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Table 1. HaE4F

Materials for the test
#5 KRB ORI ) R 72 BRI R IR FHE 158 AR
Index No. Name of needle type Selected site Phenotypic characters or genotype Collector and source Literature
Cr- 36 Cr-36 AR RS R B AT S saR et 3 BREATHAEITOREEME (ARKE) OFBE» L
Variant Cr-36 KHEHRRDALEEWRE KAK  Outward-hooked needle B LR 219665 10 AF
Akita Pref Private nursery, Tottori Pref.
Cr-40 Cr-40RIZ R4 % BN SRS IR, IR, Hve PR RS B
Variant Cr-40 Shizuoka Pref Similar to outward-hooked type, thick Shizuoka Pref. For. Exp. Sta.,
and short needle
Cr-44 Cr- 44RIR R4 BN SHEOBmAMEN I m S 2l D, EAHE, & PR AR B
Variant Cr-44 Shizuoka Pref. Slightly outward-hooked, gigas and sparse needle Shizuoka Pref. For. Exp. Sta.,
Cr-48 Cr- 48R R4 % B A HFMRHIMEE, SFEHRTGHELE, IR RS
Variant Cr-48 Shizuoka Pref. Hizdy Shizuoka Pref. For. Exp. Sta.,
Thin and long needle for spring shoot,
thin and short needle for lammas shoot
Cr-54 Arsast % HERN HERET - St #RIZF, AaBb [l s 2 35ith 5 (1977,
Outward-hooked Shizuoka Pref. Genotype for complementary genes of Shizuoka Pref. For. Exp. Sta,, 1981 a,bc)
outward-hooked needle, AaBb
Cr-18 ER 15 HREGET ZHF FHAEHE  Twisted needle WERES (HB), £ALEE 3yt (1981b)
Twisted BREREKREZHFEHME HIBRET - SHEBREERITS, aabdb For. & For. Prod. Res. Inst.
Shizuoka Pref. Genotype for complementary genes of
outward-hooked needle, aabb -
I VRIEF AT HERKRTRE, Tt
Genotype for twisted needle gene, Tt
Cr-43 ERRISHE LB HWERLT - ST ERIET, aabb B PR R MR BB #ith (1977,
Normal Shizuoka Pref Genotype for complementary genes of Shizuoka Pref. For. Exp. Sta., 1980, 1981a,c)

outward-hooked needle, aabb

SR Z RIS S

RER 7h% -



Table 1. (22 %) (Continued)

22 RABMOFTR FE HHE % B HORIZTY IWEERUFHE 38 ST
Index No. Name of needle type Selected site Phenotypic characters or genotype Collector and source Literature
Cr-317 EEXRISHE BHEBAEFH HERIET - ST ERES, aabb IR AXORIEERICAV K F&E(1963)

Normal FRE AR Genotype for complementary genes of For. & For. Prod. Res. Inst. 3ith(1978,
For. & For. Prod. Res. Inst. outward-hooked needle, aabb 1980,1992)
Cr-323 EERISHE RWRHALTTH HMERET - SIS ERILT, aabb I FYAYOREERBICAVWARROBMAMBSE F3(1953)
Normal RSB I B Genotype for complementary genes of For. & For. Prod. Res. Inst. 311980,
For. & For. Prod. Res. Inst. outward-hooked needle, aabb 1981a,c)
72:55-4 EHRISHE S Ve R S T HERIGZT - SHASTSTRLRIZT, Aabb BHRARIEHT CRAIC & DR L 2B {E R A B Fith & (1981c)
Normal WL STERTEm Genotype for complementary genes of For. & For. Prod. Res. Inst.
For. & For. Prod. Res. Inst. outward-hooked needle, Aabb Tester plant with one of two dominant complementary
genes in Cr-54(AaBb)
72-55-1 EERISE IR AR AT £ Y MERZT - MRS RERILTF, 2aBb BHEEART CXEIC & D IEN L ook Z R EG Hiith & (1981c)
Normal R AHEREE Genotype for complementary genes of For. & For. Prod. Res. Inst.
For. & For. Prod. Res. Inst. outward-hooked needle, aaBb Tester plant with one of two dominant complementary
genes in Cr-54(AaBb)
72-22-11 EERIEE SRR IR AR IR £ ke Y WERET - HESBTEERIZT, Aabb FHR SRR CRAIC L DR L -SRI RS it 5 (1981c)
Normal FARSHIEE Genotype for complementary genes of For. & For. Prod. Res. Inst.
For. & For. Prod. Res. Inst. outward-hooked needle, Aabb Tester plant with one of two dominant complementary
genes in Cr-54{AaBb)
72-22-34 IERRISE KR FREAE R e H #HRBET - SESEHERET, aaBb HHEEMEFH TR L D fEl U - BB TR %t (1981c)
Normal Fo2e8 Sy AT Genotype for complementary genes of For. & For. Prod. Res. Inst.

For. & For. Prod. Res. Inst.

outward-hooked needle, aaBb

Tester plant with one of two dominant complementary
genes in Cr-54(AaBb)

XY
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Table 1. (>J%) (Continued)

&5 KRB OER HE FH- 72 2B 0 RIn TR NEERVER Pk
Index No. Name of needle type Selected site Phenotypic characters or genotype Collector and source Literature
Cr- 1 ERERISHE il N WERIESF - S ERIZT, aabb HRAREESE Y - 7 —MNEES Fia(1981a)

Normal Kumamoto Pref. Genotype for complementary genes of Kyushu Region. Breed. Office, National For. Tree
outward-hooked needle, aabb Breed. Cent.,
Cr-4 EFRSHE EARK WAEES L 7 — TS
Normal Kumamoto Pref. Kyushu Region. Breed. Office, National For. Tree
Breed. Cent.,
Cr- 6 TEHRISHE BEALL KAFTESE - 7 - LB
Normal Kumamoto Pref. Kyushu Region. Breed. Office, National For. Tree
Breed. Cent.,
Cr- 8% EERHE FEER MERIZT - SHEISEEERIZ T, aabb HWAFES Y - ¥ — UNFRES 311977
Normal Saga Pref. Genotype for complementary genes of WmEs REE 3 1981a, 1985)
outward-hooked needle, aabb Kyushu Region. Breed. Office, National For. Tree
Breed. Cent.,
Plus-tree (Saga 3}
Cr- 10% IEERI% R HWERIET - ANHTHERELT, aabb WREES Y 5 — AMFES 35#b(1977)
Normal Oita Pref. Genotype for complementary genes of HES B9k 12
outward-hooked needle, aabb Kyushu Region. Breed. Office, National For. Tree
Breed. Cent.,
Plus-tree (Kusu 12)
Cr-13% EHRISH%E R WERLT - SHAKKH E&ET, aabb HARFER L v ¥ — AMEF S %it(1977)
Normal Oita Pref. Genotype for complementary genes of W HE 4

outward-hooked needle, aabb

Kyushu Region. Breed. Office, National For. Tree
Breed. Cent.,
Plus-tree (Takeda-syo 4)
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Table 1. (o7 %) (Continued)

