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, . 0.25%10° cells/mL, 24 °C, 25 pmol
, photon/(m” s), 12 h:12 h ,
> 60 mL
(Yu et al, 100 mL )
2021) , 140~150 pmol photon/(m2 S) NBU3#
( : mg): NaNO;, 100; Na,EDTA, 20;
MicroRNA (miRNA) 18~30 nt KoHPO,, 10; FeSO47H,0, 2.5; MnSO,, 0.25; VB,
RNA (small RNA, sSRNA), mRNA 5x107*; VB, 0.012 (Hu et al, 2020)
(Chen et al, 2011) miRNA 0d(HL_OD) 1d(HL_ID) 5d
, (HL_5D) ,
, —80 °C ,
miRNA , 1.2 RNA
miRNA, miRNA Trizol  ( )
, (Arabidopsis) RNA, RNA
miR319 miRNA , BGISEQ-500
(Todesco et al, 2010; Wang et al, 2020),
(Gossypium hirsutum) miR160 >
miRNA (Liu et al, 2019)
, miRNA 1.3 miRNA
(Chlamydomonas reinhardtiiy ~(Molnar et al, 2007, AASRA
Lou et al, 2018), (Dunaliella salina) mRNA SRNA (Tang e
111 miRNAs(Lou et dl, al, 2021), RNA miRbase (https://
o i ) gk (up b
> 115 Rfam (http://rfam.xfam.org/)
miRNAs (Wang et al, 2021) s miRNA ,
miRNA miRA miRNA  (Evers et al, 2015),
, BGISEQ-500 , miRNA TPM
(Zhao et al, 2020) psRobot (Wu et al, 2012)
TargetFinder (Fahlgren et al, 2010)
miRNA, miRNA ;
miRNA ,
14 miRNA GO KEGG
DESeq
> (Wang et al, 2010) 0 <0.001
miRNA >0
1 miRNA (Differentially expressed miRNA, DEmiRNA),
DEmiRNA s R pheatmap
1.1
, KEGG GO DEmiRNA
NBU489 : KEGG GO (He et al,
, 150 mL NBU3# 2018), miRNA

250 mL ,
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b) miRNA, 0d 1d 5d
310 188 188 miRNA, miRNA
2.1 sRNA-
SRNA-seq miRNA
0d(HL 0D) 1d(HL ID) 5d .
miRNA s
(HL _5D) 9 SRNA , )
miRA (Evers et al, 2015) 283
' iRNA 1 DNA 84
(Hu et al, 2019) 1, HL 0D MERAA, » _ .
HL ID HL 5D DNA s miRNA
2.5x10° , ; .
25594 806 25 049 571 miRNA 21 nt,
23 165 827 625 miRNA 18~30 nt s
86.87% 87.14% 21 nt (206 )  miRNA ’
88.35% 9 Q20 98.6% (Chlamydomonas reinhardtii) (Zea mays L)
sRNA-seq , (Molnar et al, 2007; , 2018), 30 nt
85 ) 22nt(78 ), , miRNA
22 miRNA 18~24 nt, 25~30 nt miRNA
miRNA, miRNA
Dicer (Wang et al, 2021) ,
miRNA miRBase snoRNA Rfam siRNA 19~23 nt  miRNA U, 25~
, 342 30nt  miRNA C,24nt miRNA AC 1
%=1 sRNA-seq #IER
Tab.1 Overview of the sSRNA-seq dataset
1% Q20
HL 0D 1 27 784 020 25575038 88.76 99.0
HL 0D_2 29 896 729 28 339719 83.97 98.8
HL 0D 3 29 845259 28 376 865 87.87 99.0
HL ID 1 28 571 881 27 147 825 86.65 98.7
HL 1D _2 27 846 889 26 413 804 86.89 98.8
HL 1D 3 30123818 28 756 826 87.06 98.7
HL 5D 1 20 150 462 19 058 074 85.46 98.6
HL _5D_2 29 241 738 27 225 145 89.43 98.7
HL 5D 3 28 342 432 26 397 593 90.17 98.8
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Fig.1 The miRNA length distribution (a) and the first nucleotide bias

; U

b) in H. pluvialis under high light stress
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2.3 DEmiRNA , HL 1D vs HL 5D DEmiRNA
miRNA , DEmiRNA DEmiRNA
s 0<0.001 | =2 DEmiRNA
DEmiRNA ( 2 HL 0D vs HL 1D , miRNA
HL 0ODvsHL 5D HL 1DvsHL 5D ,HL 0D vs HL 1D
123 172 78 DEmiRNA, s 1d
miRNA 15 48 54 miRNA
miRNA 108 124 24 ( 2a) ( 2b)
a b
L

