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Methodology of measuring and analyzing insect cold hardiness

OUYANG Fang GE Feng™”

(State Key Laboratory of Integrated Management of Pest Insects and Rodents, Institute of Zoology, Chinese Academy of
Sciences, Beijing 100101, China)

Abstract The theoretical significance and practical value of insect cold hardiness is increasingly becoming an important part of
current biology and ecology studies and the methodology of measuring and analyzing insect cold hardiness is one of the key issues
in insect cryobiology. In this article, we first summarize ecological, physiological and biochemical strategies and mechanisms of
cold hardiness in insects, then introduce the methodology of measurment and analysis of insect cold hardiness. We describe how to
analyse the stress effects of low temperature on the survival of insect populations, such as survival rate, semilethal temperature,
duration of exposure to low temperature, the upper limit of the chill injury zone and sum of injurious temperature. We also
describe how to measure low temperature adaptive mechanisms of individual insects, for example, supercooling point, moisture
content, energy substance, low-molecular-weight polyols and sugars and antifreeze proteins. In the future, research on low
temperature biology will extend to the genome, transcriptome, proteome and metabolic levels. From the macroscopic perspective,
the relationships between quantitative dynamics, transfer behaviors and migration of overwintering populations and microclimate
and regional landscape patterns are becoming increasingly clear. This will be conducive to a more comprehensive and deeper

understanding of the strategies and mechanisms of insect cold hardiness. This new information and knowledge coming from the
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genome, transcriptome, proteome and metabolic levels to inform research on insect population ecology and landscape ecology will

help establish a more systematic methodology for measuring and analyzing insect cold hardiness.

Key words cold hardiness, supercooling point, semilethal temperature, upper limit of chill injury zone, sum of injufious temperature
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FEPEMBEFE T, # LA H 2 ( Super-cooling
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(Somme, 1996 ), MAHA:fbMBEKE, BT
& R BT R R s sl i FE ML 2240k 3 KA
(Sinclair et al., 2003): % 1 J&jehk skl
( Freeze avoidance ), X2 At a4 H G/
WHVE FHBERRAE A B A2 20 5, DT ik S A i 45
UK PRI AR . N5 BRvkAZ ) (Ice nucleators )
sl A Y 8 A4 TR 9 ) R 5 KAV E 5 B
FE 11 ( Antifreeze proteins ) Jik /45 & i A% A H 5
FHEMERE2 (Sugars and polyols ) Z54i % /N1
Wy I DL REAR 25 IR ( Zachariassen, 1985 ;
Ramlov, 2000; Duman, 2001; Holmstrup et al.,
2002 ) . % 2 RSt 25 vk ( Freeze tolerance )
R B B — A B R T 45 iR, RERSHNHT
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5. Ml2x3 X ( Opportunistic survival )
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A RBFET B A] ( Ltsg ) HeZRom .
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Yo EFRYEE (The upper limit of chill
injury zone, ULCIZ) FIAEALIEAA (Sum of
injufious temperature, SIT ) B§-/>Z8a] L) Sk 43
M B BT R I ZE6E J1 ( Nedved, 2000 ) o &1
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IR I [FE 26 ik, BIFE— g B[R] PN fr 4
A R 2115 (Nedved, 2000) .
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TE AT R A BLR IR FERE T (045 LR I T

31 TFAHE

TEVFZ R b, RV H SR VR R i FE 1 1Y)
— ANEESEbR, B AR R H SRS R AR
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FEAR AL TR S s DT I e HIRAS IRt
JE TV A AR Y B SR T TE A B — A b B
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W 7« RESE IR b PR ey 13k R LA
FHTF 2V 20 09I o H B B i 7E A B0
PR b, O — i 5 22 0 B W v 4 s il R 4
FHIE o B [ B MR RIERSR AR KA
FEARUERRIRHRZ) 1 Clmin, — 8ok e vKAE AR
JEH - 30°C, EHAH KRG EHLAK
PRI R AR EE A28, THOA AR R
ZRRE, HBIHWATFARZEUK, RUARHO, R
BESR BTF, BEHOERERYAS AL SR TR R A Ve
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P ic AR B A vk 5 (Freezing point ).
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B 7 B IR R B A T v, — AN IR
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TR VK SRR H s . AN, TSk AR
I, AR PN 3% B2 4 R I B A KR T B — 2 41 4
SRS SR B T A, A R R LA
I IOPUREE SIS

B SC I A PR B AR T3k, - R
- CK§EE 0.01 mg) fif 5 (WW ), SRJE A4
60°CHYMEFE T 72h, T8 (DW ), &K EARPEfE
31 e N A P =TT
322 BRHFEERNNE

(1) s SEOFMHERARAR: (A

{5 - HIEE=2:1), 100 mL : 50 mL
(2) BRRHEARILE 1,
323 WEEEMNE
(1) s
ZHE (70% ). 70 mL ZEEEZF] 100 mL %5
i
ZHOTRIEW 10% (viv): 10 mL =5 LR
+90 mL ZZ{8sK, 100 mL AEIH;
R (5% ): 2.5 mL KM E 725 F] 50 mL 25 ;
(2) HREMAKILE 2

=z1 BIHRMNESE
Table 1 Operation process of fat

U Step EL{A&#4E Operation process
AMAFR B 5 B AR S K T8 (DW), A 2 mL 05 AR BT A (480
Weighing individual HilE=2 1 1), BHESIHK
573 B 10min (26009), 5k L2 FREFINA 2 mL &5 BERTR A0,
Homogenate EEEL—IK
R e 60CHIMA AL 72 h FAE T (LDW)
Residua
EE%E DW-LDW
Fat weight
Jilsgliaers

