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——Inheritance of Leucine Aminopeptidase and Peroxidase

Isozymes in X Pinus taeda « rigida and P. densiflora*'——

Young Goo PARK*2 and Won Ha SON*3

Twelve Pinus taeda were used as mother trees and one P. rigida plus tree was used as
pollen tree for 12 cross combinations. Nine P. densiflora plus trees(4 mother and 7 pollen trees)
were used as parents for 11 cross combinations. Those parents and 10 progenies were analyzed
for LAP of XP. taedaerigida hybrid and P. densifiora and for peroxidase of X P. taedasrigida.

The analysis, based on the banding patterns, indicate three alleles for LAP-A locus(Al, A2,
A3) and two alleles for LAP-B locus (Bl, B2) in X P. taedasrigida hybrids. Chi-square test on
the segregation for progenies did not show significant differences. The results indicated good
.agreement with monohybrid Mendelian inheritance. Independence test for occurrence frequency
of 2 alleles(LAP-A3, ' LAP-B2) illustrated that there is neither linkage nor repulsion relationship
between LAP-A3 and LAP-B2 alleles.

Three band at LAP-A locus were always exhibited from all parents and their progenies of
P. densiflora. However, the occurrence of two bands at LAP-B locus was variable, one bands
.assumed as homozygous alleles(B2/B2) and two bands as heterozygous alleles(B1/B2). The seg-
regation ratio for progenies of P. densiflora suggested that LAP-B locus may be controlled by
two alleles(Bl and B2).

Three Peroxidase loci(Px~A, Px-B, Px-C) assumed to be controlled by allozyme in X P. taedas
rigida hybrid. The Px-B and Px-C loci could not find out the variations from barnding patterns
of parents and their progenies, while the Px-A locus showed the variations of occurrence fre-
quency by two bands. The segregation ratio for A1/A2 at LAP-A locus suggest that the pero-
xidase allozymes of xP. taedasrigida hybrid appeare to be monomeric products; that is, Px-A
locus may be controlled by two alleles (Al and A2).

o o} x & 7l o @amA ol B3 LAPS} Peroxidased| BMEERE FHI T oo vt FEAH 11
@ ) TAREE ke #HRE xR LAPREfEE#KS REERA B At

B o x 2 7l of Aol A 2f@e] EETFEE(LAP-A, LAP-B)& #E, ¥ #%(Al, A2, A3)s} (Bl
B2)ol BTl K HEHm geon auFddE LAP-A, LAP-B /49 BEFES #ES
o S MRS 9% LAP-BE Bl B29l 2/ Hir#fETol kel ZEEx gl&E wMc

#1 Received for Publication on September 10, 1979. 19784 K ERRRAME HRR= BTE A 4.
* oK HMEPIEHT Institute of Forest Genetics, Suweon, Korea.
3 g Biy WPk College of Agriculture, Korea University.
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Btk x 2l 7] o HMEe] Peroxidaseo] a4l & 37hA METHE(Px-A, Px-B, Px-C)% #Estd £
B MRS dehi Px-A BETEE Al A28 £/ HIRET #itd XELz JS5E 9

W=

Ll ko LAPS} PeroxidaseFi{rEy HEEB=A BT A #E#ES sl Aoz

L &

Bt AR FiA=E & A2 108%E
Fi@stA ut EERS £EANS iﬁf‘%ﬁiﬁ'"]‘*} KEBFA
o EEEEC Y HEE = #oF HEY 24 2
g o] T AR WE EEM FRE HERS o
BEFREIA £ES H¥n o FY EHRMRV
HETRETS MR, ATEHY BRWK %
BETFEEL dolur] A% AETLWHI WE B
iz g4 @+

FH(1979) o) tkdt=l #hoAke] LAPRIfEERS &) H
#] Al & Picea abies(Lundkvist 1974, Bergmann 1574),
Pinus sylvestris(Rudin 1977), Pinus attenuata(Conkle
1971), Pinus taeda(Long 1972), Pinus nigra(Nicolic
1974), Picea sitchensis(Simonsen 1975), Pinus rigida
(Guries 1978)°l Bie 47t 9lev Peroxidaseldfir
EEFe) sHMEY e A Pinus densifora(kh 1976),
Chamaecyparis obtusa(Tajima 1977), Ulmus pumila
(Feret 1971), Morus spp.(Hirano 1979), Pinus taeda
9} Pinus palustris(Snyder 1978)% ¢ #E7 3

