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-RXUQDO RI ,QVHFW 6FLHQFH _ ZZZ LQVHFWVFLHQFH RUJ ,661

DNA fingerprinting using AFLP markers to search for
markers associated with yield attributes in the
silkworm, Bombyx mori

Duverney A. Gaviria, Enrique Aguilar, Herman J. Serrano and Alvaro H.
Alegria
&HQWHU IRU OROHFXODU %LRORJ\ DQG %LRWHFKQRORJ\ 8QLYHUVLGDG 7F

Abstract

7KLY VWXG\ ZDV FDUULHG RXW RQ &KLQHVH DQG -DSDQHVH VLONZRUP
WKH 7THFKQRORJLFDO '"HYHORSPHQW RI 6HULFXOWXUH &'76 JHUPSODVP E
JRDOV ZHUH WR GHWHUPLQH WKH JHQHWLF SRSXODWLRQ VWUXFWXUH RI \
PROHFXODU PDUNHUV $)/3V DQG LPSRUWDQW SURGXFWLYLW\ FKDUDFWHI
RI WKH VWUDLQV DFFRUGLQJ WR WKHLU JHRJUDSKLF RULJLQ 7KH PROHFX
ZHUH FRUUHODWHG E\ PXOWLSOH YDULDQFH DQDO\VLYVY 7KH DQDO\VLV SH
PDUNHUV DVVRFLDWHG ZLWK WKH FRFRRQ ZHLJKW RU WKH VKHOO ZHLJKW
ZLWK ERWK FKDUDFWHUYV

&RUUHVSRQGHQFH GXEHUQH\ #QHWVFDSH QHW GXJDDU#XWS HGX FR VHUUDQR#XWS HGX |

S5HFHLYHG _ $FFHSWHG _ 3XEOLVKHG
&RS\ULEKWDWLYH &RPPRQV $RWWISL ERUMDRVQYHFRPPRQV RUJ OLFHQVHV E\
,661 _ 9ROXPH 1XPEHU

&LWH WKLV SDSHU DV
*DYLULD '$ $JXLODU ( 6HUUDQR +- $OHJULD $+ "1$ ILQIJHUSULQWLQJ XVLQJ ¢
DVVRFLDWHG ZLWK \LHOG D WB&mbEXoW HV S 3pumaKdf IngecOadignRe) P DYDLODEOH RQOLQH
LQVHFWVFLHQFH RUJ
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Introduction DO 'l$ PDUNHRXQ/RVBOQNWED
OROHFRODNBRVYVYNYHU®D QR H K D U D F WRHLLQ W WAIRRYENEK V HVER H O HRFUW

PR U SK R O fE KDRDIDE W HALIOMALEBN B R wY < WD@L I H ZBQWK AXV DVHIUHIDWLQJ
ODRM)RBURVVWHAL @IQD QD O W/ILV

PRGLIEMBKHOY L UR DRIBPRHIL G HQ WL MIBJUHJDIQWNKH O RR &lH

DW Q\GHYHOR S PHADDABBHY H WOHF K Q L T, :

R P E LMQQ@RN DPLLE B N L WHNILO
KD YEH HQ/ HED D WW HPEGH QMROWH F X ﬂ5|(5JHELUVRJHGDLLQ;SHU/RGXEHLCPSuRYHPHQW
SRO\PRUSKQVRM.ONZRQFOXBQPPH

PDUNWLXWK\KHPRO\MODVQ/WURSLEg \LUD?;F;\%WWE{)MXBE%NHLWWHWWL
DQGNHPSHURWHE UDKIDHPAD O L

"ROGVPLWKSVLQISI V1DIDUDMDO [il0( 20 i BN QuH UL 01RO P bW LY
VHSDUDWHMBGON ZRWPU DL@QW Z R

\]URXSWI_[ZLWGLDSDK)‘(QIG&/HYHZQ.WKR){Pg Un WORRGELVFULPLRDWDRIQH

GLDSD&HHHDGGLW‘ERQMUNHHMHDIIEIECVTF;()ILQWC?(\E%\SHSNHUzlgl\:/l\Ql)é\%mKﬂ;lg/LRQ
DOVEBHQWERWIHSUREH. P+ *$7$

7$ WKW ZRUR XBMUFO HDWED U mwiec HSHOBAWKISUHF L VLIRIK IS KH QR WIS LF
) ODV VLI RAVDKWLLRBIL\V® W HJGI® WGHH J U H H
VH[ VSHFRQZNUHOVEBHQW'IDIRR G BIW
RIOLQNEHWZHMHIQRDUNIBQGVKMWUDLW
DO DQDO\]HA FURV D &/RIFBLOIDNHG
D J D U BIIXO 7KHDGYDQRAWDWLVWLFDO
LGHQWIPDHEWDW ZLWISHFDQG HOH
RGHODQXP DWKH P DIWSLSFO/MWHRBH Q HW L F
VWUDERW B QGZLWKRXMD SD XV H HU\
HIYVMO/K R O SW& $ W L RLH/ R W K H
SRO\PRUBKURMDW ZDWOVURBHQWL FRQBKHQR W BIRAU P LVLHRAH FW LR Q
ZLWKP WRWM®IO DOOHD®®YHUXKLJIK

SURJUDPRY HQ KMILY +RHVFKHD®
KHWHURJ\JR]LWKHWH V XFRXEB BY HU\ ) QWKIFI?(DUDFWI-R[U[]).BWSKUDWLRQ
XVHII).((@)’VK‘!;‘IWXBI\JHRJUDSMI:IE)III))(WLR%YJ§|

