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Abstract

The mulberry (Morus spp.), a perennial crop valued for its economoical
importance, had led it a potential crop in the future. Because of its dioecious and
cross-pollination nature, a complex genetic background of mulberry cultivars has been
developed in Taiwan and the original classification system may need to be reexamined.
In this study, the genetic relationship of the mulberry collection in Taiwan has been
established by principal component analysis and clustering analysis based on vegetative
traits. Besides, the ploidy and karyotype have also been examined to enrich the
cytogenetic data base.

Twenty-six mulberry accessions from Miaoli District Agricultural Research and
Extension Station (MDARES) were selected and 21 morphological characters were
evaluated in 2008. Data were used f.or p_rincipal component analysis and clustering
analysis. Accessions were grouped into fﬁ;fé'g_;.r_,léjor clusters: (1) Morus laevigata, (2) M.
atropurpurea, M. bombycis, M. australis, I\/'i?‘a-'formosensi s, and (3) M. alba and M.
latifolia. Nine sets of morphologiéél cflaracters including leaf width, leaf lengths :
widths ratio, petiole widths, chilling requirement, bud shape, dormant bud shape,
mature leaf color, shape of leaf margin and leaf tip, were chosen to present a new key to
mulberry in Taiwan, which is suitable for all sex types.

The ploidy of 26 mulberry accessions was determined by flow cytometer.
Accessions of M. bombycis, M. alba, M. latifolia, M. australis, M. formosensis, and M.
aropurpurea were diploids with genome sizes ranging from 0.61 to 0.71 pg/2C.
Aceesions 70C006 (M. laevigata) was a triploid with a genome size of 1.06 pg/2C.
Accession 67C001 (M. australis) comprised diploid and triploid with genome size of
0.63 pg/2C and 0.98 pg/2C, respectively. The morphological characters were bigger in

triploid also revealed the difference in ploidy leve.
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The karyotypes of 13 accessions were similar. Among the 14 pairs of
chromosomes, chromosome 2, 5, 14 are submetacentric chromosomes while the others
are metacentric. Fluorescence in Situ hybridization of 5S rDNA and 18S-5.8S-25S
rDNA in four species also revealed the resemblance among M. species. In M. australis
and some mulberry hybrids, one p-arm of choromosome 3 showed dark staining in male
but not in female plants. However, the difference in banding pattern between sex types

was not observed in M. alba.

Keywords: Principal component analysis, clustering analysis, flow cytometric analysis,

karyotypic analysis, fluorescence inSitu.hybridization (FISH)
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1.3.2 o 7 & 4 ps &2 2 3 fRsg ey

v B2 - HEA A FAL > LEFAARE B - X Faps 0 @ f
R F» R R AFe 9> 2 XRBEE L EFRPE S

facnpe k& T LRI b RAEAEcn FlAl e & 0 - H e e B ORIk



%o X T % 4h R #@% o Hunter 2 Markert (1957) 7 L #-fp 74 & ﬁﬁ& (A= WWAR
ik Je* 244~ ¢ o Hirano (1980) fI* 84 ¥ i*fs & = fifs 2 g p 3
0248 B AR (k) AR A FHGHEP SR (L) FaRGH
GARLT o T AR L KAt Al > KR ESEPR AT E AL T o

8 7F DNA A 7|34 4)42 (DNA polymorphism) 7= ¥ f i A 3 ~ %A
Y52 F AR RS hE R BN - APEUHIEE PR B S A1 (RFLP,
restriction fragement length polymorphism ) e el 2 & > A 8/ 7 @ » & F i

B o uREpFid 4 F & (PCR, polymerase chain reaction) & fA# *TH 3
B cd RFLP 2 & ~ # DNA 4 7 i (74 47 endh Bk o B4 @ # e [ {20
S 3 ARA FREHMBY LT ER R AR 0 Ao H - 513 S50
# K g § A5+ ik (RAPDs; random amplified polymorphic DNAs ) ( Awasthi et
al., 2004; Vijayan et al., 2004 ) ) 7 fis 7 e G BLIE 17 A 35 g
FPEE R %54 (AFLP, Ampliﬁea'fgéééht length pelymorphism ) ( Botton et al.,
200; Kafkas et al., 2008; Sharma et|a| Eooo> VASEE S Y UnL-F 2 (DNA ¢
ITS & %= Mg st & (Zhaoetal 2005) 2 fI* DNA P = M3 g4 1E
B ENapN IR E €48 5708 -F)s (ISSR, inter-simple sequence repeats )

( Awasthi et al., 2004; Vijayan et al., 2004; Vijayan et al., 2006; Zhao et al.,

2007) » BE G N A2 EBRBRF TR EASITA BRI ES FE @
HRRPEDEASITED G 2 F %% (Awasthi etal., 2004; Vijayan et al., 2006)
AT R 2 (%) e & (Malbal.) 5 & & (M.indicaL.) >
BEP G F o402 & (Monigra) ~ 2% (M. rubra) ~ & % & (M. laevigata) -
3 % (M. kagayamae) & > BRI & a6 ) % 4 H‘fig L N NESIN T -
BLfrR AL A B EREE L0 > WEH A EEE (k) 7oA

BRSO R o BB LSO RS E AT 2 (5,

2006b) -



14%3% 458
d TSR A B R G D) BRI R RS R  EE -
MREFET A PP A S MY & ko Bic® 4 44 (numerical taxonomy )
DA MEE S ERFR T #E TR PRR - B Sk
Bt g 1Y BT EF AT E > P S AHEFAN S AP R
R o LB EaEmt AP, 1950 &8 AF T REP A e EFE > R
AREY R M A R @ * (Jones and Luchsinger, 1987) - #c& » 855 & ¥ fie &

A5HE ~ A TR s FAEER B HGE T A T 0 R ﬁm*ﬁwy{\% FARIAR T R A TR

(=

CREEFRER T REMEE FAS R R D (1K,1996)

4 Fenld ke e F2EcE K (quantitative traits) 2 B 4454 (qualitative
traits) » RMEF A B EF A @ VS s Y {ﬁ”{ 3 4% (quantitative data )
A B F AL (multistate data) % - ;v R r}—' (bine_1ry data) ( Dunn and Everitt, 1982 )

AP R deF BT BRAL AT R 4

FRE N AGRET Aol p kTR ﬂ!-iﬂ
4o RFLP ~ RAPD A 3 .32 i m’ﬁ wealor = s 5 0 bz s (1, 1996; 5,
2001 ) |
HWEAMFLR G AN 2 » AL HE 2 (Clustering method) % #5712
(Ordination method) ° & ¥2 ¢ ¥ 2~ 47> 2 & § x4 % H = (operational
taxonomic units, OTUs ) FFAp W ip R A2 B4 U B B 7 LR B > A #5772 104 &
>4~ ¥7;2 (principal component analysis, PCA) # ¥ * » &l FF#-5 B4k o718 2
Behp AL 0 4o E £ 2 5 4 2 i (Principal component) > £ %gﬁ ERE SN AR S
oM EA ARPHERP AT ALDL R T ArL 8 R E MR SR afp
Mt @7 #50TUs g P71 anhf 2 (45,2001)
14,1 3 8 4 452

HFHE A4l OTUs FF endp 42 & 387 4 85> & B OTU #7 & Blenfd ke = 7



n B EBEXEBEHEE ($E,variable) 5 - % (dimension) ° P&  OTU # 4R
AnAar Y i ee Anagiy > uip R (dissimilarity ) 2 4p i fd
(similarity ) 2| 2 OTUs BF eng i /22 » Ap R M xE na2 B¢ 3 B OTUs
RS TAL G AR Rl At GEABITIY 0 FF L 7 0 - OTUs 4p AR 4 g%

i AR S 2 PGS AR IR F3+5 5 % OTUs e4p B 2 #c (correlation

coefficient) # % 483% 2 #ic (coefficient of cosine of included angle ) » & ¥k
BT 1P > &7 00 2 OTUs 4p A2 R A 4r§ K \EJé’}T‘ﬁ o #r3 OTUs =