ZERFIEMIRNAKE

HL_0D vs HL_1D

HL_OD vs HL_5D HL_1D vs HL_5D

c HL_1D vs HL_5D

HL_OD vs HL_1D

HL_OD vs HL_5D

HL_ODvs HL_1D HL_ODvsHL 5D HL_1Dvs HL_5D

2 miRNA
Fig.2 Differential expression analysis of miRNAs in each comparison group
a. miRNA; b. miRNA ;C. miRNA
( 20 , 11 23 mir29 5 miRNA 1
16  miRNA s 11 5 miR319a
miRNA 11 miRNA (Bresso et
DEmiRNA , 0 s al, 2018), R
novel mirS1 novel mir253 novel mirl87 novel miR319a (Wang et al, 2020)
mirl43 miRNA 1 5 ,
, novel mirl06  miR319a 1 miRNA s 0 , miR319a

1 5 , miR171b-3p 1d 5d ,

novel mir259 novel mir260 novel mir66  novel miR319a 1



3 : microRNA 767
, miRNA (2 ),
, miRNA
miR171b-3p s s miRNA
miRNA, (Camellia sinensis) 2
) , DEmiRNA ,
(Zhu et al, 2020) miRNA, 0d
, novel mirll9 (TPM=5 966.52) novel
s miRNA mirl47 (TPM=1 923.06) novel mir72 (1 035.28);
1d novel mirl21 (TPM=5
s 190.84) novel mirl19 (TPM=3 606.68) novel mirl55
, (411.33); 5d novel
miRNA mirl121 (TPM=5 190.84) novel mirl147 (TPM=4 133.33)
, 11 novel mirll19 (2 345.90) miRNA
miRNA | 9 miRNA, 2
%2 ESFENH miRNA FIIEE
Tab.2 Sequence information of differentially expressed novel miRNAs
TPM
miRNA ID miRNA
HL 0D HL 1D HL 5D
novel mir29 GTGAGGTTCATTGGAGGCAGGGTGGGGCCA 4.41 1.67 15.50
novel mir51 AATGGCAAAGCGCTTCTCGGTCCACTGGCC 1.41 16.52 234.19
novel _mir66 TGGACAGTTAGGTCCGCGT 38.17 13.04 95.61
novel mir72 CAAACCTTGTCCGATTGGGCTG 1035.28 628.39 477.28
novel_mirl06 TGACACAGCAATCTGAAGGAGG 15.92 5.23 1.58
novel_mirl147 CGCGTACCTCCGACACTCAACTGACCGCCG 1923.06 2 709.80 4133.34
novel_mirl55 GTTGGTGTCAGAGAGGTAGCGGGCTATTGC 430.67 411.33 238.29
novel _mirl19 CGCCGTCAGAGTCCAGGGTGTA 5966.52 3 606.68 2345.90
novel _mirl21 TCAGGGCGATCATTGGGACACGACCTCAC 5157.95 5190.84 4313.60
novel_mir143 CAAGGCGGCAGCGGTCAGGCCGG 1.03 5.31 105.62
novel_mirl187 CTGCCGGTCATCAAAGTCCCGGGTG 34.20 57.07 260.42
novel_mir253 CCAGCAGGGCATGGGCGTGTTTGCAGCC 2.22 11.60 345.277
novel_mir259 CCGACCTTGCCTTCCTTTGTGC 0.40 0.000 1 2.31
novel mir260 GTGTGGTGAAACTCCGGTGCGGCGACG 9.93 2.55 37.49
2.4 DEmiRNA miR160a-5p
miRNA ( ) , miR160a-5p
, TargetFinder  psRobot
miRNA , HL 0D vs DEmiRNA , DEmiRNA
HL 1D HL 0D vs HL 5D HL 1D vs HL 5D GO GO
274  DEmiRNA 3018 3 , HL 0D vs HL 1D HL 0D vs HL 5D
miRNA , miRNA HL 1D vs HL 5D 38 41 36
, miR160a- GO , >
5p, 58 , miR482a 1 miR159a 1 HL 0D vs HL 1D 447 755 363
novel mirl06 35 miRNA 1 ,
, miR160a-5p miR160a_A05 (165 );
(Liu et al, 2019) HL 0D vs HL 5D 802 1015 508
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Fig.3 The GO database annotation of DEmiRNA’s target genes in each comparison group
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; 34, ; 35. ; 36. 5 37. ; 38. 5 39. ; 40.
; 41, ; 42, 43,
(223 ), ,
HL 1D vs HL 5D 454 455 244 (Du et al,
, 2021b)
(121 ) 2.5 DEmiRNA
KEGG s 1381
20 KEGG , KEGG
, 736 (53.3%) ,
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DEmiRNA
, 4 KEGG
TCA , 4 13
DEmiRNA, 8 DEmiRNA 9
, , 2 DEmiRNA 2
, 5 DEmiRNA
, 5 ,2 DEmiRNA 2