& WaEs 12@9 ddavTg B e elss
£V% FBEA FBIRS EHE TERAA #HE
x &l 7] ot xRS LAPS Peroxidase[Ifuf#ie 7
B e RORES B HEgbretd BEMKE wo
Weor, AUEEHAARS HELET 1MEEAY] AL
AR = FEEte LAPEfR RS kot
o BEMGE B AolH.

fﬂn HErs mEsted 22 BiE A5 HRARE

wHT ALY AR ZREES SXER
:’-"43’— ﬁﬁ?fﬁg‘ o & FAPWRR SEXKS &8

REAA, =% LAPHHIEel B BE 34 &
$e +9d 74 4ARATE F9A WA R
BAHE =4t

R HE

Kool @AY e xe7a R WREEWREN
STERTREAA 19765 A X XBEBKAY de
HohavF 12ERS BN R, ERER 22R8F

Yerte)

Bl BEAREFH v A0 25 FEK HEL
BE EOBE A ATXES R, & £F5 1978
o BB 197944 BT Aot &fte & XEA
Avtth 10(EHEY 120/E88, 22l REE 13MEHE (R
12188, TERE B8 $1¥ES R LAPS Peroxi-

Table 1. Crossing combinations of Pinus taedaXP.
rigida and investigated enzyme systems

Parents pyoog.egfes Enzyme systems
Female | Male (2—yeglrd—) LAP ‘ Peroxidase
T1 R1 10 LAP | Peroxidase
T 3 R1 10 " ”

T 1374 R 1 10 o %
T 1518 R1 10 " #
T 1536 R 1 10 4 #”
TS5 R1 10 ”
T 18 R 1 10 "
T 1374 R1 10 "
T 1403 R1 10 ”
T 1421 R 1 10 ”
T 1514 R1 10 | "
T158 | R1 10 L
Total [ | 50| 120

Table 2. Crossing combinations between the plus:
trees of Pinus densiflora

Parents pgcg)'egifes ' Enzyme
Female Male (4-year-old) systems
Ch 1 Ka 12 10 ! LAP
Ch 1 Ch 1 10 i 1
Ch 1 Ka 5 10 ! %
Ch 1 Ka13 10 ”
Ch 1 Ka 15 10 ”
Ky 1 Ka 12 10| o
Ky 1 Ka 5 0 ”
Ky 1 Ka 3 10 | ”
Ka 3 Ka12 10 o
Ka 3 Ka 5 10 | "
Ka 1 Ka 29 10 ; 1
Total 110

Remarks: Ch; Chungbok, Ka; Kangwon, Ky; Kyunggﬁr
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dase FfuEFEE S W|E F¥3A(FE -1).

24375 BEAY ARABRES Kiisty) 8 #HR
T AEE kRS ZERAEEY RFE S LAPH
S W Sedcoh. B4R, s, LIRS, T
F5%% 4 FEKRE ZEAEE BILIR, THE3R%, T
5%, TLIR128R, TLAR13%R, LIRIS%E, LE29%<) 7
BEERS fthid= ATy 11E ZTREAS BHE59 X
REE BRT Aok, FEA0G 10ER-Y S kst
WEEY $ES BRI, LAPRMEEST S HiEkdd
tH(&-2).

LAPRMIEERS ¥ HES Rudin(1977)S %7+
EiEstd fEAAT. ABEKo2 30mM Tris, 4mM
Citric Acid(pH 8.3)% 60mM LiOH, 0.3M H;BO;(pH
8.3)% 9:19 k&E= B&dd #FHRASYH 1229 &
BAS EBsd FAYC XkBEY 2K 60mM
LiOH, 0.3M H:BOs(pH 8.3)%& fFfstact. REmH
T —20°Cel fREE $ES kol #H 300mg et 2
3 Tris(0. 045M) —Borate(0. 025M) —EDTA(0. 02M)
LEw 3mlet JEABHE PVP(Polyvinyl Pyrrolidone
K-90) 300mg-g #hnstel Zeol = S Watmann
No.1 JE# A (18mm x5mm) e} Bk~ # Ao LB
Asteeh. KERSRE-E 20°CY {REBAA 10V/emo
EEECT ARME ‘bkﬁb%]?j{ib} BPB(Bromophenol
Blue) 7} SEBLol A 1lems] & Fof FEIF BRARKD
£ kA s AE oz 5]&75}"4 BERES A%

