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Table 1 Research achievements of UV

mutagenesis in microalgae breeding

BRI Bt~ VAR PSR ZE 3R
Microalgal species Target product Mutagenesis condition Mutagenesis results References
= Al AT I B0 12 i £ o PPA
- . o 30 W 24MT, FEEHIEE 50 cm, g 1.12 {5, 288, A5, EPA
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tricornutum o 0
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=HAWTRE S Bk UPL i EPA P& &
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Table 2 Research achievements of ®Co-y ray mutagenesis in microalgae breeding

(GRS

Microalgal species Target product

HAr™=4 7%

Mutagenesis condition
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Mutagenesis results References
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Table 3 Research achievements of heavy-ion irradiation mutagenesis in microalgae breeding
(e A ES R ] AR AR SR
Microalgal species Target product Mutagenesis condition Mutagenesis results References
T BR Bk B F R (BE & 80 MeV/us SRR A ) & Je KB KR
Nannochloropsis g LET:31 keV « pm™) ,5BHFNE  [RHE 7200 L H R EHES [51]
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0 Gy
B3 5 Rk Z R « MERE
St , AR S T2 3
e e BT G 80 Mov/e %l B AR T
Selenastrum B RGBT LET:33 keV « pm™) , 585457 & - Eéf‘ ARG ; [54]
capricornutum 40~160 Gy;ﬁ(ﬁﬁ%§>90% Lﬁ)’%ﬁnﬁiﬁﬁﬁ’ RRHE T
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E
L5 #RFE

HOLEA PAPEEE 7 PR L motss A S A
PEAEDL L REFOCAT o B IR0 T o B v, BB
T X AR B A OG DG TR A B A R PR AL
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Table 4 Research achievements of ARTP mutagenesis in microalgae breeding

e RGeS Bt~ VAR BAGER ZE R
Microalgal species Target product Mutagenesis condition Mutagenesis results References
Bk HE 35 V, B3 0.8 A, RIFE  FIRIWIAFRFHBOK G TR0 7, 5
B  gamisKiEp B 2~ 8 mm, f BN BHREDAE SRR L4 [60]
p- 30 s; BHLE >0 1
AR 120 W, SR 10 SLM, 2754k 1-H6 fy ODsso . T .
Chlorella OD . T & .ifli5 BAFUREEAE N 2 mm, BE RO B] AR AR R 43 1 Lb kB R A [61]
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, SN N Shiy S BEAR R 3-Al10
Tt e Sk 100 W g gt e g o EIRIETER S R
Spirudina KB S 2 mm. AR 5. 10,20, 00 1 0 FWERAIEM T rpy
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25 AR = i A B
- B EBERER 5,10 A 15 mm, Lo DROC KA 17ﬁ%§@fi§
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TR e S 10 SIML e ot P A TR TR
Spirulina IFE R 2 mm, S IREFR]) 70 s BUAER > LS T ; [64]
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H . H
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. NN . AR PR M45 H B AR
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NN RASHR M7 ) EP P&
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FOAEPRAL RN . B 7S I N R TR A E A,
BEE L 2 A RON T ICHE 4 B - BB S A AE R e
H TR e 2 A TR B A DTG 77 2B 28 A A0, X s L
TR BRI et AR ep B B KB R R BURER
7 A R AR g v R R R BRI IR AE R R A
FEU X — R BNk RN AT T B0 A0 3 1R W) L
T 240 HE 5 A e 2 o DT (1 R DR R ik it 2 L B P A0
Wmize e BAs BAg . Rlha RS ulE. EAHRE
HIT, PR OO R AE K OB R T S i S R A
B R 2 R R R R AR LB 5T Y

WA S PR B RS T — AL R
et a8 18 kHz Jy 3 20 W MR ] 10 min f)8
PR DAL S AR AR BT R R S AR L
P T 26005 M AT IR 20 kHz Jp R 20 W Y
R AL BRANEE 30 min, 5 AR AR 04 40 M T E RIS &
BB AR T 33 3%/ 37. 2%, KEEK
AL B AR B U R B AT A% 40 kHz Tl
200 W A I6] 20 min [y A A0 2], SEARRR AT AS 2
WRIR MRS T 57. 500, SCERRN] S 0% AL PR
IB] A R il 2 7= A 18 8 s R AN ] s AN [R) BB b 288
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Table 5 Research achievements of laser mutagenesis in microalgae breeding