D Q & QW KBIQD O IIZY OGW U DRWWK RV® 0\ o W b W LR/ARNG D@ O X G L0 )
GDQJRIH[WLQ FBWLFR.Q@UIHNV X DWW K H V

o LR WD B a0 O I VS 0BO 8L Ly FULEL Q0WL )
XVLQJ RWKHU WHFKQLTXHYV

PDUNHUWURQIOANWRRQHRUVHYHUDO

&RFRRIQL JB QG K HZHQ JB VI KRD LW U D L G X F WARALS\R\Q H QRHW HD QEH ODWH U

HYDoxmm;HucRGxFWQMW\FX@Q\@MHHEV;&%E\@HUJRJH%QDOW@%UEVGLTE:VDLVJEE’{V\
EHHXQVH® P RUWKK® ®FHQWZBERR QH J COMIDRSY B KIHG H Q Q

ZHLIJKWQLPSRUWROWHUFKDODF W H Etfy\%}EE'WVVRFLWWKLWKDUDF”@HU

XVHSREHWHUBDBSQHR[L PWWBIRR X @W XODU &KDWHUMHH HW DO
UD ¥ L O B /@ HR E W D LEXHH®MOL J KIWY BV
EHWWHDVXEMVWDQQRMGHWHUPLQ
FRPPHUFKD® EHRANXWH T X 1GDAD I L QT
WK RFRRIQKHG L I1H U HEQRWZ HM IQM Z R
PHDV XUWMAKZH LIJRW K$HX S BV L )/ 3V
WKHERUUHO DRX.@G HW ZHMW®HWHZ R
SDUD P HV@HKIAW XZDV W D¥RQFOX
W KDW H DR YIH Q B VI HFERHZOHQ JB @B L J K
D I | HFFRVF RRHL J R QHR W KIHH Q H@ Y R GCDW
EHHV@H QW DOVR FIMIWEWH EK UR PR VR
ERWRERFRRHLJBQOEKHIHL J KWZ H Y H
QRGHILQOWREDHD RBHLH S R W\R B G- H
HW DO

IS UH VW@ XD ¥ DU ULKYWY®&HWHUWRKEH
JURIB LY HUD/Q @& KH[LVWLHADWLRQVKLSV
W Z MVHKGIL | | H IDHF@ W V VELHRGDR/Q WLRD K H
VLONZBRHBPSOPDORIWK&HQWRW KH
7HFKQRORIMHORS RIBGIW L F X GQWNH6U H
B #@PSOLIILUI—DGP}-UQ-VQJS/PIO\PRUSKLVPV

)73V 9RW WO 7KHQO QI IRWRGHQWL I\

RO H F XMW HOMA R F LDIWWHB® R G X FW LY LW\

U D F W ¥ X EXARRLFFRIRQG K HZOHQ. J K DW

B_WWHPWWHB[X\AWDWLD/SISSLUH?E]T\KRQ
XOWLSOH YDULDQFH DQG VLPSOH FRUU

Materials and Methods
$ ODUQMPEHRUPRUSKRELRF RDRIINHDY,

KD YEHH HQL Q N\HRSR OH F RO D N HELKMH W O 7KHF KD UD FW H B L PIRW HEPGIDWK Z®W

<DVDNXFKLDJDUDJX +RZHYHW Py rxmo VLONZEBU®HVURPDSDQHVH
O L WK\P & H HRR QMR Q G H U WWKIHE Q H\RL L F . s

SURGXFWLYDWMNFHIV@WK®QDO\RLYY "1+ 1's DOG IURBKLO RUH JES

KHULW DEXBRIVEL Q D VRIUAADWPL P D &% 68 8&&- &*6 &+68&/6 &766& 6& 6&

6KLEXNDWD  SDRIWO  &KDWHUMAR I Mo mGQRIKIHH U P S OBDD/GRW KeHH Q WRHW
WKHHFEKQRORBIYFHIDR S PRIGW UL F X OW X U H
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&'76 TKHDUNHSMMWKIHDUP(O3tODPR (SSHQGRUI5 FHQWULIKUHPLQWZR
3HUHLUD 5LVDUDOGD &RORPELDYROXPRIDEVROXWHKDRRG VRGLXP

DFHW D W UG G M@/ KWHH S D U D WXHHGR X V
YRW KOHL Q NDQ B OEVHIWZ BHRG X FW UDLLSRD WHS U H F L SQ WIOBIEGYWH B L QR |
DQBROHFRDDNHUWRFRREBUVHVXGLEGQWUL I XV BOKEXISRQ Q 2 \BQWF D DRIBG
GLVWU IHEDXWIBEDSD QEBVAHRIKLIKQG WKHSHOOZHDW DLU GUIZKE SHO OHMW

RIOREURGXFWLQ&KML\Q OV HRIKLIKUH VXVSHQGHBIIHUW RO PO ('7$

DQGRIORZURGXFWIKHEWRGXFWDOXWNMO SK DQGQFXE RWKRSXOUW f & | W H U
ZHUBEDVHRXRQVWDW LG DNREDVDD LMWK HW KBIG G L VRILR Q< OS D Q F U Hs0 AL IS
EHQWRIWERWWEDUDFROLQRBEVHSDUDWHREO 7KH '1$ ZDV UH H[W UDFHAWHKG
LQWHHD OH\WQ GHP D OHYGLYHHSOIZHRMSKHQRO FKORUR | ROUPF RYORXER WK D QR O
FDUURXML WHO FKL QR RPRIHQDIWHLD Q§ U H F L S IDNEDHWRIGBKIM1S$ ZDWH VXVSHQGHG
IRU D WRWDO RI WHQ LQGALYEGK D O (I R¥ | HRX i QWK B IS @/ IDFEDVIR U ED@G H

