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SEROLOGICAL EXAMINATION OF THE BI‘.()(')l.l-l{lil.-A'I‘JON—
SHIP BETWEEN WILD AND DOMESTIC DUCKS'

Kiyotsuna SAsAKI

1. INTRODUCTION

It was first observed by BORDET (6) that the anti-fowl serum obtained
from a rabbit treated with fowl blood scrum acquired precipitating power
for fowl serum; since this® was conformed by Uuresuura (1g) the
scrological examination of the blood-relationship amongst birds, especially
poultry, has been investigated by Noutrar (14) and many others (2, g,
18).  On the other hand, the subject of the interrelationship between
poultry and their wild forms, which has special mportance in regard
to the origin of domestic animals, has becn treated of from the mor-
phological or genetical point of view, but so far as the writer is aware
there is no serological research in this field. Hence the blood relation-
ship between wild and domestic ducks is examined by the writer by
means of precipitin reaction, and the results are set forth in this paper.

II. DMATERIAL AND METIIODS

A, Material.

The stocks used in the experiment were some waterfowls belonging

to Awatidae (1,7); they are as follows: (Plites 4, 3)
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a) Domestic ducks
1 dnas demestica erecia (Japanese duck)
2 Calrtng wmoschata Lo (Musenyvy duck)

b) Wild ducks
1 Anas boschas L. (:\\"i]d form of Japanese ducl\')
Alareca penclope L.

Lametta fakate (Georgi)

(&)

LS

Nettion formesim  (Georgl)

i=N

5 Nettion crecea ecrecea 1.
>

¢) Domestic goose

U Auser cpgnoiaes G {(Chinese goose)

B. Methods

In these experiments the bload serum which was obtained from cach
stock mentioned above was employed as the antiven. DBefore proceeding
to bleed the stock was starved for about 24 hours to prevent the serum
from clouding ; bleeding was accomplished by plucking off the feathers
inside the wing along the humerus, sterilizing these parts with alcohol,
making a small cut in a wvein along the humeius, and allowing the
drops of blood which flow cut to fall into the sterile test-tubes. They

were then placed in the thermostat 37°C for about 4 hours, and within

this length of time the scrom was expressed ; this was pipetted off into
small sterile test-tubes, and the supernatants centrifugalized from the
serum.  Thence the clear serum was {ransforred to the sterile sealed
tubes and kept in the refiigator.

A sogsssodl By L e
1o l_)ltJULlL,Ll\lll L lJl

from cach of these stocks was intravenously injected five times into
each of two or three rabbits whose live weight is about 2 kg, respectively
at intervals of three days between injections.  When seven days had
elapsed after the last injection a small quantity of blood was drawn off
carcfully from the marginal ear-vein to test it for the strength of the
precipitating power; if it proved insufficiently powerful injections were
repeatedly centinued, whereas if it showed power enough the rabbits
were bled by isclating and making a small eut into a carctid. By
treating the blood in the same manner as described before the antisera
were obtained, transfered to sterile ampullae, and kept pure in the
reftigator until nsed.

As Nurran (4} has previously shown, the degree of the precipitation
depends upon the protein comtent as well as on the qualitative difference

of precipitincgen (bloed scrum); the errors caused by the amcuat of
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protein in the precipititegen should be excluded as much as possible,
when the precipitin reaction is applied in order to examine the blood-
relationship amongst animals.  The protein content in the blood serum
used by the writer as the precipinogen wvaries net only with the in-
dividual but also with the age, cte., therefore the amount of the protein
in cach blood serum was first determined by Avrrecntr's method (5),
and the standard solution of cach scrum was diluted with physiological
NaCl solution so as to contain 2 % protein

