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Abstract: Blakeslea trispora(B. trispora), an important filamentous fungus, is used industrially in the
mass production of carotenoids. The lack of a deep understanding of the genetic background of B.
trispora and the shortage of genetic manipulation tools have hampered the genetic studies of B.
irispora and the biological studies of carotenoid synthesis. For B. irispora, protoplast transformation
rate is low and the spore cell wall is thick, which cause difficulty in introducing exogenous vectors
into the cell. To solve this problem, this study constructed a transformation system mediated by
Agrobacterium tumefaciens (A. tumefaciens) infecting protoplast, and cloned ku80 gene which was
related with the non-homologous end joining repair pathways at the same time, and then applied the
transformation system in the knockout of ku80. A recombinant knockout vector pDH-85H3 was
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constructed by inserting £u80 knockout frame into the binary vector pDHt-sk. And then the vector
pDH-85H3 was introduced into A. iumefaciens LBA4404 by chemical transformation. Finally, the
protoplast of B. irispora was transformed by A. iumefaciens-mediated method. By hygromycin

screening and PCR analysis, there were 18 transformants in which the knockout box was inserted into

the genome out of 20 transformants, and the transformation rate was 90%. Further analysis indicated

that there were 2 transformants in which homologous recombination occurred and the knockout rate

was 10%. The result indicated that A. tumefaciens mediated protoplast transformation in B. trispora

was feasible.

Keywords: Blakeslea trispora, protoplast, ku80, A grobacterium tumefaciens, gene knockout
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HARTF R TE AR A 5 BB ALY, R RG0S TR
SR W NG I A W) 2 R 0 B S i ke b A IR R A
SR A R (EP N S 1§ S DO (0 KTE A 4N =T
BT A,

WA RS540 (A grobacterium tumefaciens—
mediated transformation, ATMT) /&K % T-DNA 7E 1%
SR T e R R R B 1 B R R T F AN
BEH LG ERF AR B e B R B &Y
IR &GS 2R B WA BN o A T HoAd 8 1L
AR D7  ATMT BA AR A R Z A2
FEAFEAL AP, B2 220K BT AL 7 A R g b W T
T5 ik o BRI YOUE AR T A 3 — 9 A i R A
TR A AT AT, BAERFT T R AR A
R 96 7~ Al 1 X LA A B 5 Al 7, 5P nT e 2 A
20 L L ()

H ku80 & H 2 i 1) ku80 & & 41 A ku 1
AP IE BE 2 — | e R AE B AT 2 LR B R 5
ZEBAER H AL ku 1Y SR L P 2 BT, DR I
(¥ A X 75 B i /N 83 000, i 44 K ku80
Ku80 Z: 5 {1 AE [A) 95 A o & £ (NHE)) B & @ 12, 2
T B = A6 A 7 A 22 R TR R IR R P 2
— U AR WIS 22 R R i & NHE] (988 5
LN AT A BR 5, BEAE 4R o R] U 2 (HR) AR 10,
Vo i e R b R DK 78 1A R A FE R A
BRSO B WS ARGE . AT AR A

FFEE A5 = 10 A0 P e R A RS AL ) ik, S AR
i F Bk = fo A Pr e L R 4L, DTS2 B kus0 FE X
B g 3%

1w s

1.1 ##

111 dA#A Rk BAR =40 % (Blakeslea
trispora) T # NRRL2896 . K Wi ¥ B4 (Escherichia
coli)DH5a 5 kL pDHt—sk | Jii 47 pCSN44 . 1 3 Jit 7%
SCOBG = RO ; R O K FF B (Agrobacterium
tumefaciens ) LBA4404 . W4 H 75 M 4 MEFT N A 5 21K
pMDI18-T. Il B Ki& EAW TREARA A,

112 #_AFAXA FIFEER AEF HER
B KTBEENG N LB T A ER (AS) . FiEAY TR
AP s DNA 0] & e Il ioasn) & . RAR A Ak
B (b m0) A B2 7] 72 & s HiSeript 11 One Step RT-
PCR Kit(Dye Plus)i il & EsTaq 4 0 . 7 5t v e
e W) 0N E) P s PR ELBE PrimerSTAR Max i, R
il N U1 EE Sma | Xho | :TaKaRa 23 &) 7= i ; i BE
fity AP A R B WA AL R R E A G
B WS - M 4 R A w) A s AR . [ 24
A 2= R A BR 2 | 77

113 &K LB Hige ik (& B ik 10 o/L, BE bk
¥ 5¢/L,NaCl 10g/L) Hl T KA E DHSa AR 9 A
FFIR LBA4404 B85 5% s WHIE 54211 B Jr e A 1
BE R 3E (F KM 30 gL, KEHKY 50 ¢/, KH,PO, 1.5 ¢/L,
MgS0, - 7H,0 0.5 ¢/L;pH 6.5) H T = 1 #i i %
NRRL2896 5557,

114 314 SRPHBIRNSIYEIIILE 1,

12 FHik

121 =JaHmi5E kuS0 % A& %1%  FE NCBI

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 9 2021



S

F oW ZRARFRAASKROMER SR

I

x1 ZBHARKSY

Table 1 Primers used in this experiment

A (5'-3")