#5 FHRBOKR 5 OE i FE & 72 1B O RIZTE e ERVUHR 38 3 STRR
Index No. Name of needle type Selected site Phenotypic characters or genotype Collector and source Literature
Cr- 59% EFERISHE P34 HMERET - SO ERILT, aabb WAEEL Y ¥ — %1977,

Normal Ibaraki Pref. Genotype for complementary genes of s BfE% 2 1980, 1981a,c)
outward-hooked needle, aabb National For. Tree Breed. Cent., Takahagi,
Plus-tree (Inashiki 2)
Cr-15% ER RIS IR HWAEEBL ¥ - UGS %1(1985)
Normal Miyazaki Pref. WES #HKIRE 1
Kyushu Region. Breed. Office, National For.
Tree Breed. Cent.,
Plus-tree (Obi-syo 1}
Cr-95% EERISHEE BER WERET - SO ERIZT, aabb BT BARERRS Hith(1981a,
Normal Saitama Pref. Genotype for complementary genes of Wl B 3 1985)
outward-hooked needle, aabb Saitama Pref. For. Exp. Sta.
Plus-tree (Chichibu 3)
Cr-99% EHRISE BER HRBIET - SESRE ERIZT, aabb BERWEARS (1977,
Normal Saitarna Pref. Genotype for complementary genes of WER B@ 2 1981a,0)
outward-hooked needle, aabb Saitama Pref. For. Exp. Sta.
Plus-tree (Nishikawa 12)
Cr-321 EHRISHE WHHAEST IR AFOREEBRIAVEERORRES F28(1953)
Normal AR BRI A For. & For. Prod. Res. Inst, 3it(1986
For. & For. Prod. Res. Inst. 1992)
Cr-322 EHERSTE REHAEFH HEREZT - BB ERET, asbb I AFORZERIIHV RS faE(1963)
Normal R SUBR PR A B A Genotype for complementary genes of For. & For. Prod. Res. Inst. 35ita(1978,
For. & For, Prod. Res. Inst. outward-hooked needle, aabb 1980,1992)

¥ IALOEFHRAIISWTIR, BMRUVBOERHE DBRBTERB L TEL 2V ZEFBEREN TS

These normal parent plants never segregated any variant seedlings in their progenies after selfing and crossing with other normal plants.
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Photo 1. Cr-36 ®—RBEHEMEIIZBT L4

TS (19794 7 A 25 B &%)
Outward-hooked needles in current shoots of primary
branches of Cr-36. (Photo, Jul. 25. 1979)

Photo 3. Cr-40 @ —REiBEMEERIZBIT H413E
(19794E 8 H24 B#E)

The needles in current shoots of primary branches of

Cr-40. (Photo, Aug. 24.1979)

Photo 2. Cr-36 IR ¥ 5 RXERRDMERERR
RSB 25 M st El & EHE
(19814 9 AZ4H#H
Outward-hooked needle and normal seedlings at the
stage of primary leaf development in a crossed family
from Cr-36 (Photo, Sep.24.1981)

Photo4 . Cr-40 {ZHRT 2 KEERTHHEEL 720
EERERICBITAC40 IERE L IF

T (19844 7 H 4 B

The Cr-40 type needle and normal seedlings, which

were segregated in a sib-cross family from Cr-40,
at the stage of primary leaf development.

(Photo, Jul.4.1984 )
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Crdd O—RBLEMESHETHFILSL
FBEHEE (19794 8 A24H#E)
The needles in the top of current shoots of primary
branches of Cr-44. (Photo, Aug. 24.1979)

Photo 5.

Photo 7. Cr48 D —REBEFMETICBITHEHE
(19794E8 H 24 H ¥R %2
The needles in current shoots of primary branches of

Cr48. (Photo, Aug.24.1979)

Photo 6. Cr-44 & F, EHEEEORERER %

THBELONEERBRICBT 5044

AR CEFE (19844E7H 4 BRP)

The Cr-40 type needle and normal seedlings, which

were segregated in a test-cross family from Cr-44,
at the stage of primary leaf development.

(Photo, Jul. 4.1984)

Photo 8. Cr-48 |ZHR T2 XKERRICE UK
DMEE=MHELCHEHL, K

DA BCr48 BIZRE L IEEH
(19844 7 B 4 HRE)
The Cr-48 type needle and normal seedlings at the
stage of the first three primary leaf development in a

crossed family from Cr-48 {Photo, Jul. 4.1984)
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Photo 9. Cr-48 IZHIRT A RER R THRESINL
MEEORRAVGFEZCr48ERE &
EEH (19844£ 7 B 4 Hi¥)
The Cr-48 type needle and normal seedlings segregated

in a crossed family from Cr-48. The variants were
characterized by extremely outward-hooked primary
leaves. (Photo, Jul. 4. 1984)

COEZENL, INLOERBBR IV EROIBHBIZTFOXRE T, EREBORETFE
BNTUOEARITHLLEERT:,

COERBEF DO ORIZEFEOREZET TERT 2 0 THIE, BRIBRUBRZBORRTE
BOSENFEC I EHSERBMBOBEFRII~TFOEAEATHY, T/, EERBEORZTFH
BH5HAETEEAMaThHb, TOL)BEROL L TERABOLRRRATE LA ERBLERTHOS
BoHlSE, AESHTI 11, MESHTIL I 1102533 THb, LiL, EBROERIITable2,
3OLBIERHBOBEREINRTHRZH L OAMAOL B HIHSEL I IEEG T 2RRIL e do
20 TOZEND, ABOERBBOZAFNFUHEELECH L CTERBETH L L THIRFITE
Hxhb,