2 iRAp B M 4p i il & — 4p B 2E*E (correlation matrix ) 0 £ ' B EFE
#2 (single linkage method ) ~ & §Edt;* (compleate linkage method ) ~ &
A # ;% (centroid method )~ # T #24 ## % ( group average method, # # unweighted
pair-group method with arithmetic mean, UPGMA.) % & #3 j* » ¥4 B (5] &

Ap i+ e OTUs £ &8 & 5 = %‘r ;T o —F— ATt AreEE e H 6 OTUs 2

-

B ATenfp B (el 4p 0 B dlic b Aoy %fﬂ E oA s PR s FAGKE  TH S

RATAER I (5, 19905 719963 piwl ) LT R R R 2 AR b
I 1

HEE Y
1.4.2 3 2 iy A $5i%

A A¥rE - F%E L 72 (multivariate analysis) ° 2%+ > SHEF %
P EARREE s P B R ARZ EATL 0 R A b B
AR PEeA LR FEPI R T AREGF L E TR
FETRG REAGRELT LI MR RDRR 0 T L L AR AR

AR BB o 2 (5, 1990; %, 1996)

A XA EE o R H-OTUs *r & Blchn Bk (%8) BRi- 4 s
BOTUFA G naZ Y aZxgh - B-nas Mol BT — 557+ > @
F BRI M A ekl 0 R n BT Y L EM AT A RS - AR

{2 R fE OTUs 2. FFenff % > pL— FTHA T L A 2 0o A X L R4¥E 2
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WP s RBprEEES ¥ ELEL L 2@ 25 #A)8ha
PRERERAFEOBEPE > LI S22 P 5 B - 3 20> (first principal
component, PC1) #75 # <~ %% & (variance) -~ # * fF i@ (eigenvalue) *
BABR R (FREORE B/ AR EE) > ¥ - A2 (PC2)
2o ikt ggde (F,2005; 57,2001) o Rfp#cF A AR B
(covariance=0) > sz gk 3 KB BT 2 €8> 52 P 4p3 £2 (Dunnand
Everitt, 1982) - @ i 2 x4F BHck > » ¥ L SR AEH L X > #cp
T errd 3 B (scree plot ) ® o #r I gh(d M % 2 T & pF oo 37 88 )( Cattell,
1966) » 1 R a4 60-80% + 5 2ETiRdg (5,1990)
HEALAFTTROTUs P A3 4 & A5 R 7 @5 OTUs B ez BFEE7] > 3
FHAPEAR S c FHEAATIEE R 5 (v &4 1997- Banerjee €t al., 2007 )

4 (1997) 41 szzpaﬁﬂ nwfzf%zwr}%%wf% Co) dwpic s £ 2 &9

PRETS TR PRERN S NP WRE T IS
¥z &gV Wmawjm&@gkme)aﬁgﬁgg % (Morusalba) ~
& % (Moruslatifolia) * £ % % (Moruslaevigata) g & 4k » #-H ¢ 25 B &
BCE) AetBARaER XA RF AP EEF A7 PENE Y &
LE R GAEEBIR T ERTAPER RS 2 BB AT R
fRA S e M B el o JINERG R AR JIF e FER T
(Diasetal., 1993) 224 & (Osujietal., 1997) % B & (v4 2 g * o
SRERE AL AT R R B RE S RH B H FLET S

Ch) > A BMEAR SRR S P2 Mo > e £ - PRE R E &
FEv RER SRk wEE CFET KL CHEKELELL R F
ENR PRI AP R P LG hfE R R o PR 2 ER 0 AL &

LR EAERA ST AT > Fob L LR R P AL MER S LA
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AR Rk e E L FG S EFFET ES i 2SS E

Mok s F a2 e gk ke

15w R B2 =3
wre B WE BT A AR A gd g2 Bk (Gilletal,
1979) 20+ %A d B ACA K 2 w4 d Hpre o @ Pl BE G H
Boo MUEIACELE BBELPIA S M v F e B d S WS M2 A
AR AN AR T TR RGBT ETLT o
1.5.1 B#Ry2 =7
S 0 9T 30-80%i fEE F % i #afetk (Stebbins, 1971; Leitch
and Bennett, 1997) - < 3R> 5 B R EL > 4 B4 o HY B ) 2%

sefrdal AR B AR AR ERE A D KRS 0 7 B

-'L‘.

ﬁxmm&mw>o%ﬁ;ﬂ+ﬁ%:ﬁ@%ﬂ%’K&&ﬁ( ) g~ E

PEMREE s B (O )
L -
Hdd Ak x=14 (Tahara,.1910) v A IMized AL 2 B e
73 4-~6-8 M2 5 (k) (=&, 1916; Janaki-Ammal, 1948; &, 1959; &%
{r3%,1986) > 24 (M.nigral.) & (%) ¢ § B% D] 22 4 (2n=308)
(£,1964) > 7 vk Bipdr cniB WER Vg < - ek (1986) £ ¥R L& ~
BB v d R H R AR AR R EERZELEIBEALES
()24 HMRBH Y A2 L 5L 25283 H5IRM 8%
CHERZ ARG 2BHME RO (L) AR B DR A
SRS () T B E P RAIERS CEHP IS L g s

3

b

4

SR AP E e (4%, 1976d)

/

MR 2 B HH G T B L AR E R R
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Bolcp2 L mdd ()  HPRUERAE SRS (F) 2~ B EXL R
Lo AR 3R (2006a) FEBIF A P B L AE- HEP o
152 P A2 57 g
A R P REE T A A 2 BREF RRAR G S AP %‘(ﬂ”ﬁﬂf
BFEAFRDLI M e E P R R BRI FERLI T Y
B EFVETH T AR R %Y (Sybenga, 1992) o
MRS LF 5 R LR S R D REERE (B
%, 1985; #{ri%, 1987, Susheelamma et al.,1990; Tahara, 1909) 2. 773 5 i o &
Bz % - ¥4 HRE > 95 2um 245 1 um 2T (Tahara, 1909)
WeHLRRRcERA I Favi) 28 > L BRAI MOl HERLED
kg KRR T S BT (o, 1985 {edt, 1987:
Oginuma et al., 1995; Susheelammaetal 1990) oL CGIFE 2 Al FEA DG
2n=2X=24m+4sm (Ff-k, 198gI : {2 Susheelamma % + (1990) 323 #7
FREME Y Y & ‘“iaﬁi Isan’ ‘“iﬁﬁf—l’“? ] ERIF S5 rag oo
BT E BB KE P lg\ﬁ-ﬁ" f l«umv;c Ilfﬁ&"‘ EE L HFad%x o
153 %4¢ #2773
FFE P G 4~6%% vz R - B $k(Yampolsky et al., 1922; Renner et al.,
1995)» # ¢ - ruida o § = 2d AFerpdlE 0 dois 3§ (Slenelatifolia)
( Westergaard, 1958 ) % f4t#i- (Rumexacetosa) (Parker and Clark, 1991) » 7=
FXAFIE BB E TSR i,?dﬂz v doig ¥ (Spinaciaoleracea) (Chailakhyan,
1979) o <% (1916) /€3 S W& BBERT| 4152 ¢ BUREPL I W AWl 5§
WAt 25 - H¥w i BA4 4 4 - Sinoto (1929) 7 & L& (M. bombycis
L) e d R8> 355 % - H2 Wi EADELd B Raginss 3 (Slene

|latifoliaPoir.) d Y % ¢ fei o Tk b w] o & Gill & 4 (1979) v &7

9]

BLAT - Ry - {4 M ¥4 AR iorpikaE () Bk
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ARPES Y EA N S B AR MRE AR - B (1956) A
BEINEARI M R E2AEEEL S M 5 F (1976b) 325 2 A5
o Tl BB R BRI A TATERED ol o S H
FHBRRINREY A WS R AT M (Rfeak, 1987) > feig 7 $#20 h 4
IFERMALI MY AT o
1.5.4 12 % & g =322 iz tDNA (ribosomal RNA fluorescent in situ
hybridization, rDNA-FISH) z_ & *