H[DPLQE\GHOHFWURSK®OBYDV RWD
Quantitative data VW D LMW K L GEUXPP LTGRIX UW K H U
&RFRRALIEBDNGHWHURIBHBEBKDVHKH H[DPLYKHAS$ TXDOVWPSTHVELIHVWHG
ZHLIJKRY WKW KH@OVDOVRHDV X UG Z L WKKWHH VW U HRW RRX MSpH DXH QN K H
HOLPLQWYSHXBIDHDFARFRRQHOHFWURQRFCHRRWLIHYWRSHWEBH $ ZDV
EDODRQ@BWVHBQ® KEDVWEWDLMRWGERVXEPLWBEHQKBDRXQE [WUDBWRREQFDWHG
VLIQLILFDQW ILIJXUHYV DERYH

DNA extractions Primer selection for AFLPs
'1$ ZDREWDIQR®ZELIITHWAQWXHYU §)/3SVUHDFWIRVWO ZHUARD U UR X
JODRGQSXSBVLOGLIIHGHWAWRRRRIDFK XVLQUKHS)/3 $QDOVGLWWHP NLWRP
6X]XNL DQ&KDWWHUMUWMHHIYV SHFWQ Y. RQd\L WU R &D@H DFFRUGMRWKH
WKHH[WUDFWRREHLONBDQGLQGRIWKHPDQXIDFWXUHBRPPHQGDW&RQNWFWLYH
WLVVXHJ) ZD¥DU ULMBH[WUDEWLR@PSOLILEDMMISRDBEHUIRUPH@OQWKUHH
1D&OPO ('7$%$ PO 6'6 DWf&ZLWKQXFOHRW[WBHQ VIRRIERWEULPHUWR
«@®RI. SURWHLQDR/HPO)RWH[WUDFWKRYDFWHKSUBVIRXSULPHRPELQDWLRQV
RISXSDIRREXIIEDXVHGOXFRVA0 ZHUNHOHFAKHEBEDY® KLJIKQXPEHJ
(‘7% PO 7ULA&O PO 6'6 S+ QRQ DPELJXBRW\PRUSKLEPNHU
SOXWQ SURWHLQDWHPODW f& FRPELQDWHBWVLRGRXVLONZRURHYV
7KHNLVYRNM QF XEDWBGBRXQBULRG L pBBEKEGC HQW LI RFDMUNRHUVW R F LA WHKG
X Q WLIOHAHUGIRY L V LIEJDH P H @/\WAKD P S O H\W R G X F W UDIMWWRAR P E L Q DIH RO HF W H G
ZH UMK @ QW U Ll RAUPIGD W USP RQ D UDQGRP EDVLYV
«CRISRWDVDIEXRV DOV E HUBIG G MGW K H
H[WUBHVRBH_HQWUleanERamvﬁ&SSURGXEN\U/HL[HGLWK «O'ORDGLQJ
ZDWHFRY HWQHGH H[WUDEWB@HTXD G LIWXEBMHTXHQFRQBDPLGH'7$
YR O XRIBFKOR URSKRRPP\®F RKFw X U0 [NOHQFIDQRO EURPRSKHDXG
IRUPLGBIWAMQWULIDWWLESP

Tablel. 3BURGXFWLYLW\ GDWD

Name Geogr_aphic Productivity level Mean cocoon Mean cocoon weight Mean shell weight Mean shell weight
origin weight Males +SD Females +SD Males +SD Females +SD
-DSDQHVH +LJK “ : ¢ ¢
-DSDQHVH +LJK

. -DSDQHVH +LJK
6 * -DSDQHVH +LJK
-DSDQHVH /RZ
-DSDQHVH /IRZ
-DSDQHVH /IRZ
. -DSDQHVH /IRZ
6 & &KLQHVH +LJK
6& &KLQHVH +LJK
6 & &KLQHVH +LJK
&/ 6 &KLQHVH +LJK
&$ &KLQHVH /RZ
&& &KLQHVH /IRZ
& %6 &KLQHVH /IRZ
&*6 &KLQHVH /IRZ
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KHDWRG PLQXWMNf&D Q@& KHQ/\QFKDQ®LOOLIDQ 'DWISLVFXWHG
FRRORI@ FH «OZH UW K HIR D GHID 5HVXOWV DQG 'LVFXVVLRQ UHIHU WR WK
VHTXHQERQUIDF U\ QBIPLEBIX QW
GXULQBLQXWHKMHDDVLOYWD DQH® popylation structure

WKH6LO YT XHBFH 6HTXHQBWMWHPS K ISURJUSP29$ 35(30LO0HU ZDV

NLMJRBURPHJIIZZ SURPHJDDFRR UG LQIygR/ U D Q VWRUHRRNG R P L Q 6 Q WOW K H
W R/ KRD Q X 1D FWHKRRP PHQGBMULRRYHERM HF $QDO \WIRD ULDRFRIUBO29$

