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Nematode Roundworms Own This Place, by Jennifer Fraze, (February 9,
2013, Scientific American):

AYou may think humans own the aglthanet .

most _numerically abundant animals on_ Earth. They're not just a slim

majority. Four out of every fiveani mal s on Earth i s

Nathan Augustus Cobb, a nematologist working for the U.S. Department of

Agriculture, famously put it this way in 1915:

In short, if all the matter in the universe except the nematodes were swept
away, our world would still be dimly recognizable, and if, as disembodied
spirits, we could then investigate it, we should find its mountains, hills, vales,
rivers, lakes, and oceans represented by a film of nematodes. The location
of towns would be decipherable, since for every massing of human beings
there would be a corresponding massing of certain nematodes. Trees would
still stand in ghostly rows representing our streets and highways. The
location of the various plants and animals would still be decipherable, and,

had we sufficient knowledge, in many cases even their species could be

nem

determined by an examinationoft hei r er st whi |l e .nemat ode



10

A4 s

1 TP 245 S 4¥ XL X1, " s
L Bttt ettt ettt e e S L T Xlxd s

:XL'1>'1 :XIX-IV'L”A .|:XXSV.|”CYXH S:X:|)°(L'1-|VV" .r‘l)dYrIH:(“\-L

B B I R

T 2, T N T S T S T B RS T A SRV EON P
13 4, A S S T S B LT R G
L4 B 1 os ix o, x S xd X
L5 2 Fd1 L x4 m cr xbx g
17640 Sid .45 T4l (51 SIS s {fixq s ]
18 0 (r 4«1 X X 1) XH MY e X
S s ¢ L X



11

157.2024 " + 4710 ) txlxq " 1Lyl sy X iq

1861 % % 4.1, _ T x<x Ixlbxq "o 1Xx2 sy ¥i
Lv» 1% s X7 X 47y X X X 17 X3 ® 1 X1
ST TSRS sl ox s 1 s box
L T A7 D x x s Dx X 07 o x s x DX
- TP SN TRPURNE BN SN ISR 1 2~ ST I S
Pxloxq 7s L Px o, 1 s A . 1-3s 7 x, xiI¢ .
B 4, sl e x 17 ox s {7 {4 s
s ., s Dx o ox % b4y s - 441 s ¢ x s Lox o
T AT S.X « S X
T T, (5FIISNI PR 1 v  § . ALKAWEYS ” x _
A SRR ¢.KS bSSRt g 2ySVAFEZ2NJIZE>
8 L) WAY 3 YSYNNERSIZYSE t + _
B ittt . x s {y-igh s tx 4l
(s”¢Sss 4+.@)St2A RIS (s .. x9 sslxx| "
O T X s oL 4 S 1. s 4L ys  Lx
L 2 L 141 o x €310 s fxxpox
o I T b S LJ2 ANFAA FO2ANDEENY ISV |5 ” x

1 3.6, ¢.2 0 N} ORINGOA 2 R NHZ NR OK2 R2 NXz



12

H) X .4 x s 4 J[R2YTA R2INBZEX {1 X X1 x 18 X T X,

R = L, o x s L
1 4.0, FA 44T X x T x b xf g s XS
14.1. . . . . ... .xsAs. 215087 x

L 2 Lo s.hox 4 s T A7 -{1165 s xx . i
FAd sl 4TS ax X (T 4w X s X ST X X
L 2 2ottt ettt s.lx 1 _"s 194 A
L 4 B e L T I O 2 T LA SN A
15.0....... P4 4L, s s hx "X L Xy ".s] Qs "s"UXx 4l
tFA0GSdzNAH 1s 1+« « x"s A sy,sl o208 xs IIx o
L B .7 rends s DT s LISV SO ND YA
L 7 0ottt WAY 3 - &N 1838 x _