¥ 48 RNA £ %] (t1DNA) ¥ & 5 & #f > 18S-5.8S-25S rDNA % 5S rDNA >
18S-5.8S-25S 27 5SIDNA £ Flid ¥ & %34 F =% ® = ¢ & & % (Soneetal.,
1999) > £ B#c s ¥ BB 2 73 18S-5.85-25SrDNA % ¢ #8 % £ >

F i 422252 % (NOR, nucleolar organizing region ) > # ¥ R % = Az R L o

11‘%\3:'(&‘3{;52%‘—2\#.’4%\1 _{LJ igfﬂ‘f A z\%mﬁgﬂ}if’“ Tz ¥ -
Fh AR @ SSI‘DNAﬁﬁJ’lf'*‘ *ﬁq A RENA G R o AMMAPITED

AFEd F”ﬂriﬁmﬁﬂidigby”fzk’ﬂw#”*ﬁ%é%5@ﬁj
iz TR ANITH AR 2 00 in(S_chubert and Wobus, 1985; Raina and Mukai,
1999) » & * >t3% 5 54~ (Leitch and Héslop-Harrison, 1992; Linde-Laursen €t al.,
1992; Raina and Mukai, 1999; Li and Zhang, 2002; Chung et al., 2008) » 4% #5 2 #
1T %44 (Carvalho et al., 2005 )

F =322 $F (insitu hybridization) 4~ p 1960 & % % #) ( Gall and Pardue,
1969; John et al., 1969) - o _ri it e =% 2B T AT 5 7| FfF 4 o 719 %
PR EX TR - B SR SR AR AL E N # A
R e AR Y F R e SHEE T B R A A TR 5D
FE > TP T bR T 8 G R ¥ R R PR (T e 5N sn il v e
BA U] R R YRR SRS 2R i B B ¥ kP TR Y

ke BE prAR R K B R rTa ~ BU0 ;jigfﬁ’-l; HhiE B ,g\ﬁ e o B AN K
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BRI PML FR AR EFATIU R R MR B s Rub iz
24 g%~y + (Katoetal., 2005) -

wie B BF 2 Py VEREBFAOL I WiEEs B REcl > T S
A MV AL G R Lo A L&

T

i L 7

-

L
s mAE () 2P AW AR (23 %,2003) 0 @ kA S
PRE LRI EAE (F) RS HED T B A Y Baes ReEHE ()

’E“”;}J— %“fif’ ’ =7 "j\ﬁ 1}"?‘ "T‘J ‘E“”—} A ﬂ-};;}-} ;ﬁ:}fg—\ll iz "_E’Av\ Lk\P ‘-‘«L—-‘;v °

6 S 2 ok B
B APz Btk RELTS BB A ATA DA REF FAIs . R

AR paRAEE A2 RS T AR ERG R L8R RS

-

o}

ERE T F o R ey ,rp 48 ?%{Q%ﬂ*(%ﬂ%&)

.l'

'x
5 % # rrJA,\,_k\P = ;\‘ "gb @,‘!:,ﬁ Kflﬁr}; I"g’n&k\&\? E*{Z_;(f‘ sF %\ﬂiﬁiﬁ%}i ) |E W ;

b B ﬁwi,ﬂ%“ﬁﬂﬁ%%ﬁ?%Z%&)°¢+ﬁmUDNAﬁN6ﬁ

| | 1 y
£ 5 EUEM LG T & TR A pege 05500 3 e 0 i B IR
A Hg k%% (Awasthietal,, 2004) - 'wie@ b os g > 7 4% A4 45 2 1 tDNA

FORR I HATE S BT ARG B EEAL

|re
13.‘

;:’I) o

WA R AN RS A TS AR AR

N
i
\ -

thodE (k) 5t eh s R F AL BEL TR RN OE R o S H - Rk

(

O S AL S Rl EEC SR ¥
BHER FTHEF 82 e & 04 85 By A0 (FIE 23] o

AR UREROEE Y o d A Arpieh Y Al R AR F
ol EARAMp MR E B RSB R RG> FELFEL X D

B Fprig e p BERRMVESF LR (R F) B MG EE (k) Vi

i
L
i

N
_ﬁ;
‘Xh
i

SR R e iij’{_ &2 M > TV WA
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Yokt B REES T L S B H R R (R2F) o LA
FL i B A M o KD A AP0 2 L DNA 2 A im0 fER
PRAMGEGH G 2SS N alid et (5 k) »  B2RES
VELBEBEITERRAER G R BRIy A AN RERET A
BBy 55
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Table 2.1. The 26 mulberry accessions used in the experiment and its origin.
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Table 2.2. Quantitative and Qualitative traits surveyed in the experiment.
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Table 2.3. Eigenvalues, percentage of variability, percentage of accumulated variability,
and eigen vectors for the first four principal components among evaluated
mulberry accessions.

PC1 PC2 PC3 PC4
Eigen 10.3323 6.3413 6.0836 2.9903
% 2 #(%) 25.2008 15.4666 14.8382 7.2935
AHEREE (%) 25.2008 40.6674 55.5055 62.7990
#E 0.6382 0.5565 0.0411 0.2293

75 0.6879 0.3362 -0.1338 0.3129

#FE T -0.4318 0.2415 0.5352 -0.2346
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h3E 1 0.8278 .+-0.3404 -0.2428 0.0552

KRB G A EZ &R 5209285 0.0958 -0.0436 -0.0735
P4 & 0.3162 015838 0.6958 0.0500

458 g J@ «ﬂ, y -0.8182 \-x0.4718 W 0.1703 0.0770
) 08182 .'£1+0.4718 -0.1703 -0.0770

%4 - 0.5690== :0.1083 -0.0367 0.0085

ATV i do 00064 M 102154 - 10.1357 0.4441
ot ¢ 5085577 101021, 0.0321 -0.3643

¥ ey 7 01603 0.0381 -0.1094 0.0777
i %4 20.3473 20.4024 0.7797 0.1292
R 0.4450 0.6054 -0.4934 -0.0728

) ¥ -0.4561 0.0548 -0.5874 0.2659
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. i -0.5887 -0.4128 0.3645 0.3811

ol ¥R Rk -0.2757 0.5225 -0.5146 -0.4171
R 0.3022 0.6170 0.3634 0.2611

B A -0.3061 0.4052 0.2522 -0.5422

# A o BN -0.0813 -0.2232 -0.1756 0.6347
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AR 0.3162 0.5838 0.6958 0.0500

7 42 -0.3205 0.5268 -0.4976 -0.1748

i F45% -0.4894 -0.5043 0.5061 0.0298

FUEE R 4EE 0.6495 -0.1214 -0.2374 -0.0867

i 0.3478 -0.2165 -0.1874 0.2417

e 4 -0.1059 0.1177 -0.2013 0.0035

- EAfiEd R -0.3162 -0.5838 -0.6958 -0.0500
24 -0.0367 -0.2502 0.6951 -0.0373

¢ -0.4955 -0.2116 0.1210 -0.0923

R W 0.0052 -0.2245 -0.6055 -0.2815
2 0.5929 0.1590 0.2567 0.2220
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oL % & M. laevigata o+ &% M. formosensis Oz % & Morus spp.

1. 70C006 9.58C475 19.68H,,021
B L% M. atropurpurea  10.58C398 20.68H,,033
2 & 18 11.67C002 21.74H,006
3.46C019 e &3 M.latifolia 22.74H,047
4.46C020 12.5 ¥ % 23,5 % - B
® % & M. australis 13.2 4% 24. 5 % = 5L
5.0 - B 149 %
6.58C307 L& M. bombycis O+ &% % Morus spp.
7.67C001-A 15. &4 25.% % & TI
8.67C001-B e # M.alba 26.93C203
165 2 &L 27.94C001
2 17.57— 2 3
1845 -4
0.9 4

B22. 4 8&fERY 20 B4R (4) M2l BEFRERELI AT 2
2 )
Fig. 2.2. Ordination of the 26 mulberry accessions in Taiwan determined by the first

three principal component axes on the basis of 21 vegetative characters.
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1245 BEMY ABRKE L
Table 2.4. A Key to species of Morus spp. in Taiwan, using the vegetative characters as
identification traits.

