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Abstract:
osmotic stress in soil and seeds before infecting hosts, making the prevention and control of the nematode rather difficult.

[ Objective] Rice white tip nematodes (Aphelenchoides besseyi) can enter osmobiosis to survive hypertonic

Normally, under hypertonic osmotic stress, the gene expression of late embryogenesis abundant protein (LEA) will
significantly increase. As an adversity expressive protein, LEA can protect the organism under adversity. In order to
study the expression pattern and the function of LEA gene from A. besseyi (Ab-lea) under hypertonic osmotic stress,
[Method] the gene was cloned according to the results of the transcriptome sequencing. A saturated MgSO,-7H,0
solution was used as a hypertonic osmotic solution to dehydrate nematodes. The expression of Ab-lea was tested by
RT-PCR during Osmobiosis. RNAi was used to investigate the survival of nematodes under hypertonic osmotic stress
after silencing of Ablea. [Result] Nematodes will turn into osmobiosis after soaking in a saturated MgSQ,-7H,0 solution
for 240 min. RT-PCR results showed that the expression of Ab-lea was upregulated when nematodes were at the
beginning of hypertonic osmotic stress treatment and during the osmobiosis. [Conclusion] The survival rate of the
nematodes dropped significantly under osmobiosis after Ab-lea silence, which showed that Ab-lea may be involved in the
regulation of osmobiosis of the nematode. It lays a foundation of further exploration for the physiological mechanism of
nematode-resistance to hypertonic osmotic stress and provides new ideas for the prevention and control of the nematode.
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i E: [BM] KFETR4 H (Aphelenchoides besseyi)fE {7 42 3 LAAT, BEMS LLARIB B A IRASTE L IEFAF T (1)
FMBEERS T KA, MR ZL W RAE. B, EEDET, BRIREKE %I EE & A (ate
embryogenesis abundant protein, LEA)JERFK X ESEE L. 1FAUEERIAEH, LEA REEYE N RITAEY.
RRFIKFET- IR L LEA 4lib ik Kl (Ab-lea) 7E mi5 1% R Wil T RIS L Thge,  [O57% ] AR s 4 40 sk
2| Ab-lea. PLTGHLVEFIMLAT MgSO, TH,O N B R MHE R, WRKFETIRE RiT =3 EMME, 240 min
JE 1z Rk N B . 13T RT-PCR J2iF Ab-lea 7E£k Uk NARVB a2k R 4 FFAR B R AR i AR v R8It o AT
RNAi #iR, #IAZL D Ab-lea JTERfE, EiZZ e FAEEEML. [45] RT-PCR 4L %KH], Ab-lea fE#EA
AR AL T e R AR B R A T R R IA R L. Ab-lea IBRJG, /KRG TR BRI NBBRERFEEREET
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IRE SRR PEM R E I, RAR S, HRR
WA E RERGS SRR TR Y, TR
G '\fijfEt%Hle_—F LAY MLEARE R
EEEE B LEAGR SR EEM, ©—
iR B Ry A, U\ﬁﬁlﬁ?ﬂf@i‘“?ﬁ?}j’i%
(f N, ARAB IR IR T A1 B AR s 45K, LEAT]
%ﬁAl%ﬁ”moEw,fﬁm%E
(Caenorhabditis elegans) . & & #7 [C 28 &
(Steinernema  feltiae) DL K& # & ¥ ¥ 7) 4k &
(Aphelenchus avenae) 35 & G % = K iELEA! ),

IR MgSO, TH,O T2 B I misids R
TEAZISTRIE T, KL A A 2R AR T B, HIb
R P A R ARG, T SIS AR S Ak
KA. HET LEA TEAEYHPTARAE i i E
BAEH, AWK FRE&R LEA fwiDEER Y
WXt 5, LAAT MgSO4- 7TH,0 WEUN B i [ i
R, W R S R i T R IE R,
L K PUREOR, B ERURG, KiET
I MAE BB I3 I8 T AR %, IRFUHAEAEY)
B v v 77

Y VR SRS PIRES

11 RIEMHR

5 H K AE T4 2k L A ¥ v NCBI(national
center for biotechnology information)E x4 ¥br A
FEMPRREE, TS SAMN0242003854, 4lifk 5 1
2 HUE JK % % fd (Botrytis cinerea) it 25°CHE 9% .
1.2 Ab-lea B [5#)1%L4E 52 [£ K& [ElE 7 5 L Xt