BUMMBEORHTEN LI S BETRZEICLALZOOESRRETICL 2EEZTRIOB S SV
DEEHEREEE L ZOo0RETEOMVRET P —2OBEORHICHE L, ERELEFED
RNCSYHES A RIBHA & LT3, EHEBET, WHBETRUBEEETIEZON S,

O EHRET  REEZRCLAZHOMIRET PR CRRBLRTHETH S, ERAHOH
REHIIBIT L BEFROZEMAEHEFAaBbXAaBbE 2 1, ZORRIBIIERBLEEHO
SEEOEEE, AZBBOLLLISHNIERNELLOT, 15! 1ilhb, RERFOEERH
EOMEEH TiZAaBbXaabbHHE S M, FOERHLEEHOSHOFEGE3 1 11k b, ZTOFE
BIIBUTAERGLEEROSEOHEGIIHEO L) WERBBORARIHTIZI | 7, BRAFLE
HEHRHREORBEHAASHLETIE] | 3OTRIEOBEENTEL o/, ZOX)ICERBAGRTFEHEELL
BEHRTE, FIRRAOEEROSEL L BHESEES B L2V, MICEERETICLHEEIEIEE
N5,
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@ WHRET  H5ENHRETAOERLRENCHALIEORETFIVHFETSLETH D,
AEBRCTHCLZEMBR, ZREGTARZFELTVAY, AORREZMZ2UGRETF IIREAL
TWhEWI kiZhd, 8515, ZOBROBRFBRUEFHRBL OMRIH CHEDFTHPELZZE
o, ZERREOEEFIIL, ~7FuESFAiPEES L, —FH, EXNEBAOBREN»LERY
DRBRFED Sk hotz, Th OB, EERFICIINEEET IR SN CERABETIE
HELTHEST, IOFEESGRIFEALLEVIEERL TV D, 2, EFHRAORETRILaali /2
FaaiidHE SN b, BRUBOEHRTICBIT 2 XEMAE DY FAaIX Aaii& 2 Y, FDOHRMAFKARII
BOULZERELEFRHOBHETHIE3 0 1455, Table2 \ORTEBD, EBEC3 | 1~D#&
B3Iy, EERBPLEFHP L OMREH TEREFHOREMA G DY I3 AziiXaalif 7213
AdiiXaaiiABE SN, FORRRRIBIILIEENELEHOMGI#E L 1 331 1 1%
o LaL, Table3I2mT X510, ERMEOSHIZL : 3~O@FSIR LA, 11 1 OWgHEEL
v, RIS, ZRAUBEEFEHEORETH Y Ak Paalik 5% 51F, MEOKEIZLEF, £4
FOEFHOIFO1F, RIZTFEAFALITH), ZOBRIHERGTEETFRIVAGOERER IS
BT 237 CH5, LarL, Table6, 8, 10ITRT & HICF, IEHREKDL AR IZ20EELREY, B

Table2 . ZEEH (Cr36,Cr44, Cr48 ) DHEZHICBUIAEREG L EFHOTHRUE—F /2
BHOBEZEFIFES L S0 20HE
Segregation of variant and normal seedlings after selfing of Cr-36, Cr-44 and Cr-48.

KAES KEMAEDLYE Bk S BEH oMt zo0Es
Cross combination Number of seedlings examined Expected segregation ratio and fitness
I BV MEE mtEHEE
Family %) EE Year of Eis LERR EHR Monohybrid Dihybrid
No. Female Male crossing Total Variant  Normal 31" 9. 7%
2 2
X p X p
79- 5 Cr- 36 Self 1979 4 2 2 1.333 NS 0.063 NS
80- 7 Cr- 36 Self 1980 41 24 17 5.927 * 0087 NS
76-46 Cr-44 Self 1976 27 15 12 5444 * 0005 NS
83- 8 Cr-44 Self 1983 16 9 7 3.000 NS 0000 NS
74-99 Cr-48 Self 1974 20 8 12 13.067 ok 2.146 NS
75-33 Cr-48 Self 1975 185 42 143 269.854 ok 84.603 **
76-50 Cr-48 Self 1976 38 20 18 10.140 o 0202 NS
78- 1 Cr-48 Self 1978 10 6 4 1.200 NS 0057 NS
= fpBRE 1 % CTHE, Significant at 1% level
* o fEBRE 5 % THE, Significant at 5% level

BIZTRIOBE  Segregation ratio
1) BUMBOARSHTETE Lo L 30REFHOMASDHE AaXAa
3 .1 . Expected ratio after selfing of Aa X Aa
2) MUEEOERERETBEEL L ZORETHOMEASHYE  AaBbXAaBb
9 : 7 . Expected ratio after selfing of AaBbX AaBb (A and B : complementary genes )



— 70 — BRI FEHRE H345

Table3. ERIMH (Cr-36, Cr40, Cr-44, Cr48) L EFBBENELZRIIBITIERW EEFETH O
RUB—F 723 EOBETPES L 20MFEs#L  20#EE

Segregation of variant and normal seedlings after reciprocal crosses between needle type variants, (Cr-36, Cr-40,

Cr-44, Cr-48) and normal parents.

ERES KEMAEGDE RELAE BHEHN Mokttt tod4s

Cross combination Number of seedlings examined Expected segregation ratio and fitness