A KRR T A5 P4t » 4 E9Y FALH Efwi 4% s wiEd > TP L%
wiEA 14 EFRTCEXGEERCES ZFEE RRFLE S -
......... £ %% (M. laevigata)

4EP WADEREGVEAN LA ERRE -
B l ~ 5 TS 0 X S Lmak o RRFAEY ¥ o

......... B %% (M. atropurpurea)
BB.E ¢ fF  Fh7 27 RBE - XS L ERSEER
ChmZAE S
......... L& (M. bombycis)
CC.7 L kMt 3 4 %
DATT ¢ 5 % ¢
......... § % (M. ausralis)
DD.#77 g ¥ od 3% 4 ~
Vs, ....._..-g;%‘:k (M. formosensis)
Amaﬁmﬁmaﬂgi%’iﬁﬂfméﬁw R LAY R
F4 ATk ANEAR T |
ﬁ%aﬁﬁw’ﬁﬁiﬁﬁﬁ?fFﬁ%ﬁgx
% \J LAR/ % & (M. alba)
L4 s siEd > F4 L8 F PRk
......... &% (M. latifolia)
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325 MHAY 1L BURSAE () 2 1 BA LRSS (4) 2 FhE
Table 2.5. Mean style lengths of 11 female and 1 bisexual mulberry accession in

Taiwan.
f£4L £ (mm) fap T L (mm)
54 %
f & () Style lengths Style lengths of species
species accession M SD Mean SD
can
b % 58C307 0.70 0.06
0.66 0.08
67C001-A 0.62 0.09
i & )3 0.58 0.04 - -
B A& 46C019 0.32 0.05
46C020 0.53 0.06 0.56 0.22
wE 15 0.83 0.07
R 58C398 0.54 0.03
58C475 0.35 0.06 0.42 0.10
67C002 038 0 0.04
£ %5 “xp 0 AN W | - -
6 & 69C002 (k24 ) | 0,08 0 01"
. B . 0.15 0.11
37— O pzs‘*"" 10,10

o R UH 2 B AR Y 111 BYERRSE (F) 2 1B 5 EiEE Ol
PiE Z A K FpiT o e 4 Thid %%3&-%4 - BRSO RE Mf.@"
BB ez ok T EE
Mean style length of 10 flowers from the middle section of the random selecting
12 spikes per tree. 3 vigorous individuals of 11 female accessions and 1 bisexual

accession are selected at mulberry germplasm, MDARES.
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2.8 Abstract

M. australis, M. formosensis, and a few species introduced from China and Japan
were major genetic source in Taiwan mulberry germplasm. After the long-term breeding
program, it had become a complex population. The classification system adopted for
mulberry in Taiwan remains some uncertainty. Twenty-six mulberry accessions were
selected from Miaoli District Agricultural Research and Extension Station (MDARES)
and 21 morphological characters were evaluated in 2008. Data were used for principal
component analysis and clustering analysis. Accessions were grouped into three major
clusters: (1) Morus laevigata; (2) M. atropurpurea, M. bombycis, M. australis and M.
formosensis; (3) M. alba and M. latifolia. Based on the result of principal component, 9
morphological characters including widths, léaf lengths : widths ratio, petiole widths,
chilling requirement, bud shape, dénnant bud §hape, mature leaf color, shape of leaf
margin and leaf tip, were chosen to preéé;':l_f;__a_.p.ew key to mulberry in Taiwan, which is
suitable for all sex types. Amiong all thg-' species in'this study, M. laevigata was
distinctive from the rest. M. alba fa.nd_ M latifolia had a close relationship. M. bombycis,
M. australisand M. formosensis had similar appearances and were clustered together. M.
atropurpurea, often regarded as a synonym of M. alba but was distinct from
morphological traits in the study, showed a close relation with M. bombycis, M.

australis and M. formosensis .

Keyword: Principle component analysis, clustering analysis, representative trait, key
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=% HAEEMZ DNA § 22 8%

HHVERFE S BRI ARANHIER Y AR B S
Bifdd A% A (Morusspp.) 2 B4fkc> p v &% R ¥ex2 > 5126 B&
Aefd (k) P BEAEUF we P RER 0 NN REFAT AR
FIRE i w mre fr (CEN,2.5pg) = HBIEEE > E DNA 2 & « 557 -
RA LA EE o L& (M bombycis) ~ v & (M.alba) - &% (M. latifolia) ~ § %

(M. australis) ~ % #%& (M.formosensis) 2 & 4« & (M. atropurpurea) 2. DNA

S8 % 0.61-0.71 pg/2C > i3t - 288 o @ 70C007 (M. laevigata) % = 2 4% » DNA
8 5 1.06 pg/2C - 3w chF_> 67C001 (M. australis) L& 3| & Flie £ % 0.63 pg/2C
ﬁ:%@ﬁo%mﬁCﬁ;%%%’%@iﬁiiﬁﬂ%%&%kﬁ$o:%%
g £

R %F*;l* By¥id Aidmns

%

A () BERS ?Tﬁ%ﬁ'ﬁi’l
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32+ 3

&4 (Morusspp.) = 4 #E Sl Bhd £#2 Ax o EVAL > 5§ k@

GE 412 T EREEF RIS REFH 2 EF Y 2 a3, 2003;
MUE 4 ,2004; Asano etal., 1994) - @ @& A2 474 A L& LPRP o RS Lepie
B TR GERRE EMPEA (G) 2F S~ REAMEFEIRY
SAWABEFCL) I ARARFT LR T FRMEA(E) T & (5%,2006) -
SRMY AR w2 A WMER PR o Y 0 5B

FREE R A ISR AN B e kY > § R AP e B TR e

A

BT RAE A (MAod £,1963) o firinte 2 H S AR 7§ N R 4e 5

4v (Sujathamma et al., 2002) - 4 ¢ # ¥ A TP A B B eh & 2 5% Tahara
(1910) Fxsns 2 4 4 %gggzpm,me AR HAL 2 BM G 34

68 BanL &4 () (iféds, 1986 “ %, 19065, B, 1959; Janaki-Ammal, 1948) -

2 % (M.nigraL.) # 7 22 n\_;%ﬁﬂﬁfé, ﬁ_

|
g LA o ECE AT mwpfgwa P () &M i
el |

Yloosr (2n=308) (£,1964) » 7

- & (REfrik, 1986) _
BAL I BRI Y SRR .“7" wPe o B LR e e e G
LERme AR P B A M) o TEFE N RN e BN T AR R
Sl (e Ay P A YRR S 2 3R o MR IE e P Y kLA (4o
Propidium iodide % ) 4 ¢ > Pl iw " {2 3E 430 38 F 5156 {8 fram e ¥ kR R
d R E AT L SRR S R TR o I SR A TR T R
7_tk ~ DNA 7 £ (Greilhuber, 1983; Michaelson et al., 1991) - % ¢ %8 #cp 27 ‘m¥e
¥:DNA 2 £ 3 %70 1p i ( Black and Beckman, 1983; Costich et al., 1993 ) >
¥ Eeg e ¢ ik 4 #kc (De Laat et al., 1987; Costich et al., 1993; Ozias-Akins et
al., 1994; Lin et al., 2001; Meng et al., 2002 )

LR TS L ME LI Wik T Bdoo REH U e A
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7 i) 26 B ArSfE (%) 2 DNA 2 £ > £ 02037— 03f (2n=28) % & At

AR (k) > X BME ZAETREFER S BT EL T4 o
F

334k 2
331 ##s&tk e T
WHEMAEp wEREE A B 2 () 2 BT AN (G,
2006) > p E R A < kA A4 (species) $43E 12 3 B&EAE IO
BEAETHIH X200 54 (£3.1) «F 548 (&) %3 I~-31hE47
EEHB PRTES o RIR- ROE PR AT ET - RS % o FR%K Y