In experimenting  with  the precipitin reaction Forxzr's “ Ring
Prabe” (8) was employed.  The degree of precipitation can well be
expressed numerically by the number of dilativns of the blood serum,
(when the number is large the precipitation with the auti-avian serum
is hardly shown) the standard solution of the blood serum {protein
content 246} being 1, Jdouble diluted 2, four times diluted 3, eight times
4, and so on, A series of litile test-tubes were put on the rack, anti-
avian serum ©.I c.c. was ftransfered to themn, to which each dilution
0.3 c.c. above mentioned was carefully added along the walls of the
tubes ; then the reaction occurs on the zone of contact.  As the strength
of the precipitating power varies in the course of time the speed of
reaction was also taken into censideration ; the reactivn was observed
at a room temperature of 15-23°C, threce times namely 15 m, 30m and
gom after the diluted solution was added to it. In order to simplify
the record only the result of the last observation is shown in this paper.
The controls (1) immune scrum 0.1 c.c. + physiological NaCl selution
w3 ce, {2) ne ; lulion 0.3 cc
were lested in eacli experiment, bul always a negative reaction was
chserved in each casc; therefore these records are omitled in the follow-
ing tables. On the other hand, similar experiments were repeated with
cach of the same kind of the immune sera, one Immune serum being,
of course, tested at least twice, but the results agreed with each other
in the majority of cases. Only one resalt, thercfore, is here described.

A similar examination of these blood sera was carried out with the
specialized immune sera.  In specializing the immune sera WEICHHARDT s
“Absittigungsverfuloen ” modified by Misao (13) was used.  The im-
mune scra were specialized so that they would react only with the
homologous blocd serum and not with that of the heterologous.  The
anfiserum was added to the heterologeus blood seram so that a rich
precipitum occured, then the precipitum was centrifugalized.  For this
purpose first the proportion of antiserum to blood serum which cause
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maximum precipitum was estimated quantitatively with the precipito-
meter. Next the bload serum was added to the antiserum in  this
proporticn in the majority of cases, more blood serum being added in
only a few eases. The specialized imnmmune scrum obtained in this way
was absolutely specific to the homelogous blood serum.

1. EXPERIMENTAL RESULTS

i) Japanese duck and Chinese goose

Tahle 1.
Immune serui Aunti-Jap Duck S, Anti-Ch. Goose 5.
Test-inhe T '1-’-!‘".‘ ‘T“l}i e Duck | Goose Duck Goose
Dilution e {

X 11 (z22) glls ilis - iy

£ P:z it t- i 1

3 14 it Al #H i I

4 1:8 s f S

5 136 1 it SR

o 1:32 3 i+ (N T L

7 1:64 e - £ §

8 11125 e + + . +

9 1:256 * + + b+

L 1:512 =1 + + l +

i1 T:102 + L+ & 3 +

i 112045 + + - b g

13 ¥ 14040 = - — —

14 1:6192 -, - — i _

y Sy S N i s
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Table =z

Specialized Anti-Jap. Duck 8 -  Anti-Ch, Goose 8. 4-

Tmnwne serui Che-Gouse 8. [1:1) Jap.-Duck S (1:1)
Precipitinegen I o ' | o

Test tube Duck Gioose Duclk | Cioose

Ditulivn

T % 11 {295) il - - 4
z ! i:z " — — +
3 104 + - - -
I 100 -+ - . 1.
3 1116 + - = i
[} 132 -+ o — ke
7 1:64 + - s L
& Tl o+ o = -
Q 13250 — — — =

It will be seen from Table 1 thai the anti-cerum for the Japanese
duck reacts as far as 13 with the homologous blood serum ie. with the
Japanese duck serum, but as far as 1z with the Chinese poose serum ;
on the contrary, the anti-serum for the Chinese goose reacts as far as 12
with the homologous blood serun, and as far as I1 with that of hetero-
logous,  Therefore the blood sera of these two kinds of stocks can be
clearly distinguished serclogically from each other.  The tests with each
of the specialized immune sera for these two stocks are given in Table 2.
The specialized immune sera for the Japanese ducl, which is ¢btained by
saturating the immune serum with the blood serum of the Chinese goore
in proportion of cquivalent volume and centrifugalizing the precipitum,
shows marked positive rveaction with the bload scrum of the Japanese
ducl, but no trace of reaction with that of the Chinese goose.  The
reverse results were ebtained with the specialized immune serum of the