— B TR

Family 22 % E ) Year of gt ERA  FEEER Monohybrid Dihybrid

No. Female  Male crossing ~ Total  Variant  Normal 11" 1:3”
' P Xt P
75- 56 Cr-95 X Cr- 36 1975 15 5 10 1.667 NS 0556 NS
75-137 Cr-6 X Cr-36 1975 42 10 32 11.524 ok 0032 NS
75-186 Cr-15 X Cr 36 1975 67 14 53 22701 ok 0602 NS
76- 2 -1 X Cr36 1976 22 5 17 6.545 * 0061 NS
76- 40 Cr-43 X Cr 36 1976 118 42 76 9.797 ok 7.062 ok
77- 22 Cr-36 X (r-321 1977 18 4 14 5.556 * 0074 NS
80- 8 Cr-36 X Cr-43 1980 8 2 6 2.000 NS 0000 NS
80- 9 Cr-36 X (Cr322 1980 12 2 10 5333 * 0444 NS
80- 22 Cr-59 X Cr- 36 1980 79 17 62 25633 *k 0511 NS
76- 33 Cr-40 X Cr- 4 1976 19 6 13 2,579 NS 0439 NS
76- 36 Cr-40 X (Cr317 1976 82 15 67 32976 *k 1967 NS
80- 10 Cr-40 X Cr-43 1980 9 3 6 1.000 NS 0333 NS
74- 98 Cr-44 X Cr-59 1974 110 32 78 19.236 ok 0982 NS
75 25 Cr44 X Cr- 8 1975 17 6 11 1471 NS 0961 NS
75- 32 Cr-44 X C(Cr-322 1975 14 3 11 4571 * 0095 NS
76- 47 Cr-44 X Cr-43 1976 54 12 42 16.667 *ok 0222 NS
76- 49 Cr-44 X (r317 1976 26 6 20 7.538 il 0051 NS
80- 18 Cr-44 X Cr-43 1980 26 8 18 3.846 * 0462 NS
83- 9 Cr-44 X (r323 1983 35 8 27 10.314 *k 008 NS
74- 12 Cr-10 X Cr-48 1974 18 6 12 2.000 NS 0667 NS
74- 26 Cr-13 X Cr- 48 1974 25 4 21 11.560 ** 1080 NS
74-107 Cr-59 X Cr- 48 1974 53 5 48 34.887 o 6.849 ok
74-173 Cr-99 X Cr- 48 1974 82 14 68 35.561 ok 2748 NS
75- 21 Cr-43 X Cr- 48 1975 69 17 52 17.754 ok 0004 NS
76- 3 Cr-1 X Cr 48 1976 63 8 55 35.063 ok 5.085 *
76- 7 Cr- 4 X Cr-48 1976 171 32 139 66.952 ok 3604 NS
76- 14 Cr- 8 X Cr 48 1976 58 10 48 24.897 wk 1862 NS
76- 55 Cr-48 X (Cr317 1976 43 7 36 19.558 *k 1744 NS
77- 56 Cr-59 X Cr-48 1977 4 6 38 23272 ** 3030 NS

o R 1 % TAHE, Significant at 1% level
* | fEbR®E 5 % CTHE, Significant at 5% level
1) 1:1 HBBREOMRSRIBELALZORMETHONASHE AaXaa
Expected ratio after crosses of AaXaa
2) 1:3 mMEEOMRZIBELBELLL ZORETRHOMAEDHE  AaBbXaabb
Expected ratio after crosses of AaBbXaabb (A and B : complementary genes )
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EZMEATo 10, BREXDVETAERIE eh otz BEOZ Eh s, RERICBITHHERE
ORBIHGIBEZFPEG T2 L0 ReEEGES NS, '

® WREET FEHTOZOOBEUHBRETIHES o T—2OXRBRMPRERTLRAETHE, IO
HPE LT, MRTERTTIZAXONMBEHEORERBIHEREFICL 2 Z LALLM ENT
w5 (i, 198la, c)o TDIZ LD HCr36, Cr-40, Crdd RUCH48DEERBEA, ThEZhfek
FEFLE-TRPLTVWEDTE ML ER 2, (BOERRH (Cr-36, Cr40, Cr44, Cr48) OH
RERRUERRB L OMEEHORATERR L EFHIGE LA LR8I THE. 577,
ZRERNLEEHOSERICOVTL, BRIHTO3 | 1, HIREHTOL | 1 ~OBEF LW
ERTTIRF L, ZOZEPLCERBBEORETRIE, “EFEHAHAABBE 23 —H~7 1
BERAABD (7:i13AaBB) THAHARERIERH SR, “EANTUEFEOABVIEE S, T4
bh, ABOEREE (Cr-36, Cr40, Cr44, Cr48) DBIETFEZ _E~T UHESHAaBbE L, EFE
BOBEFRE " ELMA TESHFaabb L HE LI, ZREMBOHRZHICBITMAGLER
AaBbXAaBb& % h), ZORMAFRMIEL 5 B(ETAEIZAB-, Abb, aaB-, aabbD 4:@EY L %5, %
OERE L EFHOBETHLIZ : 712%2 (Figl), ZERNP L FERB L OMETH TORIE
TROZERMA S HEZAaBbXaabbk 2 ), F, RARHIZ4E L 5E{ET 2L AaBb, Aabb, aaBb, aabb
DABYNT, ZOREWELERHOMB M1 1 3L %5, ZOXIIBETLLELLDEROE
Bl - AR~ T B (Table2, 3)o COT L LRHEBRBZEFICLLBEEHRRTEL,

BT
Gamete AB Ab aB ab

Ab AABb AAbb AaBb Aabb
aB AaBB AaBb aaBB aaBb

ab AaBb Aabb aaBb aabb
HBETHE A-B-  Abb  aaB-  aabb
Genotype
BRIZTHEOSRENR 9 : 3 : 3 : 1
Segregation ratio of genotypes l
83 kil LR EEH
Phenotype Variant Normal
FRHM OB 9 : 7
Segregation ratio of phenotypes

Fig.1] ZERBOBEFEEL "E~TOHEHK (AaBb) &L, 2B/EFIHEST
LHBERIEZTEZEEL-HBEOHRINRAICHBETIRETRERA
B onogE

Segregation of genotypes and phenotypes after selfing of a doubly heterozygous variant

(AaBb), under a supposed scheme of inheritance of two complementary genes.
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3.2 XE—REEFRAKEXRRACLAZRBERRICS I 3HEOH#

MIEIC LY, BEEEETROTHEGETHYHES TN EEL, SARGETEEE LA mELE
HHZ Lz, BEAMBOEETHEZ ZE~ATUESAABbEEEL, 4HOLERBIIHET S
FIRZOEREREGKEHVTRRE2T-o7. 2OLEOF, FROEREEMEAEDOEEFHIZAabb,
aaBb, aabb® IR TH 5,

3.2.1 Cr36BERHEREDORIET & BHOI RSB ERET & O L HRE

Cr36MERSER LTS (Fihs, 1981a, b, c) DCr-4ADFAMHBHERE CELL WD Z
ho, [Cr3oRARSELERBEEC-MADNMBHHERE & F— O EEIZTAaBbICXEE SN T
Wh, Cr54iZHET A aHHH ERZFAZIIBOLE LA—FOBRETF 2 - HEHEETR
HEKL, Cr36lHETAF F5 (Crd43XCr36) DEERMEL OREIZBNT, —~HOERHILE
EWMLEFEEFHBAT L, FOMGTEEE]  3L25] LORFHL 2T, BETFONIEREEAT
272,

