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Differential expression of genes associated with carbohydrate metabolism

in diapausing Lysiphlebus testaceipes Cresson
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Abstract: To clarify the role of carbohydrate metabolism in Lysiphlebus tesiaceipes Cresson can help us to
reveal the molecular mechanism in diapause process we took advantage of transcriptome sequencing
technology to sequence the pupae of the diapause group and the non-diapause group and combined with
the Bioinformatics Method to screen and analyze the differentially expressed genes ( DEGs) in
carbohydrate metabolism. 1 050 DEGs related to carbohydrate metabolism items annotated in GO database.
KEGG database annotated a total of 149 DEGs related to carbohydrate metabolism focusing on glycolysis/

(2017YFD02010000) ; (2017YFE0104900)
1994 E - mail: 1m18883338543@ 163. com
Author for corresponding: E —mail: liuaiping806@ sohu. com
Received: 2020 -01 -11; Accepted: 2020 =11 —02



148 Journal of Environmental Entomology 43

gluconeogenesis starch and sucrose metabolism citric acid cycle. DEGs were 18 10 and 18
respectively. These DEGs associated with carbohydrate metabolism during diapause exhibited different
levels of up—regulation or down—<egulation expression and it was found that PFK PGK ALDO GAPDH
PGAM PEPCK GYS TreS TreH MDH IDH genes were closely related to the diapause of L.
testaceipes  which affected the diapause of the insect. Carbohydrate metabolism played an important role in
the diapause of L. testaceipes and the synthesis and decomposition of the carbohydrate substances provided
energy for the insect in diapause process and also took part in the aspects of antifreeze protein
protection reducing osmotic pressure or supercooling point.
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1
Table 1 List of splicing length distribution

N50 N90
Min length Mean length Median length Max length Total nucleotides
301 1377 683 97970 2555 495 417336822
Transcripits
Genes 301 1107 572 97970 1898 429 196108682
N50/N90 50% /90%
N50/N90 o Note: N50/ N90 was defined as NSO/ N9O which could be used to evaluate the

splicing effect by sorting the splicing transcripts from long to short accumulating the length of transcripts to not less than 50% / 90%
of the total length.
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Statistics of Pathway Enrichment
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higher the concentration of genes in this pathway is. The color of points represents the P — value of hypergeometric test. The smaller
the value is the more reliable and statistically significant the test is. The size of the dots represents the number of genes in the

corresponding pathway. The larger the dot the more genes in the pathway.

( glycolysis/ Gluconeogenesis) ( Starch
( phosphofructo kinase PFK) N and sucrose)
( phosphoglycerate kinase PGK) ( glycogen synthase GYS) .
N ( aldolase ALDO) ( Trehalose 6-phosphate synthase TreS)
3- ( glyceraldehyde-3 phosphate ( trehalase TreH) o
dehydrogenase GAPDH) N ( citric acid cycle)
( phosphoglycerate mutase PGAM) N ( malate dehydrogenase MDH)
( Phosphoenolpyruvate ( isocitrate
carboxykinase PEPCK) - PFK dehydrogenase IDH) . MDH
PGK MDH
. IDH
. GAPDH PGAM IDH IDH

PEPCK o o



152 Journal of Environmental Entomology 43
GLYCOLYSIS f GLUCOREQGENES]S
Starch and scoose
mefelinlzm
|
v
m CoDGiuwose. 1P
[5422) _
(5139} W—Mﬁ—OEﬁJL‘h,
DT lacnss 270127163 % %
2702 || 371147 r g -DFlucose 67
[51315[5318] 5319
|aies]  WP-D-ClcosetP B nnum.ap
DGluross O T30 3] »oe—{3319] 3
p-D-Glucoss 2742 2719 - Peaiose
Adbutine 6P ‘2?1[! 1 Jl-bll??l?ﬂl pashy
{éﬂ'm:t-]l.lla.'l} % - ¢
il O {270 |—=a e
| 271 | B-D-Froctose-1,6P
et Sdl.cm.ﬁ}'-‘

¥
—
Alycemie.F

" Cuhon fiation
in photossyntheta: orgarasm

)