170, Lxlx g o7 rx b xps lx L, 422 484

S s TX L XL v A ) s 4+ x PBXxsSXx x 17T
I @ A dzRKSIfdzaA . v 4 -1 ss Dl xq " o 1¢ x s
L 7 B Fd. . s L ox s hxq ""ss

bS3AFoa@S LINAyGa 2F GNIFO1a 2F -2¥S &' f Sa
SAGef SyOrdsa NBAIKMIAIODAT S LUEE [ (ASHAMD GhSAIK AT Sh yf M2
(I A TR NE20G SEdzRI (iS&®dziSNJ nd
191 { GSAYSNYSYL @ x1l xq _ 7x (X1 x 25 flxx " (s

~



13

2 B $.7 X X T L. X L, % o

B Bt X0 v d L LS 2 kA s
s, s lxlxq _"s DT ol 4 4.-3sx43  x:

i N TR EPP R TOPUPPPRPTPO wed oA d e 4. x
S (20X s L L) e x v sl ixx g7 o4 ¥A { X
A 15 ;A v KJquyxe {0y X ,ox s X ]

L A A e e Lox 1



F

V4

14

LY 4 « 1« qX s ] 1L
T P 1 (" x4 _ 47 AL x )
L, X v bes 441 L ) s S S

14
FodoA
= s
XX F
SX_IX
L x ]
1 x

T I T SO I SOV BT B N ARV G
« - S LOX LY X s Doxlbox A " 1 . s q Y
L I R R T O B R S R TN
T L SO S PR U BE AT IE SN B P I
v X [T D |.-|v-| T S S ’:X-I,,x|

X | . x 1Yy x | x 4 %Xs = ¢ . s o
X s s X XIS pd 4,01 oy X
.S DX ], XX X X 4] XX, E

X\L“-ls YX Y L

] oo x bxx oy d o 4p 17 X% D

~ "



15

JAOWNRASE . ¢ A o xS L gs T HEAO NNAAK X 1~ « «
Pxboxg o LAy s T T LA FIuSILIK D Y.aHEAA 17 -
2 dzOK S NBNJR s _

nwONYH NN 'Y atnn - "9 Ma3' nyoin

o'wiIn' "'y nnaynn Wuchereria 21000 NITIONI

9yl 22L GK23ISYAY YSYTU2RSAZIx 9t b x " x

.oX . X Y S X Fd 4L« ] Fod oL X sy Xxs X x, ¥y xX sl T x{ x



“XV‘IA "“-IIZ-I-I:‘SB(Z(SE,XE"I"L>S~*SX,¢:X\-|'|XS'I

16

v !

. s ¢ , X
> v

” 'IS: X

A Ts 4L 836U | X 1KY EAEx s ) x| ox

oL s L Low XS XX L4y s DX

v w A ~

Entomopathogenic nematodes

Soil-borne nematodes

DX e s L T T T L Xk AN A xs s g
X X sMe IANAXH2, 0600 0 , i x!lx287a00Q
oS SHLBIEYF INF) & Arad D b 4 T RYISE QLOMNG ARG

.|



17

2y (NdYwn IX) nyfad AR NIXIpn TNX D% =
NIX7NN

72 ,IRYA 12, N9 - 'nirtmax’ nimon .1
D'olol 07N ,(D'T'Y ,0'WaD ,NIND)

DN NISPIN — NIFAAINDINIVIX NITIVN .2

(N7 N7 AT IR'YI019 NIYnwni
902 79 WU

D'aT 7V NI7'O0 WXWA A - "N nimiona .3

1900 TENN' 0N - D'NNX 2v ni7's0 niImona 4

— ('nrwoin’) 'vmp-nimoiw’ nimon .5
NIN'YY) 20D NIV NIYPIP NIPV'DIND0
7V NINIAA NINNA NIOTIIRNA (TIXANIX MINA




-

18

LY 4 T 4x Ts 4L

NCbeEE:"XXSVX s S L s”x\>>< 1401 _s F o~ X Y S
1744« _ s 11 CarwS. pxxss  AaGEE{ 2F 4 4
I x y X = X ,, ,,-|A<.‘s L x oy . X S 1 X, 71« X
S I T T N L x {x . Ts I T
Coord e o xd w4 4 x4 ] e
32160, Q . kA~ X x| x 1ox g s ¢ L lx
1 ., x ¢ X FY X Ly s = s X x 414 L x XX = s