UHFRUZGVREWDLER\HELILWRRWRIUDSKY  ([FRILHWDO 7 K HG D WD U H
WUDQV I MUKHP@I MWR ,)) IRUPBWL®J popo\DMW Z SRS X O D \U DREDYVIRVW Z R
ILNRQ 'T FDPHUD VXESR S X OLDQWILHREPFER S X O DIWR B GW H

GHW H UW KRIHUF\R Q W U LE\Y\WU FREQ R IW K H
Statistical Analysis VXEGLY LWRK@RW D 0L OFQRPHS R Q KRV

'1$ ED QBN UMD NHEY H Q HOVRLFFR V V X P L @ D O AHUAD U UR KBV L @ R W\KKWHD 5 D W D

W K D'W ORHIDUHN TRV U H V S RVRALL QHUWDHRRFW QG GDWD FRUUHFWHG ZLWK WKH IDFWR
G R RMR P L J DIWFHK B IVFKR FEKOVE HV D N H Q

DWW ZBOOHOMWHRFIOQGLOOLIDQ Genetic distance

'DWBD W U ZFHHEX LIRW K$UHVHQBH G {1 o HWGEVWDRBWM GHWHUPLQH® K H

W KD-E V H Q FLH®I D FRAW KR EHUR DQRQH SRS X 0 D V@ 8 RES R S X OXOWALIGRIGHY 3 * $
P DW U IZFHHRIE W D LZQ MBK$U R JUIRR) 5 yR JUD O GV K AD O F X O MALRDIER H @ L
LPDJHQDOYRIAROH F XGODYH QBURILOHU

