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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 ZJU0116 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 ZJUO0116(LMTA), with the protein content equivalent to that of ZJU0116 andithe
temperature adaptation surface and average daily yield increased by 10.7% and. 10.9%,
respectively. ZJU0116(LMTA) had the helix number 54.4% lower, the filamentJength'42.1%
lower, and the pitch 28.8% higher than its parent ZJU0116. Moreover, the randomly amplified
polymorphic DNA (RAPD) analysis indicated that the amplification with'the>andom primer
S30 for ZJUO116(LMTA) produced an additional band at 470 bp, which revealed significant
polymorphisms between ZJU0116(LMTA) and ZJU0116. [Concldsien] ZJU0116(LMTA) has
good thermal adaptability and stable production, with a 10% incréase 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<udltivation, low-medium temperature adaptability,
mutant, breeding, randomly amplified gelymorphic DNA (RAPD)
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Figure 1. The optic micromorphology of parent ZJU0116 and its single cells @ roplasts S and candidate

mutants M1-3. ZJUO116 and M1-3: Bar=100 u‘%% =10 pm.
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Table 1 The morphological parameters of can@dﬂe tants M1-3 and its parent ZJU0116

Strains Helix number Fllameryl htm) Filament width (um) Pitch (um)

ZJuol116 13.61+0.7A % 76A 27.2+1.6B 65.3+29B

Ml 6.2+0.6 B & 5+38.7B 26.6+0.8B 84.1£6.4 A

M2 5.0+0.3 C 316.9£22.5C 33.1+1.2A 62.4+52 B

M3 4.5+0. 71.8£7.3D 328+0.5A 16.1+1.0 C
uia

= \
*: The data is average of 10%%53 In the same column, values with different capital letters mean significant
difference at 0.05 level. <
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N 27.24.5.25 °C.M1-3 1E 12 °C I (£ KRR L ZIU0116 HIFRTE T 95.2%+109.5%-
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Lk ZJUO0116 I/, M7E R X, Bk M3 75 42 °CHEE RS S B A8, Ak b5 A i X AR o
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Figure 2 Growth curve of candidate mutants M1-3 andiit$‘pdrent ZJUO116 at different temperature. Error bars in

figure represent standard deviation.
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Table 2 Yield and protein content of dry algae powder from ZJU0116 (LMTA) and its parents in large-scale

cultivation
Monthly average
Harvest temperature (°C) Yield (g/m?d) Protein content (%)
month
day night ZJUOI16(LMTA)  ZJUO116 ZJUOI16(LMTA)  ZJUO116
2000-04 221E43c  105+2.4d 51405C 43+04C 613107A  624+08A
2020-05 281%34b  186%1.6¢ 58+04B 46404 C 60.6+08A  61.710.6A
202006 O03+33b 232+2lc 6.7+03A 6.7+0.4 A 612404A  60.8+0.5A
2020-07 308%32b  238x1.6¢ 63+04B 6.840.4 A 584405 A \9@5@.4 B
2020-08 So4*23a  256£13D 62+03B 6.7+0.5 A 58.9+0.4A7@s8.5+0.6A
2020-09 271E335b 19.3%£27¢ 67+04A  6410.6AB 58.6i@% 58.440.5A
2020-10 22A%28c  136+26¢ 6.6+0.5A 51404 C 6@2 59.740.6 A
2020-11 189%36¢c  102£29d 58+04B 44404C 9+04A  59.1+04A
202012 107E37d 33%3.6d 53403 C 41403 C 61240.6A  60.620.7A
202104 2L2E43c  129+3.0¢ 52+04C 43 io.@‘ 626108A  60.7E0.6A
2021-05 2/1%40b  18542.4c¢ 58+04B 46403 C 594+03A  589+05A
202106 298E35b  220%21¢ 68+05A‘ 5303 AB 60.620.6A  615+0.7A
202107 325E3Sb24TE1Se 6.2+0 B’V\ 6.6+0.5 A 612407A  60.620.7A
202108 22260 237E13c 6.7+03 A 594+06A  59.6104A
2021-09 323+28b  218%19c 5‘;\%0 SA  64+05AB 61.1205A  603+0.6A
2021-10 249%70c  155%4.6¢ 66104 A 5.0+0.5C 623105A  584108A
2021-11  178E£29¢c 854, Zdi\ 62+0.6B 4640.5C 624+06A  59.8+0.6A
2021-12 138F4dc 3'73?% 52403 C 43+03C 618107A  61.4+0.6A
average 25.4 ‘2/' i 6.1 5.5 60.7 60.0

and 12 °C>tm>42 °C, respectively; In the same column, different capital letters indicate