&

2EEKS 0.2M Tris-Maleate @#®% (pH 5.4)
50ml, 0. 2M NaOH #&##% (pH>14) 20ml, L-leucyl-g-
naphtylamide HCl 10mg, Black-K-Salt 20mg, 781K
30mlE BAThe 30°C EiREE AollAl 12850 KEA D
¥ EEE EEsd

Peroxidase FfIfE¥E ik #(1977)9  Hikd
kP ov] BEEWL Benzidine® & O-dianisidine
150mg, B-naphtol 90mg-& 60mle] Acetonol BHHEA 7L
5 Tris-Acetic #£#¥%(0.01M, pH 4.0) 30mlE ¢ 3}
o \BATH H0: 0.5mlE Hinstd KEAZ . 26
REL ZBAA 15~205H Az 29 BEg & KE
ol Ao EEE diAZ1F FHES EEdD

S 8]

LAP (Leucine Aminopeptidase)

2o 2 THol N4 R BEELE JeElloed
) 1’%&&:‘ 12(E88 s1¢ LAPHE#S RImez w3
W AL T1374, T1536, T1518, T1, T39 5{EE %o

ol ol & fEHkEY B KRSEHE FAFsuch

LAPH & Rafkifol iGikol vetvta &on B
o HERIT HEE b A Mgz vrelZsh RF
15-24¢t RF 70Muiel =t ##% % 5@ Bfc 28 A
—3 EBFEAS Jehlleh. Bl 2 g-1o0 A8 ol Thk
Zo] 2709 WH=s U i WeE debl s TE
watEiel Bl tta S ol R £& WA ¥ ¥
L M=g Yz g o F WmiiRe H=E &
EETHES ﬁﬁﬂ‘F"ﬂ glev] RF7 w& g A
TEE, RF7F ¢ HiRe BREETHEZ BESA oF
KXo W ﬁ%lﬁt% AESA ABETFEAE A
A2, A3 3ME M EETFE #ER oY oF A1-7+ A2
EETE sl 5EEBe 2o o FEIRA 2| BRI
Z gleovt ASBETE 08 £vFddnt veEvta
sl=t

AN =% BAbstz o) Wl =t 743 R (A2/A2)
o AR TEETRoz HEdz FAY W=g 5
A A2 (A2/A3)e] RAKEAMTH oz Hwsid
REQAA SHEELE BAES &8 £-37 2.
Table 3. Variations in progenies after crosses het-

ween Pinus taeda and P. rigida at LAP-A locus.

Pa- Eflren"“f Segregation ratio . P
rents [geno- | [ ‘

types ;A2/A2‘A2/A3 A3/A3
T1374A2/A2 o 5 14 1330, 750—0. 500
R1 |A2/A3
TI536A2/A2) g 1 |1 200/0.500—0. 250
R1 |A2/A3
T1518A2/A2 1 — | 1.2000.500—0. 250+
R1 [A2/A3
T1 A2/A2 o 5 | 0.1330.750—0. 500
R1 |A2/A3
T3 A2/A20 o 5 10 13300, 750—0. 500
R1 |A2/A3

J
Total} a9 } L 3060 500—0.250

T1374, T1536, T1518, T1, T3¢ kit %é(AZ/
A2) 9t (A2/A3)S SrEE-l (8:2), (9:1), (9:1),
(8:2), (7:3)2% 7l EH/BE HE B: 1 BH
il A& FdEges R S0EEE (A2/A2) : (A2/
A3)e] EEltE (41:9)2 (37.5:12.5)9 FER({HE
A FyEgdch FHEERETS RUEHTEETE
e (A2/A2)9) (A2/A3)9) EMTHE 2o #HE
TR e BIrREFEHA LAP-AY (&g
FEEE Aoz 2t

LAP-B HETE sl = FA9 =g Jehy
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= A% BUYBLRAEMBETE, ¥4 d4=% 4
BiE A& (B1/B2) REMwEETHo2 EESA
xS SELE ®Ee s 5@ BEe @
gz shl (BI/BUHElAa =17+ mige FA

