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Abstract

In this study, a comparative gene expression based on acute thermal stress (34 °C) exposure in Pacific
abalone was conducted using transcriptome analysis. The hemocyte tissue were collected at 3 h (HS group)
and 8 h (HT group) to conduct transcriptome analysis. In RNA sequencing, 132,199,030 transcriptome
short reads were generated, and the average length was 125.59 bp. Among the expressed 9,721 genes,
8,302 were identified as functional. In DEG selection, 195 up-regulated genes and 512 down-regulated

genes were selected, wherein, 168 up-regulated and

456 down-regulated genes were identified in the

functional description. Within up-regulated DEGs, 11.2% were involved with biological process, 15% with
cellular component, and 52.5 % with molecular function while within down-regulated DEGs, it was 20.2%,
21.8%, and 22.6%, respectively. The expression values were compared by measuring the average read
count of heat shock proteins in each of the two experimental groups. HSP90 was expressed in 64,594 in
the HS group and 22,649 in the HT group, following HSP60, 420 in the HS group and 94 in the HT
group, HSP20, 87 in the HS group and 27 in the HT group. These results suggest that acute thermal

stress alters the body mechanism of Pacific abalone.
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s3]

category?l BP (Biological Process), CC (Cellular
Component), MF (Molecular Function)Z 53}t

m. o7 2o}

1. RNA-sequencing Zz}
Aol =E:E A& dAl WolE vlasty]
Al mEge] mEAX AE o Yoz

5 7FA] 1% (Heat sensitive “L2] 3l Heat tolerant)

om FraYon WFEAL A RNA
sequencing ¥-A1% FaETE 2 Ao A
2 3 WEoR APHow, AAE <Table 1>

o] ERNSITE RNAseq A} 132,199,030 transcriptome
short reads (16,586,225,560 bp)7} A3 H 0,
Hit o] 12559 bpE YEFSTE Raw readol A
adaptor A2 4 quality’} & LS AAG =
trimming *H7-& A3 seict.
Trimmed reads/total length of raw readst 78.94 %
2 UEbTh 23402 reference genome A€
of trimmed read® mappingdto]l LS AAts)
Row, HFA Q) mapping ratet= °F 88. 9% = L}
E}FTH<Table 2>). MappingS HISAT 43 E ¢o]
£ AH&sto] gtk

Z35}9] clean reads=

<Table 1> Raw and trimmed data exposed to acute thermal stress (34 “C) at 3 and 8 hours

Sample name' Number of reads

Total length (bp)

Average length (bp) Trimmed/Raw (%)?

3h Hm 1 11,569,150 1,439,871,696 124.46 77.62
- - 11,569,150 1,380,157,586 119.30 74.40
3 Hm 2 13,172,411 1,659,611,858 125.99 78.49
= 13,172,411 1,581,085,679 120.03 74.78
3h Hm 3 9,412,676 1,176,70,975 125.01 77.55
- - 9,412,676 1,152,504,248 122.44 75.96
gh Hm 1 11,309,093 1,502,220,882 132.83 85.05
- - 11,309,093 1,448,246,669 128.06 82.00
gh Hm 2 9,908,947 1,313,951,709 132.60 84.82
- - 9,908,947 1,268,528,389 128.02 81.89
10,727,238 1,395,055,800 130.05 81.07

8h_ Hm 3
S 10,727,238 1,268,281,069 11.23 73.70
132,199,030 16,596,225,560 125.59 78.94
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<Table 2> Statistics of reads mapping to reference genome of Haliotis discus hanai

Aligned exactly 1

times Aligned = 1 times Aligned(discordantly or Meppingrate single)

Sample  Total Aligned 0 times
ID reads

Reads(ea) Percent(%) Reads(ea) Percent(%) Reads(ea) Percent(%) Reads(ea) Percent(%) Reads(ea) Percent(%)

HS_Hm_1 11,569,150 1,300,242 11.24 7,431,351 64.23 943,698  8.16 1,893,858 16.37 10,268,908 88.76