1 X1 s L 1T, « s {1 ., X G«

CLe AT XL L F T




19

x | %X x ok X . . X« . Y .| S = xy |
1 X s = X LY s X
DX ] ox x4 ox : XX ] oap A% XX X, X0 S p s X
FY L Dx 7 x T es {7 TS i, s X 0 ], LT s

[ ' SY2NKIsSgRAMa, & s ~s .1 x{>* I xqfpxXs p{"KX
t NA&do2y OK®Rza 1 LI OABODBAL VA& x

SI4Tx T ix 1l Tsx D 4loxx s s @Y k) ORAUOdz -

~

WEE4F" _ - ¥ s L C2XRINY SR 2L X DL b L x i x{ {

{.2YYSNJ

[ ® StpSsAxyia. "> ¢ 1. 1" s

TS X x s 6T g
o m X D) X L (S NP X ] Css X s D] x LXK x
poos o1 ot At LA s X B dESINI( X I o x o x o D
8 4 4 0, @), LA A L % xX2E) XK T e 4 X T X
.o X X)X S"'|A4[5f:5:]'d-§SN<\]L:~:V R Y ]:>:_| b4 X

X . oL s o P XL s T4 xS

PP oM x0T A e 84 ] xd g ossl xdes Sy x X s s

9 d PO2f4A1 1 s L. P B s Iy « {s s 1ox s



20

AU (1110-1150 )

(capable of o9 layingl

L3 (490510 pm

Vg

Caenorhabditis elegans adult and

two juveniles




21

Head of Caenorhabditis elegans showing cylindrical mouth

cavity for feeding on bacteria. Note that a stylet is absent
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Sydney Brenner H. Robert Horvitz John E. Sulston

Prize motivation: "'for their discoveries concerning genetic

regulation of organ development and programmed cell

N2A171'0'91 AXNIDTYT? 7211 019 NN

Andrew Z. Fire

Craig C. Mello

Prize motvaton: "for their discovery of RN A interference

gene silencing by double-stranded RNA"
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Osamu Shimomura Roger Y. Tsien

Prize motivation: "for the diSC()\‘L'l"\ and (]L‘\'L‘lHPIHL‘n[

of the green fluorescent prutcin‘ GFP"

v Ruvkun discovered microRN A

of tiny RNA molecules that plﬂ,'.' a crucial role 1n o

lation. Their groundbreaking discovery in the small worm €.
s revealed a completely new principle of gene regulation.
This turned out to be essential for multicellular organisms,
including humans. MicroRNAs are proving to be fundamentally

im]':-r. wtant for how « SIS d{_‘:*.'{_':h‘:np and function.
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Figure 1. General morphalogy of a plant-parasitic nemalode.
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Fig. 3-7. Morphological comparison of the esophagi of th
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subventral esophageal gland orifice; Hirschmann, 1960).

¢ three orders of plant-parasitic nematodes:
| esophageal gland orifice, SVEGO =

x | x-|v”ls L x| S . XL x 3 xs s X . ¢
. ) ) . ~ . - N ,,X. “
Tox 70 ex s 4 U ,swhml
X X X v !
LS 4 1x 1 *x soghagus) s 14 xs =~ *14 g x s
X | = ) - o
X S . x ¢ s X 1,8 | X = s L S L 4 ]+ s .| y S
. L o
X X A S SVJX ’,,x\-||_ LY X S .| L
\ ’ ” .. s L X
FoX b T4 74 p 4. xds L { ] . 1
. . X
S R I B S T R 1
x 4% 1vq dofsal)x (4 XY 1T X x| % x x |
. L L I
_xs D SR ¢ s Cox o " ) A
- . x 1 _"'s x « x X stbventral) « x s’
l_s 1 .corpus) - X € WX o (s T x| s i !
11 *x s | = " . . ! ) “ L
o X 1 x 4 7 oo S DX 'pOStQObeS) vZxx 1.Xx X1 X
. S = X . | v
s ¢ A S T T I R R T

v



AN

F

ANY

rr

V4

7

rr

ANY

ASN

ASN

AN

Is

AN

”