AR
=% 73 (BI/B2RE vl et (2 g-1). F4dl =
T & AEEAY BAAET kR I0ERA B £
HEHE depd Aeloh ot B SEET Tis74, T
1536, T1518, T18 HAAAN & (B1/BD (B1/B2)9
ST £E% (6:4), (6:4), (7:3), (7:3)ez
e 2 F¥sglet T3(B1/B1) xR1(B1/B2)el
AE (2:8)9 SERHT e Fho] HRMEET 16.
13322 ¥ KEolA HEZEE eblch XK S0E
#8% (B1/BL) : (B1/B2)9] syRkitst (30:20)22 7
o] BIRMET 6.0002 2 5% KigedAd AEES 1+E}
Wrh o] & T3XR1 &N ved (2:8)9

o EEY Aoz olH T FHHE Ve 7’ <
FE KRB 4 el ER=2 A7 BR#E
TH T3xRIEAE BiAe oEXEES =5 BHR
ol g & F35td ABRBETET 319 #ar
SRIETF (A1, A2, A3), BEMTET T4 H#M
(Bl B2)d & HEWE AR HEY F U
‘Table 4. Variations in progenies after crosses bet-
ween P. taeda and P. rigida at LAP-B locus

Pa f:ntal Segregation ratio £ p
rents |geno- ’
geno Bl/Bl[Bl/BZlBZ/B2
TI374B1/BL o 4 11 200/0.506—0. 250
R1 |[B1/B2
T1836B1/Bl o 4 | 20000.500—0. 250
R1 [B1/B2
TI518BL/BL 7 5 _ | 133)0.750—0.500
R1 |B1/B2
Ti BUBY ;3 | 0.1330. 750—0.500
R1 |B1/B2
. *ok
T3 BI/BL 5 g 16133 >0. 005
R1 |B1/ BZi
Total] 30 20 6. 000%0. 050—0. 025

* and ** significant at the 5 and 1% levels, res-
pectively

F5% o F 2 BETEMYS BuBEs & A
ol}. Bl ABETHS ARETSl BRETES B2
EFe HERFED 2 BrEes BES &2 7oA
o 0.5952 HE#EI dides r=+40.1092
HEE7 Aot 2 B A3S B2ETAold e H
# BEMGR 9 Aoz 4755

Table 5. Independent test of frequency of occur-
rence of 2 alleles (LAP-A3: LAP-B2) in crossing
combinations of X P. taeda rigida

Presence(+): Absence(—) ;
Alleles x> r
R i e S

LAP-A3/

LAPHo| 5 4 17 24 |0.59% +0.109

a1bRe] glolAl LAPRERA S 200 2 kol o)
S goieh 4fA NS TR 7EMMe] LAPEIS 239-2
st 2t

A S TS St R o= =

ERTIED el Krormle metrisoates: mabtate:

S G UV GRS RS A
Ka 5 Ka12z Ka13 Kals KaZ9 Ka 1 Ky 31 Ka3 Chi
3 3 3 g 3 ¢ ¥ 2

Parents

Fig. 2. Zymograms of LAP isozymes for the four
mother and seven pollen trees of Pinus densiflora.
Three regions are found on the zymograms.
Among them, C region shows very different color
from the A and B. A and B-locus presumed are
controlled by the three allels(Al, A2, A3) and two
alleles (B1, B2), respectively.

Ralihol iSikol Vbt EHEE HE ed B
Bime TCERl slakg # e Huge] (RF5-28) fhtke] =}
S g 34 Wl=s Ve dAgt o= Eld A
g @RS glon}, RF80-874te]ell Yrebvie 20 i
o HEEEMN BRI oy & dEr Bed
Uz gded K BREES UdeE KRAA D o]
Wz Ee ERG BES BRE 5 A4 K WHE
Al e BHAZITh RF63-724tel o vebd 2709
= RSN MR glon LKEH, LI,
TE13%, {LIE155%, TLE20%R1AM & 289 W=7 v
glube] RIS, BOIEL LS, Bt 1edE &
% ?PM-J Meg vdeplz e (zg-2). 4 W

* RRRETR(BL/B2), ¥4 =t AERET

(B2/B2)i et ke SEHE BHED R
2.9 -33% F-60]¢t.