ZEIE, Cr-54ic BT AN ASBEHERETFO " 2OBYEETFO ) SO FTOBELEBEF 2~
FOBEERTRAET 5 SRR ETRAEMET222-11, 72554, 7222-34, 7255-1% fEMBIZH VT, 72
22-11, 72-5540BIZFREITAabbTH Y, 72:22-34, 72-55-1itaaBbTdh b, Cr36iZHKT 2 F, IEHEIME
RO BIEFRNT S CTIZah~<7: & B Y Aabb, aaBb, aabb?D 3BETH 5, EREEZTFRABEDOEET
BlATAabbD b &, F IEEBAEL OKRTHEL % BIZTHMAEHEILAAbD, Aabb, aaBb, aabb,
AaBbD S5 EETH S, £, BHRBRZTRABKOELRTE A2aBbD & (2, FKRIZAaBb, Aabb,
aaBB, aaBb, aabb® 5 EEHTH 5, TN OLOHF R SEREFHBET 2 A TEZABDOATH D, X
ORI Table 4 ISRT L B O EREPRAL-RRLBHAL Z2VERYF B2, 22T, FIRRD
EFEREEIIOVTRIZTFEOES 2 A 72, TEHBICH V- ESRETREBRORETE L BIET
R E ORI L THELITH &, 764030 RIZTEITAabbE 2 D), 76404, 76406, 76-40-7, 76-40-
8 BIETRLaaBb& 2 %, F 72, 76-40-1, 76-40-2, 76-40-50&{5EFHi3aabbiZ7% % (Tabled ), Aabb
L aaBb D KB TERMABOY A LAHRIIA SO 1 20T, ZREFHEEEHOMHEITMILIE]1 ;. 3 &
ko #RiITable5 (R T EBD, EEHPME L CRROEREDOTH L Aifeo#LE—H L 7.

I ERL, Cr36RIStEERFEIL, CrUaDNRHBHHEVE LR —OMERZTICXREIAT
VBRI ENRHLRPI R o7,

3.2.2 Cr40®, Cr44 BB UCr48 IOERHUEREDOF, RRIZ BT L 58

() WEBIZTOHER

Cr-40, Cr44 RUCr48 ICHRTZERKARBTLIL, MAERVUBEZEELZF EEREEY EES
TR L TRRRERIT) L LD CHESRE I ER RSB AR E L LEELRE 1To 7

I TOBREHRRICHET AR, [3EREBEOHERAE, I o0t L oRHERET
DEREZIFTVE, FERRBOREFHIE~NTOEAKABD, EERBORETRII-ES
Mo EESKaabbTH D, ZORKEDHAEL S F, IEHBEEDE{E TR (2 Aabb, aaBb, aabb? 3T
T, SALOF, EHEREAEO KR, ERESHET 556 0RIEFRIZABDTH L, HER
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Table 4. IEHFEIHE (Crd3) LERBR (Cr-36) L oRE—EHEEEMEK LRI RSETEEH
ERETHRABEEE O IHRERVRETEOMEE

Segregation and estimation of genotypes in the allelism test cross families derived from crosses of the testers

with the known genes for outward-hooked needle and F, individuals after cross of normal parent (Cr-43) and

variant needle type parent {Cr-36)

e TEHE (E#EETRAES
Male (Tester plants with the known complementary genes from Cr-54)
72-22-11 72-554 72-22-34 72-55-1

Female B{ZTFE! Aabb Aabb aaBb aaBb

(F.)  Genotype ZEERE  EEW ERY EREE ZERE  EEE TRY IE¥H

Variant Normal Variant Normal Variant Normal Variant Norrnal

76-40-3 Aabb 0 10 - - 6 9
76-404 aaBb 9 30 11 25 0 97 0 199
76-40-6 aaBb 21 96 51 176 0 160 0 150
76-40-7 aaBb 3 5 - - 0 87 - -
76-40-8 aaBb 37 95 44 122 0 104 0 165
76-40-1 aabb 0 21 0 94 0 180 0 119
76-40-2 aabb 0 29 - - 0 4 0 54
76-40-5 aabb 0 96 0 33 0 138 0 239

Table5. IEHEIH (Crd3) LZERIH (Cr-36) & DREFL B IEEHERE L BEMONEEES
EHERETRAEMEE (AabbZ 7-idaaBb) & OREFARICB T2 AHEE L EFTH O
B & FDBEE

Segregation of outward-hooked and normal seedlings in families derived from crosses of testers with known

genes for outward-hooked needle and normal F, plants raised from a cross of the variant (Cr-36) and normal

plant (Cr-43).

RAES TR A DY R R Miprile) @ 3 Lroda "
L . . Expected segregation ratio and
Cross combination Number of seedlings examined fitness

Family 1:£:) tws (REZTFR) Year of at ERY  EEH 2

No. Female Male  (Genotype) crossing Total Variant Normal x P
84-329 76-40-3 X 72-22-34 (aaBb) 1976 15 6 9 1.800 NS
84-332 76-40-4 X 72-22-11 (Aabb) 1976 39 9 30 0.077 NS
84-331 76-404 X 7255 4 (Aabb) 1976 36 11 25 0.593 NS
84-340 76406 X 72-22-11 (Aabb) 1976 117 21 9% 3.103 NS
84-339 76-40-6 X 72-55- 4 (Aabb) 1976 227 51 176 0.777 NS
84-342 76-40-7 X 7222-11 (Aabb) 1976 8 3 5 0.667 NS
84-346 76-40-8 X 72-22-11 (Aabb) 1976 132 37 95 0.646 NS
84-345 76-40-8 X 72.55. 4 (Aabb) 1976 166 4 122 0.201 NS

1) WERETEHEE, ERUPLE LS BETFROEAEDEIIAabb & aaBb? EH AL,
1 : 3 : Expected ratio after crosses of Aabb X aaBb or aaBb X Aabb (A and B : complementary genes)
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BEVRLEZE2SRBEFEOATERGTOLMBIET 2, BERRIIBVWT—HORR»LERFEVRE
HEb, COLEOERBLEFHOPE LRI 1 3THD] L L1

RO FIL, Table6, 8, 10ARTEBY, Crd0, Crdd RUCH48 iZHRTEBRRBEICBNT,
HESBRUVRELEEORZILOERTOEBII R, £ETHFEERTH 7 NERETIRERY
PHBELLRREHEALLEVERN D o7 ERFHOBBLARACBILIERH L EREHOGHOH
&%, Table7, 9, 1IZRTEED 1 3DHMEFTHLCEBLABETLL0TH 57, Cr48H%
DRI OV TIEHFFRILISES L0 oFeREh o 72705, EFREKRD MERRY HEREH
HBRTHEVI LR, BRARTOFELHCEIRTIHLTH L, 20O 250408, Cra44#
RUCH-48BNERHERE L, WO IEREETFILVIEREZHELSIBERETICL -
TRBETALDEHR L,

Table6. ZREH (Cr40) L EFEP L OKE—LEHIERBEHO R SALEICRA TIT o 2 B
it - BEZH (Cr-317) OREREILLDRERRRATOREO T L HEAEFIZX D
BIERFREOMEE

Segregation of characters and supposed genotypes with complementary inheritance in sib-cross, selfing and test

cross families derived from randomly selected F, plants from crosses of variant parent (Cr-40) and normal parents.