YHU "IURP 6FDQDO\WLFV ZZZ VFDQDO\WLFV FRP

o ) Statistical analysis for the association of
Similarity and group analysis molecular markers and productivity traits
7TKIBHWHUP LRMWWHRIDWLEQWKIMBK® o RyGMURGHWH UEZKQHRRD UN HUDA B
VLONZGU@DWEDVR@DWUEKHZAWKy | 3oL |ILEQ DX HRFESHURG X FWRXQWLSOH
WKHNLPLODLAIGWRHMHLDQGL Y D U L DQAHO WHURD U UR XIMR D O/ P SO H V
'LVVLPLODDOWEHNU® QD O\DHE QW K Hg K Hp gL J KM B @ K HE@ F R RIL J KAMW H
8 QZHLJKIDHBU R XGH W K B GWSU L W K P HVRLAF\/ | @H@HHESH O @ Bl Q MDIEQGHMYHID Q G
OHDQ83*0$ DQGGHQGURIDMEXLBW ppyNmW[SODQFWRUDEDBNE BW RRQ
SULQFEBROGLDPWHYRXYHU  ZDV \wKHEKDUDFADHWIGEHWHUPEQHGOLQHDO
DOVRUURKWRKR® KGILVW UL EGWKLRGHR |y U H ODQL@®\@Q R | WK HD & D O \X/#WH
GLPHQV%RUMDSKHBSUHVHPWORIRRYy URN®Y L QUKEW D W J U 5 DRKIVFN
RWRKHVD W IS\DF NBIIB<6 SFHU  SRKONR|wWzZBDH VWDWJIUD SKHLIFRQ@ERERR Q
ZHLJEMUWHH O H DWRGKGD U L DELOGHARK H \
DUWKMD L&D UDP HWRIHINVXSUWR GXFWLYLW\
Descriptive statistics and diversity (DFRYDUL DBQFBHOYMOIWHSHDMAHIP LQDWLQJ
7TKHKRPRFHGDUWULXRBADLBBAY LXWGEQ HDFWLPMKH[SODQ YWR UYEOMKBIHVV
D% D UVWOHHWWMN DQ 6RKO! EHIRMWBIFKVLIQLILFR@WULEXQWDIFROWKHHPDLQLQJ
DQDOWOWX Y KHSURJUDBRY*(1( YHUYDULDP®K\WD VLIQLILFRQWULEWWRLRQ
<HKHW O DQG@)3*$ 7TRRORU SURGXFWEZKLWARGH®XFFHVVLRQRZV
3RSXOD'WDRRIGQBO\WIHWU OLOOHU GHWHRKIRYHWRUWOREBDSRUWWRB MW
ZH U HVERD O F XX0QGWMHBEHD UGHLQEH UV WKRWK DDV WLIQLILER®W OXKHQ
HTXLOLBPWVMXPSWIKRRODORIDODPHWHRRSDZHBKKEHSHQGE D QWEK®IO VR
5HFHVDOYOHJ® A X HDAF® F F R U G MWQXIDOW K$IU H V HRIRMW KGIW H U P LBDAMVQR W M V H
RIWKGRPLQDQM\OHNKHD\ORIBDQVLRQDO\YHYVRDGHRUWKRDUNHIUMXSHG
PHWKRGFRQGLOOLIJDQ 3RO\PRUSREFRUWRXSULPHRPELQDWILRQVLFDQFH
ORSHUFHQWDR@&ELDWHGVHURFRHRBIZWDW HIW  7KHS UR S RRHE KRGO RRW
IRDGMRAMH L QHXW U/DIR@S[D WA VRQ OR WKIHGHQWL I RFDMIXB® PSRUWDQW
Rl SRSXODWLRGUHQWEDWRR® QG IDFWEXWWDW OWKHRUHWRBBADWLVIDFWRU\
5RXVVHW 7KHWHQD O\XHWHD UURMN@W KDRXOW LB-OJW HVIVQBQ\VKMYDULDQFH
ERWZK.WW KHDZ DWI) GDWDZKLFEQ DQDO\YRUNNRUGLVFUHMMH DEZOQWWKRXW
D Q D O WH\WW U K PVE HRH@S S OWHRY RWEK HY LROD WY Q3P SWRBRWV XPL@QRUPDOLW\
ELDVEDQZNVWHUHTXHQBKWKDQ 1 ZKLRZRXE&ZURQAKEDNVEHRNDQGRKOI
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TKISUREGHPDULDQFHRUBRDWWXGLWGEIJURPODIR X QR PLIQL I EXKIVKIWU R X S
DPRQNKREW D POHG HMULYWHRR GIEBE®RHVOHYHO ZDV VLJQLILFDQW
QRW. W KDWVXPSWWRQ FQWOK UNHV SHFW
PDUNHUWIXSUHVHQPBVHQFNM\NKDQ ,QGLYLGX@DO\WRUVHDFKRI WKHXVHG
ZHUHOLPL QWROH @ L (DDWRIV LWDL.QIEBRW FRPELQD WL RWLW L OBV XDAWSUHVHQWHG
WKHHWD ULDRWHHM. Y HFEFR U ®IRXIL FKFRUUHOIDQNGLAFRW KE D WVRDWKELITHUHQW
WKWMLIJQLILRDQYRKHRDUNHQWKMDULD QFFHW U LFIHNKAMK D Q L Q G L F DWWKLIRWK H
DQDOYWDINEHWHUPEVHRIUHIUHWOQRQXPEHRUFRPELQDWVYRGD/W XIILFLRQ W
LGHQWIZIKLEGEBDUNHWKRD SRVLWDRSH[SORWKELYHUSU MY HQMWKWLONZRUP
WKRZMBMISRVLWQYBX ZEBEHIL QKA VOLQHWXGEHGMHKHRPEL QD WL YRRV KO\
UHJUH\LYISRP@ B WAK I/\KWVHO RISHIR VL WU YR Q FR UGH\QXDWND VV X P\WM EDWKHKR O H
QHIJDWEWYEHDVWXDUBRVMWKRXG\GLWLRBOBREM\VEHL@RDO\|WBUNHBDO
VWDWLVWLFDO DVVXPSWLRQV 5RXSSHWDO =KXHWD O 7KH
GHQGURFARIWPM VS RMROLAKIN K$FHU L P HU
Results and Discussion FRPELQDWLYNDRFLODRXSLQJIX U DY G
Similarity and group analysis
7 RF D URJXW KIHQ D O YWIRVXASH/UGHH | L QRSP 7KHOH YRHORO\PRUSIRIWWPFKRPELQDWLRQ
WKHGHQGURJIJBORVWHENRUGLQUDR ZDM QWKHUDQJH * DOWKRXQBRUJH
SULQRUSEDXBHWMHIEEKLOQBPQMDSDQHYKPERWHV WU LFDMIPRHQWED Q @HUH
OLQHYVRPWKHWHKKEJURXBYMWHQWDWIHMHOU DY DG LY MDXPSAENY)/3V7DEOH
GHILQHIY BEGD RQNVNKEHQGURBOBFWHUYRWQDORQOWKRMIHDIPHOYWREWUH
TKWLIQLILEQMGEHOHRWLRIY RXBNVY SRO\PRUBSKIB HILVWHWHKIDPVELJIXLWN
VWDWLVWULHDYH®BYLQIWKHSRSXODWIHRHVHGK LWNRUUHEZWPRGBFFR U ®IRQ J
GLIIHUHQW DEWR®&D\PR@ GERXVVHWKHULWHMWRRDEO\WKHFD QB®LOOLJIDQ
TKHVWUXFWXHYRRUUHVSRWBLQIDQK QDMNMRWDOEDQBNUHQDO\]HG

Japanese lines
& B
[

Chinese lines

CLS +

008 04 021 027 033
Genetic distance

Figurel. '"HQGURJUDP REWDLQHG E\ 83*0%$ LQGLFDWLQJ WKH UHODWLRQVKLSYV EHWZHHQ WK
$)/3 EDQGV 6LJQV i DQG LQGLFDWH OLQHYV ZLWK ORZ RU KLJK SURGXFWLYLW\ UHVS
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Figure 2.
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BULQFLSDO FRRUGLQDWH DQDO\VLYV XVLQJ D VLPSOH SDLULQJ PDWUL[

,661

iCl dbcj

IRU WKH G

-DSDQHVH OLQHV UHG FRORU DUH &KLQHVH OLQHV

ZLVODKDYHUBSRB\PRUSXKILVP 7DEOH Descriptive statistics and diversity
7 KHJ HRW KHQ D O WHHWD U UR KIBL WKKH)RUDQDO\W.KHROORZIQUDPHWHUM
FRUUHFWHG GDWD RQO\

Table 2.