PrEAERE CFREBORTEZ 42 RAYT N o8 Rt E o BRI =

-\

DR ATE B Mk R TR R ' zlﬁﬁ HiaE o aks EREEOE SR

Gl LR R p b {~ B %{ D & *ﬁﬁ%ﬁ » A 2 7 0 Yamanouchi ¥

(2008) 7 F BLI T 47 02 i o r{u?,&ﬂém%fr ERA T VAT BEE L

BB Y TR o Bl fi‘?’“%’f46"', E5ppairnd
B\ 1

3.3.2 e s Bl :
fme Rk 2o W # 4% Galbraith 33 A7(1983) o B pE s F OB ATE ] oUW

BaERz plE%  EFRESYE FHY079em’ Z FER S 0 4o r ImL
G-buffer (45 mM MgCl, « 6H,0, 30 mM sodium citrate, 20 mM 3-(N-morpholino)
propanesulfonate, 1 % Triton-X 100,% & #* 7 = 4r » 2 0.5 %
2-mercaptoethanol) » 12 & 7 5 #-3 F e By g0 @ e PR F Gobuffer 7 oe
WP PR M 30 um 3L T2 R A B fS BT RIE Y Ao o
332AFIME B 2 R AR

** 1 mL G-buffer ¥ 4v » - jF iz i 3% w?# (chicken erythrocyte nuclei, CEN,

genome size = 2.5 pg » BioSure) % & o

-55-



333 2 R fd el

BT & nim e Rk 2 R & & 40~ propidium iodide (50 pg/mL) %
RNase (10 pg/mL) » %+ 4C T fJd2 9 1 /) BF{S > Wi (7R 2

3 B (F) BREL % BIER £ 5240 uL > 2 30 ul Fie i 3R
BRI R E AR (F) BT LR T A
3.3.4 N ReA 53K T

‘m*e 1% 1% ¥tk & 1% 12 Epics Elite ESP i ;% 0 %2 i ( Beckman Coulter
Electronics, Hialeah, Florida) ~ 47> &k B2 % 7 15mV 2 488 nm & &+ 7 &
foo &1 0 o d 600-640 nm 2§k (PMT4) » 38 s 2 TR > %
W2 MELE ? Achannel (% = 3 % A o & - &R &% B 10000
Bt aREY DRSS RDRE GBT I E ALT c F B DR

WinMDI 2.9 (Flow Cytometry Core Facility, S(;ripps Research Institute;

http://facs.scripps.edu/software.html) :‘ﬁiﬁ:a\ 44 o
33.5 AT (2 Bk '| i

g‘é#ﬁ—%_‘ﬂrﬁg—’:wu"fﬂj \Ipﬂ, ﬁzkmDNAg (pg/2C) = 2.500 pg/2C
X tdFRagapdiE + CEN 4}‘%’%5{, g - -

- o #g(M. alba)e = 2n=2X=28" it i & &Mk sy &b

4%

() o AfE 5 (5) 23— OFFDNA 7 2 Apht s > L3 EH 0
Ridc - Ap¥ b = # 2 T3 DNA 5 £ (pg/2C) + #7- D #HDNA § £
(Pg/2C) 5 B AEB =2 x APE B -
3.3.6 5Lzt A 47

% 782 DNA % £ 12 COSTAT ver. 6.2 (CoHort Software, USA ) i& {7 & | &

¥ £ 8 » 17 (Least significant difeerence, LSD) > ~ {47 ¢ fEF £ F 7 g F £ 8

(P=0.05)
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3.3.7 kiR

REREREMEBRLIRSM B o BE20BHA () DELCERF
Wi CERTCEFERCSFL CRRFAEZE - BY AR RpEHE
gk RA L BHEE () 2z B35 (&) o 2t (Singhand

Chaudhary, 1985) 4 47 R 4B 4k £ 8

34 %%
34.1 A TR~ 0] 2 BAEA AT

r2 CEN (2.500pg) & J16 & 37— 033’ (Morusalba, 2n=2X) 2. DNA 2
£ 50655pg/2C» A CEN 5 2448 () 2 DNA Z & > B %% ¥ &3
- D2 DNA F B ir v i i b i as () 2 Rl 23258 ()
Qéﬁﬁ(%3l)’—%%%ﬁﬁ%ﬂW(ﬁiMM)i%%%KMMBUDNA
3B &5 1.06pg2C %2 0.98 pg/2C > ;&iﬁ_; e Hep s (i) 2 DNA 5 #
4 0.61-0.71 pg/2C > ip] 5 =72 4 | 4’ e ,Ma G4 7 & 67C001-A’ ~ *58C307° »
;glﬁf’;@%g%&n%*ﬁwé@y~%ﬂEM’w§i&%amwﬂw%cmw\
HTE 1B w T W EE a—@ﬁiﬁmimn\“ﬁggwaévgﬁﬁm
TR NGB E S A& 28 5 F 35 S ‘68Hpn0217 ~ ‘68H»,033” -
‘“T4H,006° ~ “7T4H,047° 2 A &% 3 ©93C203° ~ ‘94C001° ~ ‘v % & o

WefFt ke fiz S (k) DNA ¢ B #ciE > 5Tk 758 A4 (£ 3.1) >
G &2 L&k THDNA 7 £ 2 5 0.670 pg/2C 2 0.660 pg/2C > v + 3+ H @ 4 ¢4 0.632
~0.647pg2C> &% ~ LA LB HFLBN > HRBF LR % - 522 %
“TAH,006° ~ “T4H,047 e 2 M A 5 46C019°¢2 5 & 38> 3 (X éHDNA § £ 4%
A AMLARE o b eb s 68H50217 ~ ‘68Hp033° 7% 4 46C019 ehze 2 3 % » A FRE A ] &
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23126 B (h) 2 Bl T Je i kiR > T DNA 7 £

Table 3.1. The ploidy, species, sexuality, origins, mean DNA content and relative ratio

of 26 Morus spp. accessions.

T 30 m e

4 E
i w2 () EH X s Er
Species Accession Sex Origin
content
(pg/2C nucleus)
3X
£ % & (M. laevigata) 70C006 Q Baml (Fp2a) 1.058
% % (M. australis)y  67C001-B (triploid) 3 o 0.979
2X *
L% (M. bombycis)  #]4% (Kenmochi) Q P 0.660"
& (M. australisy  67C001-A (diploid) ? ! 0.632
58C307 Q e 0.650
& % 1 % (Taisang No. 1) g R o 0.646
Mean 0.642"
T H & 58C398 Q i 0.642
(M. formosensis) 67C002 Q W 0.634
58C495 Q ER 0.625
Mean ‘ 0.634"
R A & 46C020 Q 84F 0.664
(M. atropurpurea) 46C019 N \ @ e 0.661
72C002 [(I=islle | 75 0.617
Mean : *‘: = | 0.64748
v & (M. alba) A QLT | & ||g IS 0.679
(Kairyonezumigaeshi) il
37— ®#F (Shinichinose) G, A+ 0.655
69C002 ! Q p A 0.607
Mean 0.6474°
& & (M. latifolia)  74C005 3 p A& 0.681
& 3 % (Astubaroku) 4 p & 0.677
38C001 3 p A 0.666
Mean 0.675"
g () 5% 2 %5 (Taisang No. 2) Q 44C005 x 46C022 0.644
Hybrids accessions o 4 3 85 (Taisang No. 3) g 44C005 x 46C020 0.649
68H»021 46C019 x 46C022 0.652
68H»033 % 46C019 x 46C022 0.659
74H,006 Q 46C019 x Tai-sang No. 3 0.660
74H,047 Q 46C019 x Tai-sang No. 3 0.645
A ET R v % & Q M 0.639
Unknown species 93C203 Q 5@ 0.607
94C001 Q 50 0.711

*Nuclear DNA contents of 26 Morus spp. determined by flow cytometerof propidium
iodide stained nuclei , using CEN as a standard.