.3 1B #
Male

BERSEH 76-36-1 76-36-12 76-36- 2 76-36-9 Cr-317
Female M{ZFHE Self Aabb Aabb aabb aabb aabb

(F,) Genotype ERW EFH|ZRW EFY ZRE W |ERH EFN ZRW EFY | Z8% EFd

Variant Normal | Variant Normal Variant Normal | Variant Normal Variant Normal | Variant Normal

(Cr-40 XCr-317)

76-36-1 Aabb - - . - 0 6 [} 13 0 65 - .
76-36-12 Aabb 0 4 0 31 0 4 0 52 0 26 0 43
(Cr40 XCr-4)
76-33-5 aaBb (4] 6 7 20 10 23 0 42 0 69 0 64
(Cr-40 XCr-317)
76-36-4 aaBb (] 4 1 49 2 12 0 152 0 4 0 .5
76-36-8 aaBb - - 2 7 -

(Cr-40 XCr-317)

76-36-2 aabb 0 9% 0 72 0 39 0 96 0 112 0 38

76-36-9 aabb 0 18 0 56 0 32 0 74 0 18 0 50
(Cr-40 XCr-4)

76-33-1 0 59 0 15 0 97 0 170 0 80

76-33-2 0 70 0 45 0 111 0 50 - .

76-33-3 - - 0 56 - - 0 42 0 98 0 101

76-33-6 0 1 0 21 0 6 0 40 0 23 0 69
(Cr40 XCr-317)

76-36-3 Q 17 0 67 0 56 0 63 0 72 0 39

76-36-5 - - 0 15 0 10 0 29 0 17 -

76-36-6 Q 8 0 31 0 37 0 56 0 45 0 4

e RETFRIOBENTELP 720D
These genotypes were not determined



Table 7 .

A FHEBE I BT HEBOMERET (i)

ERERH (Cr40) CEFHBAORE-REEFREGZ AV RHRKEORAICHIYT 5%
RECEFHOSRLEICHERET 2 EE L2 3N0RETFHOMFIMIL L ZOES

Segregation of variant and normal seedlings in sib-cross families derived from F, individuals after crossing of

variant needle type parent (Cr-40) and normal parents, and tests of segregation ratio expected complementary

gene inheritance,

RAES REMAEbE R B e W ELL ZOBEE"
. . . Expected segregation ratio and
Cross combination Number of seedlings examined fitness
Family i 251 ERE (BZTR) Year of gt ERE  EER 1:3
No. Female Male (Genotype) crossing Total Variant Normal ¥t p

83-386 76:33-5 X 7636- 1 (Aabb) 1983 27 7 20 0.012 NS
83-389 76-33-5 X 76-36-12 (Aabb) 1983 33 10 23 0495 NS
83413 76-364 X 76-36- 1 (Aabb) 1983 60 11 49 1422 NS
83416 76-364 X 76-36-12 (Aabb) 1983 14 2 12 0.857 NS
83-428 76-36-8 X 76-36- 1 (Aabb) 1983 9 2 7 0.037 NS

1) 1: 3 BRRETF2HEE. ERUHPHE L 2 BETREAS DR IAabb & aaBb?) E# 2R,

Expected ratio after crosses of Aabb X aaBb or aaBbX Aabb (A and B : complementary genes)
Table8. ZREAH (Cr44) L EERB L ORE-REEEBEEKOHHSEEIEA TIT o 72 RHER

- BRTHRVEERHE (C(r-317) OREXZRICL LR ERTOREOTHEL HE
BIEZFICL2BIETFROEE
Segregation of characters and supposed genotypes with complementary inheritance in sib-cross, selfing and test

cross families derived from randomly selected F, plants from crosses of variant parent (Cr-44) and normal parents.

2] A )
Male
BR8N 76-47-2 76-47-4 76-49-4 76-49-7 Cr317
Female R{GZTH Self Aabb aabb aabb aabb aabb
(F.) Genotype ARWYW IEFHE |2RW IEX¥Y | ZBH E¥Y ERY EHW ERE EHY | 2RH E¥EE
Variant Normal | Variant Normal | Variant Normal Variant Normal Variant Normal | Variant Normal
(Cr44 X Cr-43)
76-47-2 Aabb 0 56 Q 56 30 56 52 158 48 151 0 133
{Cr-44 X Cr-43)
76-47-3 aaBb - - 31 139 0 120 0 04 0 112
76-474 aaBb 0 43 37 98 0 43 0 133 0 130
{Cr44XCr-317)
76-49-1 aaBb 0 17 15 67 0 71 0 82 0 102 (] 48
76494 aaBh 4] 162 24 90 0 144 0 162 0 96 - -
76-49-7 aaBb 0 66 17 68 0 60 0 49 0 66 0 61
(Cr-44 XCr43)
76-47-5 aabb 0 23 0 108 0 120 0 140 0 105 0 70
76-47-6 aabb 0 13 0 54 0 56 0 55 0 33
(Cr-44 XCr-317)
76-49-6 aabb 0 22 0 88 0 66 0 144 0 87 [ 85
(Cr-44 X Cr-317)
76-49-3 0 9 0 40 0 21 0 110

— RIEFROBRENTELPo7bD
This genotypes as not determined.
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(2) Crd40 i H* 7 2 F, EFEREEDREFH