Chinese gouse.

ii) Japanese duck and Muscovy duck

The Awes serum as well as the Carinag serum react positively in
the same degree with the anti-Anas serum. It is the same also with
the anti-Carina serum, so that these two kinds of waterfowls can not
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be distinguished serologically with their corresponding anti-sera i.e. they
stand right close to cach other.  These two can however be clearly
distinguished from cach other with the specialized anti-Aizas serum and
anti-Caizing serum ; for the Anas serum reacts positively as far as 7,
Cairina serum not at all with the former; while the Cuirinag serum
reacts positively as far as 8, and the /mas serum not at all with the

latter, as is shown in Table 3.

Tahle 3
Speciatized Anti-Jap, Thick 5, 4 Anti-Mus, Thaek 5. R
Inunune senun Mus.-Duck 8. (1:3) Tap.-Trhck 5. (1: 1)
g, DbempEieagen & ! '
Test-lube e Jap. Mus. Jap. Mus.

Diltion \\\

1 1 (2 8 I - === i

z r:z -+ - — il

3 1:4 + - - i

4 1:8 -+ s e eig e

5 :16 + - wia +

6 Tidz -+ — — +

A M I R B

8 1:123 = == sz -+

Q ‘ 1:256 — - s -

i) Wild ducks

A Awnas boschas and Nettion crecea
B Neltion formosum and Funetta falcata
C  Neftion formossm and Nettion crecca

Although these three pairs of wild ducks are not distinguishable
from each other with the corresponding antisera they can be clearly
distinguished with the corresponding specialized antisera, as is shown

in Table 4.
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Table 4 (A)

S— et e - P T 2 —
Specialized ‘ 1'\11h Asers ﬁn,du’s 5 + \1]11-- et (ﬁ(’&‘z;\ +
Immune seruim ! Aettion crecer 5.1 Anas dascles S, (1 12)
R Procipitinegens | — ‘ T
Test-tube \“\\,_\ Ay bos. Nettion cr,  Awas bos. Avltion cr.
Ditulion e !
I 1:1 {2 %) + — — +
z I:z -+ | — — -+
3 1:4 + = = +
i 1:8 + — — +
5 1:16 + — — —
&} 1:32 -+ - — —
7 1:64 -+ l - - -
b I:128 — i o s s
] 1:250 o r ey REm s
Table 4 (B)
-
Specialized Anti-ANettion /'z)i’h‘t/wm.’ S.+ | Anli-fuwette focate 5+
Tmmune serur Eiusr.’&‘:vﬁu’cm‘a S.o(1:2) Netgion formosem 5 (113

Precipititoren

Test-tube \ Nettion  © Eunetta | ANeftion | Fuactte

" Dilution I
1 11 (2 %) + i= — +
2 1:2 + — = =
3 1i4 + — — | +
4 1:8 + — — +
5 1:16 -+ : - — 4
6 T3 - — — 4
7 1:64 s = i L
o . o

i
|
I

N
.
&
<
|
l
|
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Table 4 (C€)

Specialbzed
Linmune serom

Test-tube

L 1

~N O L

e

[~

~—
Iilutieon

._..,..
oF o 23
13 o

-
o
o+

e Precipitinogen

=
“
el
(=]

1:250

Antie Avttlon formosnu S.+-

Nettion crecea S, (1:3)

Avti- Avttion ciecco 8. -
Nettlon for nosin 5. (113)

Larneoian:

+ o+ o+

[

Crecea

Loraosant

Croced

iv) Wild and domestic ducks

A Auas domestica and Furetta faleata
L AAuas domestica and Alarcca penclope

Anas domestice and Neltion crecea

D Cairina mosclata and sluas boschas
E  Adras dowmestica and Anas fusclias

Japanese duck (Anas domestica) can not be distinguished scrologically
from the wild ducks (Aras doschas, Funetta faleata) with the correspond-

ing antiscra as i+ shown in Table 5

antiscra,

By means of the specialized

however, Japaese duck can be clearly distinguished from

funeita, Mareeca as well as Nettion erecca, and the Muscovy duck
(Catrina moschata) rom slnas boschas (cf. Table 6)

It will be observed from Table 6 (E) that although the Japanese
duck can he aistingoished from  Anas doschas with the anti-Aras dom.
serum, which is specialized Ly addition of the Awas boschas serum, it
is tmpossible with the specialized anti-Anas dosclas cerum, as the latter
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ta
UL

reacts always in the same degree both with the Awas boschas serum
and with that of the Japanese duck in any gracde of saturaticn, and it
ceases to react with both sera simultaneously in the streng saturation,

Table 5

Iminune serum Anti-fap. Puck 5. Anti-drns doschas S,

Anli-Eunetta S,
\\]‘l‘rl'i] H‘Llll';’.” I '”—-—"'% N T
Test tulig Jap. | dnas | funetta] Jap. | Anas | Swenettal Jap. | cdnas | Luseltc
Dilution i
SO LT O S A O O O U I O B L A
10 I :5': .[.I. . 1[_ .II. «IL 1!. + 1[. -Il- Il.
1 L1024 + | + s + o+ + + |+ +
12 1:2040 + + + + + + + B +
13 1 14000 & + L £ & i < - +
14 116192 —_ —_ = - —_— - — —- —
|
Table 6 (A)
Specialized | Anti-Jap, Duel &, -t Anli-fonettir S, -
ITmmune serum Lunelta 8. (1:2) Jap. Duck 5.
- s Precipitinogen |
Test-tube Jap. ' Lunetta Jap. Lunclla
o pilution “\.\ I |
I 1:1 (2 25) ft = —-— I i
2 1:2 A% — = i It
; 14 n - ~ |+
4 1:5 -} i — — | e
5 1:16 + i — - ! o+
O 1:32 —+- — —_ +
7 1:64 + | - — -
5 r:12i + ; _— - | o
9 1:250 — — e i
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Table 6 (B)

Anti-Afarece B

Specialized Anti-JTap. Duek S, +

frnniune serum Merzeca 8, (11 3:1 Tap. Duick 5. (1:4)
::_“\; Precipitinmgen | Nl i
Test-tube | T i Jap. Marzea | Jap. Metvecer
IiTation

1 : + - = %

o 1:2 + — S .

3 I:4 + = — +

4 1:6 o i w— s +

5 1:16 + - — F

6 1:32 — — — -+

7 1:74 — = = =

5 1:128 — —_ — <1

9 ! 1:256 — —_ —_ —

Table 6 (C)
Speeialized j Anti-Tap. Duek 5. + Anili- Neftiorn S, 4
Dnmune serum I Mettaon 5. (1:3) Jap-Duck 8. (1:1)
Test l- g L] Ve rz_ 1 . i7\' ::ﬁ
est-tuhe i ap. Zvelleon ap. VAR T )
:Di]uliun \"‘--____\! Tep L

1 11 (2 %) i = ) o= -

2 3 s s = g

[ 14 i I = ! — t+

16 ‘ ois — E — +

5 1116 + — — t

6 1:32 ‘ + ! — ‘ — L

7 6 |+ — - -

8 1:126 L — I — —

9 1:256 } — — ! —_ : —_

]
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Table 6 (D)

Specialized
Immune serom

Anti-Mus Duek 5.
Anas boschus S. (I :4] !