*Means of diploid species with the same letter are not significantly different at P <

0.05.
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PREME EFLE (£32)

357t
35140 2 AR <7 DNA 7 E % £

wiz il Fle DNA 2 2404 82 fAp BH AT L2 7 + (Dounce, 1955;
Greilhuber, 1998) » # * *t 5 & Ff62 2§ 1 o Ohri v Kumar (1986) 14 &
e BRI (Mlcrodens1t0metry) B4 % (Morusalba) 2. DNA %
2 1.7pg/2Cr @ ~ipgk it * i:_ f%fﬁé_é‘é afé( ) J—iﬂDNA 78 % 0.647pg/2C>
BERAFTREEE TR Ak E(?Iﬁ_{,x %11 Feulgen % 4 # 4 ‘mref: > ¥ 82 ¢
= DNA § £ fl it 5 MJﬁfnﬁihgfwﬁwuwfﬁ%DNAAﬂ’m“w\m
e RPLMTRIR F WRIE o e —’P; m*ﬂ"?%;l“’r’"} e kg L5 - TS
ﬁﬁﬂm;%%’ﬂgﬁ1~lkﬁéﬁlk%$%o

Fade (4) R DNA ¢ B - % fap 4 5de (4) Bimid L8 -
BME B HEES NS S8 () DNA 3 B35 6 fap
oofa (k) Ben®d "f’l AFEEZARFTEFNERE > AV R AIRR
P A L Men? G 4B 4 T AR HE Fliad & 8 % (Greilhuber,
1998; Laurie and Bennett, 1985; Rayburn et al., 1985 )

DNA 7 & & fdchiFjic > %A B #ce w2 42372 P efd > ¥ d DNA 2
£ i& 7 % 9| (Costich et al., 1993; Ozias-Akins et al., 1994) > A:E% ¥ P fr % » 117

it ai e (4 ) o 4oz B42 67C001-B 2 = & 482 67C001-A - FF i3

Wy oo BHAMZDNAZE - F ol - GRELHHG S iy 4
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(A) #7- 0¥ (M.alba)

o 2C=0.680 pg
: n=2X=18 CEN
(235) 2C =2.500 pg

(864)

Number of nuclei

Relative fluorescence intensity

(B)70C006 (M. laevigata) P e N
70C006
2C=1.053 pg
i CEN

Number of nuclei

1023

Relative fluorescence intensity

B3I~ ¥ LR RE wmie Pl 28R A TR

Fig. 3.1. Frequency distribution histograms plotting the number of nuclei as a function
of their relative fluorescence intensity.

-~ Fpe e (2.500pg) FAREHRER i H DNA 32 o & (A)RT-
D (= B4) (B)70C006 (= BRE) - $xDNA 7 & (2 p S 4= E A 42
R OFTE8 0% 0 & Propidium iodine % & {8 0 1N dmte iR A 4T o
CEN is the calibration standard. Specimen: (A) diploid Shinichinose and (B)
triploid 70C006. Nuclear DNA content analyzed by flow cytometry, using nuclei

e

isolated from mulberry young leaves and stained with propidium iodide.
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232 BMWEZ - BWAMSE () 252 KEARLER
Table 3.2. Difference between diploid(2X) and triploid(3x) mulberry on vegetative

traits. Ploidy grouping was based on flow cytometry.

S e S
Plant characteristics
d 2 3
Ploldy e $% $E% $hE Fhi E4E EFL 'T;
Cm) fem) Ot em) my Rm) e

Mean 1991 14.18 1.42 3.83 0.34 0.29 5.81 240

3X
(2n=42) SD 1.73 0.52 0.17 0.56 0.00 0.04 0.11 240
"X Mean 1391 10.19 1.4 3.25 0.26 0.26 3.65 297
(2n=28) SD 1.95 1.90 0:1 ~0.80 0.04 0.02 0.65 219

t-test NS r NS, NS Ay NS ok NS

*Data were obtained for plants grown for ené-consecutive crop cycle (2008) at Miaoli
District Agricultural Research and Eitfensfcm Station(MDARES), Taiwan.

*The t test was of the difference between means. '~

*NS, *, ** Nonsignificant of significant diff_erence“between means at P = 0.05, 0.01,

respectively.
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lum 2™ (%, 1916; & 403k, 1986) > 2 EEDNA z £ @ g %ﬁfﬁ
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RREFRE AWM ELT L ERME S MPAI LT - R F R

3.5.2 Mk g i R BoenlE 4

fER B g 4 67C001° » €254k + A 5 a &4 (B 3.2(A) ~ (B)) » 67C001-A
ZERRCEREPRE S RESFE A 67C001-B2 E PP RS - Fa i
EEk o SFE Lo FESGE RS T RES ES RS EASRTI -

A% % I BEAA 0 67C001-A &2 67CO01-B ' A AL ~ &5 ~ 48 2

Bl - » 67C001-A &2 H v § & 548 ( K ) HH A - 420 2 67C001-B iz
LD R SR RS 67C001B& ’r{_.fl’ﬁ;z%sz,%ﬂc’ e W g (k)

FHELR g e RO 0 mE 3@ | 167C001-A 5 = =4 » @ 254 ¢

[

FLft 5 67C001-B & = (] 2(0) AEBEC) g 3 TR
! 1V

Boob o R HRAE S AR f@{ig PF'J,%I ’ﬂ},ﬂ%}iﬂ P 3073 e BB TR
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5 Mo B o 5 BORSAENER £15%  3 R  reatd -

/}{
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=
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Bl ~Z 2w BRAREA () R R FRPE TR M e 3
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e MR AR - TR SHEE AP o AR R
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ZREer = B2
Rkl R R AATEE el LE -EFE ~EfRE~ERE -SFE T
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100
)

67C001-B

(328)
67C001-A

(200)

Number of nuclei

Relative fluorescence intensity

B 3.2.(A)&F (&) 67C001 % DNA 2 £ 2 il kA 17% % > 2 (B)- &
WirO)= B L ]

Fig. 3.2. (A) Flow cytometry analysis of nuclear DNA content of accessions 67C001
and the morphological differences between (B) diploid and (C) triploid

individuals.
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3.8 Abstract

A great morphological variability exists within the mulberry, but a few
accessions larger in appearance and sterile were probably polyploidy. To determine the
ploidy of Taiwan’s mulberry, twenty-six mulberry accessions were selected from the
Miaoli District Agricultural Research and Extension Station (MDARES) and DNA
content was investigated. The ploidy of the 26 mulberry accessions was determined by
flow cytometer. Genome size of each specimen was estimated by referring to the
standard genome size of chicken erythrocyte nuclei (CEN, 2.500 pg). Accessions of M.
bombycis, M. alba, M. latifolia, M. australis, M. formosensis, and M. aropurpurea were
diploids with genome sizes ranging from 0.61 to 0.71 pg/2C. Aceesions 70C006 (M.
laevigata) was a triploid with a genome size of*1.06 pg/2C. Accession 67C001 (M.
australis) comprised diploid and triﬁloic_i with genome size of 0.63 pg/2C and 0.98
pg/2C, respectively. The morphological ch:a’_igacters were bigger in triploid also revealed
the difference in ploidy level. Vegetati§é cﬁ%’ractérs such-as leaf width, petiole width
and length of internode suggestedft.o hr;lve adirect proportion between diploid and

triploid were beneficial index for further triploid accessions investigation. Results of

this experiment provided a basic database for further breeding and related work.