N2 HEDEEEL R, HL 50~100 mg &
dt, DEPC ACE/KIGUEE RS -O0% BiE, WARLLET
WrEE . HUREEE R K, iH TRIzol y%(Invitrogen, cat.
No. 15596-026)FEHUKFE T2k H1 5 RNA. MR E
AT, N AMV &5 R4 (Promega, cat.
No. A3500), LA Oligo (dT)is A5 ¥ik4T 55 — %
cDNA Sefest. W H AN P45 R, BLAST ik
F| LEA i3 REFEZIP, AR5 ik 2010 5 51
Wit 5I¥)(Ab-lea-F: 5 -TGT GAT GAT GCC GTC
GAT TC-3’, Ab-lea-R: 5’ -CCT TAG CGT TCT TGG
CTG TT-3" ), LA —#E cDNA MR, #4740
J¥%(coding sequence, CDS)[1] PCR ¥ 4. ¥ H4/=4)
KA A R, WF T 5dr 44 Ab-lea. B
F} ORF Finder(open reading frame finder)%} PCR *
Y p s B ATIESR ORF 407, FHHES & B IR
3.
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1.3 SEEEMETZRBKRESTHNE
N2 JRHED BWEER A Rld g, M9 Zpp
WIFEEg R, B.o% B, HEF MgS0, 7TH0 12
AT EBE R e . 7R RS T (Olympus, Bx51)
&2 BRI AR, 60 min PN, £ HARKA bR
T, & 10 min FEAT— KM E; 60 min Ji5 2k ALK AR
L%, & 60 min FEAT — I & o BEANINFA] S50 &
ﬁﬁa HE 3K
14 RHFEE RT-PCR
N2 JEFEn Bl EL T, M9 ZHRiETEL
du, B0k B, WA MgS0, 7TH0 R HH T
BIEEMNE . S5 I8 R b b B S 1 26 B AT
B, BURFEEN K, i TRIzol SEIRBUKFE TR Lk &t
& RNA. DEPC &bFR/KEME G, N Bkt e
& PCR A7) £ (GoTaq 2-Step RT-qPCR System,
Promega, cat. No. A6010)iE17 25 —%% cDNA 3% .
1M 5 W 2% 6 %€ & PCR 14X (Stratagene qPCR system,
Mx3000P, Agilent) , KH L0 € & PCR ik
7| £ (GoTaq 2-Step RT-qPCR System)F1 Ab-lea 3 [#]
5 525 Y% (Ab-lea-QF: 57 -CGT TCA CTG TGA
TGA TGC CG-3", Ab-lea-QR: 5’ -AAA CCC AGC
GGA GTT AGA CG-3” )it 1T RT-PCR ¥ 1§ . LAZKHE
TaRek H actin Sy N 23 [H (positive internal control),
NS 5 51 0% (Ab-act-QF: 57 -TTG GAA CAA
TCG GAAACG GG-3’, Ab-act-QR: 5’ -CTT CAG
ACC AAT CGT TGT GC-3” )#4T RT-PCR ¥ 1, fii
MW PCR: 95°C FHIAEME 2 min,  95°CF 30
s, 58°CF 1 min, 3t 40 MEFS. FlfE dh 2 e M
55°C%) 95°C. X} RT- PCR P14 R AR
3 EFREYIIEER & ILE, R t A%
T EER,
1.5 Ab-LEA EETER
1EHL Ab-lea GC 7 20%~50%, i it A~ 7] 87
TR IR IR 7 5 N B R U BR B Y 41, A = A L
1) dsSRNA . LAKFETAR2E di cDNA SARAR , 437 v
F51%) Ab-lea-iF(5’ -TAA TAC GAC TCA CTA TAG
GGA GGG TGC GAG CAA AGT GAA TG-3" Al
Ab-lea-R(5’ -TCG GCA TGA CCC ATC ACAAA-3")
BE47 PCR ¥ 3 A4E 7= IE CEERAR , A 519
Ab-lea-F(5’ -GGG TGC GAG CAA AGT GAA TG-3")
M Ab-lea-iR(5" -TAA TAC GAC TCA CTA TAG
GGC TCG GCA TGA CCC ATC ACA AA-3" 4T
PCR #" #8 A& 77 & SC4E 8 b B . T Js B
MEGAscript® RNAi i7f] & (ThermoFisher, cat No.
AMI1626) AT RN S RN, B i E XS 5 I S
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Table 1. Late embrgogenesis abundant protein(LEA) orthologous sequence in NCBI.