BRI Bt~ VAR BAGER ZE R
Microalgal species Target product Mutagenesis condition Mutagenesis results References
B o CO: WOL QIR 10,6 pm, A BRI MR S & B R Bk [687
Nannochloropsis sp. H 10 W) EE 5} 30.60 s BT 136.60%~172.16%
Bk il PRI (K 440 nm, IJEE SH AL, S HEIHIE S [687
Nannochloropsis sp. H 150 mW)#E5} 10.20.30 min BB T 18.44%~093.54%
Huaematococeus fiaen Nd: YAPHOEGHEK 1 340 o, PEFUFERGRAAILHBE
ol A i 10 WEH 55 s PRIEE T 59.97%. 30.63%
46.37%
Sl E A, 582 P-NO.5
f-$7¢ WA (1 ) EPS F= B | T 36.3300; K
Porphyridion  Msgirps) B0 YAIUCS TS0 g ook g s o]
cruentum SEEE T 50. 78%,,%'\% HE
AR RRY 2. 06 %
- ; ZEAS BRI IR 5 B LU AR PR AR
PR \ Nd: YAG ¥tk 1 064 - \
c;lfi;j;{f “ ek HES 4 AGBOBGRIC 1064 nm) s o3, 0836, M= R [70]
' PRy 2.6 1%
. ; - SRR AR Rl G
oA . He-Ne #5% (Jk K 632.8 B o ;
ek i e Ne HOBCRIS 6328 sm)WE - gip i T 7. 5000 il ety [70]
orella sp. HF1 min

KR 2 A%

1.7 XK=iFE

PR 2315 A8 & Pl 48 38 2 3R ] S0 KA n 1
BRI SERE A RS B T E A3 ], R AR R L T
TGS M4 LI A R R, T LM ARZ
HEZEE 08, Y 5 e S 28 58 O e 40 M S iR 5 = B
DNA 2 F 4% , T 25 [Bl 334 2 1 7E DNA #8345 1 15 00 T
PR T DNA B E RGN0 8h S5iafe, B4 ikl =4
AU XA S I R A U INBR L RS Tk
A FORE IR & 4 ) e Hh R BRI 6. 5670 3. 76 %
AP R AR R . TR ST 225 R A 5 28 ol T B e 358
DB L B8 Hi 5 HAHE e, Ho 2429
B SR B T 15. 392080 176. 50 %, Kas
BAEARVEN PG E P B, B R
A SRR LT 2R IR AT R AL S (H T
] 2% FA i 15 LM AL, DTG B ) 1 R 28 175 A8 7R B i
B Feb R

2 ACEAETTH

H A R R I 5 20 O L 7

GREERRIE A B, BA AR T S AR A
AR BT 120 T B Rl 1 Ak 2 75 A )
FE R — B AL ], 40 IR £ B8 (Ethyl methane
sulfonate, EMS) | W. i 3 K ( N-methyl-N ’-Nitro-ni-
trosoguanidine, NTG 5 MNNG)%5, X o4k 7 38
BB kA m iE b i 51 A7 AR o R E
TFER DNA 43 i SR 1 DA S SIRER A A E L B 4
& B RAET 5 4h, Bifb 3 E 0 7T 5 DNA &5
Py i SRR 1 R A B Ak B g » T8 AR 2 7K i 1Y) B TR T8
M A DNA S (W 2870, 5 il M L, b2
V7R 22 N BE DR R 978 X Bl e i SR R A R A DN, EL
GASN i B AR, AR, IE DN ERE L Bk
B R R ER & (Eustigmatos polyphem) , = F1B+5
. /NH A 222 3 (Nitzschia closterium {. minutis-
sima) .7 JE 3 (Arthrospira sp.) . 220k ¥ (Euglena
gracilis) FEH 0 R 2T HOR B AR T it =5 i
fRIR M P iR £ LIS JEPA 68 D& RO RS
Pt R SR TR 6.
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Table 6 Research achievements of chemical mutagenesis in microalgae breeding