Keyword: polyploidy, morphological traits, length of the internode
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4.2 % 3

& #F (Morusspp.) #iT#iRE 3 B4 2 (Fh > JUF &% ~ % B
L SR éﬁy}ii@ﬂﬁ’%ﬁ& AERTRECBBFRART > A A
PR AR F oL GHAR > A I3 A ] (Zhaoetal.,, 2007) o iR @A
FAfse o B AE A M4 5 0 #2 By A 5 74 (Linné, 1753) » #
BEXEFERD FosEL L0 BR D5 B8 (Bureau, 1855) 3 30 B4E (/] A
1917) » % 4 & IPNI (2008) = %363 170 % B46 - £ ¢ %4 £ B ¢k 82 [
WHW B T LR fES SR o f‘?f% HE L FRE R P
PopmEdde - 87 W2 pAERIE S5 ESE S ER TR R 2 T
SR ACEHE(5R,20060) c Flp w A REGEF AP R ET AL IFG LG o

Bt AR A T fi\»’?PEL"t R Tk “"gvfé (/] %,1917; ¥w , 1954; 3&,
2006) > e & Bl L B 5 M chd T B il“* % B (Susheelamma et al.,
1990)> F|pt o sg + & F ﬁ&ré\—*ﬂl—p;ﬁ‘ j{‘rﬁ w g 8% gy L 45 (Clausen, 1946;
Baker, 1970; Chennaveeraiah et-al. 1933) o A\ shtrerh iz B0 AR
$,?%ﬁ&ﬂﬁiﬁﬁﬂgﬁ@%’m Kmekaﬁ;a¢1k$%

(Awasthi et al., 2004; Vijayan €t al., 2006)

PA A BT E N VPR AR M o SR M R
¥z ¥ 5 2 (Tahara, 1909; Janaki-Ammal, 1948; B, 1959; £fr3%, 1986) » 33
P AT TR R E R LR AR CFREZE AR SRS (L))
(#fr 4, 1985; tE{frik%, 1986; Susheelamma et al., 1990; Oginuma et al., 1995) » @
rd 2 ARG 1-2ume R EEFT Y 0 RADEAR R AR o

P75 RNA 2 %] (ribosomal RNA gene, IDNA) 2. 4 & 7 4 fdeniFpic > 2 %
4 ¥ rDNA & 35 5SrDNA % 18S-5.8S-25SrDNA - 4% %454~ # 18S-5.85-25S &
SSIDNA § = p 3+ A5 2 =32 4 Jd 4o 73 18S-58S-25SrDNA h ¢ 4

FE O L& i35 2 % (NOR, nucleolar organizing region) » % ¥ & % iz 33% &
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A ¢ 4 S5SIDNA Pl A 33 2450z, Reehd § f 1+ o rDNA 04 i =% %2 £ 45
TEFPFPFRAFVYRIELRE > VIEEY £ R 22 HiF (Fluorescence in Situ
hybridization, FISH) #-rDNA A F1 & 4 ¢ #F T ¢ g * *H 42 de chfg A 47
4e-k f& (Chung et al., 2008 ) 2 Fl#t it 4~ crig #5522 2 17 4 44 (Carvalho et al., 2005 )
Z A A 27 4p Sinoto (1929) > s R AE F 24 8> i
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Inc, Japan )»4°C ™ &Jd® 2 & 3 /| PFors = SR GHE 3 SR ATH e B 2 farmer’s
fluid (9S%iFp : Efe=3:1) 1 - A SR F EEPF S A% - FEY 1)
o R #- A HER o R ACT gl R e

PO ABRE e RAT R - 28 T anlicE o D SRR o
RARCE A B kA > B ISmL g g o de 2 7 6% % WEF (pectinase,
Sigma Chemical Co., St. Louis, Mo.) 4= 6 % 4 &% -k f%p* (cellulase, Onoauka
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NEJE2 3 3 L l-OmMHCL:\?-ZX'.SSCa‘é-y;’aX SR IS A
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Tween-20, 0.5% blocking reagent (Roche), 20 pg/mL anti-DIG-rhodamin (Roche),
20 pg/mL fluorescein avidin D (Vector Laboratories, CA, USA) ] » >t 322 fa 7 &
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Adobe Photoshop 6.0 ( Adobe System Incorporated, USA ) ¥i& -
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5 Sum-e
Fig. 4.1. Karyotypes of (A) M. alba ‘69C002’, (B) M. alba ‘Kairyonezumigaeshi’ (C)
M. alba ‘Shinichinose’. Fourteen homologous pairs of chromosomes were
arranged according to their morphology and numbered to their length in
descending order. Bar 5 um.
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B 4.1 (F) (D) §4°74C005° (2455 ) ~(E) Lid ki~ (F) 4% 58C398,
2P Al 144t ihAd MGRBAI WAL RERPER RS Sum -
Fig. 4.1.(continued) Karyotypes of (D) M. latifolia “74C005°, (E) M. bombycis
‘Kenmochi’, (F) M. formosensis ‘58C398°. Fourteen homologous pairs of

chromosomes were arranged according to their morphology and numbered to
their length in descending order. Bar 5 pm.
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Fig. 4.1.(continued) Karyotypes of (G)M. australis ‘Taisang No. 1, (H)M. australis
‘67C001-A’, (I) M. australis ‘67C001-B’. Fourteen homologous pairs of
chromosomes were arranged according to their morphology and numbered to their
length in descending order. Bar 5 um.
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Fig. 4.1.(continued) Karyotype of (J) M. atropurpurea ‘46C019’, (K)M. laevigata
“70C006°, (L)Morus spp., hybrids ‘Taisang No. 2’, (M) Morus spp., hybrids
‘Taisang No. 3’. Fourteen homologous pair of chromosomes were arranged
according to their morphology and numbered to their length in descending order.
Bar 5 pm.
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Table 4.1. Karyotype characteristics of 13 mulberry accessions.

%4 WE R FF % ¢ MAPEE R R
i = . b Pz Range of chromosome length Range of 1chror}rllosome relative
: . : . #p (nm) ength (um)
species Accessions  Sexuality Karyotype Fomulae
No. of NORs Chromsome Chromosome Chromosome
Chromsome 1
1 2-14 2-14
A . kS Q 2n=28=22m+ 6 sm 2 3.8 1.2-24 7.4 1.1-4.7
M. bombycis
bR EESE g 2M=28=22m+6sm 45 1.4-3.0 7 1.6-4.7
M. australi
67C001-A Q 2n=28=22m+ 6 sm 4.6 1.7-3.0 6.8 1.7-4.4
67C001-B g 2n=42=33m+9 sm 2 4.1 1.2-2.5 5.1 1.6-3.1
: 8 [ ﬁ-k .II. :
L , 58C398 Q 2n=28=22m+6sm | [ : 20 | , 4.2 1.5-2.8 6.8 2.5-4.4
M. formosensis - | 2= ||
| m ||
B A& Cho ; ; : |
46C019 Q 2n=28=22m+6sm | | apd b 3.7 1.2-2.3 7.2 2.4-4.4
M. atropurpurea RN | 1
;’A i‘lba PR 0 2n=28=22m+6sm 23 3.6 12-2.1 7.2 2.4-4.1
' Fr— D 5? 2n=28=22m+ 6 sm ) 4 1.2-2.6 7.1 2.3-4.5
PT R EE g 2n=28=22m+ 6 sm 2 42 1.2-2.6 7.7 2.3-4.5
& AR 3 2n=28=22m+ 6 sm 2 3.3 1.3-33 6.8 2.2-4.5
M. latifolia
E % &
70C006 Q 2n=42=33m+9sm 3 3.9 1.5-2.8 4 1.6-2.8
M. laevigata
A ioju’:spp Ld 2 0 n=28=22m+6sm 2 3.8 1.2-2.4 7.2 2.3-4.6
Hybrids a3 3 2n=28=22m+6sm 2 4.1 1.3-2.7 6.5 2.1-4.7

A RSN E

% Levan et al.(1964). Chromsome nomenclature based on Levan et al.(1964)
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254 MBI BRI G RRT 'Jt»ﬁ”}mJ»% s :,3_:_%71)@3 IR NE IR
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£21

41(L)) > fe i &9 AR AR L ﬁ% SEFA G g n 2 B
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EREK v 2?%&ﬁ%° ; :| 1
RN | 1