L7/ GenBank &35 HH E i
Species NCBI No. Protein E value
FRIEEIZE dt Strongyloides ratti CEF69463 165 B H SRAE_2000411200 Hypothetical protein SRAE_2000411200  6X 107"
75 MBS AT 22 5 Caenorhabditis elegans ~ NP_001256172.1 TPIIEIG K & W 413 & SR G Plant LEA related 3%107
JFF @£k th Caenorhabditis brenneri EGT57645.1 155 B 1 CAEBREN_08606 Hypothetical protein CAEBREN_08606  5X 107
" FFJE £ Bt Caenorhabditis remanei XP_003116340.1 CRE-LEA-1 %4 Protein CRE-LEA-1 4x10®
JHFFJE £ 3L Caenorhabditis briggsae CAP25449.2 CBR-LEA-1 £ Protein CBR-LEA-1 1X107
R4 Hy Toxocara canis KHN75743.1 {i2 7€ 8 Tean_16220 Hypothetical protein Tcan_16220 4x10°

28§
18§
588

2000 bp 2000 bp

1000 bp 1000 bp

750 bp 750 bp

500 bp 500 bp

200 bp 200 bp

100 bp 100 bp

1 KFGFLEH RNA(A), Cdna(B)#1 Ab-lea ORF(C)
¥ig

Fig. 1. RNA(A), cDNA(B) and the Ab-lea (C)PCR product
of A. besseyi.

RNA, ZiB/kA77 dsRNA. FH DEPC AbFER ) ddH,0
FikE dsRNA WKFFZ 3 mg/mL, S dsRNA JZ20iFAbFRL;
H12h, LAE DEPC A1) ddHO HHR3E 12 h X

WHR G — R e i T EiBiE R AP 1 d~10
d FERHEAFERNE, LAZIE /K b B[R] 8] 9 Xt
M. SBEE M SR K R EI5 24 h 5,
EFRITE N, 5 SUNBET o 73— 43 28 IR B RNA,
S JE N 51 Ab-lea-QF Al Ab-lea-QR 34T
RT-PCR #"##, KiF RNAi S8, NHKETRE
& actin Z X 5[4 Ab-act-QF A Ab-act-QR #H47
RT-PCR 3 Ayt 2,

2 HR5H

2.1 Ab-LEA EFEEERIEHEORF) % & & ERF
HIEE 3t

KAETRE BB RNAE 1-A), & AMV b
ARG LTS5 cDNA, FEHLSI Wk a s —
%% cDNA(E 1-B). LL cDNA MR EE(T Ab-lea J&
ORF i, PCR ¥ #4453 2| — 2524 1000 bp [1)/7 %]

(B 1-C). MF45 2% ORF 4341 W] Ab-lea 547 —
A~ 1095 bp FIFEEHE, RS R A S H 364 NERER,
7> N 38.6949 kD, 55 i K (theoretical pI) Ny 7.67.
& Apolipoprotein {54513 (pfam01442), T
gk 3k, ProtScale M1 N2 KPEE . BLASTX
7M1 B Ab-lea 5 CRE-LEA-1 5 H(Caenorhabditis
remanei, XP_003116340.1)[EJ5 14 &% 7 o BLASTT 43
HT# B Ab-LEA S5 HEH SRAE_ 2000411200
(Strongyloi des ratti, CEF69463.1)[7 ¥ ¥ % =
(& Do
22 SBEEMETEZRBKEESTUWNE

{8 F MgSO4 7TH,O HIFIVEW, X /KRG 2k i
AT RBEEMEE RS, 0~60 min 1, ZHUE
AEER, K E R, Hofh R A o 2 (1 2
-A, B 3~A-F). 60~120 min N, £kH3% Joiss,
WESNEAE, AKERERYis, (A4ariimse, BRI
o, RS WA, IR ZZE (B 2-A, B 3-G).
120~180 min N, ZHUH IS, 230, Ak

BYA, ARG BIE AR (A 2-A, B 3-H),

180~240 min, £ HJ1-F-3k NARHRARZS , S0 2,
KA D, d kR IR ST HES R ) 4 2L
28 R 25 A BRI R TRIR (B 2-A, B 3-T). 240
min J5 28 R NS RRADRAS, RKRI R 5 gk 2 —
M E, BiEE5 hagRAs (& 2-B, E 3-).
2.3 WHEEZ RT-PCR