8VHG $)/3V FRPELQDWLRQV

Combination

Loci number

% Polymorphic loci

($&* 0 &$&

($&* 0 &$7

($&* 0 &3%%

($** 0 &%&

7RWDO ORFL

7RWDO ORFL /\QFK \ 0LQ

OLJDQ &R

UUHFWLRQ

FDOFX OPMWHRKR PELQDS\RAR\® R USKEE
SHUFHQWIDWH URF\JROHWOLFFZHQHWLF
GLVWIDQFGVWDOXHWKHU 7KHSDWD
REW D XM @XIR XSU L PFHRIP E L Q DWHLRD V
ERWIKQWKBHQGURDUDPQWKHBULQFLSDO
FRRUGLDOQWO\WKWDMWK HD SD Q HBMUHD Q FK
GLVWDQFHWRUKHWH UR J F\K-DRK W
&KLQHEWH QK. VWDQFHLIXUWMQG
7KLVREVHUYDBMRRORQILUPHG WKH
KHW HUR]\G R RIBM\FAH UBO Z DK VJ K FRW
WKH SDQBY B HKH VW L FRDWKGIH J URHIH

7KIGHQGURJIJHMQRUBVBEE$ DQDORILSRS X O DANLRQ HQ WL DREQWRIQH/ W D O X H

WKH EDQGARXSULPHRPELQDWHRGOYRBDFXRYKR DK LIEHJURHBILI THUHQWLDWLR
WKH VLONZRUBHMWRZ RHWHGM ILQHTGDEOH
JURXBRUUHV S RVGRGR& L Q BYEDSDQHVH

OLQH{MIXUHZLWIKGLVWRQFH IRW K Hpon iation structure

-DSD QB VEeHYG

Table 3.

IRWKEKLQWVIRHVH 7w ypDULDBR
DQDO\VLV LGHQWLILHG DOO WKH ggzegtfsvggg(&owHu

'"HVFULSWLYH VWDWLVWLFDO DQDO\VLV IRU HDFK SULPHU FRPELQDWLRQ DQG WKH

ASRQHDMMREWDLEOHG
([FRI Let dl.

Combination

Analysis level

Heterozygocity

Genetic flow (Nm) Genetic distance Gst

3RSXODW

L RQ

($&* 0 &$&

3RSXODW

RQ

3RSXODWL

RQ WRWDO

3RSXODW

[RQ

($&* 0 &$7

3RSXODW

RQ

3RSXODWL

RQ WRWDO

3RSXODW

L RQ

($&* 0 &$$

3RSXODW

RQ

3RSXODWL

RQ WRWDO

3RSXODW

L RQ

($** 0 &$&

3RSXODW

RQ

3RSXODWL

RQ WRWDO

3RSXODW

[RQ

7RWDO

3RSXODW

RQ

3RSXODWL

RQ WRWDO

3RSXODW

L RQ

7RWDO /\QFK DQ(

0 BRG XJIDQV

RQ

3RSXODWL

RQ WRWDO
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XVLQUKARUUHNMBASOHVIHUHQ@HUH7DEOHDQG 7KHD QD O \WH YH DIDKKG. J K

D QD O\FHIGV Z NVK@HY DO X DIVAHEEBY G Q VL G3H JURIMLIQLILRI/GIPH) SLONZQU®B

HD FRRQ H K LIV Q D O UWH.WH MCKHIBKYD U L D QW KIHi [ S O D Q DRAI ISRIR G X F WALKYHLRADIU N H U V
FRPSRQEGWYISIRG X O D WH BVGRP H Z K DAM O H EQHDEFRIW KSIULPARPEL QD WRIR Q V
KLIKWMKDQV H®HSKR S X O DVDICR.E VWP B B D FRKIW K$IU R G X F \§ D U DW HOWHRLLW W®! G
GLIIHUHQWHD/\E MR ZR DFHDEOH 7DEOH
7KLWHVXDWKUWRKRIQILUP\WERPSDULVRQ

RISDLUSIBSXODWVRQVW)LVKHU |
9DULDQQBO\Z/D_\\DO\/FFDUURBK@RUNKHTabIe& 9DULDQFH DQDO\WLV IRU FRFRRQ ZHLJKW V

VXPPDWLRQ W\SH ,,, IRU WKH FRPELQDWLRQ ( $$&
VXESRSXOGWILREINGERQJIJORPBOQDOW LYV

DQGUR)ESiKDYZ_[R\QRWEVHUMQGLFDV\ Ma@Rer] Square error df MSE F-Value P-Value
W K D@V K HWR-5 X O DQR/R @ & L Y O W IY BDW/ K228
D OHVVHU RUBEHOHH[LVW I
%D QG
Table4. & RUUHFWHG $029% 9DULDQFH FRPSR‘Q%%L’b‘W DQDOYTVL

EHWZHHQ SRSXODWLRQV DQG LQVLGH HDFK VLONZRUP SR ODWLRQ

gDJirgggzourEcaWZHH?dfszgﬂicg\%m"/ggta' Pl B Table7. 9DULDQFH DQDO\VLV IRU FRFRRQ VKHOO ZHL
9DULDOFH LOVLGH|SREXOQWLHQV VXPPDWLRQ W\SH ,,, IRU WKH FRPELQDWLRQ ( $%$&
Marker Square error df MSE F-Value P-Value
%DQG