Ku80-F ATGGCACAAAAAAGGGCTACTTGTT
P14 ku80 FH
Ku80-R CAATTCATCTGCATCAAAATGAACAG
85-F CCGCTCGAGCGGCATCTTGAAATGGATCTGCC (Xho [ ) ;
P ku80 FH 5 R EE
85-R CTTCTGTCGACGGTATCGATAAAGAAAGGGAGAAACGCG
83-F CGAGGGCAAAGGAATAGAGTAGCAATCTGTTTGCCATTTTCTC
P18 ku80 e IH 3' [ 5
83-R TCCCCCGGGGGAAAAATAGCCTCATTCTCGCG (Sma 1 )
8H-F CGCGTTTCTCCCTTTCTTTATCGATACCGTCGACAGAAG
Y44 HygR A
8H-R GAGAAAATGGCAAACAGATTGCTACTCTATTCCTTTGCCCTCG
8H1-F CCGGGGGAAAATAGCCTCAT
8H1-R TAAATAGCTGCGCCGATGGT
I AE LT
8H2-F GCCCTCCTACATCGAAGCTG
8H2-R ATTTGTGAGACTGGCGGTCC

R4 N FE 5 ku80(OBZ83437.1) 3K (A ¥4, 18 =11
A BB 4 Fe R 41 P JEAT thlast, $% 3] ku80 FEH 741
it Ku80-F il Ku80-R 5|4 ¥ 44 15 £ Btku80 ¥t
(= hr B2 19 ku80 FEI ), LA EUA) RNA H
M, f# J HiScript 11 One Step RT-PCR Kit (Dye
Plus ) i & B9 14 BtkuS80 ¢DNA J¥ 41 ,

1.2.2 3k #H 4k pDH-85H3 My PREGH 4> =18
A1 47 B B A Y TR 22 35 TR SR 25 °C (180
r/min K5 7% 48 h, W MBS I i B 3L 41 DNA $2 5
WA & U PR BOGE 41 DNA, PIFER 4] DNA

| 1484bp |

B, DL 85-F fil 85-R K514 1 kus0 FH Ay 5/
U5, DL 83—F #l1 83-R N5 ¥4 ku80 FEH 1)
3'TE R . LUK pCSN44 Mg #id | L 8H-F il 8H-
R A58 ¥4 9 HygR (18 Z butE 3L K ) 9 DNA
RB . Vhb 3 A B4 4l T s 5§ PrimerSTAR
Max 4 4, Jfi@ it S PCR B ARE R R,
1532 @b 1 B 85H3, Bifi 5 38 i Sma [ Xho 1 B V]
8 2 WG B AR pDHt—sk, 15 %1 #i bk 2% /& pDH-
85H3 ., o vt B4 UL ST 1, el B 28 AR L A Ay ok 72 I
Kl 2,

2716 bp | 1509bp |

Ligaekittespy = JSEEl

# pDH-85H3

8HI-F
g

1408 bp

1408 bp

8HI-R 8H2-F  8H2-R
“«— —> <+«

1 Btku80 E R B RETE
Fig. 1 Gene replacement strategy of Btku80
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overlap PCR

llq!l!FlI w

1408 bp

pDH-85H3
11 847 bp

2 BB pDH-8SH3 MERE
Fig. 2 Construction procedure of knock—out vector pDH-
85H3

123 Sirk HAKHALAR B R AT B LBA4404 il &
M9 A FF 7 LBA4404 & 52 25 40 Mo, J7 ¥
Jyothishwaran SEUFT IR L UM 98 4R AT T JE% 52 25 240
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B0 10 min, X BIEROFHBR B R EE B3 =0
A P2 R A AR R R, THEOT G D AR T (AR 240 i
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2.2 FiR# K pDH-85H3 HIIRE

7 B 2 1A pDH-85H3 48 Sma 1 7£ 30 CHEYI 2
h J& , JINA Xho 1,37 CHARFEEYI 2 h, bifi J5 517 4% R
HLPK , 25 AN R 3, 45 5 B R % 2k pDH-85H3 &
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M pDH-85H3 4 & &I,
23 BRBRBENRERAHMAERETFHNEE

R AR 2 B A v B R B 31 /R pDH-85H3 3 A

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 9 2021



S

F oW ZRARFRAASKROMER SR

I

bp

15 000
10 000
7500
5000

2500

M: 15 000 bp DNA marker; 1:# B #%k{& pDH-85H3,
B 3 ReBkE & pDH-85H3 £ W EE Y] /5 49 F ik B
Fig. 3 Identification of knock—out vector pPDH-85H3 digested
by Sma 1 and Xho 1
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B 4 $REUIRE K E LBA4404 * = 4 & % & pDH-
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Fig. 4 Analysis of PCR products of recombinant vector
pDH -85H3 extracted from Agrobacterium tume —
faciens LBA4404
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Fig. 5 Identification of Blakeslea trispora transformants
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