-rPsr4s TU2; GME5438 RNAi

pGT52 Psr1-GME4711 e3 partial-rPsrds TU2; GME4711 RNAi

pGT53 Psr1-GME7171 e7 partial-rPsr4s TU2; GME7171 RNAi

pGT57 Psr5-SrDsRedE2-myc-Tsr5 TU2; DsRed expression; c-myc tag

pGTS58 Psr1-GME®834 gDNA-myc-Tsrl TU2; GMES834 overexpression

pGT59 Psr5-GME7171 gDNA-HA-Tsr5 TU3; GME7171 overexpression

pGT60 Psr1-GME5438 gDNA-myc-Tsrl TU2; GMES5438 overexpression

pGT61 Psr1-GME4934 gDNA-myc-Tsrl TU2; GME4934 overexpression

pGT62 Psr3-GME1658 gDNA-HA-Tsr3 TU3; GME1658 overexpression

pGT109 Psr5-GME4711 gDNA-HA-Tsr5 TU3; GME4711 overexpression

pGT67 Psr7-SrSdhR-P2A-stGFP-Tsr3 TU2; Carboxin resistance; sSfGFP expression
pGT81 Psr3-G418-6xHis-Tsr3 TU2; G418 resistance; 6xHis tag

pGT95 Psr5-sfGFP-myc-Tsr5 TU2; sfGFP expression; c-myc tag

pGT96 Psr5-EGFP-myc-Tsr5 TU2; EGFP expression; c-myc tag

pGT104 Psr5-Renilla Luciferase-FLAG-Tsr5 TU3; Renilla Luciferase expression; FLAG tag
pGT123 Psr1-FF Luc-Tsrl TU2; Firefly luciferase expression

pGT158 Psr3-SrSdhR-6xHis-P2A-SrDsRedE2-Tsr3 TU1; Carboxin resistance; 6xHis tag; DsRedE2 expression
pGT159 Psr3-SrSdhR-6xHis-P2A-EGFP-Tsr3 TU1; Carboxin resistance; 6xHis tag; EGFP expression
pGT166 Psr3-SrSdhR-6xHis-P2A-Renilla Luciferase-Tsr3 TU1; Carboxin resistance; 6xHis tag; Renilla luciferase
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ki, IR A SIS AR FF I binary Uk L, R
it 7 4 AT BRI SR Level 2 %%
1, Bl pGAK2A/B/C/D (Kl 3A), Hrh, 4%
A — D onfF X, B Fl«—Bsa I-sfGFP
cassette-Bsa [—F25, X PR{IE T 1l T 2H 2% ) 4% 5%
BATT AT DA BRI P 2k . [RIAE L, sfGFP
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bp M 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

3 Level2 A5 NARKARSE

Figure 3 Level 2 vectors and procedure for application plasmid assembly. A: Level 2 vectors for application
plasmid assembly. MRS1 and 2: Multiple restriction sites 1 and 2. MRS1 includes Spe I, Bgl II, Hind III,
EcoR I, Nco I, Pvu II, Ecol47 I, Sca I, Sma I, Kpn I, and Mlu I. MRS 2 includes Bgl II, Nco I, Sac I, Kpn I,
Smal, EcoR I, Spel, Hind III, Mlu I, and Eco147 1. B: Procedure for application plasmid assembly. pGT plasmids
(TU 1-TU 4, or less), one pGHA plasmid and one scaffold plasmid (e.g., pGAK2A) are mixed in one tube
containing T4 DNA ligase and Bsa I to generate a pSrV plasmid. pGHA plasmids are auxiliary plasmids providing
middle-to-end linkers with another Aar I site, see Figure 4A. pGHAnl-6 plasmids are introduced to replace
certain TU if necessary. C: Presentative colony PCR results of application plasmid taking pSrV18 as an example.
The 2 kb fragment confirmed the junction of TU 1 and TU 2, and the 0.9 kb fragment confirmed the junction of
TU 2 and TU 3. 1-8: Single colonies of pSrV18 transformants. M: BM 2000 DNA marker.
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Figure 4 Auxiliary plasmids for application plasmid assembly. A: Auxiliary plasmids for multi-transcription-unit
assembly. 1/2/3/4A/4B/4C/4D are all different random DNA sequences. B: Auxiliary plasmids that could be
used to substitute TUs. All grey blocks mean random DNA sequences.
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Table 5 Application plasmids of Sclerotium rolfsii scleroglucan-related genes

Plasmid Feature

Description

pSrV18

pSrv43
partial-rPsr4s
pSrv44
partial-rPsrds
pSrv45
partial-rPsr4s
pSrV46
partial-rPsr4s

Psr5-SrBIpR-6xHis-P2A-SrDsRedE2-Tsr5, Psr1-GME4934
gDNA-myc-Tsrl, Psr3-GME1658 gDNA-HA-Tsr3
Psr3-SrSdhR-6xHis-P2A-SrDsRedE2-Tsr3; Psr1-GME®834 e5
Psr3-SrSdhR-6xHis-P2A-SrDsRedE2-Tsr3; Psr1-GME5438 e8

Psr3-SrSdhR-6xHis-P2A-SrDsRedE2-Tsr3; Psr1-GME4711 €3

Psr3-SrSdhR-6xHis-P2A-SrDsRedE2-Tsr3; Psr1-GME7171 e7

Carboxin resistance; DsRed expression;
GME4934 +GME1658 overexpression
Carboxin resistance; DsRed expression;
GMEZS834 RNAI

carboxin resistance; DsRed expression;
GMES5438 RNAi

Carboxin resistance; DsRed expression;
GME4711 RNAi

Carboxin resistance; DsRed expression;
GME7171 RNAI
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