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«Ha Bcepoccuinckom cenekunoHHoOM cbe3ae
3acnywaH goknag npodp. H. . BaBunosa
NCKITIOYUTENBHOIO HAay4HOro U NPaKTUYECKOro
3HAYEHUS C N3NOXXEHNUEM HOBbLIX OCHOB TEOPUU
N3MEHYNBOCTU, OCHOBAHHOWN rMaBHbIM 0Opa3oM Ha
N3y4eHUn maTtepumarna no KynbTYpPHbIM PpacTEHUSIM.
Teopusa 3Ta npeacrtaBnseT KpynHeuwee codbiTue
B MUPOBOMU OUONTIOrM4eCcKon HayKe, COOTBETCTBYA
OTKpbITUAM MeHaeneeBa B XMMUM, OTKpbIBAET
caMble LUMPOKME NepcrekTmBbl Ana npaktnku. Cresa
NPUHAN Pe3ostoLUno 0 HeobxoaMMoCTN obecneynTb
pa3BuTmne pabot BaBunosa B caMOM LLMPOKOM
mMacLwiTabe co CTOPOHbI rOCYy4apCTBEHHOW BacTU».
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cemed, merely from the corresponding points in those five
circles being joined together®, every line expressing the

existence of an analogy between the points il connects.
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% Nothing in Natural History is, perhaps, more enrious than that these
analogies should be represented by a fignve so strictly glﬁ:lmeh'l{:aL Ope is
almast tempted to believe that the science of the variation of animal struc-
tures may, in the end, come within the province of the mathematician,
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Hwukonan MiBaHoBuY BaBunos
«3aKOH romMoJ1IorM4yecknx psaos B
HacnegcTBEHHOU U3MEHYNBOCTU»

193D

«Pag aBTOpoB Nnocrie nossneHns «3akoHa
romosiormdyeckux psagos» B 1920 r. u ero paclwimpeHHoro
N3gaHNsA Ha aHIMMUCKOM A3blke B 1922 r. ykasbiBanu Ha
LueriecoobpasHoCTb, MO X MHEHMIO, 3aMEeHbI TEPMUHA
«romMosiorm4eckue pAaabi» Ha3BaAHNEM «romokanHuueckme psgsi» (HO.

H. BopoHOB); «reHOUAEHTUYHBIE» UMW «aHanorMyHble MyTauum» (Mnarta) unm npocTo

«napanneribHaa» nin «aHariormiHad USMeH4YnBoOCTb>.

MbI coxpaHseM NPUHATBIA HAMW TEPMUH, NGO OCHOBHOE, YTO NEXMUT B yCTaHOBNEHUN 3aKoHa
FOMOJIOrMYECKMX PSA0B, 3TO CXOACTBO U3MEHUYMBOCTM Y BNN3KMX U POACTBEHHbIX BULOB M POAOB,
€4VHCTBO B HACNeACTBEHHOW M3MEHUYMBOCTU LieNbIX CEMECTB. [Jeno He TonbKo B napannenusme,
BO BHELUHEM CXOACTBE, a B 6onee rrnybokoii 3BOMOLMOHHON CYLLHOCTM CXOACTBA HacneACTBEHHOMN
N3MEHYMBOCTN Y POACTBEHHBLIX OPraHN3MoB. BceobLHOCTb 3TOro ABNeHWs onpeaenseTcs, npexae
BCEro, reHeTM4YeCKM eaNHCTBOM 3BOJTHOLMOHHOMO NpoLecca 1 NPOUCXOXAEHNS!, POACTBOM.
HanGonee nonHbiin napannenusm npoxoauT UMEHHO B BNn3KMX podax unv B npegenax ceMencTs.

KoHeuHo, He BO Bcex crny4asix, a eLle MeHee y pasHbiX POLoB, U3MEHEHMEe BhiSBNSeTCs Bceraa
OOHVMUN U TEMU Xe, T. €. FOMOSIOrMYecKUMN reHamun. OLMHaAKOBbIE N3MEHEHMS (DEHOTUMNYECKOTO
nopsigka MoryT ObiTb Bbl3BaHbI U pasHbIMU reHamMu. MNockonbKy cuctemaTuka MeeT Aerno ¢

npusrakamn, MOCKOJTBKY MPU 0003peHnn pasHoobpasns
PaCTUTENLHOIO N XXMBOTHOITO MUpa Mbl UMEEM AENO0
NoKa B OCHOBHOM He C reHamu, O KOTOPbIX Mbl 3HAEM
OYeHb Maro, a C NpuU3HakamMu B YCNOBUAX
onpeaerieHHon cpeabl, To bonee npaBuiibHO TOBOPUTL
O FOMOJIOTNYHbIX NPU3HaKaX.»