I8 45 R K W /KRE TR 2 L Ab-lea Wi I =772 17
JEpIE, TERENBB AT IR IA = 5 E R
WK, FHAE 40 min BIA R SEE 4-A), BHEH 2R
RN BERARE, BUEK. MmsiE
JEMpIE R 0, Ab-lea RiX &R 5 HI FF, H
/KRB TIRE AL S5 Kl 240 min I, A
BBRRARE AERFERIBIE LA 12 h J5, Ab-lea
FILESGZRH L, JEAE 48 h AR, b5 H
FILEIZHT N 4-B) AT e AT H 3 KER
WA, PIECAT AR A t k5 2% R B 2 (*P<0.05,
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Error lines are stardand deviation.*, ** indicate significant difference at 0.05 and 0.01 levels, respectively. The same as in figures below.

B2 SEEEMEBLERKETRERKKEL

Fig. 2. Changes in length of A. besseyi during hypertonic osmotic stress treatment.

A — —
B ,,_G )
c = 0 7
D - ! /7
. —— 0

A, B, C, D, E, F, G, H, I, J#HIRELEMA MgS0,-7TH,0 ¥l

HFRIE 0, 10, 20, 30, 40, 50, 60, 120, 180, 240min. LR A

100 pm.

A, B, C, D, E, F, G, H, I, J indicate A.beseyi is soaked in saturated

MgSO0,-7H,0 solution for 0, 10, 20, 30, 40, 50, 60, 120, 180, 240 min,

respectively. Bar= 100 pm.

E3 SEEEMBRAERKBTREREARTK

Fig. 3. The changes of morphology of A. besseyi during
hypertonic osmotic stress treatment.

#*¥P<0.01).
2.4 Ab-LEA EFEREK

AR IE SCEE RNAL e B RNA K Z&IR KA
F=H) dsRNA, WK 4 ffizn. 2838 12 h dsRNA MEfH
AoFE, R HBET B R A B 2451k, RT-PCR
i KB Ab-lea YT ER 2K B & (logy fold=-1.79
+0.1036). RNAi X[ R4 5 CK % R A7 & 2 IC B i
Z5t, 10d WIREHRIRT 95%. KIETRE R
BIE RS, Ab-lea RNAI 51535 AL FEH 12T
2 BE ] BT CK migiE A F (A 5).

3 g

Ab-lea 7EHENAR B AERE, R4ERrAiBaAE
REFEF, REEWH LA, REZIEREKE
TR 2k 0 i I TR i K 4 AR B B A R kA
F . Ab-lea ZERUTER G, KFET-RLE B FBEE
M N AEEREE TR, RIEIERIEKFE TR
wPrEBEEhE P EREEERH, TS 5RE
IKFEFRE B AR B

2R AR PN K 2 R BT IR % 2 5 B0BT R AR 151 K
550 224307 R AU R el 55 20 o ARSI B, 2 b b T
AR 2T, XK A 2 B 2 R K 51,
PRI R, 5 FK g 26 s 1k 5
2, moyARskaE P SIURRARE, XA E
e b AR H A I b . il M AIMgS O, TH, 0%
WK FE IR Rk AT SiBiE R g, 1~3 dN 1%
2 MEE R I A, 10 AN AEIE R A% T40%,
KUz BA R IPUSE EMbERe 1), nIEN
W7 AR B B AE I S IR AE D

R PEAb-leae it EAL S, K ILAD-leatf Ikt
& LRRIA, KA EE S I SRSk
JipE AT HI40 minff FHE N AREEE A48 hivf o LLI,
2 AP 15 R 35 0 I 2 AR o 509838 S B 40 minlt,
2k RS EhIE R, RELHEB. mi5EEMiE48
hitf, 2R dikbFARB AR, R LEEI. 72 h
Ja 28 BAFTE PR T R, Ab-leafRis & L iiix
WK . 3K B Ab-leafE /K AE TR £k Pt 178 32 1L
BT R AR B A e, (ErT R 52 dufE
B IE e R B TG G .
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Fig. 4. Expression of Ab-lea during hypertonic osmotic stress treatments.
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Fig. 5. Survival of A. besseyi under hypertonic osmotic
stress after Ab-lea RNAI.
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