(Du et al, 2021a)
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Fig.4 The KEGG database annotation of DEmiRNA’s target genes in each comparison group
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PGM , miR160a- al,2022) 6-
5p novel mirl46 miR172b-5p 5 novel mir281 6- ,
4 miRNA EG ,
, novel mir66 MAN (Du et al, 2021a)
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Fig.5 The regulatory role of DEmiRNA-mRNA on secondary cell wall formation (a) and astaxanthin biosynthesis (b) under high light
in H. pluvialis

e (GGPS) , (Zhang et al, 2016)
,nhovel mirl82 novel mirl02 novel mir245
CoA, novel mir77
(EL, EC 1.2.4.1) ,
(E2, EC 2.3.1.12) (E3,
EC 1.8.1.4) , CoA
(Gwak et al, 2014), DEmiRNA
(Chlorella zofingiensis) CoA 3

R3 ORRMMMEER LIRS REY S MIEX A DEmiRNA
Tab.3 The DEmiRNAs relating to the secondary cell wall formation and astaxanthin biosynthesis
miRNA

miRNA ID

novel_mirl67 AGGTGTAGGCCATGCATGCGT

miR160a-5p TGCCTGGCTCCCTGTATGCCA
novel mir143 CAAGGCGGCAGCGGTCAGGCCGG
miR172b-5p 5 GCAGCACCATTAAGATTCAC
novel mir281 CACCTTGGCCAGCCAGATCTT
novel _mir66 TGGACAGTTAGGTCCGCGT -1,4-B-
novel mir182 CCATGGTGACGCCAGGACCCTG -
novel mir102 AACCATGCGAGCCTTGATGTTGTGGTCAGC E2
novel_mir245 GCGTTGGTAAACGTTGCCATGGTCGTCAT /4 e
novel_mir77 ATCGGACAAGGTTGGCCGAAGG /4 e
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THE MECHANISM UNDERLYING MICRORNA-MEDIATED SECONDARY CELL WALL
FORMATION AND ASTAXANTHIN ACCUMULATION UNDER HIGH LIGHT STRESS
IN HAEMATOCOCCUS PLUVIALIS

CHEN Feng"?, HU Chao-Yang"? SUN Xue"? XU Nian-Jun"?

(1. School of Marine Science, Ningbo University, Ningbo 315211, China; 2. Key Laboratory of Marine Biotechnology of Zhejiang
Province, Ningbo 315211, China)

Abstract
accumulating large amounts of astaxanthin under unfavorable conditions such as high light. However, there are lack of

Haematococcus pluvialis is the best source of natural astaxanthin, can transform into thick-walled cells for

studies at microRNA (miRNA) level on the mechanism of secondary cell wall formation and astaxanthin biosynthesis
under high light stress in H. pluvialis. In this study, microRNA sequencing was performed in H. pluvialis treated with high
light at three time points. A total of 342 known miRNAs and 283 novel miRNAs were identified, among which 206
miRNAs were differentially expressed under high light. The target genes of these differentially expressed miRNAs
(DEmiRNA) were involved in important metabolic pathways such as starch and sucrose metabolism, mannose and fructose
metabolism, and glycolysis and terpene backbone biosynthesis. We found that combined with the transcriptome results, six
miRNAs regulated the expression of three target genes that related to the secondary cell wall formation, and five miRNAs
regulated the expression of five target genes that related to astaxanthin biosynthesis under high light stress. These results
revealed the underlying mechanism of miRNA regulation of the secondary cell wall formation and astaxanthin biosynthesis
under high light in H. pluvialis, and laid a theoretic foundation for metabolic engineering of astaxanthin in H. pluvialis.

microRNA; secondary cell wall; astaxanthin; high light stress
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