HS Hm 2 13,172,411 1,482,941 11.26 8,593,467 65.24 1,048,157  7.96 2,047,845 15.55 11,698,470 88.74

HS Hm 3 9,412,676 1,295,140 13.76  5973,139 63.46 612,527  6.51 1,531,869 16.27 8,117,536 86.24

HS Hm 4 11,309,093 943,843 835 7,985,445  70.61 1,046,298  9.25 1,333,507 11.79 10,365,250 91.65

HS Hm 5 9,908,947 1,198,503 12.10 6,831,620 68.94 711,603  7.18 1,167,220 11.78 8,710,444 87.90

HS Hm 6 10,727,238 1,059,160  9.87 7,153,848  66.69 1,060,854  9.89 1,453,375 13.55 9,668,078 90.13

66,099,515 7,279,829 11.10 7,328,145 66.53 5,423,137  8.16 9,427,674 14.22 58,819,686 88.90

2. Differential expression genes (DEG) Agt description 7H A= g M 168
M, a8 Aol 456717k 27t slE it

DEG A% 10g2FC (fold change) > 1 and padj
(<Table 3>).

(adjusted p-value) < 0.055 AFg3te] G335} C
™, 1og2FC #ol 18t A™ e 2H 2, log2FC <Table 3> Total number of annotated DEGs
gol - 1 olstoldl & A 217 FEY

S ~ . ol ) Sample Regulation Total Functional
Zb % A vluske] Add DEGE] = [Fig. name pattern genes description
170l ‘%E}Mﬁﬂi A 28 A 19570, S 8h_Hm vs Up 195 168
zA SAR 512707F A2E 9l 71 = functional 3h_ Hm Down 512 456

(A) MA plot: HT_Hm vs. HS_Hm (B) 500 -

500
400 -
%]
_ 0
2 w
g o
é "o' 300 4
£ £
8 5
2 200 -
. 100 -
T 0
0 5 10 15 Up Down

[Fig. 1] (A) MA-plot to show genes in Pacific abalone (3 h vs. 8 h treatment). Horizontal lines
highlight +2 log fold changes, and red plots represent up-regulated genes in the heat treated
group; green plots represent down-regulated genes in the heat treated group (B) The number of
significantly expressed up-regulated and down-regulated genes.
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Molecular Function (MF)elA] structural molecule
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regulation of cellular metabolic process’} 20.2%,

Component
anatomical structure”’} 21.8%, Molecular Function

intracellular

6
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8

3

ZRA .
3. Functional annotation
DEG?] 7]&< oldllst’] 918t  GO(Gen
Ontology) term enrichment +41-& G383} t}. GO Ny
term+> Biological Process (BP), Cellular Component o
(CC), 1¥]3l Molecular Function (MF), A 7}#|
=21 Hol MFE= WAFAT GO B4 A A Cellular
g FHdo] FojsH= DEGi- Biological Process o o
MF)l| ~ tein binding®| 22.6% AFA
(BP) 4017] %A}, Cellular Component (CC) 619 (MF)4] protein binding®] e ARSI
7l %72}, Molecular Function (MF) 407} 7%} ox N
Ate =
7} molehis Rom uehgon, stgrae w4 TOAel IS EH BlI
o]3li= DEG+i= Biological Process (BP) 33271 |- T 7HA AT b2t F3F read counts S
AR}, Cellular Component (CC) 94371 A%, A3l HTIES 7I€L2 dto] FHAe] AF
Molecular Function (MF) 3917 =7 #ojst 2@ ghs nuds o AFxd Fd29] 4+
© AeZ YelUt(Fig. 2]). L& Blwste]  transcriptional regulator ATRX-likeZ} log2FC 3k
AR A AR dEe WEEE Ue SE VMY A JEEer, & 24 A9
o, A3k x4do| #odt= DEGE Biological  PREDICTED: uncharacterized protein LOC109617406
Process (BP)°ll4] cellular nitrogen compound 7} -7.830.% 74 A YEFSTH<Table 4>)
metabolic process’} 11.2%, Cellular Component
<Table 4> Gene expression value of genes in heat sensitive and heat tolerant groups
Gene name Heat sensitive Heat tolerant Log2FC value
transcriptional regulator ATRX-like 157 4.81
Ariadne-like RING finger protein 171 4.39
CCAAT/enhancer-binding protein zeta-like isoform X1 134 4.12
Ariadne-like RING finger protein R811 13 215 4.07
UII’ ) sodium-dependent glucose transporter 1-like, partial 4 62 4.02
regtcllae protein sprouty homolog 2-like 67 965 3.85
Mx 16 217 3.80
myb-like protein I 170 1,908 3.49
tubulin alpha-1 chain-like isoform X1 14 158 3.49
hypothetical protein EGWO08 023835 138 1,511 3.45
uncharacterized protein LOC109617406 49 2 -7.83
zinc finger protein 862-like isoform X3 403 4 -6.61
matrix metalloproteinase 154 2 -6.24
d leucine-rich repeat-containing protein 74B-like 732 12 -5.93
. OJIV;e alpha-crystallin A chain-like 990 19 571
g d protein lifeguard 3-like 101 2 -5.62
helix-loop-helix protein delilah 118 3 -5.54
cell division cycle protein 23 homolog 203 6 -5.08
arylacetamide deacetylase-like 52 2 -5.07
uncharacterized protein LOC110445733 51 2 -5.05
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[Fig. 2] Significantly (p > 0.05) differentially expressed genes in heat treatment were grouped in different

