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Breeding and RAPD analysis of a new Spirulina platensis
strain with low-medium temperature adaptability

LU Qigi', WANG Fanyue’, WANG Zhiping'", BIAN Yongliang', LIU Maoxin'

1 Key Laboratory of Nuclear Agricultural Sciences, Ministry of Agriculture and Rural Affairs, Institute of Nuclear
Agricultural Sciences, Zhejiang University, Hangzhou 310058, Zhejiang, China
2 School of Life and Environmental Sciences, University of Sydney, Sydney 2006, NSW, Australia

Abstract: [Objective] To breed new Spirulina strains with low-medium temperature
adaptability for expanding the geographical scope and time, increasing the yield, and reducing
the cost of Spirulina cultivation. [Methods] The single cells or spheroplasts of Spirulina
platensis ZJUO116 in large-scale cultivation were prepared by tissue homogenization and
centrifugation. They were treated with 0.6% ethyl methane sulfonate for 30 min and 2.4 kGy
%9Co gamma ray, and then screened by low-temperature stress with 5 times of cold (12 °C)/hot
(38 °C) abrupt alternation. The single filaments were cultured separately for the establishment
of temperature adaptation surface, determination of protein content, and test of large-scale
cultivation. [Results] We obtained a low-medium temperature adaptive mutant, which was
named ZJUO116(LMTA), with the protein content equivalent to that of ZJUO116 and the
temperature adaptation surface and average daily yield increased by 10.7% and 10.9%,
respectively. ZJUO116(LMTA) had the helix number 54.4% lower, the filament length 42.1%
lower, and the pitch 28.8% higher than its parent ZJUO116. Moreover, the randomly amplified
polymorphic DNA (RAPD) analysis indicated that the amplification with the random primer S30
for ZJUO116(LMTA) produced an additional band at 470 bp, which revealed significant
polymorphisms between ZJUO116(LMTA) and ZJU0116. [Conclusion] ZJUO116(LMTA) has good
thermal adaptability and stable production, with a 10% increase in the dry algae powder output in
large-scale cultivation. The new strain will promote the development of Spirulina industry towards a
new stage of deep integration of the “dual carbon” goal and high-quality upgradation.

Keywords: Spirulina platensis; large-scale cultivation; low-medium temperature adaptability;
mutant; breeding; randomly amplified polymorphic DNA (RAPD)
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=1 RIERTIR MI-M3 REFEAK 2JU0116 HESFEH

Table 1 The morphological parameters of candidate mutants M1-M3 and its parent ZJUO116

Strains Helix number Filament length (um) Filament width (um) Pitch (um)
ZJuol16 13.6+0.7A 875.8+47.6A 27.2+1.6B 65.3+2.9B
M1 6.2+0.6B 507.5+38.7B 26.6+0.8B 84.1+6.4A
M2 5.0+0.3 C 316.9422.5C 33.1+1.2A 62.4+5.2B
M3 4.5+0.5C 71.8£7.3D 32.8+0.5A 16.1£1.0C

*: The data is average of 100 replicates. In the same column, values with different capital letters mean significant difference at

0.05 level.
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Figure 2 Growth curve of candidate mutants
M1-M3 and its parent ZJUO116 at different
temperatures. Error bars in figure represent standard
deviation.
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Table 2 Yield and protein content of dry algae powder from ZJUO116(LMTA) and its parents in large-scale

cultivation

Harvest  Monthly average temperature (°C) Yield (g/m*-d) Protein content (%)