118 ZEES 71 FRNETRS RERETH
#HEo IEE SOl BMERETA @40 28 Aol
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Fig. 3. Zymograms of LAP-B isozymes for parents
u —_— (4 mother and 7 pollen trees) and 10 proge-
nies each cross combination of P. densiflora.
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One band (B2/B2) is homozygote, two bands
(B1/B2) are heterozygote.
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‘Table 6. Variations in progenies after crosses bet-
ween 4 female and 7 male parents of Pinus den-
siflora at LAP-B locus

Pa- ;f‘aalren- Segregation ratio " >
rents geno-
geno" [B1/B1B1/B2|B2/B2 ]
. / |
Ch 1 B2/B2 _ | 1 | g |1 2000.750—0.500
Ka 12 [B1/B2 ,
Ch 1 [B2/B2 |
— 1 1| 9 |1.2000.750—0.500
Ka 5 [Bl/B2
Ch 1B2/B2 3| 7 |0 1330.950-0.900
Ka 13 Bl/’ B2 i l
C
5 2/ H : *
Ch 1B2/B2 = g | 1 953  >0.005
Ka15 B1/B2|
/ | H
Ky 1B2/B2 6 | 4 | 6.5330.050—0.025
Ka12 B1/BZ | |
/B2 ‘ :
Ky 1B2/B2 ' 5 | g |0 1330.950—0.900
Ka 5 [B1/B2 !
2/ .
Ka 3 B2/B2 _ 3 1 7 | 013300 950—0.900
Ka 12 |B1/B2 :
Ka 3 [B2/B2 !
2 | 8 |0.1330.950—0.900
Ka 5 |B1/B2, |
/
Ka 1 1B2/B2 1| 9 |1.2000.750—0.500
Ka29 B1/B2 |
Towll — | 28 | 62 | 1.7930.250—0. 100
Ch 1 B2/B2 — | w0 oo -
Ch 1 B2/B2 1
Ky 1 B2/B2 ~ | 10 |0.000 -
Ka 3 B2/B2 |

* and ** significant at the 5 and 1%7515, resp?:l

tively
FR BT ofF EA L BALL < IE154 4 & (Bl/
B2)¢ (B2/B2)e] FEEH t (9: 1) 24 o] HEBE:
°] 22.530.2 & HEES VEPlor HEIxTRI2
ANz (6:4)% 5% X#ES FEEXZ Yl R
BETHQ  RAIxEIEIS FB1IXTE3G Y = (B2/
B2)@E#=l ety RAEMS FHIEES] &L
UER Sl FHtH = 28(B1/B2) : 62(B2/B2) 2 sho] B
BE £3 BEREs 2 ¥3- A

Lk #Re avuFd g4 LAPRfERRS 2
fEel A=z OB BETES HEY F d9e9 LAP-
ABRBTHEE B RARHA BE ol 3EY &
BB T (AL A2, A3), LAP-B EETHEE 289 %
BT (BL B ke FEM= sle Aoz mTh
Bl A FEikfme] dE2xm XA FHike HEs
% 4 AUld RF80-874t0l9 Wl=o] dfdE Yoz

“o BFE Sfrsier & A A}

Peroxidase

otk b 12RHES] BFRES Jebd Aol 2¥4
olt}. Bl & &kl vE A dgter BRI
+ 4@9] HiK(RF18, RF30-35, RF40-47, RF65)e =
BEES Eo= e, REI8HuR vt Wl =iEike
Ve o gl T3, T1403, Ti514, T1536 BE =
1ot EEIRe RE kA 2 EHE BRE +
ool EPFRdA = BAstd . RF30-35 #RE A,

ol |

Al

prmmmrea S s ::-‘“24

L ]
T 13 TS TIDI T1a9% T15% T'S518 T1526 T8 T1)% [ta21 71538

Pinus taeds

Fig. 4. Zymograms of peroxidase isozymes for 12
mother trees of Pinus taeda. Four regions are
found on the zymograms. The lower one band
with T3, T1403, T1514 and T1518 can not be
found in the progenies. Three loci; A,B,C zare
presumed, among them, only A-locus shows va-
riable within mother trees, while B and C-locus
fixed. A-locus seemes to be controlled by Px-Al
and Px-A2