35

«~S <L 1s L1 , st 41”04 1s .l
X L ] xx, SX AR YR, X S XX ]S
x { x . . X >-|,,<.‘XJ“,,-| vsx Hxx X_vaxx>s,, XSo " X
X 1 x [ Xs . sL.|va D SR S X X
1. X T+vs x« 4 A
« | X e XS « 9 s 1I1v>611£,4xxls
x 1 x p Xs ] x 1 X *s . L1
x bxq "y 1 xs X, x . T qx
I I I LD Xwd xo o x 7% Ju X X, e ¥
- , 11 X X x X Fo 1 x x X k
1o x> 4 1%, 0« X
X « 11 % « s>x\ S X . LoL o J I
§ X7 Xp X BT4{,x8 4,1 xs x x { ||
u>s I "'l",.,X” L {1 -I<]s i~
=4 x " xS smicioMill) L AL AX K w o H s <
s 1 s T4 xXx A _ xrectum) 4 X4 » #KX] S SX
R I I S N VO I
bxq 70X sL X w41 xos v oy L7
1Zxxsl‘x“-||_v "X X, W ’ 1., X ]« s 1A . S ] x L
" s X ] X L Pl ve o AXTHK L Y XS o x ] s
. s " x ] A4 s X " x AX'IS _|>x o
S « v X |«
Tvir v dx.X xovd o, A 47 X
L, AT -~ Cs vsilsx 4] x s TX w8 XX
« s T X U] <« x . osaliva)l s, L



r

V4

rr

36

~

S

S

AN

X

11, wx.s (41 =1 x | 1
41T s w0 effeetdrs) | S A KTTXX s
1 ssx y=x.|,l'2|_yxx><lx.|~x.|L-|v Z,_x-||yxx-|ws’lv’5 .. S
s _vis X px {4 "
ZGS < 4=xeCv1S~ X. i . ¢ s ” 1% x s
SXYs oLl oL, sxXys oo, xy ., x
L le . se o x i ] e xS .X Y
- x ¢ L ~ 1



V4

S

37

S X -I X X
L L s | }_X_i-l Y”l Xg
A ~ -I|_ X S_ X sC” .
s X o S X " 4-|-|V‘\gv..v-|J
Stylet
Dorsal Gland
Vvalve
Procorpus
~ Dorsal Gland -
- Ampulla
/e Esophaogeol
X %Z Lumen e
Pump = : — Metacorpus -
Chamber . P
g‘i subventraol Gland
Dorsal Gland Vvalve
Extension
subventrol Gland
Extension
Secretfory
pDorsol Granules
Gland
Nucleolus
Nucleus-
subventraol
i Glands
Intestine l&&\
Figure 1 The esophagus of a p\an(-pzu‘asi.lic fiematode. The one subventral g
trated is in an .open position. - SIS
F '| X S J .,
X A v
J . s " x « . S
~ i .o~ i{ s Poq X
N ]
C . X Lol | | . .o
” , L X J .I s LoxX " 'I .
« a N .
” w q G ] S - x _Ix .
~ 7 R 1 L « np
X N~ -I. -I > V+X -r -I v-||-w'| 'Ix\\'I\u_ -H
A P ’
> A v o F S X X Yy S
v < L i I <
- J X s € I - e
< ~ - 11« N .
) | x . k14 x
> ~
~ N L Lo ] .1 X
-I A" , | -I 'l . X " 'I .