month  pay Night ZJUO116(LMTA) ZJU0116 ZJUO116(LMTA) ZJU0116
2020-04 22.1+4.3c 10.5+2.4d 5.1£0.5C 4.3+0.4C 61.3+0.7A 62.4+0.8A
2020-05 28.1£3.4b 18.6+1.6¢ 5.8+0.4B 4.6+0.4C 60.6+0.8A 61.7+0.6A
2020-06  30.3%£3.3b 23.2+2.1¢ 6.7+0.3A 6.7+0.4A 61.2+0.4A 60.8+0.5A
2020-07  30.8+3.2b 23.8+1.6¢ 6.3+0.4B 6.8+0.4A 58.4+0.5A 57.6+0.4B
2020-08  35.4+2.3a 25.6+1.3b 6.2+0.3B 6.7+0.5A 58.9+0.4A 58.5+0.6A
2020-09 27.14£5.5b 19.3£2.7¢ 6.7+£0.4A 6.4+0.6AB 58.6+0.6A 58.4+0.5A
2020-10 22.442.8¢ 13.6£2.6¢ 6.6+0.5A 5.1+£0.4C 60.4+0.7A 59.7+0.6A
2020-11  18.545.6¢ 10.242.9d 5.8+0.4B 4.4+0.4C 61.9+0.4A 59.1+0.4A
2020-12  10.7+£3.7d 3.3£3.6d 5.3+0.3C 4.1+£0.3C 61.2+0.6A 60.6£0.7A
2021-04 21.244.3¢ 12.943.0c 5.240.4C 4.3+0.3C 62.6+0.8A 60.7+0.6A
2021-05 27.1+4.0b 18.5+2.4¢ 5.8+£0.4B 4.6+0.3C 59.4+0.3A 58.9+0.5A
2021-06  29.8+3.5b 22.0£2.1¢ 6.8+0.5A 6.5+0.3AB 60.6£0.6A 61.5+£0.7A
2021-07 32.5£3.5b 24.7+1.5¢ 6.2+0.5 B 6.6+£0.5A 61.2+0.7A 60.6£0.7A
2021-08 32.2£2.6 b 23.7+1.3 ¢ 6.1+0.3 B 6.74£0.3A 59.4+0.6A 59.6x0.4A
2021-09 32.3+2.8b 21.8+1.9¢ 6.8+0.5A 6.4£0.5AB 61.1£0.5A 60.3+£0.6A
2021-10  24.947.0c 15.5+4.6¢ 6.6+£0.4A 5.0+£0.5C 62.3+0.5A 58.4+0.8A
2021-11  17.842.9¢ 8.5+4.2d 6.2+0.6B 4.6+0.5C 62.4+£0.6A 59.8+0.6A
2021-12  13.84+4.4c 3.7+£3.3d 5.240.3C 4.3+0.3C 61.8+0.7A 61.4+0.6A
Average  25.4 16.7 6.1 5.5 60.7 60.0

*: The lowercase letters a, b, ¢ and d indicate the monthly average temperature; tm: 33 °C<tm<42 °C, 25 °C<tm<33 °C,
12 °C<tm<25 °C and 12 °C>tm>42 °C, respectively; In the same column, different capital letters indicate significant differences

at 0.05 level.
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Figure 3 RAPD electrophoresis map of ZJUO116(LMTA) and its parent ZJUO116. M: DNA marker; 1:
ZJUO116(LMTA); 2: ZJU0116; CK: Control; Arrow: Difference bands.
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FIPTME RI R I 2, I 5 IR E I TR 22 S K
M RE 2R S OR A VR TG 2 ol 22 B DA
SRl ISR R L Ak R AR
R F51 kK DNA #if, ©EA@BmEE )
AE, X TP TR NG LA RENE
S P 5 Kt K I IR I R 4202 T I
1) Bk A BRA A Oy Fast G 2R e, ARG
FE2E T EMS FIBRIN 1 ¢ B4R A4k
P TE i PR A I i i AR ek, HE AR —19 EMS
FINTG b7 7 Ry 1k UV SRR -4k
LB E 55 98 22 m PN AR A A SR I X —
07 THI 2 U RV B A8 - A B RE S, AN
LU, R AT AR ) — 7 2
DRI 25 1) B 200 il i A ST Bk — LR A AR,
FRIEAEBE 22 RIS AE AN, B 5 A ok

H A 28 A8 U 1) i 328 7 52 15728 B LM
Uy — AR O A S R S S R A
RUGhFR(R), B85 H S 19 A REE FARR
ol R A AR N A TR SR ik B
WAl f7, HEEERR D &R ERE S
TARREAE AR B A K R A s IR H AR AR