sub-categories (A) up-regulated; (B) down-regulated
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d T4 dud dd 3E vasiis o
HSP902] 7% HS 1&°lA 64,594, HT 154
22,649 LHE S O 10g2FC #2 - 1.51, HSP60
o] 7% HS 1FClA 420, HT 1&EoIA 94%
log2FC %ol - 2.16 & ¥ I} 12|31 sHSP269)

3 gho]l HS &M 92,906, HT &0l
Al 29,1059 % log2FC #kol - 1.672 e
(<Table 5>).

<Table 5> Gene expression value of heat shock
protein genes in heat sensitive and heat
tolerant groups

Gene Heat Heat Log2FC

name sensitive tolerant value

HSP90 64,594 22,649 1.51

HSP60 420 94 - 2.16

sHSP26 92,906 29,105 1.67

N. &2 E

T2 T AE 58 #7e] A4 A4
FEgFS A= Faos FAF JAXE dHA Utk
(Khan et al., 2020; Nie et al, 2020; Xu et al,
2020; Zhang et al, 2022). A5 oJ5d A
AL F A9 F shtE A% ol by 2
TAR O R sl wE A4t Eds] 3y
3Qnk AdATel S 3T wEAZ
= W A& % gggo] gFdvte A7 A%
= g1 th(Yu et al., 2021). & 05_71011/\1—5« S
EfA 21E 34TE AYsto] NGSE o] &3

RIS =) q
= — T <l
U AtellA 7130w AREAE 2ol
&3k A7t Hi= AR S HTH(Chen et al,
2020). 2 AFME 34T AESE =F RS
o S7kersl o,

S8 .12

ok

o] 1%S Heat sensitive 13, 8AIF =& A}
%5 o] gEsl 1FS Heat Tolerant 15 ° =
T 1‘}15} ol 33Tl w& A7 HEo w

geE AT Ak AFE BAtK(Yu et al,
2021). Aokl MES 0]%5} sequencing 1<
271 Sl BE AR
o] obd FA AZHS 7|FEOo 2 AREERGITh 34T

= h’/H"ﬂ upet 7z

[I

A 4567117} 2l ﬂs’m GO &4 éﬂr A
Abolo| A AbdE 24

(BP)°ll A

%A= Biological Process
cellular nitrogen compound metabolic
process’} 11.2 %= $-9& AAF o, o= Al
E U gekst 7] 9 ) Aa sy v
H gpst kg W AR #AojstE ZoR A
Sltt. component®]| 4]
anatomical structure #¥ FHAATF 937NE TG
95 AA5t 0.2 H, Molecular function 7}
2] oA structural molecule activity”} 52.5
%, 18] 1l structural constituent of ribosome®] 47.5
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