AN

7

V4

38

X 4 LY "y L s sxxsv <xys L s ¢ q
114 v 4% 47 x 1xys s {40 Xs J.xo
1T s k4 s X s N o T T S o,

JXYS axdsE pAls 4L
« X s ’Zx-|x~> :x-|,,|_-|.x“,-j:|>v<3 :>1>\v\>1$s,_’.<
T v ¥ p 4471 ok AAdXxXYyx e x 1 L x o {4 x "
.~ S D SRR Fedldox o s 11 1. %« L X,
NS , x o, boxe s FAdt L N 2 R RN
X rx A v s LA E R se s Lox (1

sov L X w41 X o x4 94 L % Ax,,\.X :X>VX” :XL‘|>
1 . x ¢ X x4 tXxaSGaLkSdY S A xy s
<, 47 s 4T X L. XL 4, ~ S {7 X

(-4+_41 s _471_ A
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(sheath nematode).

Characteristic root-tip galls
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Lesion nematode inside root -
medium magnification
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4.4 TyléncHulus semipenetrans, The Citrus nematode
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ylenchulus semipenetrans Cobb
Individuals colored by acid

fuchsin
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5.1 The Root-Knot Nematode, Meloidogyne spp
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Meloidogyne javanica life cycle

Egg mass

Mature female
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Egg mass

Meloidogyne female

Meloidogyne male still coiled within the J4
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overgrowth or enlargement

Hyperplasia means increased production
in normal tissue or an organ. An excess
of normal tissue.
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Peanut pods (left) infected with root-knot nematodes. Potato infected with root-knot nematodes.
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Found in USA, Mexico, Argentina, Europe and

South Africa.

[t has been estimated that as little as one juvenile per 250
g of soil at the beginning of the growing season can lead
to a total loss of marketability at harvest.
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The Soybean Cyst nematode, Heterodera glycines (SCN)

Life Cycle of the Soybean Cyst Nematode
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5 soybean 7’

.~ t nodule

Soybean field with symptoms of infection by soybean
cyst nematode, Heterodera glycines. Note poor stand

and stunting of soybean plants.
. iz s

Longitudinal section of soybean root showing a third-
stage juvenile of soybean cyst nematode at its feeding
site and a syncytium. The syncytium, which functions
as a food reservoir, has dense cytoplasm and multiple
nuclei that result from dissolution of cell walls.

Cross section of soybean root resistant to
soybean cyst nematode, showing restricted
development of nematodes and associated

syncytia at 5 days after inoculation.
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The Cereal Cyst nematodes, Heterodera avenae, H. latipons (H. hordecalis)
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Reduction in size of storage root of sugar beet

due to heavy parasitism by Heterodera schachtii.
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obodera rostochiensis A
of potato Cysts are visible at the surface

Feedingsite

Hostrange

Reproductive
strategies

Eggs

Female body

Hatching factors

of the tuber

rinae

Multinucleate
syncytium

Narrow

Sexual

Mainly retained in
female body

Becomes hardened
cyst

From hostroot
exudates

Meloidoavninae
it \;\‘1\.\1{ | ac

Multinucleate giant
cell

Wide

Mainly
parthenogenic

Depositedin egg
mass

Does not form cyst

Favorable
environmental
conds.
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(Thorne)
Damage to carrot
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Nematodes climb up
the stemin film of
woter

Leaves develop spots
and large bloiches

Nemotodes move from
deod leoves or
infected buds to
new plants \Foﬁoqe remains
small,, disforted
(3 and

o/ crinkled

Nemafodes enter
leaves through v
stomates ond move

7%/ \between 'cells

ST T 1 Eggs, larvoe ond adults
| o develop in leaves
Nematodes| become
acfive/in ispring

| Leaf cells furn brown
' . ond collopse

|
|
|

Nemotodes overwinter in buds
and growing points and in de
leaves on the ground

VL K
Dead and infected leoves on

diseased plants
Figure 3. Disease (llife) cycle of foliar nematode (Aphelanchoides ritzemabosi) on chrysanthemum (courtesy Dr. G.N. Agries.
published in Plant Pathology, Academic Press, Inc., San Diego, CA).

Aphelenchoides ritzemabosi
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A. subtenuis, A. fragariae, A. composticola
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