A, T E R AR, ik, ARFITAE
SR FRAVK 5k 336 5% 0 2 A1 v YL 32 37 78 R 98 R 1Y
IR, R AEHTH 2 R WO g i S ml -, 8nT
5 YA (12 °C/38 °C)BRAF SRR AL B, (A5 {A
ZR HP X L i 7 A 114 240 i 8 D A R R A7 I 3
TP A5 0 ZE A A, AT 8 X ek 3k i 17 1)
ARG 3k . Dong ZEPIHFIT KW, K
EREM 35 °C B ZE 15 °C F# AL M F)] 35 °C, 4
FHC1 294 NI REE RS, BEHERTE . 4
Aob B X LT g ) A B L B A A T R
M, AH AR RSt &30, ZIUO0116 Ay EL4H
FLE AR FRBRZE 5 IRV AIRARAZ R AL T, R
s B L A TSI R, B
W43 A M A BRI %E . PCR {XAE 0-100 °C
WK, S RFRERMEERIR 5 °Cls, HRGE
A ik£0.2 °C, AR I A S AR fe
IRV FAIRAS SRR A T2 R . eI
A e g B N IRIEINHER Thermal Cycler
PCR 1% (Hybraid Express), fiE#ll#% PCR &N
A TRRIEE, SRR E . TR — R
J&, HhE PCR {GE FAFA 200 uL #1500 uL
f) 2 Fl PCR %, TEXTEAE 1A RNV ARS8
AEFREF, REEVE 200 pL 19 PCR A, LA#i PCR
BTSRRI TR, B /AR AR SSR Ab
PSR A

D5 E T E AN T A P e e, 3 R
FHIEAT SRR IR | R R uk w5 YR/
PEES . WA 300-700 m? A HE A B S
AR P A IR RO I e 2 A AR AL
K, R T O T G P A A R, R S R
JHE SRR AR 2 7 P o v e P I B S T AR . AN
TP 5% 8 7 A9 30 B8 T3 7 T A1 M e e o 2R A 7
AR T, P TR A R — IR B N D A=
ST W e R T e 3 ) W e e X 1)
T AR R S A e RN S, A
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g, AREVERASA M2 9 PRI AR KRR
G0y, SRR A T A = il R i 2
K, H A e A IR R I I 1A HSEAR ZIU0116 K2 )
2 SRR R AR, TARREIEA AL RN,

RAPD HAZ—FEpil i kil 5 240 DNA
ZAMERRTE H RO 7, WA S50 S S 1 E
BARMAWIE, #Y RAPD 45 p &R Mg
% RS IR A AR, AR R TR
W, RAPD HiAR A 1990 4FRWILICK, B
T2z 0 T A MR B AE N AR 2 LE W 43 A
RN D TR el & 2 2 1 I N N ) 51
IV FH S7 45 31 255 8505 | PRI r i 3 i TR MR e
BV Z ZTU0116(LMTA) K H R4S 2100116 (13
N4 DNA 79738 , 12 S30 f4 38747 (. 20 g 2%
2R R 3), £ ZJU0116(LMTA) Y
ZJU0116 W5y Fistfe s s g —k, X
R HERARA B2 5. BATARBAIELL b
I RAPD 25554 AUIAUS, JFRl G iEss a5t
AT AN S R, FF# ZIUO116(LMTA)
GEARE 5 B AN R Yk A ML S5

4 Hik

AR X [ P AR e el T R, PR
AV 5k 35 35 07 5 -+ /AR A A A F % ek 3
TP 55 7 vk R SRR L R Rk 2E R 2
B A b PR T PR A M Bl A Bk, BT
1 BRFE AR IR N 27 °C BEZ2 K E 2 500 um
ik J3E 0 0L TR RS- 2 H O iR B R 10.7% 1
10.9%, HE I HF T oA = rAR s
I BB To0 R E BT S R ZJUO116(LMTA) .
ZJUO116(LMTA) X 1 S i 37 224 iy 0 ie 38 7= b Fob
JTHE T | PR TR A A A X T
ARGV T3k by oAt 28 5% A 4k 5 3 o7 R0 b
F(R)EFRE THHESH .
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