¥ Olyoeoldeyrds-37

T S — — — — — — i

{

Glycerate.] P2

1119 IZ?,!S] 3424
fzis] _ 1 _'.'

12723

j’ﬁ]yﬁelalel}?ﬁz
______ —_— #‘-

Olyozmate-3P

3138

Olreerate. 28 A ———— -
|
— I
F—— =D L5 l“n:bcphna*-:-l |
Cheloasstats 41149 et 1
Pi TV 1
|
___________ }
Citrzlz
cyele
| S O L-Lactate

Db~
lipgamide-E

1213

010 13736006

() Hanshiza Laboratorss

ha‘_

[1215] 121 | Acetakdebyds

4

I: Propancate meeiebohsm ﬁ

'_._‘, 0
El O Etkznat

/

Fig. 4 Pathway map of differentially expressed genes enrichment in glycolysis/ gluconeogenesis



153

WISI[ORIW ASOIONS PUR [[DIR]S Ul JUSWIDLIUS souag @@mm@g%@ %:mﬁ:mz@ﬁ% jo dew %S\,ﬁmm ¢ 8y

B B 0 ch B I A M D M EE Z ¢ B
SaUI0jRIOqE BSnyawe’y (2)
LTiGIT 00500
ﬁ 6ETE
#5000 (T [ 1rite )mu.mmoqzu._u __ dg-esopmig-g
£d9°T-a800m0-q-0 < TTiz Ot 61E¢C "“N
nm d.9-3501G0M3)
ATLE srsanaBoanoamis)
d1-SsOR[-D 0rTLT f stsfoadls) () BE1TE
p - !
SS0J[EMOS] ¢y (4449
FE0IM[5-,
m mMol WIST[OCE}I TSNS ugauﬁu::u
- —_——— PUE TEENS Oumry
R Py | e.
“ _ m” {16 1T}
161¢TE
[serve]|[orTEE] T1EE] w0kt T
EETTTE RS asOMIE0) YITTE asOIGOTI3)
o) TITE — Hikad . — Oa—{LTLLT o|_§hm_|VOI_mm:&_|v PTTE |—m iia
wmpa(] TTTE ] 1erve 250IN[E-JIY o om_oﬂﬂo - as0am(E-Jq90 g WLREpoED
[erTve]
SLTTLT L4543 apsoan]£--d
_ L | SETPT >
{TemaceIEa) TEITTE —— ﬁqma.m_.m 1
aso PETPT -
TR — IO — 68717¢E
7 ———— w O TIEE—0 WUREpOIEL [679¢€] NETTal
ASOIRIAL T1CE asOqEATT[Ce T o oo
_MH o O A543 PTLT ([ TTLE
TETFE[ 1T TPE
EEIEEE [oré6¥s] [sraere]
2 ﬁ asOfEal}
J,0-3S0JTRIA] Hhmawaoo:uE v ST
WITZE O po— 4543
[@riee d1-esompo-q-d B ARA u.v 300N 7 _ es0nE-4QI1L s [543
O 9Tre - O } [GeTve) | O. LTeaTl
J9-a5000]0(] e | SSOLIMSONITE 0 HETLE
3 d9-9so[eyaL],
S Ow—EIETE o I [Frire—wo—frEeTe (TemqacRIe)
F50IN[D)- | asoramg
od %ﬁﬁﬁ | dg-eso1ang
[sTTTE]
I WETLE _ d9-25000T,1-(]
L
- ¥ £617¢
5SSOI O AR PlE (el T Hmwnm SpT}Oa[am
P TEnS oy WSITOFVLAIN d30dINS ANV HOUVLS




154 Journal of Environmental Entomology 43

| CITRATE CYCLE (TCACYCLE) |

Phnsphtoeml-
e __ Glyralysis /
1.1. S b[ Gl%on%ggenesis
Fatty acid hinsymthesis p————~, 1271 {
|