AR TERY (AaBb) #4&U7/-F, E¥REEO DT, BETFHONELRMEEAZEET LT, X
BICHS Lo F, EFREAORGETREEARET S ENTERTH 5,

Cr40 MERHEREORSR (Crd0XCr4, Cr40XCr317) T, EHEL L727636-10RETFE %
Aabb& E®, BETHHEO£EEMKL L, ZREFHREIALE, BROBRETRHEIBREETFEA
FOBEEGHRTREYTLZLILLEEDL, Z2OBETEIZaaBbERESN S, EFHOADHBTHI
i, BBOBEFEIEERE L E—0Aabb, H2VIidEHEFEEESKaabbThb, ZHOLIICLT
aaBbRk UaabbDBIZTHAHEE S ND (Table6 ). HENHE, &F EFREAORETEIL76-36-1
£ 76-36-124%Aabb, 76-33-5, 76-36-4, 76-36-8%%aaBb, 76-36-2, 76-36-9 Ataabbk HEE Xh iz, F D D76
33-1, 76-33-2, 76-33-3, 76-33-6, 76-36-3, 76-36-5, 76-36-6ME{ETHICDVTIIHEETH I LA TEL
A o7z (Table6),

(3) Crd44 2@k $T 2 F, EEREFORETR

CriaRIZRHEREORSE (CrddXCrd3, Cr44XCr317) T, BidEAKOFEIZLY, B5H
IZHW276-47-20 BIEF R Aabb L o, BIZFREHEOAEEMBEL L, F EERHEGOEEZFHZE
ELe FORKR, OF, EHREADORETRIIT6473, 76474, 76-49-1, 76494, 76-49-7H%aBb,
76-47-5, 76-47-6, 76-49-6, Haabbk & 57z, 76-49-312 20V T3, EEFROBEITEL L o7z
(Table 8 ),

Table9. ZRHH (Cr44) L EFRBOXR-RBEERBEERL BV RETRORRICHERTHE

RELEEHOGBE I CHEREFEAE L L 20RETROHFG L L 20#E &
Segregation of variant and normal seedlings in sib-cross families derived from F, individuals after crossing of
variant needle type parent (Cr-44) and normal parents, and tests of segregation ratio expected complementary
gene inheritance.

FARES REA G D By BN 1 3OMFNRILE 20EE "

L. . R Expected segregation ratio and
Cross combination Number of seedlings examined fitness
Family HEH EHsE (BizFR) Year of &t ERM  EER M ‘D
No. Female Male  (Genotype) crossing Total Variant ~ Normal

83445 76-47-2 X 76474 (aaBb) 1983 86 30 56 4481 *

83446 76-47-2 X 76494 (aaBb) 1983 210 52 158 0.006 NS

83-447 76-47-2 X 76497 (aaBb) 1983 199 48 151 0.082 NS

83-449 76-47-3 X 76472 (Aabb) 1983 170 31 139 4.149 *

83-454 76-47-4 X 76472 (Aabb) 1983 135 37 98 0417 NS

83470 76-49-1 X 76472 (Aabb) 1983 82 15 67 1.967 NS

83481 76494 X 76472 (Aabb) 1983 114 24 90 0.947 NS

83492 76-49-7 X 76472 (Aabb) 1983 85 17 68 1.133 NS

* L falR¥ 5% THE, Significant at 5% level
1) 1: 3  HEBETYEES. EREHY4 U2 RIZTFROHAE HHI3Aabb & aaBb? AL,
Expected ratio after crosses of Aabb X aaBb or aaBbX Aabb (A and B : complementary genes )
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4 Cr48 A% T 3 F, EHREKDREFR

Cr48 RITREEREORSE (Cr-8XCr48, Cr-18 XCr48, Cr-317XCr48) =T &Rk, EmE
IZH V2765510 B(E TR % Aabb L £, BETEHEOLEMRKL Lz, HEOKER, &F EFR
D B/IETFHIL76-14-1, 76-14-17, 76-55-1, 76-55-9, 76-26-8, 76-26-22, 76-26-23%%Aabb, 76-14-8,
76-14-13, 76-55-4 , 76556, 76-26-7 %aaBb& % V), 76-55-2 , 76-26-130:B{5T-HA%aabb L HEE S iz,
76-14-10i2 2V TitAabb b DA S HEH % L, BEETFROBEITE LD 572 (Table 10),

Table10. ZREH (Cr48) L EFEBRLOXE - NREBERBEOT 2 HEEISRA TIT o 22 REK
B BRETHERVUEFESH (Cr317) OREREIZL 2 RERERTOREOTRELHE
BEFICL 2B T RONEE

Segregation of characters and supposed genotypes with complementary gene inheritance in sib-cross, selfing

and test cross families derived from randomly selected F, plants from crosses of variant parent (Cr-48) and

normal parents.

[:£2 1t & B
Male
BREH 76-14-1 76-55-1 76-55-9 76-14-8 76-554 Cr-317
Female RIZFH Self Aabb Aabb Aabb aaBb aaBb aabb

(F))  Genotype ERE EWH | AR EXH ZRE EWW ZRY EXY | LRH EXY ERY ey | XRE E¥W

Variant Normal | Variant Normal Variant Normal Variant Normal | Variant Normal Variant Normal | Variant Normal

(Cr-8 XCr48)
76-14- 1 Aabb 0 129 0 129 0 64 0 26 8 49 18 70
76-14-17  Aabb 0 9 0 28 0 9 0 17 0 4 4 12
(Cr-317 X Cr48)
76-55- 1 Aabb 0 78 0 14 0 78 0 22 7 101 7 55 - -
7655- 9 Aabb 0 8 0 88 0 8 0 8 10 38 4 59 0 5
(Cr-18 X Cr-48)
76-26- 8 Aabb 0 6 0 8 - - - - i1 62 4 25
76-26-22 Aabb - - - - - - - - - - 24 60
76-26-23 Aabb - - - - - - - - - 18 47

(Cr- 8XCr48)

76-14- 8 aaBb 0 73 22 88 21 90 11 68 0 73 0 51
76-14-13 aaBb 0 6 3 39
(Cr-317 X Cr-48)
76-55- 4 aaBb 1] 98 16 119 15 57 14 71 0 85 0 98 0 122
76-55- 6 aaBb 0 42 - - 6 29, 6 36 - - 0 21 0 32
(Cr-18XCr48)
76-26- 7 aaBb 0 13 9 38 9 35 10 39 0 30 0 31
(Cr-18 X Cr-48)
76-26-13 aabb 0 44 0 33 0 154 0 45 0 48 0 81
(Cr-317%Cr-48)
76-55- 2 aabb 0 35 0 161 0 93 0 28 0 116 0 71 0 22
{Cr- XCr-48)
76-14-10 0 45 - - - - - - 0 45

D RIETHOBENTE 2o/ b0
This genotype as not determined.
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Table 11. ZEEMH (Cr48) L EHERFOXE B EERESLT AV AHKRENORRIIHEATS
RERLEFHOTBEFICHERZ T *EEL-L 20RETRIOMGIEL L 208

A
=]

Segregation of variant and normal seedlings in sib-cross families derived from F, individuals after crossing of
variant needle type parent (Cr-48) and normal parents, and tests of segregation ratio expected complementary
gene inheritance.