TR Htrr= 4 AR AR SR
Microalgal species Target product Mutagenesis condition Mutagenesis results References
v o SR S5 RIEM R BIES B
% i 0.6% ~0.8% iy EMS W W, % oo o
o, AR 0.6 ~0. 87009 EMS WG TB Jon o bt 7 45.50%.  [80]
cenedesmus sp. ASptE]Sy 1 h 7424
BICEIR &% P s S S ZARKE Epdbs AR TESH
: PO B 620 EMS MBRER MM (0.1 0 i o 0 e b o s b ] 4
Eustigmatos Ay B G mol/L.pH=7), BE54HL 1 h %ﬁﬁ%#TﬁﬁLﬁ‘fi%i\zm\ [30]
polyphem EERBMAMRERT 21%
AE 25°C 1 40°C 3% 55 0, 28 A bk
INEREE it 2E LR IE M 100 mmol/L ) EMS, B4 K 58 R4 B o & Bk [81]
Chlorella sp. " HEASEHE K 1 h 1.4~1.8 F1 3.3~6.7 £, A &
Bk % 0.8% EMS ¥ i e 2% s it 2 EC1 1) EPA S & IR
Ol W P BEMMEPA) (0.06 mol/L.pH=") A BHEE T 8. 07%. HEARER  [82]
orella vulgaris 3% 30 min S
§5:787:4 NN NN § o .
EHR 0.6% EMS W Iy SORRIONIIR S R B R
o A 30 min BET 29.32%~34.01%
hirataii
IR S Bk e e o N , o .
A i 0.5% EMS W WRRE N RCEBMIEA R ERM
H 30 min BT 34.5%0~42.15%
oculata
Bk Tk B > A E2 BRI A
. o LBk B 70 /L % EMS, = . i
Nannochloropsis A TEME R ;Eg}é]l . mmol/L #J YA o BB RS T 44 rs4’
gaditana A 21%
AR e 3 BRZSAEREMITH A~ S8 45 Y R
r ey 3
Nannochroropsis g ‘;’E &/L B9 NTG i, AR IAL L SAEE T 17.4%. 23.7%., [85]
oceanica 29.40%
N IEE-3| 23 - ,
; ; e OSEERE YA RPHAR R E W]
Nitzschia . 9;1511 0.05 mol/L E/J EMS # ?ﬁéﬁ@%é}%‘u chtt’.ﬁia*k%%% [86]
closterium W& AR ] A 20 min T 44. 067 .30. 05 % .48. 25
{. minutissima ’ U T
—ARTEE 0.6 EMS MIBERRZE MR, - .
Phaeodactylum T+ mnkE (EPA) (0. 06 mol/L.pH="7) , A7 i a] ;;ﬁ?ﬂlgﬂglﬁ/PA PR HH R [87]
tricornutum 2 30 min PEIRI ’ ?
. . 5 HRRATKR B A FEML T 14THY
et S N 30 40 3 EMS\/\» ’Hs‘z F N g > \» .
AR iR ST LR ENS R R g T g e JE 250 86
) ' AT R R
BETR T HE SR . RAKR 623-8 WA R EAT
. o . 0.05 g/L NTG ¥ Wi, S 155 b o o ) I
Arthrospira A ety 00 & NTORICRIER g e pninm aiies T80
platensis T 67.86%.1.98%.8.54%
BT e AR G R I
0.05 g/L M BB ; ~
Arthrospira L4 BIEE A i gl MNNG RN g e kg T [90]
platensis 39.5% .46.7%
ZRARRE Ad BYRITER . BRI R
, .. TR EREHRD 2.6 £,
2] AR B 0.8 F11.6 g/L i NTG i == .
TARE peprm. s MLOe/LINTGHRL R | ) b e Rmammme s [0

FEuglena gracilis

IEALHE 1 h

BREIEIER S B/ 30.67%,
GiEEa=1
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Table 8 Advantages and disadvantages of different mutation breeding methods
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Researching Advances in Microalgal Mutation Breeding

LIANG Ying, YAN Yi-Yun, LAI Qiu-Xuan, TIAN Chuan-Yuan, HU Nai-Xia, WANG Yue
(The Key Laboratory of Mariculture (Ocean University of China), Ministry of Education, Qingdac 266003, China)

Abstract: Microalgae play an important role in agriculture, food, medicine, renewable energy produc-
tion and among others. In order to obtain new species and strains with excellent characteristics, microal-
gal breeding technology has developed obviously. Mutation breeding is a method that uses either physical
or chemical factors to cause genetic variation of microalgae and obtains valuable mutants in a short time,
Mutation breeding has been widely used in microalgae breeding, and has become an important mean of
improving breeding efficiency and obtaining excellent algal strains. The mechanisms of physical, chemi-
cal and composite mutagenesis and their advantages and disadvantages were summarized in this paper.
The current application scenario, the problems around their developments and prospects were also
summed up. We aimed to provide references for the research of mutation breeding of microalgae.

Key words: microalgae; mutation breeding; physical mutagenesis; chemical mutagenesis; composite

mutagenesis
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