+ } Anti-dizas bosclis S +

Mus-Duck 8, (1:2)

vy — o
Test-Lube R Mus. Avras Mus, Anas
il ien R
1 1:E(2 %) o4 _ - &
2  d2e - _ _ +
3 1:4 qn _ _ 3
4 1:5 5 o . N
5 1:10 -+ . . "
6 I:32 + . . +
7 1:04 + _ _ i
& T:126 s _ _ 3
9 1:236 sy _ _ _
Table 6 (E)

Specialized
Tmmune sermm

Precipitinogen |
Test-tuhe

Dilution —
I 1:1(2 %)
-
3 Iig
4 1:5
5 1:16
6 132
7 1:64
5 101028
9 1:236

! Anti-Tap, Duck 5. 4- Anti- dnas boschar 5.
Anas bosclues S. Jap.-Inck 5.
(1:2) {z:1) | (1:1)

- — - s — ; i -
Jap. Aunas Jap. | Anas | Jap. . Anas

-'Iﬂ — + + R — —_—

g - + L = =

+ — + + — —

-+ — + + o —

+ — — e - —

+ s —_ o s —

+ — = - - =

+ — p— pa— —_— E—
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[v. DISCUSSION

1. Thes Japanese duck can be cleawrly distingnished by the pre-
cipitation method from the Chinese goose with the corresponding anti-
sera, but not from many kinds of wild ducks; this shows that the
Japanese duck is more closely related to the will duck than to the
Chinese goose.  Therefore the bloed-relationship  amongst these three
kinds of stocks examined from the scrological point of view is in ac-
cordance with the classification from the morphological standpoint.

2. It is reported by Awrasviso (2) that poultry whose relation is
closer than that of genus can not be distingnished from each other by
means of precipitin reaction as well as agplutination.  In the writer's
case also similar results are obtained, but by specialization of immune
sera Nettion foruosuns can be clearly distinguished (absolute specificity
being given) from Aeftion crecea; Japanese duck from Muscovy duck,
Liunetta Mearecea as well as Nettion erecea; and DMuscovy duck from
Anas boscleas.

3. Although the Japanese duck (cluas dwn erecta) can be distin-
guished from the wild duck (Aras doscleas) with the specialized anti-Auas
domestica serum it is impossible with the specalized  anti-Aras bosclas
serum.  The wild duek, cluas doschas, is regarded as the wild form of
the domestic duck by Rusraror (16} and Yarst (z0) from the wor-
phelogical standpoint ; so the above findings may have some relationship
with the fact that the Japanese duck aboriginated from sAnas boscias.

Similar resuits were obiained by Isiinara and Misao in the carp,
cruciun and  goldfish.  The carp can be clearly  digtinguished  (rom
crucian as well as goldish with the corresponding speeialized antisera,
and the serelogical relation between goldlish and crucian s just as
between Japanese duck and cleas boschas.

4. As is shown above, the serum-proteins of some waterfowls are
net distinguishable from each other with corresponding  anfisera, but
they can be clearly  distinguished with specialized  antisera.  This
serological relation, tor example, between Neffion formosunz and Neifion
crecea may be explained as follows, as Ismnara suggested in the casce
of carp and crucian.

First assame that the structure of the serum-proteins (precipitinogens)
of Formosen: and Crecca have A in common and a side-chain K for
the former as well as L for the latter peculiar to each, ie. the protein-
molecules of Fornzosumn as A K and these of Crecca as A L next that
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injecting the serum of each stock into each rabbit a part of scrum-
protein is decomposed into A and K resp L, consequently two sorts of
precipitins will be produced in each anti-scrum, one being common and
the others peculiar to each ie. @, af for Formesum and a, af for Crecca,
and that the comumon precipitin @ combines with the precipitinogen AK
or AL, but the precipilin a4 or o/ only with the corresponding pre-
cipitinogen AK or AL,

By saturating the anti-Formosum serum with the Grecca serum, the
precipitin @ unites with the precipitinogen AL, consequently the pre-
cipitum A 1. @ occurs, and centrifugalizing this precipitum the precipitin
af remains in this saturated immune serum.  Therefore adding the
Foryosin serum ie. the precipitinogen Al to this saturated immune
serum, the precipitum AK a4 occurs; in this case the veaction is posi-
tive; but the reaction is ncgative when the Crecca serum ie. the
precipitinogen AL is added to it, for there is no precipitin to unite
therewith. A similar explanation may be given in the casc in which
the anti-Ciecea serum which has the precipiting of as well as a is
saturated with the Formosuy: serum ie. the precipitinogen AK.  This
interelation between Zormosum and Crecca may be represented  dia-
grammatically as follows.