Table5. &RUUHFWHG $029% 9DULDQFH FRPSRQHIEW DQDOTVL
EHWZHHQ SRSXODWLRQV DQG VXESRSXODWIRQY DOGC LOVEGH

SRSXODWLRQV DQG VXESRSXODWLRQV %DQG
%DQG

Variation source df MS VC %Total P B L. 1A(

9 EHWZHHQ SRSKODPWLRQ 5(

9 EHWZHHQ SRSXQDWLRQV LQVLGEH
VXESRSXODWLRQ
9 LQVLGH VXESRSXPDWLRIQV

ODUNHGBGHQWLIIZHHDWER® LW KGRI K

o soure VXESIR“; e M e S SURFRINXFFHWOLYH Q B QYEWRQ@ R W K H
9 LQVLGH VXESRSXQDWLRQV PDUNHUWL@QRQ VLJIQLUHAD®OWWKH
__ e — Y D U L [DQ@FHO \AWKLHY X P E RWP D U N )XV YMER
S EHWZHHoO SREXOPWLRAV FDURXWKWHOHPWILRIEP WRIRWKH
9 LQVLGH SRSKODWLRQ FRPELQDWDR/QNG IRU WKH HYDOXDWHG

FKDUDFWHBVLNM@MDEOHWRPPREDQGYV
FDEHLGHQWLQIDHOBOFRPPREDQE@WUH
Association  between AFLP markers and LGHQWRIWHEQDOWHKDUDFW RQENDW GF V
productivity characteristics IRUWDFXULPHRP E L Q DRMQMX®IY HU DHH
7KIQXPERBDUNBKHEHUDWVRRGOH D O\ VELYQ G DQG LQ WKHFRPELQDWLRQ
RI VLONZFROURAVWK. YB)/3 SULPHU$&* 0 &$$ZKLBWKBUMSHFLRBRRI
FRPELQDWDREHWZHHOQQG ZLWKQ WKFKDUDFWRQOWWAFYGDQG LQVKH
DYHURUJH $)/3 PDUNKWY W U LEEHKWHEHRPELQDWISR® 0 &$$ 7KH W\SHRI

+ ES7TDEOH FRQWULRXMOLAR® RIWKPDUNHRWKH

HY DO XDWHXGEZBY GHW H U P MKHIR XD K

7RLGHQWHODW L RWAKR BIVQ WWR@N D FHR U U H ODQ\DLAREBH. W Z HHHDGEKD QB Q GV K H
EHWZWHQL$ PDUNHUMVKSURGXFWEDIUWALW XN ORW XP ER N HO HF I/BINGHRILY
FKDUDFWH WD/WLIDFRQZFGID O \MRW WZRHDFIKQGLY LSAOXNIPHRP E L Q DIWN. RRZIQQ
FKDUDFWBURVQNLWROHFRODNHEDV 7DEOHKIQXPEHWDULDBGHR HKQRWHH P
PDGH[DPSORMVKUHHVXDWAWHVHQYHK\GRD YHG L UM AW D W LARLQWHKIMR \§ R PE H U

Table8. ,GHQWLILHG PDUNHUV IRU HDFK RI WKH HYDOXDWHG FKDUDFWHULVWLFV

Combination  [Band number [Band for cocoon weight Band for cocoon shell weight Number of comon bands ITotal of selected bands
E-ACG/M-CAA
E-ACC/M-CAC
E-ACA/M-CAG
E-AAG/M-CAT
E-AAC/M-CTA
Total
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REDQERRWUDHFRPELQDMWNHNRRWRPERU WKHGHQWL I LFIDRDIWRNHDWY R F L B MWHIG
EDQGE HQWIRIBHBEGHKY D O XBKADHID EMWHB U R G X FWAKYCLWDLF W H& R W R/RDBQYGY KHO O
UDWKHU VLPLODU ZHLJIBWIN ZRH WP SR UW BR®RW UBA RD/W

UH V H D UKBCHWMUW/IVWHESK \ V L FID®HQ MQM K H
Line genetic relationships JHOQRPRIBPRUWKKXQ® OFHQWXKIKBUHVHQW
7KI—BUHVHWW‘GKRZN/KEBW3VFDQHXVHGVWXWMWE;HILWUNBUHVH@‘WJR)RS
VXFFHVVILRWEWLONZRURIHY HD ® LQGLYLGXDONKFRQWUDVBURGXFWLYLW\
SRO\PRUSKUOWHIR®IHQHWD B N HUKH FKDUDFWHUOLWWRKWYLQDQ H[WUHPH

UHVXGWFRQVWUIODWK LMW D YD O XD EGHY WULEXWLRQ
W H F K QIR KLV FRR K B Q HWILEL DVOLR Q| ) v vy w U S S OWRE W

JHQHw\mnrQlRUPDWEWBQEQHBF:«ULPHQ‘QDSSUR[LPDW(DVVRFLEWM@HQ

FRPELQDWLRRWIE HWKHDPHWED &H o 2 o E e h B U R G X F VW YW WL EREW H V
FRQ F O XVGHIHEU HWRKWDIKIHIOQ D O LWALR/Y H U L
IDFW KDMKHQIRUPDWRIURQFKGHQWLILHU
W KZK R GRHW KHH Q R PHK H/ W X3 ® O R WK @
LGHQWLIIRADSHRIBGDD GRWHDFRIWKH " DUNBUVB H V HRQIFEV H G R Y W QWA H
RIUHJUHV\QIRIQ HEQIFD RIWKBRUP DO LW\

EéDHPQLVSﬂ%';DWLI;%Dm%JgJ&H‘J;& DVVXPSWQWKRHW KKHHIRBP XOWYSOHDQFH
DOQDOGWRNQYRWDNM KIULAHT XLUHW®R QW

GHWHUP IMKISXU LRV H U P R S CEORPWR U [ EDXIQHBD O O RER'Q F O X VI RRXMYK H

U
SXUH OLQHV DQG FRPPHUFLDO K\€ﬁ\l}$LlLIR[D\ADIFHHRQWULERXN\D_H:H@ULDEOH

7KHFRQJORPHIRMMHE WKIWHFKQLTERQGRLAW LVFXWKDNV VXP S RIMKE
L GHQ WS HIH BRI BRIW KGIL QIAF R U @IRYIQL I RURMIMMDULDQF BRI UJXH@/ KLV