*:The Iowercas; I%é b, c and d indicate the monthly average temperature tm: 33 °C<tm=<42 °C, 25 °C<tm<33 °C,
sﬁ— differences at 0.05 level.
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J3E BRI S ) S AR A 346 K . Dong SR 20V 7 ”4%@;%75@5% 35°CH A 15 °CH ik
FEH] 35 °C, 23801 294 AR 74 K %A JE B TR VA« ARk SO R 3 ) A EERLA 14
BT EREN . B ERR T s ZJUO116 FFRaH M Bl A2 RS 5 % /34
IRAR T B AR HE, S P 4 B £ 1S AR PR R, 0 T8 400 2 R A
PCR {X7E 0-100 °CYE [, TR ERIL 5 °C/s, HAEEWIA£0.2 °C, HMAEIREF
TR AHIE TERE AL S5 ARG / R A B A B T2 SR . Rl A U FH 0 R A
RIS TIAER) Thermal EK R {X (Hybraid Express, UKD, AEE#MI4% PCR & /)5 (11
FE, SUE IR UE . TR B RER AR, HEEE PCR DGE AR 200 A1 500 uL (W fl PCR
B, TEXEE A/ RIBAR AT B AL E N, REE 200 uL ) PCR %, LAf# PCR & 4
RGIHED, /AR B A RUOR A

/S THAR 300-700 m? 1) B 18 B R > 1 S o X 5 AL R, P2 AR ' P 20 R AR
R, PRI B G TRAE SR L ) 2R, e SEEILR GE JBAE R AR v 7 D00 Jo v RCZE P ) L i 3
ASHIT S ST AR PS8 L T VA MR 388 it B A P VIR T i B2 R P AE 2 — (IR B TR e
ARKEEOE A RS ERE PP ik, AT AT T AR U 2 AL A SR WA
WHFTrh, (RiESRAAR M2 ) RIR A KA PE R A 1Y, B2 KBTS ) A i v Rl
TR, HEE MR E M SR A ZIuol16 K& 2 NSRRI R E WL, miARRENE
7R

RAPD $ AR & — Myl S AT EE K 20 DNA 23 ML H R BRIk, BEE SEg skt S
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BAERR A B odt, 4] RAPD 45 RIWE SRS WRES HIUEREAT SN2, ME
B 7 FEFE AR, RAPD HR H 1990 R BILAK, T V2 NAH T ARSI LN AR Z EY)
T hmic P % E S o A5 mE el 1617 20 RN ST 4% 31 2 A1 R
TR AR R e M 2B it 2R ZJUO116(LMTA) K S A ZIU0116 [WEENZH DNA #4795, 1%
S30 P =R EENZSEESR (K 3), MMEKE ZIU0116(LMTA)S ZIU0116 14
TEEE RS, R RAEREMA REZER. HifdRAITIEL iR RAPD %R
FATRYIN T, FERh AW 4 TR L7 B 2 78 R P02, FRRE ZIUO116(LMTA) AR {7

AR BIRE & N ML
4 BB %@

RS SRR ok, E R IR SR = v A B A A I
mﬁﬁm%ﬁ%%%wi,ﬂ%%%ﬁ%@ﬁ%ﬁé%%ﬁ@%%ﬁGgﬁﬁﬁiﬁﬁ,ﬁ
T 1 BREIE KR E N 27 C. 4K 500 pm. RIS T3 H e A IR
10.7% 1 10.9% , H & Ty B T L) 40 AR 77 1A iR, G 7Y A T R e 3 0BT A R
mwmamumomwmamumﬁ%iﬁﬁ%%%%ﬁé&%ﬁ%%\%E%ﬁ%ﬁ,
ﬂﬁ%gﬁi;%ﬁ%ﬁﬁ%ﬁ%ﬁ%%ﬁ%%%%@ﬁﬁﬁmﬂ%%W<%)ﬁ§,%ﬁ
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