Lormosum Crecca
Precipitinogen (Blood serum) AK Al
— ——
Precipitin (Antiscrum) ... ... ak, a al, a
+ Al + AK
Precipituma (To centrifuge) ... = Al.a = AK e
Precipitin ( Remained) ... ... ak al
2 N
N
N 7 \
Precipitinogen,.. ... ... ... A +AL FAKC + AT
‘ i
o
- ! 1 I
Precipitum ... ... ... .. AKas no no  Alal
Reaction cve cev wve woe voa -+ = — +

5. Muscovy duck being distinguishable from Japunese duck as well
as clieas bosehas with thelr corvesponding specialized antiser:, almost in

the same degree as Forpeaswn from Cieecr; accepling the above dia-
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grammatic representation, then the serum-protein of Auas Loschas would
be represented by AX, that of Muscovy duck AY, and that of Japanese
duck AL

The fact that in the combination of Japanese duck and Anras bosclas
only the immune serum for the former is acquired the absolute specificity
by saturation should be considered as follows, as Isinara suggested
in the case of goldfiish and crucian: the serum-protein molecules of
these two stocks have A as well as the side-chain X specific to Amas
boschas in common, and Japanese duck has the further specific com-
ponent M, ie. the side-chain of protein molecules of Japanese duck Z

is composcd of X and M This relation may also be represented dia-
grammatically.
Anas donestica Aaas boschas
Precipitinogen {Blood  serum) AXM AX
. e . —at A
Precipitin {(Antiserum) ... ... axw, ax, @ ax, «
+AX +AXM
Precipitum (to centrifuge) ... =AX ar, AX a = AXM ax, AXM 2
Preci REII no no

1
e

; N
Precipitinogen... ... ... ... +AXM +AX
‘ 1l
i L
Precipitum cer e e JAXM e no
Reaction ... - o wen + 2 = ==

V. SUMMARY

Treating the rabbits with each of the Blond sera of the domestic
ducks, wild ducks and domestic geese belonging to Anatideae, the blood-
relationship amongst these stocks were exumincd by means of precipitin
reaction, and the results are as follows:

1. The Japanese duck is distinguishable from the Chinese goose with
the corresponding antisera.

2. The Japanese duck and the Muscovy duck, arc not distinguishable
from each other with the carresponding specialized antisera.
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The Japanesc duck can not be distinguished from the wild ducks with
the corresponding antisera. By means of the corresponding specialized
antisera, however, it can be clearly distinguished from Zwunetta,
Marecea as well as Nettion erecca, and the Muscovy duck from
Anas boschas.

The Japancse duck can be distinguished from its wild form (ATuas
boschias) with the specialized antiserum for the former, but not with
that for the latter.

In conclusion, the writer desires to express his sincere thanks to

Prof. M. IsniHara under whose direction this work was done, and to

Prof. T. Kuno for selecting the material.  He is also indebted to Profl
M. Iracax: for kind advice, and to Asst. Prof 1. Misao for much

valuable help.
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LEXNPLANATION OF PLATES

i) Domestic ducks (mades)
| snas domestica erccta (Japanese duck)
2 Cwirina woschata 1. (Muscovy duck)
By Wild ducks (males)
2 Awnas boschas 1. (Wild form of Japavese duck)
4 dlaveea penslope 1.
Lunctta faleate (Georgi)
Nettion formosaun (Georgd)

7 Nettion crecea crecea L

oo
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