Biological Journal of the Linnean Society (1990, 39: 17-25, With 4 figures
MoxkeT ObITb aHanorn4eckmne
1990 psabl POpPMMPYOTCA NoAa
NEeNCTBUEM eCTECTBEHHOIO
oTbopa, a roMonorM4yeckKkme —
nog AencTtBmMeM "BHYTPEHHEro
3akoHa"?

4. Vavilov’s Law of Homologous Series—is it
relevant to potatoes?

MICHAEL T. JACKSON

Plant Genetics Group, School of Biological Sciences, The University of Birmingham,
P.O. Box 363, Birmingham B152TT

SIGNIFICANCE OF HOMOLOGOUS VARIATION IN POTATOES

The distribution of resistance to late blight and cyst nematode may be
partially explained in terms of hybridization and introgression amongst closely
related species, such as those in Series Tuberosa, but it is unlikely to account for
their distribution in more distantly related species with which hydridization 1s
difficult. Could this be analogous variation?

If the basis of the Law of Homologous Series is natural and artificial selection,
then it is much more difficult to account for the occurrence of resistance genes in
species in the apparent absence of a suitable selection pressure. For example, in
collaborative research between the International Potato Center, Peru, and the
University of Birmingham, high levels of resistance to potato leafroll virus and
potato spindle tuber viroid have been found in §. acaule at high altitudes where
both of the pathogens are not thought to survive (Carlos Arbizu, personal
communication).

Nevertheless, the Law of Homologous Series 1s relevant and demonstrable in
potatoes. Since its publication 65 years ago, the Law of Homologous Series has
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Molecular-genetic Extensions of Vavilov’s Predictions

Kevin M. Folta'
Horticultural Sciences Department, University of Florida, Gainesville, FL 32606 ()15

Additional index words. evolution, genetic traits, parallel selection, photoperiod, shattering
Abstract. Vavilov's Law of Homologous Series indic This papcr was prEHEIl’[Ed as part of a WDI‘kSth

species based on parallel selection. The conclusion co] antitled *Nikolai Ivanovich Vavilov: Plant Genetic

to phenotypic variation across taxa. The same exam . - .
and genomic resolution, because parallel traits woulc Resources Pioneer and Hero™ on JUI} 281 2014 at

common mutations. In this review, these concepts ard the ASHS Annual Conference 1n ()I'l'dl]d(], FL.
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traits and perhaps the genes or genomic regions that control them. With respect to genetic variation, the occurrence and
physical location of genes associated with kernel retention may be predicted. Many grains share mutations, such as the S84 [/
gene, which were selected in parallel. Selection of the 84/ gene led to higher vields due to better kernel retention. While the
cgenes affected are often the same, the types of mutations are not, implying convergent selection. Flowering time is governed
by multiple loci, so variation may be attributed only to a few candidates, yet because of the number of regulators the
predictive power of the law is lower. The modern application of the Law of Homologous Series is that it allows basic
researchers or plant breeders to make predictions about the genes controlling Key traits, although the genetic basis of
variation is likely not conserved.




Parallel domestication of the Shatteringl genes in cereals

Zhongwei Lin!, Xianran Li!, Laura M Shannon?, Cheng-Ting Yeh*#, Ming L Wang®, Guihua Bai'-®, Zhao Peng’,
Jiarui Li’, Harold N Trick”, Thomas E Clemente®, John Doebley?, Patrick S Schnable®*, Mitchell R Tuinstra®,

Tesfaye T Tesso!, Frank White” & Jianming Yu®

A key step during crop domestication is the loss of seed
shattering. Here, we show that seed shattering in sorghum

is controlled by a single gene, Shattering1 ($h1), which
encodes a YABBY transcription factor. Domesticated sorghums
harbor three different mutations at the Si7 locus. Variants at
regulatory sites in the promoter and intronic regions lead to a
low level of expression, a 2.2-kb deletion causes a truncated
transcript that lacks exons 2 and 3, and a GT-to-GG splice-
site variant in the intron 4 results in removal of the exon 4.
The distributions of these non-shattering haplotypes among
sorghum landraces suggest three independent origins. The
function of the rice ortholog (Os5hT) was subsequently
validated with a shattering-resistant mutant, and two maize
orthologs (ZmSh1-T and ZmShi-5.1+Zm5h1-5.2) were verified
with a large mapping population. Our results indicate that
Sh1 genes for seed shattering were under parallel selection
during sorghum, rice and maize domestication.