Table 7. Variations in progenies after crosses bet-
ween 8 Pinus taeda homo-type and P. rigida
hetero-type at Px-A locus

Paren- i i
Paren- atr:lu Segregatlon| rat:oﬂ ” P
ts geno-
_ lypes AUANAL/AZA2/AZ |
T1 A2/A2 _ |\ 5 | 5 |3 3330.100—0.005
R1 |A1/2A
T3 A2/A2 | 2 | g |0.1330.750—0.500
R1 |A1/A2 |

|

T5 A2/A2 _ | 5 | g (.1330.750—0. 500
R1 A1/A2
TU03A2/AZ 3 | 7 0.1330.750-0.500
R1  AL/A2 z
T1404A2/A2 _ | 4 | 4 | 1 2000.500—0. 250
R1 iAl/AZ |
T1514A2/A20 _ | o | 5 | 33330 100—0. 050
R1 |A1/A2 | |
T1518A2/A2 1 | 9 1.2000.500—0. 250
R1 A1/A2 |
T1836A2/A2 _ | o | 7 10 13300.750—0.500
R1 JAl/AZ ;

!Total‘ — 25 | 55 [L6670.250—1.100
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A2 Az =
At oo s i Amans. | A jrom—y manassia. | Panr—|
T1 R v 7 ] . B A 7 0 5 1 Tuee R1 5 2 3 s :
LYY I o T roon
Pacents W Finus reeds sea Foogenes Parents » Pinus taeda rigida Progenies
I - A
A — Sm—— pa—— Al — —— =
Ty et 1 7 3 ¢ 5 s 7 3 3 B ST z 3 . B s 7 3 ] 0
CY * FI!
Parants » Pinus taeda rigida  Pragenies Pareats = Pinys taeda - rigida Progenias
A a2
af — A1 e T
1S R 1 1 2 3 . 5 § ? s v * Ti518 RY 1 2 3 & H ] 7 ] ’ o
T 12 )
Farents « Pinus ‘taesa rigids  Progenies Parents « Pinus taeda rigida  Prageniex
A2 A =
Al || prmey A —  m—— ey
N ! ? i * 5 4 1 ‘ L Time Rl 1 2 3 L s o 1 0 T
I3 ' « Piry . .
arents Pirus taess gida  Proganies Parents « Pinus  tarda  rigida  Pregenies

Fig. 5. Banding patterns of peroxidase zymograms for 8 cross combinations between P. taeda
homozygous alleles(Al, A1) and P. rigida plus tree(Kyunggi No. 1) heterozygous alleles
(A1, A2) at the Px-A locus.
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HWRAA = 249 BEst et RS GG A HBifelA 24 =g ez el REGBETFH(AL
WA A = RF30% RF35 =7 Bl =t #RE /A2) 2 HEES A .
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£4% (1:4:5), (1:6:3), (—:8:2), (1:8: L=
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M (3:26:1D2 5% K¥eelA FEEE Ul
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Table 8. Variations in progenies after crosses bet-
ween 4 P. taeda (hetero-type) and P. rigida
(hetero-type) at Px-A locus

Paren-f:lren- Segregation ratio . p
ts geno- ;

typen A1/A1/A1/A2|A2/A2
T18 |A1/A2l 4 5 |3.600 |0. 250—0. 100
R1 |A1/A2
T1374A1/A2) 6 3 [1.200 0. 750—0. 500
R1 |Al/A2
TI20AL/AZ | g | o 4 400 0. 250—0. 100
R1 [A1/A2
TI528A1/A20 4 | g | 1 13600 0.250—0.100
R1  |A1/A2 !

Totall 3 | 26 | 11 6.800%0.500—0.025

* significant at the 5% level
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Fig. 6. Banding patterns of Peroxidase zymograms for 4 cross combinations between P. taeda
heterozygous alleles (A1, A2) and P. rigida plus tree (Kyunggi No. 1) heterozygous

alleles (A1, A2) at the Px-A locus.
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Fig. 7. Photograph of zymograms of 10 hybrid progenies and two parents (P. raeda 5% P.

rigida 1). T5 is homo alleles (A2/A2),

R1 is hetero alleles (A1/A2) at Px-A locus.

Segregation ratio for progenies appeared 2 (A1/A2) (represented progeny No. 4 and 5)

:8 (A2/A2).
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