W K H1HJR J U D RKILA EQ H DIU®G L F DWKLIQLIYH V S WHWE YWV U BN HZ KL AMKSHUH VH Q F H

&KL QHMHD S D Q RWH J WX IU\H O D W L R\ PR RUFDLR A Z RRWK L JKMKDQ ZHUH
SURE DBOA R KHR FRMY) G RIBEPAKLFKD Y R L GPIGGW K HWKR® VXVHGLWKRXW

W KOHL CCHURID L Q W D, 10y 5 GRWM K B FMK mygHH Y D O X RWVWREIQ G L Y LGIXWDLD @FIOW L S O H
REVHUGHGH U¥DVOR Z WK H HV X O L DOFPHO DA O RWHIBG HQWLIRFDWLRQ
V X J J HWKADAKGHL QM KB WL J L QKabisD Q H IR UNBEDQOW L @IVPD QA PEHRUS)/3

U D RZHH URIU L J L @K@ \P R J H Q MRCIAVK R VRV L PHRR P EL Q DVWLIRROM ) VLJQLILFDQW
IR W K&K L Q R\DHF MD)W K&t 76 FRO O H Wz RRPY VR F LDMAWMIRKM ZRURGXFWRFEWQHQWV

-DSDQBVEHMNKR2QE HDOP RAGM QW LFHY HCLHG
SOWKRXRKRIWKEKLQHOWOBIWMLPLODQY o\ 0o h N pVIKWHOEQ SURJIUDRN
QRQWKRZMEKIORBHIURKG LY HU VKW 70 RED B EE i e ) 8 @ S S S SR
JHRJUD SOWA HRVIVHYD N Z B DHO D U J HFMRQMHQ{I\?(OXVWKH
JHQRPALAEP SR QDIQW K GW J URIMLP LOD LL\/? L O NEDHW 2 WHRED U N B QB H O H Y D O W
PONHWHFHVWERWXIEQ 8 YD O REWIKH XFBRVI XD QWL WD WIRFHT/V 7KHVH
QXPERIFKDUDFW H® DVKLEAE HW H U P X DG LW L DB N U
WRAQOELRAW
LIWKIWKRXEXEDLQWDRQEBSOLBIWHE, o\ e |URP WKLY DQDO\VLYV
VWRRNPSURY H P &/GWRWM K HKILUGH J U H
RIVLPLODWRX®® ER. P S R U WERQUW K
HYDO ORL\WWHIFBEW* . DQG LQNKH
-DSDQHVRXE) @ERDHOWKEE &KLQH

8tg&/{gmg%ﬁg3®iﬁwgggcmﬂpLGHQWLIRH:D(\NUFE)(EWEIUVRWLIZ[EWM
DQWKBPMRHD O VIHVOAR F ZDWBKURR G XFWLY LW\

v JHPDOBVELIIDWYGEHDWRUM KDRDOHV

Y WK HVXD O LBOROHRWHV XQRALIKH U

I?‘HI—IDQDOV\I’(LR\/ZW(IKLI-PSRUWFDI‘QIFFHQNKLV
\SFHDSSUR[LP D WIRK® U D F WBHFRPMIMF
WKPWYVEBHDOZDHY D O X DWBRH®R WK H

7KHYDULDBRAS R Q H\QW Y HW\W DML
QHFHVWRUR D GH®BH Q HEDL\AHQ W U R G X ’é
QHZD L QIWNR BV KWD PR UG LI | HWH@WU D S NHXHFJ\ﬁ’bQ%GSt(‘;VﬁQQm“V%R
RULJLUQ LPSURY HPHIGRW U DIPWHV RE H Q

LPSOHPHQWHG WR REWDLQ KLIKHLULSURGUEW YL WAKNEH LGV < \p o g

SURGXFWKDUWFWNKRZWEEBNERVLWLYH
Association between molecular markers and DQGHJIJDWNVWHRFLDWYRPRDVABUNHUYV
productivity components IRERWKRFRERBLIWOW & KHDIOLJKWUH

TKNWLONZRUPREBYRXQWGRHD H[FHOORBWHU YHKEFR QW U L ERKRIWMLKRHQFRP PR Q
V X E MIRFOVD D OL\QIL\D J H U S US. QORI LUQDEPLY
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PDUNHDWRVLWRERWKVRPHADVBQG *RZHW& 6RPIELVWBQRISH RIWLIHVBRREVWY/G
FDVHMKLUHVYXWZWKDWKLIKHBFRRQ
ZHLJE-WI—Q/RQ/HFHVVLIDI-HJIIO(IN}FNV]KHKJHOQQHVFKH;@HLPBULULJQR(ODDQMK&DJH)
SHUFHQWBRHMHKDUD FW HMHNRV RE M $GYDQE®/WDW LFWWKRORD STXDQWLWD /LW H
FROQOWUREOGHG HUHQQHNFRQILUPW®B ORFL LQ RXWEUHIGEneSERSXODWLRQV
HYLGHQFH UHS$SIRHW HD® E\
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