Cereal crops, the primary calorie source for humans, were domesti-
cated thousands of years ago!. During domestication, many morpho-
logical and physiological characteristics of the wild progenitors of
modern crops were reshaped to meet the needs of humans by artificial
selection. When ancient humans started to cultivate wild crops, one of
the most notable obstacles would have been the seed shattering habit.
Seeds on wild grasses shed naturally at maturity, ensuring their natural
propagation. Seed shattering, however, would have caused inefficient
harvesting and large losses in grain vield forancient humans. Hence,
the non-shattering trait is likely to been placed under strong selection
early in domestication. Because the trait can be achieved by changes

Figure 1 Seed shattering phenctype in sorghum. (a,b) Seeds were
scattered everywhere from the top of the wild sorghum SV plant {a),
whereas seeds were firmly retained on the head of the domesticated
sorghum Tx430 plant (b, shown only from a panicle branch) at maturity
after vigorous shaking. (c.d) Larger views of spikelets in a and b are
shown for SV (¢) and Txd30 (d) plants after shaking. (e,f) Abscission
layers (of curved shape) were present at the junction between the hull and
pedicel on SV plants (e), whereas no abscission layver was observed on
Tx430 plants (F). AL, abscission layer; scale bars, 50 pm.

in one or two major genetic loci with large effectsi, non-shattering

variants could have appeared in the population at discernable fre-
quencies, leading to the fixation of the non-shattering variants in
ancient domesticated crop populations. Selection for non-shattering
crop plants would have greatly facilitated harvesting and improved
production, and propagation of cereal crops would have become
increasingly dependent on humans, a feature that distinguishes mod-
ern crops from their wild progenitors. Although several genes have
been identified as being responsible for seed shattering in rice and
wheat®=®, whether other cereals share the same molecular genetic
basis for shattering had not been determined.

Sorghum is the world’s fifth major crop and a new model plant with
applications in bioenergy and stress management®. Previous genetic
studies have shown that seed shattering in sorghum is governed by
a single locus!™1 To identify the molecular basis underlying seed
shattering in sorghum, we censtructed an F; population from a cross
between a wild sorghum with complete seed shattering, Sorghum
virgatum (5V), and a non-shattering domesticated sorghum line,
Tx430 (Fig. 1). The F, plants showed the same complete shattering
as SV. The F, segregation ratio suggested that a single gene with a
complete dominance effect explained this trait, and this gene was
designated Shatteringl (Sh1).

An initial scan with 94 F; individuals mapped the ShI gene onto
sorghum chromosome 1 (Fig. 2a and Online Methods). This mapping
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A key step during crop domestication is the loss of seed
shattering. Here, we show that seed shattering in sorghum

is controlled by a single gene, Shattering1 ($h1), which
encodes a YABBY transcription factor. Domesticated sorghums
harbor three different mutations at the 547 locus. Variants at
regulatory sites in the promoter and intronic regions lead to a
low level of expression, a 2.2-kb deletion causes a truncated
transcript that lacks exons 2 and 3, and a GT-to-GG splice-
site variant in the intron 4 results in removal of the exon 4.
The distributions of these non-shattering haplotypes among
sorghum landraces suggest three independent origins. The
function of the rice ortholog (Os5hT) was subsequently
validated with a shattering-resistant mutant, and two maize
orthologs (ZmSh1-T and ZmShi-5.1+Zm5h1-5.2) were verified
with a large mapping population. Our results indicate that
Sh1 genes for seed shattering were under parallel selection
during sorghum, rice and maize domestication.