ERES REMAEDE XL BEH MfrRL L 2 0Mle
Cross combination Number of seedlings examined gtrxlp;escsted segregation ratioand
Family — ## ~ {EHB GRETH)  Yearof B KRB ERW 1:3"
No. Female Male (Genotype) crossing Total Variant ~ Normal ¥’ p
83-240 76-14- 1 X 76-14-8 (aaBb) 1983 57 8 49 3655 NS
83-239 76-14- 1 X 76554 (aaBb) 1983 88 18 70 0.970 NS
83-280 76-14-17 X 76-554 (aaBb) 1983 16 4 12 0.000 NS
83-34 76-55. 1 X 76-14-8 (aaBb) 1983 108 7 101 19.750 ol
83-340 76-55- 1 X 76554 (aaBb) 1983 62 7 55 6.215 *
83-362 76-55- 9 X 76-14-8 (aaBb) 1983 48 10 38 0444 NS
83-364 76-55- 9 X 76-554 {aaBb) 1983 63 4 59 11.688 **¥
83-303 76-26- 8 X 76-148 (aaBb) 1983 73 11 62 3.840 NS
83-305 76-26- 8 X 76-554 (aaBb) 1983 29 4 25 1942 NS
83-327 76-26-22 X 76554 (aaBb) 1983 84 24 60 0571 NS
83-328 76-26.23 X 76-554 (aaBb) 1983 65 18 47 0.251 NS
83-253 76-14- 8 X 76-14-1 (Aabb) 1983 110 22 88 1467 NS
83-254 76-14- 8 X 76-55-1 (Aabb) 1983 111 21 90 2.190 NS
83-256 76-14- 8 X 76-559 (Aabb) 1983 79 11 68 5.169 *
83-269 76-14-13 X 76-14-1 (Aabb) 1983 42 3 39 7.143 **
83-295 76-26- 8 X 76-14-1 (Aabb) 1983 47 9 38 0.858 NS
83-297 76-26- 8 X 76-55-1 (Aabb) 1983 44 9 35 0.485 NS
83-299 76-26-22 X 76559 (Aabb) 1983 49 10 39 0.551 NS
83-349 76-55- 4 X 7614-1 (Aabb) 1983 135 16 119 12.447 **
83-351 76-55- 4 X 76-55-1 (Aabb) 1983 72 15 57 0.667 NS
83-352 76-55- 4 X 76559 {(Aabb) 1983 85 14 71 3.298 NS
83.255 76-55- 6 X 76551 (Aabb) 1983 35 6 29 1.152 NS
83-357 76-55- 6 X 76-559 (Aabb) 1983 42 6 36 2571 NS

o a1 % THE, Significant at 1% level
* . fEBR® 5 % CHE, Significant at 5% level
1) 1:3  #RRETEHE, ERTEFE LS ZETFROMAAE HEiLAabb L aaBb? IE# AL,
Expected ratio after crosses of Aabb X aaBb or aaBb X Aabb (A and B : complementary genes)

ABONATHEL ECHNO>OERBEOBERZTIIOWT, MURETEICEET S b OITF
T 50hEPE, 4HOBEL L THRSIN,

WA ICERE SN, BENICLELLZERE (Cr54) LHEAE (Cr36) DAFIZBWT, HEesE
SHEREFF LHERIETORRL ST 0B I LHoM Iz E N, HARTIE, ZoMicditmseg
TS EICEL L - BRoEASKEHE, EF8, HEK, #RE SHEogfhroHBALTWS,
7z, Cr48% (MMEE) ARSI EHELOHEZ L OBEEIBERICOFELAL TS, ThHOELUE
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Inheritance of Needle Characters Controlled by Complementary Genes in Some Variants
of Sugi, Cryptomeria japonica D. Don

Kwuty, Hideo '’
Summary

Mode of inheritance of the outward-hooked needle trait controlled by complementary genes expressed in a
variant Cr-54 in sugi, Cryptomeria japonica D. Don, were clarified by the author in 1981.

In the present paper, the mode of inheritance of needle morphological traits in four variants (Cr-36; outward-
hooked needle, Cr-40; similar to Cr-36 but needle is thicker, Cr-44; gigantic and slightly outward-hooked needle, Cr-
48; long and thin needle) was newly studied through the observation of numerous seedlings of F, and F, families
derived from the variants.

Each segregation ratio of the same variant types as each parent phenotype and normal types in the seedlings
after selfing of three variant parents (Cr-36, Cr-44, and Cr-48) was a good fit for a ratio of 9 : 7 which would be
expected in progenies obtained from a genotype possessing double heterozygous complementary genes.

In each of the F, families after crosses between the above four variant parents and some other normal
parents, a segregation ratio of normal : variant was observed to be 1 : 3 suggesting the inheritance of complemen-
tary gene action.

Various F, families such as selfed, back-crossed, sib crossed and allelism test crossed families were made by
crossing among many phenotypic ally normal F, individuals selected randomly from the families after crosses
between the four variant parents and normal parents. These F, families were used in order to confirm that each of
the needle morphological traits in these four variants would be expressed by interaction between two
complementary genes.

In the F, families from allelism test crosses between normal F, plants derived from Cr-36 and tester plants
having known marker complementary genes derived from Cr-54, variant type and normal type seedlings were
segregated in the ratio of 1 : 3. In a considerable number of F, families from full-sib and half-sib crosses among
normal F, plants derived from each of Cr-40, Cr-44 and Cr-48, variant type and normal type seedlings were
segregated in the ratio of 1 : 3, although no variant type seedling occurred in many other F; families from the
same sib cross, selfing and back-cross in normal F, plants mentioned above.

All of these results proved that the variant needle trait in Cr-36 is controlled by the same complementary
genes as in the variant Cr-54 reported by the author, and that each of the variant needle traits in Cr40, Cr-44 and
Cr-48 is also controlled by each of two pairs of non allelic dominant complementary genes.