Fat content

[(DW-LDW)/DW]x100

2 HEHNESE
Table 2 Operation process of glycogen

I Step 254

EL{A#:4F Operation process

B0 10min (2600g), BrELEHR, EEEL—IK

A 2mL10% (viv) =R 2R, WIEREWARKFEDR 15min, BiHE
L» 15min (30009). b2 FHEENE

e

AR E i
Weighing individual HA 2 mL Y 70%Z. 05, BFEEAI3
51
Homogenate
Pl
Residua
T I Fi3 B2 7775 ( Dubois et al., 1956 )

Measuring glycogen

SN 7
Measuring reactant

FEA 0.5 mL

W (5% ) 0.5 mL

WeHRER HyS0,2.5 mL

i1k 10 min-$£57-fi0# 20 min-12#)
MAZEMIK 3mL, FBEZE 14 mL

W YR g #E DUBS0 2840 E B 1] 490 nm Akl
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3.3 HAMEMEMR

B M BTIENEY) AR 2 - B/ N o hiRE
Yy BBt R A 1
331 WMAEMDFEEYR HAicHmPtk/h
SFPUREMY A Hh L LA HERRE . Fk
Z2 ool (AT REJE P (R B B sl A B e ), T Rt |
A S, DL AR B R N i S SRR R
i 254 J9i( Salt, 1961 ; Kostal and Simek, 1995 ).
AR B AT AR R B A S e AN Y, (.
KZ B BH LMY Bt il — i R 58

KRG AT A el R G s iy
MR AP i, PRI 3.
332 WMEAZEA PuEkEE (Antifreeze protein )
Je—SEAEY) | FEAT A RN FE R Bl R AR TR R R
Hu KR SEAERK L AR N 7 A I — 2 B A R
PUARRE I Z K. P AESURE R R 2 B AR —
A AR NS . — O B E A TERE
T AR B, AR5 RS 8 LR B il e U 5 UK
i 4 RHL L VKR R i — 2D 3 AT R AT AR 1)
UK, BRI A SR Z 2R, XL

PRI S . X APRAPIRENR, BT
S UK 5 U ZER R I T B B A
P ( Thermal hysteresis activity ),

AR, ORI 2 4 B A LA 2R
PR A ORI 3 1 A SR, N AHE R
AR, T FL7E B H 1 1 YR R 240 L PR A e
PR AR B AR N R B N R AR R
JB ke AR IR I 25 K s, AR U AR IR 18 i
JE, AU S 7B RS T R T TE R
IAVER o TR T B SR N 7 A 1 22 S0 e 25 )
PEE TR R B R B AU, XA
RN — PR A N SRS T 22 e R o

DU E T 1%« 1 Je X A AR A TR, B AT
SO PR R I, AR5 L) HL Pk 4k
1k, @R A S P8 A, ARy o3,
BV YSTS s DOETIRY R = Bl Wan i

4 g
B s R 22 REE G, AN 22 1 T e
SRR, o DRI H B KB At R e g i

#3 WENFREEYRONES R
Table 3 Operation process of low-molecular-weight sugars and sugar- alcohols

A1 Step EL{&#4E Operation process
. MAEEASAE 10 pL Mk E A A SIS 0.4 mL79% (viv) LB (5 10 pg AR SEREEINFR ) AUES L

s wf B 04mL79% (viv) 4 (7% 10 pg FREEFHRAR ) 1 HCE 79% (viv) £ 500 mL:

AMPING 395 mL 7, W+105 mL #0687k ; 2.250 mL 5E45 79% (viv) Z.FE, 6.25mg kbl

BD 5 min (10000g) . SRR, TAEO—K. FEEIET - 20°CHKE

Centrifugation

a

Sfy?;g SRR, RERE 40°C RIS PE T RS T
Waij:f%t\;ath EFIRY 3 AMA 25 pb — R IEEE A 52 M M BE A, A€ 70°C KA TP 15 min

2% TERBHRFYI I 75 pl (59— F LA 30 ul A9 = F SERk e JEpkme | 78 80°C /KIS Fim#k
Reaction 15 min 58 BRESE TR S

BB e e A
Extraction

e FACER A 1 pl ZEBURE A SAH G (Agilent 7890 GC ) #E47 & &40, AAH kAT
Arglfsis HACHERS, RSB T4, BEHEE N 300°C; MEREEIRIE N 280°C; IRJERF A 120C

{288 1 min, FF##%% 10 C/min F| 280°C#55 30 min
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ZRALI SR F AT o | R | DA
DR 22 3 85 25N J2= TR 1 I R A it B 353 11 45 Ao
PRI MG M FERL ] o A SR AR RS, I
Az P AR T A 24 R UL R SR I A i SE AL L
L B BB ORI FERE ST B9 E S oy B ik . FER
K, IGIOUL b Bl (IR A 3 e B R TR A
Bl . E A A B A E T, IR
b B A R B RO B S S T TR
P47 g LA 5 06 5, e B 35 A AR DX 5 L
RRRFIESF ) S R WETE , A AT BRI IRA
o gk B IS AT R SR T FERIL R, AT g
B AR G vy B R BT VR S RE T O I E 5 o i
Tk R IR AT SRR
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