Cereal crops, the primary calorie source for humans, were domesti-
cated thousands of years ago!. During domestication, many morpho-
logical and physiological characteristics of the wild progenitors of
modern crops were reshaped to meet the needs of humans by artificial
selection. When ancient humans started to cultivate wild crops, one of
the most notable obstacles would have been the seed shattering habit.
Seeds on wild grasses shed naturally at maturity, ensuring their natural
propagation. Seed shattering, however, would have caused inefficient
harvesting and large losses in grain vield forancient humans. Hence,
the non-shattering trait is likely to been placed under strong selection
early in domestication. Because the trait can be achieved by changes

Figure 4 Genomic regions of Shl in cereals. (a) Genomic regions
corresponding to Sh1 were conserved in sorghum (Sorghum bicolar),
maize (Zea mays), rice (Oryza sativa) and foxtail millet ( Sefaria ffalica).
The genomic collinearity map was plotted on the basis of the BLASTP
result of pairwise genome analysis from CoGe; dot plot alignment
indicates the collinearity of genomic regions. (b) ShiI gene structure
comparison. Shl gene structure is conserved, except for one extremely
large intran (19.2 Kb) that was present only in the Shi ortholog on
maize chromosome 1 (ZmShI-1) and a gene fusion that occurred in
one of two Shi orthologs on maize chromosome 5 (ZmShi1-5.1).
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2) BABUNOB HE BblJ1 3HAKOM C NPUOPUTETOM
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BrifgB1eHHe ped)peHOB KAK PYCCKAS HATHOHA.THHASA HIes

Hakonen, caegyeT OTMETHTR OIHY IIpHMedHa-
TEIPHYI0 OCOOSHHOCTE — MOJABIAIONIES THCIO ped-
PEHOB (HCKIIOYAA JHINE TIe3aMITremTansT B.Ien-
HHTA) BBIABIICHO OTEUSCTBEHHBIMH HCCIEIOBATENA-
MH. JTO MO3BOIAET IPEeINOI0KHTE, UYTO BEIABICHHE

HHe TeX HIH HHBIX ()aKTOB, HO H BEIABIEHHE 00mIei
KapTHHEl MHpPOYCTpoHcTBa, ToH HemocTHocTH Koc-
MOca, KOTOpBIH HEOOXOOHM 1714 HAILHOHAIBHOIO
CO3HAHHA KaK B HayKe, TaK H B XyIOKECTBE, pac-
KpBIBAIOIIEMCA Hepe3 «YMO3PEHHE B KpacKaxy

pe)peHOB ABIASTCA MOLIHHHEIM BEIPpAKEHHEM HH-
TEHCHBHCO OTBICKHBacMOH HBIHE HAIIHOHATIBHOH
HieH. [JocnenHee MOKHO CBA3ATh ¢ BH3AHTHHCKHMH
TPAIHLIHAME OTeUecTBeHHOH Hayku [Uedanor C.B.,
2014], ana xotopoH BaKHO He TOIBKO YCTAHOBIE-

[Tpyoeuroit, 1965]. Ecan cormacuTteea ¢ 3THM, TO
MOKHO CO3HATEIBbHO H IIeJISHANPaBISHHO MOIIEp-
HBATh PabOTBl OTEHUESCTBEHHBIX HCCIEIOBATEIeH B
3TOM HaIlPaBISHHH, II03BOIAA HM 3aHATE JOCTOHHOS
MECTO B MEXKIYHAPOIHOM Pa3AclIcHHH TPyIa.
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MH. JTO MO3BOIAET IPEeINOI0KHTE, UYTO BEIABICHHE
pe)peHOB ABIASTCA MOLIHHHEIM BEIPpAKEHHEM HH-
TEHCHBHCO OTBICKHBacMOH HBIHE HAIIHOHATIBHOH
HieH. [JocnenHee MOKHO CBA3ATh ¢ BH3AHTHHCKHMH
TPATHIIHAME OTeuecTBeHHOH Hayku [Uebanos C.B.,
2014], ana xotopoH BaKHO He TOIBKO YCTAHOBIE-

HHe TeX HJIH HHBIX ()aKTOB, HO H BBIABICHHE OOIIeH
KApTHHEl MHpOycTpoiicTBa, ToH HerocTHocTH Koc-
MOCA, KOTOpBIH HeoOXOIHM I714 HAIHOHAJIBHOTO
CO3HAHHA KaK B HayKe, TaK H B XyIOKECTBE, pac-
KPBIBAKOIIEMCA Hepe3 «YMO3pPeHHe B KpacKaxy
[Tpyoeuroit, 1965]. Ecan cormacuTteea ¢ 3THM, TO
MOKHO CO3HATEIbHO H II€I€HAIpaBJIeHHO MOIIep-
HBATh PabOTBl OTEHUESCTBEHHBIX HCCIEIOBATEIeH B
3TOM HaIlPaBISHHH, II03BOIAA HM 3aHATE JOCTOHHOS
MECTO B MEXKIYHAPOIHOM pasleleHHH TpyJa.