442 ¥ kB

1 kR e R e R e S B ?“:swie 4 4 %8+ 18S-5.8S-25S 2 5S rDNA
s B % ¥k % 18S-5.85-25S rDNA £ Flz 320 & ¢ ¥ kg % 5SrDNA
AT @ ES FLp 5 DAPL hg|4 ¢ o & 2 18S-5.85-25S 2 SSTDNA £ F &
AR LI A FAEF DNA AT EA G - &k (B42) >
18S-5.88-25S IDNA i3 % — w4 ¢ RERF L 2177 &% » B a g imGn
b b SA A Heamed > F LepREE (5 ) B 24 M - ER
d 8> 3 DNA if? & =8 S4B > d 204 54 27 # 18S-5.85-25S rDNA # #]i»
A BRI G o @ SSIDNA A FR =305 = 9 =7 §44 2w
BE 5 fe 5STDNA 2 Fl2 3 5igeds » 7 i Ad N A F L AF He b o
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Bl 4.2.00 % % R z32 2 e & & 2 18S-5.85-26S (%)% 5S (i) rDNA #4
FIRT 44 R hie g o (A)d £ 69C002° (2% ), (B)v & ‘#c % &K,
(C)v & 37— 0§, (D)R L % 46C019° - & 58 (%) 2 & 4> rDNA -
FISHRI# 4 73 = > a B PAREE7 e+ - 245 Sum e

Fig. 4.2. FISH localization of 18S-5.8S-26S (green) and 5S (red) rDNA loci on
somatic metaphase chromosomes (blue) of (A) M. alba ‘69C002’, (B) M.
alba ‘Kairyonezumigaeshi’, (C) M. alba ‘Shinichinose’, (D)M.
atropurpurea ‘46C019°. For each accession, chromosome complements
with rDNA-FISH signals were shown at left and respective karyotypes
were arranged and shown at right. Bar 5 pm.
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B 4.2, (§) ¥k iz et B % H18S-5.85-26S (%)% 5S (=) rDNA £
FlE A Henizl o (B)5 2 0% 150, (F)§ £°67C001-A, (G) § &
‘67C001-B’ » £ 548 (% ) 2 4> rDNA-FISH Bl 4 73t 2 > @ 042
AR E o 4GS Sum e

Fig. 4.2.(continued) FISH localization of 18S-5.8S-26S (green) and 5S (red) rDNA loci
on somatic metaphase chromosomes (blue) of (E) M. australis ‘Taisang No. 1°,
(F) M. australis ‘67C001-A’, (G) M. australis ‘67C001-B’. For each accession,
chromosome complements with rDNA-FISH signals were shown at left and
respective karyotypes were arranged and shown at right. Bar 5 um.
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Fig. 4.2. (continued) FISH localization'of 18S-5:85-26S (green) and 58S (red) rDNA loci
on somatic metaphase chromosomes (blue) of (H) M. laevigata ‘70C006’. For
each accession, chromosome complements with rDNA-FISH signals were shown

at left and respective karyotypes were arranged and shown at right. Bar 5 um.
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B > & FISH %5 18S-5.8S-25S rDNA # F] A jz >+t » @ 5SrDNA & 7)) =23 %

(=%}

DA R ERF Y  BEPALE G PR BT B A AR
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4.8 Abstract

Karyotypes of 13 accessions from 7 species were assessed and the genomic
distribution of 5S and 18S-5.85-25S rDNA of 4 species were determined by
fluorescence in Situ hybridization (FISH). There was no significant difference in
karyotypes among species. Among the 14 pairs of chromosomes, chromosome 2, 5, 14
are submetacentric (sm) while the others are metacentric (m). A secondary constriction
was observed near the centromere and on the p-arm of chromosome 1. The different
sexual accessions of M. alba, M. australis and mulberry hybrids were also investigated.
In M. australis and some mulberry hybrids, one p-arm of choromosome 3 showed dark
staining in male but not in female plants. However, the difference in banding pattern
between sex types was not observed in-M; alba:Fluorescence in situ hybridization of 5S
rDNA and 18S-5.8S-25S rDNA in.fou_r specie_s also_revealed the resemblance among

Morus species.

|l

Key words: Fluorescence in situ hybridization (FISH), sex chromosome,

heterochromatin
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Temperature(C)
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Variation of temperature during experlment perlod (2007/11/10 ~2008/4/10) in
Gongguan, MaioLi.
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The criteria for calculating chill units values of Taiwan models.

Chill unit values Corresponding temperatures (C)
1.0 =72
0.5 7.3~15.0
0 15.1 ~26.6
-0.5 26.7 ~27.8
-1 >27.8

(%22 i, 2000)

A R BREE20B A () 2RREAEFRE B

Estimated chilling units of 26 mulberry accessions in Taiwan.

; AR ) R
i e (a0 S S s () T
(Species) (accessions) ) iy, (Species)  (accessions) me =
; __(CU)’} : (CU)?
M. laevigata 70C006 (& * £ ) | ~1480+| M.bombycis  &|+* 516
M. atropurpurea 46C019 = - | 2420 || M formosensis 58C398 0
46C020 - -, F| o || Wi 58C475 0
v 18 @\l 216 || /¢ 67C002 0
M. alba 69C002 (= T=&): 5T6.. “Morus spp. 68H,,021 84
37— O 516 68H,,033 216
i % BE 516 74H,006 132
M. latifolia 38C001 (i# %) 492 T4H,047 84
EE % 516 93C203 408
740005(33:\) 504 94C001 504
M. australis o1 0 o 28 0
58C307 0 e 35 0
67C001-A 0 v % & 516
67C001-B 0

T AR L HN (BOE R2000) RE N RfET LR
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(1) *E T2

1.+ = &7 3.9 A4 &

#- o (M. aba) 46C019 (M. atropurpurea)  70C006 (M. laevigata)

(2 2&7¢ 0y 3

s o L T T T
L PE X
A5, . 1= .

i'_"\

B D :-J*l -
38C001 (M. latifolia) )ifé:‘w;- . ?"1 15116C019 ( M. atropurpurea )
Qx5 B e
1.5% ¢ 2.1k i ¢ 3. % ¢
77— D ¥ (M. alba) 58C475(M. formosensis)  46C019(M. atropurpurea)

Bo- - &4 (1) AR T2 Q) 469 5735 Q) #THI LA <
FR EEAARE
Morphological grades of qualitative traits : (1) Bud shape in dormant and (2) in growing

state, and (3) color of emerging buds in mulberry. Bar 1cm.
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EF % (M. latifolia) #]4% (M. bombycis)
G)=REFS
1. i#&d 2. % d
O)E =) i e
4 i i ".‘"'i R

70C006 (M. laevigata) E ¥ % (M. latifolia)

W= () M @) F Pl 2 (5) Fd(6) BY LUEAB - i1
oo

(continued) Morphological grades of qualitative traits : (4) Leaf serrate , (5) leaf color,

and (6) leaf shape in mulberry. Bar 1cm.
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#- o (M. aba) 46C019 (M. atropurpurea)  67C001 (M. australis)

B E A
1.3 &2 2.5%

46C019 (M. atropurpurea) rﬁ, f_',::ff'( M}“faubst{ahg) 37— o (M. alba)
L0750 el
(9)E %

70C006 58C475 FT— DPE
(M. laevigata) ( M. formosensis) (M. alba)

74C005
(M. latifolia)

Bl ()~ S8 () £4 2 8) A O £4 2l A s s 1 24
(Continued) Morphological grades of qualitative traits : Shape of (7) leaf tip , (8) leaf
base, and (9) leaf margin in mulberry. Bar 1cm.
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(10)- # 2 ik g é
1% 4 2.5 48 3.2k

! g . I "
#- o (M. aba) 69C002_[(3Ir\_/l. alba) 70C006 (M. laevigata)
= JQ[J 1'_-‘-{13{ !

% 3 o
G o B A

<

74C005 (M. latifolia) #— o (M. aba)

P -

M- () S (10) - #2304 2 (1) 254 2EA %0 < fhi
1 24 o

(Continued) Morphological grades of qualitative traits : Color of (10) the one-year

shoot and (11) the trunk in mulberry. Bar 1cm.
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