@aﬁy arid elongation in mitnchnndﬁa}q _— -\| 12711 TIFF I
O |
|

Val, Len & Ile degradation )™ 7 7~ 7y |l
Fatty acid metabolisr b — — — _l M gl 0

Llavine, aspartate and g
glutarnate metabolisra | =0 1814

- | Dihydro- Lipoaraide-E
Glyowcylate and dicarbooeylate g — lipoaride-E
metabalisra é{ | ootk
i socitrate

Citrate
11137 —wOa =Od— 4213 [—WO4— 4213 —O+——
cis-Aconitate

! Oxalosueeinate @ [T1.1.41] (11128
Lirginine biosymthesis —\“'—D‘? Fumarate
L

1354|1351 »
ThFP 101
¥ 6214 Succinyl-Cod Ttarad
O#—— 6215 —»O O 1242 e p—— nine bi i
e Siﬁmcjl]llyl' - abosr Arginine biosymthesis
| priolipe A hydrogrpropyl THEP i Liscorbate and aldarate
| O 18140 T TP metabolism
Val, Len & Ile |_/ Dihyrdro- Lipoaraide-E | :
degradation lipoarmide-E ==l b Alanine, aspartate and
12711 | glutarate metabolism
1273 L -
= D-Gln & D-Glu metaholist
00020 11726715
(c) Kanehisa Laboratories
6
Fig. 6 Pathway map of differentially expressed genes enrichment in citrate cycle
KO KO o
il - - il - - - - - -
N “ + P ”» “© _ Pl’ .

Note: The KO node border containing the up — regulated genes is red containing the down — regulated genes is green and the
border containing up — and — down regulated genes is yellow. A solid arrow represents an interaction or relationship between
molecules and a circle represents a chemical molecule. Box — solid arrow — circle linked representing expression; Box — solid
arrow — vertical line — circle linked representing inhibition; Box — dashed arrow — circle linked representing indirect action;
Straight — box — solid arrow — circle — straight line — box — solid arrow linked representing two consecutive reaction steps; Lines with

“.

arrows are marked “p” for phosphorylation and “ —p” for dephosphorylation.

TCA
3 . PFK  PGK

/ o
PFK PGK ALDO GAPDH
PGAM  PEPCK  GYS TreS TreH  MDH
IDH .

o

GAPDH PGAM ALDO



155

2

Table 2 Diffrentially expressed genes in Carbohydrate metabolism

KEGG

Name of up

Name of up

KEGG pathway ID Number of up Number of down
regulated genes regulated genes
regulated genes regulated genes
GAPDH gapA ALDO EI.2. 1.3
/ PGK adh E5.1.3. 15
MINPP1 ADPGK F4. 1. 1. 32
Glycolysis/ ko00010 10 AKRIAI El.2.1.3 pgk
) PEPCK ENO gpmA  Ipd pdhD
Gluconeogenesis pfkA PFK MINPPI
PGAM DLD
UXSI uxs FE3.2.1.28 treA AGL E3.2.1.1 amyA
Starch and sucrose  ko00500 5 trel E2.4.1.1 PYG 5 malS E2.4. 1.1 glgP
metabolism glgP AGL PYG GYS UGT
SDHA SDHI IDH3  acnA
SDHA SDHI
) LSC2 E4. 1. 1. 32 pckA X
Citrate cycle k000020 11 7 E4.2.1.2B fumC ACLY
PEPCK SDHB SDH2 DLST
( TCA cycle) LSC2MDH2 MDHI
sucB DLD Ipd ACO pdhD
3_
o PEPCK
GAPDH  PGAM « PEPCK
( 2001)
( Chen 90%
et al. 2010; Shukla et al. 2015; Xiong et al ( Ragland 2009) .
2016; Zhao et al. 2016; Yang et al. 2017) .
( Wharton 2011; Shi o—
et al. 2016)
. ( Michaud and Denlinger 2007;
N Xu et al. 2012; Lu et al. 2014) ,
2012)
( 1999) .

2011) .
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( Mansingh
and Smallman 1972; Zachariassen 1985; Jaindl and
Popp 2006) . NAD-

L—

NADH

( Goward and Nicholls 1994) .
NAD (
nicotinamide adenine dinucleotide)
( 2012)

NAD
( Hayakawa and Chino 1981 1982; Hahn and

Denlinger 2011) o
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